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The upper Arenigian to lower Llanvirnian Komstad Limestone Formation is a tongue of the 
Baltoscandian 'Orthoceratite limestone', intercalated in the predominantly shaly Ordovician 
succession of Scania-Bornholm, southernmost Scandinavia. The Formation is 2-5 m thick on 
Bornholm, 10 to more than 15 m in southeastern Scania, 3 to more than 4.5 m in central western 
Scania, and from there thins towards northwestern Scania, where it wedges out. The strati
graphicallyequivalent Huk Formation of the Oslo area has been studied only at Slemmestad, where 
it comprises the l.S m thick Hukodden Limestone Member ('Megistaspis Limestone'), the 4.4 m 
thick Lysaker Member ('Asaphus Shale'), and the 2.6 m thick Svartodden Limestone Member 
('Endoceras Limestone'). The 'Skeibro Limestone Formation' of Bornholm is abandoned and 
merged with the Komstad Limestone Formation. The Killerod quarry is proposed as a paratype 
section for the Komstad Limestone Formation. Based on collections of about 8000 trilobites, the 
Komstad Limestone and Huk Formations are assigned to the Zones of Megistaspis polyphemus 
(former M. Iata), M. simon, M. limbata, Asaphus expansus, and A. 'raniceps' of the Volkhov and 
Kunda Stages. The Komstad Limestone Formation is diachronous. The correlation of trilobite and 
graptolite zones is briefly discussed. The Yapeenian-Darriwilian boundary approximates the M. 
simon - M. limbata zonal boundary. The Arenig-Llanvirn boundary corresponds to a level slightly 
above base of the A. 'raniceps' Zone. Inferences on the autecology of the most common trilobite 
groups are summarised. Five recurrent trilobite biofacies are defined: the benthic assemblage 
succession Nileus--> Geragnostus-->Symphysurus--> Megistaspis represents a depth transect, whereas 
the Cyclopyge assemblage was pelagic. The correlation of palaeoenvironmental changes as revealed 
by the alternation of biofacies, i.e. ecostratigraphy, improves stratigraphical resolution signifi
cantly. A relative-sea-Ievel curve is reconstructed on this basis. The deposition of the Komstad 
Limestone and Huk Formations was connected to a series of sea-Ievel falls, shifting the limestone 
deposition stepwise into the western facies beits. Systematic descriptions are presented of Ampyx, 
Asaphus, Cnemidopyge, Dysplanus, Globampyx, Hallanta, Illaenus, Lonchodomas, Megistaspis, 
Nileus, Niobe, Ottenbyaspis, Panderia, Parillaenus, Raymondaspis, and Stygina, including eighteen 
new species and subspecies, viz. Megistaspis (Megistaspis) geminus n.sp., Nileus depressus schranki 
n.subsp., N. d. serotinus n.subsp., N. d. parvus n.subsp., N. planiceps n.sp., N. latifrons n.sp., N. 
implexus n.sp., Niobe (Niobe) �ernviki n.sp., Lonchodomas volborthi schmidti n.subsp., Dysplanus 
acutigenia vetustus n.subsp., Illaenus fornicatus n.sp., I. schuberti n.sp., Lonchodomas tenuis n.sp., 
Rhombampyx frater n.sp., Raymondaspis (Turgicephalus) whittingtoni n.sp., R. (T.) neglecta n.sp., 
R. (Raymondaspis) scitula n.sp., and R. (R.) insignis n.sp. Nineteen forms, including severaI new 
species, are treated under open nomenclature. DTrilobites, asaphids, niobinids, nileids, styginids, 
illaenids, raphiophorids, ontogeny, ecophenotypes, biostratigraphy, palaeoecology, ecostratigraphy, 
sea-Ievel changes, Lower, Ord,Ovician, Arenig; S�ani4, Bornholm, Oslo. 
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Introduction 

The rich Lower Ordovician trilobite faunas of Baltoscandia 
have attracted the attention of palaeontologists for almost 
two centuries (e.g., Dalman 1827; Angelin 185 1-1878; Bala
shova 1953-1976; Brogger 1 882; Eichwald 1 825-1869; Hoff
man 1858; Holm 1883, 1 886; Jaanusson 1953a, b, 1957; 
Lamansky 1905; Moberg & Segerberg 1906; Nieszkowski 
1 857; Pander 1 830; Pompecki 1 890; Schmidt 1 88 1-1907; 
Steinhardt 1 874; Tjernvik 1956; Tornquist 1 884) .  The first 
regional chronostratigraphical schernes were based almost 
exclusively on trilobites (Angelin 1 854; Schmidt 188 1 ;  Mo
berg 1 890; Lamansky 1905),  and for this historical reason the 
trilobite zonation is still the standard frame of reference 
within the post -Tremadocian Early Ordovician of Balto
scandia. However, the majority of the monographs listed 
above are comparatively old, and virtually all of them are 
based on material of which the provenance is known only in 
general terms from a modem biostratigraphic point of view. 
A notable exception is Tjernvik ( 1956), who revised the Early 
Arenigian trilobites ofScandinavia. Little modem systematic 
work has been undertaken, however, on the late Arenigian 
and earliest Llanvirnian faunas (Volkhov-Kunda Stages) . 
For the same reason the trilobite biostratigraphy of the 
Volkhov Stage within Scandinavia is currently known only 
in broad outline (Tjernvik 1980) . 

The primary aim of the present work is to establish a 
trilobite biozonation for the Komstad Limestone Formation 
ofScania-Bornholm, and the equivalent Huk Formation of 
the Oslo Region (Fig. 1 ) .  A secondary aim is to explore the 
palaeoenvironmental conditions responsible for this 'anom
alous' period of sedimentation. The roughly coeval Komstad 
Limestone and Huk Forrnations, which are a western tongue 
of the central Baltoscandian 'Orthoceras limestone' facies, 
constitute the only major limestone intercalation in the 
Scanian and Oslo Ordovician confacies beits, which other
wise are dominated by graptolite mudstones (Fig. 40) .  

The stratigraphy of  the Komstad Limestone and the Huk 
Formation has been dealt with by many authors (e.g., Brog
ger 1 882; Tullberg 1 883a, b; Gronwall l9 16; Funkquist 19 19; 
C. Poulsen 1936; Ekstrom 1937; and V. Poulsen 1965, 1966), 
but mostly based on 'bag-stratigraphical' material (sensu 
Jaanusson 1976, p. 302) .  In order to make new headway, 
systematic fossil-sampling was carried out in 198 1-83 and 

1986-87 at a number of localities in Scania, on Bornholm 
and south of Oslo. The assembled material contains more 
than 8000 trilobite specimens, of which ca. 40% belong to 
groups revised in the present paper. The selection of taxa for 
revision was guided by the assumed stratigraphical signifi
cance of particular gro ups, based mainly on Tjernvik ( 1 980) . 
The systematic descriptions comprise analyses of variation 
ranges, ontogeny and gradual morphologic shifts in time and 
space. It appears that a number of trilobites were morpho
logically rather 'plastic', and that expression of the pheno
type was controlled by the environment. 

The quantity of material allows the ecology to be investi
gated, and four depth-related trilobite biofacies are recog
nized. The correlation of palaeoenvironmental oscillations, 
as reflected by the alternation of trilobite biofacies, produces 
a far higher stratigraphical resolution than conventional 
biostratigraphy, and this ecostratigraphical aspect, although 
still in its initial phase, may be the most interesting result of 
the present work. 
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Fig. 1. Location map of study area showing distribution and thickness variations of the Komstad Limestone. The most important localities and drill hoies 
referred to are indicated. 

Methods and material 

The Komstad Limestone was investigated at most localities 
reported from Bornholm (Denmark) and Scania (Sweden), 
but fossils were sampled systematically only at Skeibro, Kille
rod, and Fågelsång. The Hukodden Limestone and Lysaker 
Members of the Huk Formation were sampled at Slemme
stad (Norway). The levels offossils collected from the Kom
stad and Hukodden Limestones are generally known with an 
accuracy of ±5 mm. Material sampled from the Lysaker 
Member is specified only to bed, as a precise intrabed assign
ment is not possible because of the irregular boundaries of 
the nodular limestone. 

The normal procedure of sampling was to collect all fossils 
encountered during crushing of the limestone (i.e. bulk 
sampling from hard rock sensu J aanusson 1979) . Fossils were 
collected only from strata in situ, which were crushed down 
to about walnut size. An area of approximately 1/2 m2 of each 
bed was sampled at Skeibro, whereas ca. lis to 1/4 m2 were 
sampled of each bed in the remaining sections, sometimes 
less; a total of about 6 m3 oflimestone has been investigated. 

The material collected includes 4593 samples, containing 
a total of8034 trilobite skeietal parts (6367 from the Komstad 
Limestone and 1667 from the Slemmestad section) in addi
tion to thousands ofbrachiopods, ostracodes and other fossil 
groups. The brachiopods and ostracodes in the Norwegian 
material have not been registered. Selected well-preserved 
specimens from various museums and private collections 
have been included in the taxonomical descriptions. The 
exact provenance of the latter material is as a rule unknown, 

but the stratigraphical level is assessed whenever possible, 
based on the lithology of the samples and the associated 
fossils. This can often be done with a high degree ofprecision. 
The prefixes of the sample numbers and repositories are 
listed in Table 1 .  

The remaining non-revised material (ca. 60% o f  the col
lection) has been determined at the genus or family level only 
and have not been subjected to detailed studies as yet. It is 

Table 1. PrefIxes of sample numbers and repositories. Except for Ar, LO, 
PMO and MGUH numbers, the number refers to the sample. Individual 
samples often contain severai fossil specimens, which therefore carry the 
same num ber. When two or more specimens belonging to the same genus 
are present within a single sample, a suffix is added to the number (a, b, c, 
etc. ) .  Fossiliferous larger samples, e.g., no. S 70, comprising several lime
stone pieces, are usuallycited as S 70- 1 ,  -2 etc. ,  referring to a numbered slab, 
which eases the retrieval of particular specimens. 

A-numbers: 
F-numbers: 
K-numbers: 
S-numbers: 
Ar-numbers: 
PMO-numbers: 
LO- & LU-numbers: 
MGUH- & GM-numbers: 
IK-numbers: 
DGU-numbers: 

Slemmestad 
Fågelsång 
SE Scania 
SkeIbro 
Swedish Museum ofNat. Hist., Stockholm 
Paleontological Museum, Oslo 
University ofLund 
Geological Museum, Copenhagen 
Coll. Mrs. Inga Krause, Germany 
Geological Survey of Denmark 
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dominated by Symphysurus, agnostids, ptychopygids, Cyclo
pyge and Cyrtometopus; no other group is represented by 
more than 30 speeimens. 

Sections have been measured at many localities, but it is 
not possible to evaluate the lithology without actually crush
ing the rock, as the appearance on surface is much dependent 
upon the level of weathering. Hence two types of logs are 
presented, a simplified version for localities not studied in 
greater detail and itemized logs from localities where fossils 
have been sampled. It is hazardous to base a lithological 
correlation on matching series of discontinuity surfaces, 
except between dose localities. Discontinuity surfaces 
abound, and their expression in different sections is much 
dependent upon the level of surface weathering. 

Description of localities 

Bornholm 

The Komstad Lirnestone was in the past worked in nine small 
quarries in the Læså area of southern Bornholm (Fig. 2) ,  but 
when the industry ceased all but two quarries became filled 

Fig. 2. Map of the Læså area, southern Bornholm, showing location of 
abandoned Komstad Limestone quarries. 1: Skelbro; 2 :  Duegård; 3: 
Limensgade; 4: Soldatergård; 5 :  Vasegård; 6: Quarry 400 m northwest of 
Vasegård; 7: Hjulmagergård. Another two quarries, situated 1 50 m NE of 
the Limensgade quarry and 200 m due west of the Hjulrnagergård quarry, 
respectively, are now obliterated by infilling. The Vasegård- l shallow drill
hole is marked by an x, just south of 5. 
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o 
I 

Sømarken-4 
O 

1 .5 m  

Bavnegård 

v. Sømarken 

Sømarken-3 
O 

1 .5 m  

2.8 m 

Fig. 3. Map of the Pedersker area, southern Bornholm, showing wells 
penetrating the Komstad Limestone and its thickness, calculated from 
gamma- and electrical logs (K. Klitten, personal communication, 1989) .  
Biliegrav Gd. - l  did not reach the Komstad Limestone (see Pedersen 1 989). 
Sømarken 3 was referred to as the Bavnegård well by V. Poulsen ( 1 978) .  

with water. Since the turn of the century, only the Skelbro, 
Lirnensgade and northernmost Vasegård quarries have been 
accessible for study, but no continuous complete section is 
exposed today on the island, despite the limited thickness of 
the Komstad Limestone. The formation is 4 m thick at 
Skeibro, 4.7 m in a new drilling at Vasegård, and probably 
about 5 m at Hjulmagergård (cf. Gronwall 1 9 16, pp. 72-75) .  
It appears that the limestone is somewhat thinner in drill
hoies on southeastern Bornholm (Fig. 3 ) .  Systematie studies 
were undertaken only in the Skeibro quarry. 

Skelbro quarry 

The abandoned but dry quarry has for long been the most 
important exposure of Komstad Limestone on Bornholm 
(Gronwall 1 9 16; Nørregaard 1 907; C. Poulsen 1936; V. Poul
sen 1965; Stouge 1974, 1975) .  The lower boundary and basal 
conglomerate of the limestone are exposed in Risebæk just 
north of the road (Fig. 2 ) .  The subjacent Alum Shale can be 
followed for about 600 m further north in the bottom and 
banks of the ditch. Up to 2.5 m oflimestone is exposed in the 
eastern and south-eastern quarry faces of the Skelbro quarry 
itself. The strata dip gently southwards; the orientation aver-
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Fig. 4. Section excavated in northern part of the SkeIbro quarry. The middle 
interval containing numerous thin shale beds represents the M. simon 
Zone, the more massive limestones below and above belong to the M. 
polyphemus and M. limbata Zones, respectively. 

ages 8 1 0/40 S. An excavation reaching the lower boundary of 
the limestone was made in the northeastern corner of the 
quarry (Fig. 4). Further excavations in the southwestern
most part of the quarry failed to locate the upper boundary of 
the limestone, but another 0. 15  m of black limestone was 
added to the section exposed within the main quarry. This 
black interval constitutes the top part of the Komstad lime
stone at Soldatergård and Vasegård (Gr6nwall 19 16) ,  and 
the section measured at Skeibro (Fig. 5) thus appears to be 
complete (at the most O.l m may be missing) .  

The limestone beds are numbered counting from an easily 
recognizable shale level, with a 'negative series' down to bed 
-2 1 and a 'positive series' up to bed + 14 (Fig. 5). The sample 
volume was continuously recorded for palaeoecological pur
poses; on average an area of 0.5 m2 was sampled, but up to l 
m2 has been processed in some intervals. The section repre
sents the M. polyphemus, M. simon, M. limbata, and basal 
part of the A. expansus Zones. 

Ice-polished orthocone cephalopods are exposed on the 
scour-marked upper limestone surface in the southern part 
of the quarry, representing the A. expansus Zone interval 
(Fig. 6) .  
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Lags 
Limestone 

Hard, splintery limestone 

Limestone transected by 
wavy clayfilms 

!Ill St rong ly marly shale 

F::f=3:::1 Light grey shale 

� Dark grey shale 

k.�...1 Conglomerate 

mii!91 Moraine (Pleistocene) 

Prominent discontinuity surface 

Less prominent discontinuity surface 

Distinctive bed boundary with 
shale seam 

Less distinctive bed boundary with 
shale seam 

Shale seam > 5 mm thick 

B Bentonite 

+1 1 ,-5 Bed numbers 

Range charts 

2 

One speeimen 

Severai adjacent speeimens, 
number stated 

Determination uncertain 

Position within bed unknown, number 
of speeimens stated 

Fig. 5. Log of the Komstad Limestone, 
SkeIbro. Vertical scale in metres. The 
legend is a standard for all logs and range 
charts, if nothing else is stated. 
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Fig. 6. Orientation of orthocone cephalopods, Skelbro (N = 1 73) .  The 
direction is measured from apex towards aperture. All specimens are from 
the boundary between beds + 1 3  and + 14  (±6 cm) ,  i.e. base of the A. 
expansus Zone. Detailed studies suggest that no significant change of 
orientation takes place within this interval. The cephalopods indicate a 
mainly northerly palaeoflow direction. 

HALSINGBORG 

\ LANDSKRONA 
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Southeastern Scania 

The Komstad Limestone has been quarried at numerous 
sites within the region since the early Middle Ages, but the 
opencast mining gradually dwindled during this century and 
was finally suspended in 1986. At the few sites with existing 
outcrops, limestone is typically exposed in steep walls, from 
which it is impossible to obtain sufficiently large samples for 
systematie fossil col1ection. 

The locations of the best known Komstad Limestone 
localities within SE Scania are shown in Fig. 7; see Moberg 
( 1 9 1 1 ) ,  Funkquist ( 1 9 19) ,  the map sheet descriptions ( e.g., 
Holst 1 892), and Bergstrom & Shaikh ( 1 980) for a listing of 
other sites. The present study focuses on the outerops in the 
vicinity of Komstad, but the exposures at Gislovshammar 
and Kivik are also briefly dealt with. 

In SE Scania the quarrymen distinguished between a lower 
light coloured unit ( 'Undre ljus') and an upper dark unit 
( 'Ovre grå' ) ,  which actually correspond rather precisely to 

Tommarp.-* Jerrestad Bollerup' * / �G;';"'�I"=':h=====! * H .. ..  IS OVS ammar 
* ammenhog 

Tosterup 

Fig. 7. Key map of Scania, showing positions of localities. Outcrops indicated by black stars, well-sections by white stars. 
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Fig. 8. DA. Gislovshammar, view towards southwest. DB. Orthocone cephalopods on bedding surface at 4.84 m, Gislovshammar. The compass mirror is 
pointing towards the north. The specimens exhibit a preferred orientation towards SSE (cf. Fig. 10 ) .  

the M. simon and the M. lim bata Zone intervals, respectively. 
The 'Ovre grå' unit was preferred for quarrying, whereas the 
lower part of the limestone generally was not worked, and, 
consequently, is not exposed in the old quarries. For this 
reason about 4 m of the M. simon Zone remain to be studied. 
The overlying thin-bedded impure limestone of the A. ex
pansus and A. 'raniceps' Zones was technically useless ( 'Skit 
sten') ,  and so the A. 'raniceps' Zone is not exposed in any 
quarry and its thickness is unknown. 

Gislovshammar 

Komstad Limestone is exposed on the north- eastern beach 
of the small headland; this is the only site in SE Scania where 

a complete section of the formation is more or less accessible. 
The degree of exposure is variable, though, depending upon 
the wind direction: nearly no limestone is visible at high
water-leve!. The orientation of the limestone changes from 
43°/5° SE near the beach to 1 24°/ 1 1 °  SW in the NE corner 
adjacent to the water front. This curving of the strata (Fig. 
8A) is caused by drag from a nearby fault to the south 
(Lindstrbm 1960) .  

Nine and a half metres of limestone were logged (Fig. 9 ) ,  
with a measuring error estimated to  be within ±0.25 m.  The 
lowermost two metres of the section form a submarine diff, 
which was measured by means of scuba-diving. The sub
jacent Tøyen Shale is exposed at the base of the submarine 
wall, at a water depth of2-3 m. The shale immediately below 
the limestone is greenish grey and bioturbated. The first 
graptolites were encountered 0 .5 m below the limestone. The 
upper bedding surface of the basal limestone bed is impreg
nated by glauconite and pyrite. The bed itself contains small
scale stromatolites; however, no algal filaments have been 

identified in thin sections. Orthocone cephalopods occur 
abundantly on some bedding planes in the upper part of the 
limestone (Figs. 8B, 10) ,  of which the uppermost part is 
calcarenitic. The top bed is extremely hard and splintery, and 
appears to be silicified; it is dark-coloured, concealing that it 
actually is quite rich in glauconite. 

The section represents at least the M. simon to A. expansus 
Zones, but the base may be within the upper part of the M. 
polyphemus Zone. A few beds of the Killerbd Formation 
overlie the Komstad Limestone to the south, but may be 
difficult to locate among the many erratic boulders. 

Kivik 

Steeply dipping, overturned limestone is exposed in the 
small stream Hj ertebackan ( 'Heart Stream') in the garden 
and mill-race of the former water mill, situated in central 
Kivik (see also De Geer 1 889, p. 16 ) .  Southwestwards, short 
of the house, a stone fence across the stream hides the 
bedrock, but further downstream several steeply dipping 
limestone beds crop out in the stream bed and the northern 
bluff. These beds may at a first glance be taken for Komstad 

Fig. 9 (opposite page, left) .  Log of the Komstad Limestone exposed at 
Gislovshammar. The lower two metres were measured be!ow sea-leve! by 
means of scuba-diving. This is the only site within Scania where a complete 
section of Komstad Limestone is outcropping; the Formation is bounded 
by the Tøyen Shale be!ow and the KilIerod Formation above. 

Fig. 10 (opposite page, right) .  Orientation of orthocone cephalopods, 
Gislovshammar. The direction is measured from apex towards aperture. 
Three general palaeocurrent directions are apparent: towards NW, NE and 
SE. The levels refer to Fig. 9. 
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Fig. 1 1 . Composite log from 
Hjertabacken, Kivik. The two 
sections measured, exposed 
upstream and downstream of the 
stone fence, overlap between 1 1 .5 
and 1 2  m (cf. text). The strata are 
overturned, which is corrected for in 
the log. The contact between shaJe 
and limestone is slightly tectonized 
and a portion of shaJe may 
conceivably be smeared out of 
section, although this is not believed 
to be the case. Legend as for Fig. 5. 
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Limestone (cf. D e  Geer 1 889), but they are intercalated by 
shale and represent the Upper Didymograptus Shale. An 
interval of about 1 . 1  m (±0. 1 m) of dark shale separates the 
limestone/shale interval from the compact Komstad Lime
stone (Fig. I l ) .  The strata are oriented at l 200/67° SW on the 
upstream side of the stone fence, and at l 25°/64° SW on the 
downstream side, but are overturned. The sections on either 
side of the fence were correlated by levelling and comprise 16  
m ofstrata, ofwhich 1 1 .3 m i s  Komstad Limestone (Fig. 1 1 ) .  
The total thickness may significantly exceed this figure; how
ever, the 18 m reported by De Geer ( 1 889, p. 16)  indude 
Upper Didymograptus Shale. 

The sharp boundary between the shale and the Komstad 
Limestone is slightly tectonized, but it is unlikely that much 
shale or limestone, if any, is faulted out. The lower boundary 
(apparent top) of the limestone towards the west could not 
be located. According to De Geer ( 1889, p. 16) ,  two addi
tional metres of limestone are present towards SE from the 
main outerop. 

The exposure in the mill-race is the thickest continuous 
section ofKomstad Limestone exposed at one and the same 
site in SE Scania, but the conditions do not permit large-scale 
sampling, and no trilobites have been collected as yet. The 
con odont content of a sample from the lower part of the 
overlying shale is listed in Table 2. The age is surprisingly 
young and may indicate that the Komstad Limestone at this 
locality ranges to the very top of the Kunda Stage. 

Table 2. Conodont content of sample from lowermost limestone bed of the 
Upper Didymograptus Shale, Kivik. The fauna is indicative of the Pygodus 
serra Zone, but the subzone cannot be determined as Eoplacognathus has 
not been found. Determinations by J.A. Rasmussen, Copenhagen. 

Drepanodus arcuatus 
Cornuodus longibasis 
Pygodus serra 
Baltonioudus sp. 
Walliserodus? sp. 
Protopanderodus cf. varicostatus 
Periodon sp. 
Drepanodus plan us (reworked) 

In total 

Komstad 

l speeimen 
l specimen 
3 speeimens 
4 specimens 
l speeimen 
3 speeimens 
l specimen 
3 speeimens 

17 speeimens 

Two large limestone quarries situated at Komstad (Fig. 1 2) 
represent the type locality of the Komstad Limestone Forma
tion (Jaanusson 1960) .  The quarries, which have been re
ferred to by several authors ( e.g., Funkquist 1 9 19; Regnell 
1960; Jaanusson 1960), have been abandoned since 1986 and 
are now flooded. Hence they are inaccessible for large-scale 
systematie sampling. The strata strike at about 52°/4° SE, 
changing to 59°/5° SE in the westernmost part. Weverinck 
( 1936, p. 37) reported an orientation of700/5° S in the largest 
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quarry and 85°/8° S in  the eastem one. Minor faults and 
joints are probably responsible for these variations. 

Approximately 6 m of limestone are exposed in the steep 
southern walls of the quarries, representing the 'Ovre grå' 
unit (upper dark unit, i. e. the M. limbata Zone) and the base 
of the A. expansus Zone. The characteristic shaly top of the 
'Undre ljus' unit (lower light unit, i .e. the M. simon Zone) 
outerops in the NE wall of the eastem quarry. 

GårdlOsa 

A number of old quarries and natural outerops are situated 
roughly 500 m south of Killerod (Fig. 1 2) .  The area is not 
dose to any village, but the quarries belong to the Gårdlosa 
land register, and that name is used here. They have previ
ously been referred to as the southemmost quarries at Kille
rod (Moberg 1 892a; Weverinck 1936) .  Despite the fact that 
quarrying stopped fairly recently (quarries nos. 5 and 6) ,  
around 1980 according to local information, the outerops 
are now in a poor state. 

GårdlOsa-l .  - This outerop was described by Regnell ( 1 960, 
loe. 3 on themap, p. 35) and Moberg ( 1892a), who measured 
1 .8 m of shale below the limestone; a photograph of the site 
is shown by Weverinck ( 1 936, Textfig. 7), demonstrating 
that the exposure was in much better shape at that time 
(compare Fig. 13 ) .  

o 
I 

Flagabro 

2km 
I 

Stiby 

Fig. 12. Sketch map of the Komstad-Killerod area, SE Scania, pinpointing 
the position ofvarious outcrops. A: Komstad quarries; B: Listarum quarry; 
C: Killerod Canal; D: Killerod quarries; E: Flagabro quarry; F: unnamed 
small quarry; G: Gårdlosa-S quarry; H: Gårdlosa-6 quarry; I: Gårdlosa-2, 
outerop in the canal; J: Gårdlosa- l ;  K: Gårdlosa-3 ;  L: Gårdlosa-4 quarry. 
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Fig. 13. Section excavated at Gårdlbsa- l ,  representing the basal l m of the 
Komstad Limestone and the very top of the Tøyen Shale. 

Limestone is now exposed in a low section, and l m of 
limestone, overlying 0.35 m of Tøyen Shale, was logged (Fig. 
14) .  The individual beds are labelled A to N from below. The 
top of the basal limestone bed is impregnated by glauconite 
and pyrite. The first graptolites were encountered 0. 1 8  m 
below the limestone. Trilobites were collected systematically 
from the section. The lower 0.40 m may belong to the M. 
polyphemus Zone, while the upper part represents the M. 
simon Zone. 

The limestone is oriented at 103°/5° N, but the strike and 
dip apparently increase westwards (cf. Weverinck 1936, who 
reported 1 26°/9° N),  which is believed to be due to a minor 
fault situated between this outcrop and site 2 in the stream; 
the fault probably strikes at about 160°. 

Gårdlosa-2 and -3. - Site 2 is an exposure in the rivulet west 
of sites l and 3 (Fig. 1 2) .  The subjacent shale is not exposed, 
and the correlation of the limestone interval, 1 .6 m thick, is 
difficult. It belongs to the M. simon Zone. 

Site 3a is an exposure of 1 . 2  m oflimestone 20 m north of 
site l (Figs. 1 2, 14) .  The limestone strikes at 98°/5° N. Site 3b 
is doser to the lane, 13 m NE of site a; 0.6 m of limestone is 
exposed. No fossils were collected. 
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Fig. 14. Logs of Komstad Limestone at Gårdlbsa- l 
and Gårdlbsa -4, SE Scania. An interval between 
sites l and 3 is not exposed, and the thickness has 
been calculated by means of leveIling (for discus
sion, see text) .  Bed numbers are indicated to the 
right of the respective lags. Legend as for Fig. 5. 



FOSSILS AND STRATA 38 ( 1995) Lower Ordovician trilobites from Scandinavia 1 5  

Fig. 15. DA. Northern quarry face, Gårdlosa-4a, SE Scania, anno 1986. The shaly interval at the foot of the wall represents the top of the M. simon Zone, the 
upper more massive interval represents the lower part of the M. limbata Zone. DB. View of the Killerod quarry towards SW, anno 1982. The steep walls in the 
background represent fault planes (cf. text). For scale: In A, the black or white bands of the staff are 20 cm long; in B, note sitting person on top ofbed + l to 
the left. 

Gårdlosa-4. - An old, waterlogged quarry with limestone 
exposures along the northern and eastern quarry faces (Fig. 
1 5A), referred to as sections a and b, respectively (Fig. 14) .  
These sections were correlated on site by tracing bedding 
planes along the quarry walls. The limestone is oriented at 
72-87°/5-6° N in the northern quarry face, and at 1 36-19 1 °/ 
2-3° E in the eastern. Together the partly overlapping expo
sures represent 4.4 m of limestone. The beds in the lower 
main part of section a were numbered 1-12, and fossils have 
been collected systematically from them. Sections a and b 
represent the upper part of the M. simon Zone and the lower 
part of the M. limbata Zone. 

Gårdlosa-S and -6. - Abandoned quarries, partly water
filled, partlyfilled with waste. Three metres oflimestone were 
logged at site 5; the orientation of strata is here 153°/3° E. A 

few fossils were encountered, mostly ptychopygids, and the 
limestone at site 5 presurnably represents the M. limbata 
Zone. 

Killerod 

The locality is an abandoned, partlywater-filled quarry (Figs. 
1 5B, 16)  previously referred to as the 'Large old quarry at 
Killerod' (Weverinck 1936), or the 'Old quarry at Killerod' 
(Nilsson 195 1 ) ;  for location, see Fig. 12 .  The quarry has not 
become completelyflooded, because of drainage through the 
dump waggon track to the east, and the locality is presently 
the most important exposure of Komstad Limestone in SE 
Scania. It is therefore proposed to regard the Killerod quarry 

as a paratype section of the Komstad Limestone (the type 
locality, the Komstad quarries, is situated about l km to the 
NE; cf. Fig. 12 ) .  

The strata dip gently to  the south, and the lowermost 
accessible levels are in the northern part of the quarry (Fig. 
16) .  The orientation of strata is typically about 52-58°/5° SE 
but varies somewhat (see also Weverinck 1936, p. 37) .  A total 
of 9.6 m of lirnestone was logged (Fig. 1 7) ,  induding 1 .7  m 
below the water table, measured by means of scuba-diving. 
The thickness of individual limestone beds is mostly con
stant within the quarry, wherefore a single log of the entire 
succession is considered to suffice; individual parts were 
measured at different places. 

The western quarry face is a fault plane, striking approxi
mately N-S (Fig. 16) ,  with slickensides and calcite veins; the 
movement was largely horizontal. An associated fault, strik
ing NW -SE in the southwest corner, shows a net downthrow 
to the southwest of about 1 . 3  m; the beds are disturbed and 
strongly weathered dose to the fault. A thin dolerite dyke, 
0. 10-0. 1 5  m thick, strikes at about 135°  in the north-eastern 
part of the quarry. A thicker dyke, striking at about 120°, is 
obliquely transversed by the dump waggon track; the dyke 
thickness is about 23 m. 

Fossils were collected bed by bed, which were num bered 
counting from an easily recognizable shale leve!. Downwards 
the beds are numbered in a negative series to -9 and upwards 
in a positive series to +35. The section represents the upper 
part of the M. simon Zone, the M. lim bata Zone and most of 
the A. expansus Zone. 
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Legend 
Edge of bed 

+22 Top of bed (+22) 

Site C 

1;:;:::;:;:::1 Usually covered by water 

I I I I I Covered by soil, scree or vegetation 

Dolerite 

B Quarry floor 

,)D Dri l l  hole 

Fig. 1 6. Map of the Killeriid quarry, measured 1982. Within recent years the water-leve! has increased by more than D.s m, but the quarrywill probably remain 
the best exposure ofKomstad Limestone in the type area for a considerable period onwards. Easily recognizable major bedding surfaces are indicated in order 
to ease future identification of the bed-numbering system (Fig. 17 ) .  The position of the drilling diseussed in the text is indicated in the eastern part of the quarry 
on top of bed + l (midway between easternmost bed indications -l and + 18 ) .  The hole is a spring and is usually hidden by water-logged moss. 

KilIerod site b 

A second, but water-filled quarry is situated 60 m ESE of the 
main quarry. Between the flooded quarryand the entrance to 
the dump waggon track is a small hill with a core oflimestone 
in situ. A total of 5 .3 m of limestone was measured between 
the water table in the quarry and the top of the hill (Fig. 18 ) .  
This section, Killerod site b ,  can be  tied to  the main quarry by 
identification of several marker levels. There is a large overlap 
between the two sections, and only the upper 1 .8  m at 
Killerod site b extend above the limestone exposed within the 
main quarry. Accordingly, the combined sections represent 
l IA m of strata. 

The limestone beds at Killerod site b were numbered O to 
20, counting from above, and fossils were collected bed by 
bed. A fairly large amount of stone was crushed, and it is 
evident that the sparsity of fossils in the A. expansus Zone is 
real (cf. Fig. 34) and not due to insufficient sampling. The 
section at Killerod site b represents the A. expansus and the 
basal part of the A. 'raniceps' Zones. 

KilIerod site C 
An exposure of shale with intercalated limestone beds at the 
eastern entrance of the dump waggon track at Killerod has 
been known for long (Weverinck 1936; Nilsson 195 1 ;  S. 
Bergstrom 1973 ) .  The outcrop is here referred to as Killerod 
site c (Fig. 16) .  The hitherto known section represents 1 .2  m 
of Upper Didymograptus Shale, 0. 1 5  m of Dicellograptus 
Shale and 0.7 m of 'Bronni beds' (='Coscinorhinus beds' ) .  J. 
Bergstrom ( 1 982a) referred to the latter unit as the Killerod 
Formation. 

An excavation was made at this site. The section measured 
by Nilsson ( 195 1 )  was readily recognized with only a few 
deviations (unit c was measured to 0.56 m), but below bed 'b' 
sensu Nilsson was encountered 1 .3 m of shale, i.e. the Upper 
Didymograptus Shale is almost 2.9 m thick, in turn underlain 
by O.65 m ofmarlyclaywith limestone nodules (Fig. 19 ) .  The 
clay represents dissolved Komstad Limestone, containing 
ghosts of orthocone cephalopods as well as trilobite frag
ments, no ne of which were determinable (asaphids) .  The 
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Fig. 1 7. Composite log of the Komstad Limestone exposed in the main 
quarry at Killeriid. Individual parts were measured at different places 
within the small quarry; the basal portion was measured by means of scuba-
diving. Bed numbers are indicated on the right side. Legend as for Fig. 5. 
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f18 Legend 

19 � Limestone 

� + + + Glay (dissolved limestone) 

20 

i������l Light grey shale 

� Grey shale 

hJi<:f Graveilag 
O 
m p 

T+25rurvOILrv<�n 
2 P Level with pyrite concretions 
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-1 
T+21 
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Fig. 18 (left) .  Composite log of the Kom-
stad Limestone exposed at Killer6d site b. 
Bed numbers are shown on the right side; 
the equivalent numbers of selected key lev-
els from the adjacent Killer6d main quarry 
are indicated on the left side (T = top of 

T+19 bed; cf. Fig. 17 ) .  Base of section is at the -2 
water-surface in the quarry at site b; more 
limestone is exposed belowwater-level but 
is much easier to access in the main quarry. 
Shading indicates intervals with easily 
weathering lithology (caving). Legend 
otherwise as for Fig. 5. 

T+18 
Fig. 19 (right) .  Log of the strata exposed by 
excavation at Killer6d site c (for location, 
see Fig. 16 ) .  The top of the Komstad Lime-
stone is dissolved and appears to represent 
a karst ground, succeeded by U pper Didy-

Water 
mograptus Shale. The top part of the sec-

O tion was described in detail by Nilsson 
( 195 1 ) .  
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nodules represent unweathered or less altered limestone. 
The dayey habitus decreases downwards, and the excavation 
terminated in hard limestone, which could not be pene
trated. No fossils were found in the fine-grained, rather 
splintery, light grey limestone 'nodules'. It appears that the 
dissolution occurred before deposition of the Upper Didy
mograptus Shale, in which case it is the first Ordovician soil 
encountered in Scandinavia. There is a fairly considerable 
hiatus between the limestone and the succeeding shales, and 
the depositional break was most likely due to isostatie uplift 
and emergence of the area. 

The Komstad Limestone at this site appears to represent a 
high level within the A. 'raniceps' Zone, judging from cono
dont dating (see p.  42; Table 4) .  

Killerod Canal 

A small stream runs to the east of the Killerod quarries (Fig. 
12 ) .  To avoid tloodings it was deepened and made into a 
canal in 1925. Therebythe Tøyen Shale became exposed east 
of the quarries at Listarum (Weverinck 1936, p. 37) ,  and the 
Komstad Limestone was excavated by blasting ESE of the 
Killerod quarries. Most of the agnostids described by Ahl
berg ( 1989b) originate from the canal and were probably 
sampled during the construetion work. For lithological rea
sons the material is surmised to derive from the upper part of 
bed A (Fig. 20). 

The meadow slopes gentlyfrom Killerod site b towards the 
canal, roughly retlecting the bedrock gradient. Limestone, 
1 .2 m thick, is exposed within the canal (Fig. 20), represent
ing the A. 'raniceps' Zone. None of the marker beds present in 
the section at Killerod site b can be recognized in the canal 

o 
m 

- 1  

h�, 

u u u 

A 

B 

c 

D 

E 

F 
G 

H 
Fig. 20. Preliminary log of the Komstad 
Limestone exposed within the Killerod Ca
na!' The lower half of the section is nor
mally below water-leve!. 
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section, but the conditions are, admittedly, difficult, as the 
lower half of the exposure is below water table. Hence it 
appears that the section represents a level in between the 
limestone exposed at Killerod sites b and c. As a control, a 
levelling was carried out between the two exposures across 
the meadow. The distance is 140 m, which leaves a consider
able latitude for interpretation, depending on the bedrock 
indination, but a plausible estimate arrives at a thickness of 
the hidden interval between 2.5 and 5 m; the minimum 
figure is deemed most realistic. 

Total thickness of the Komstad Limestone in the 
type area 

The exposures at Gårdlosa sites 1 , 3 and 4 were correlated by 
levelling. Provided that no faults are present, the top of 
section 3a is positioned 3 .3-3.4 m above the top of section 1 ,  
leaving a gap of  about 2 m of  unexposed limestone in 
between (Fig. 14) .  Considering that the two sites are very 
dose and that the measured orientations are basically identi
cal, the correlation appears trustworthy. The limestone ex
posed at site 3a in turn overlaps the lower part of the 4b 
section (cf. Fig. 14) .  

The strata at Gårdlosa-4 are tied to the Killerod section by 
correlation of the shale interval (beds -8 to - 1 ) ,  the marker 
level at the base ofbed O and the double marker level within 
bed +3 (bed numbers refer to the Killerod section) .  Espe
cially the thin shale seam at the base of bed O is readily 
identified in weathered sections and is followed by a compact 
interval, approximately 1 . 1 5  m thick, interrupted bytwo thin 
shale levels within bed +3 (cf. Fig I SA). The lithologically 
based correlation was confirmed by the biostratigraphy. 

This correlation entails that 3 . 1  m of lirnestone is present 
below the tloor of the Killerod quarry. A more than 100 ill 

deep drill-hole spudded on top ofbed + l within the Killerod 
quarry (see map, Fig. 16)  is said to have penetrated 7 m of 
Komstad Limestone (Nils Håkansson, Killerod, personal 
communication, 1987) .  The drilling was performed by the 
Geological Survey ofSweden, but unfortunately the relevant 
core interval and all files appear to be lost (Lars Karis, 
Uppsala, personal communication, 1989), so the oral infor
mation cannot be verified. However, iO. 1  m oflimestone is 
present below the quarry tloor, as inferred from the correla
tion with Gårdlosa, then 6.75 m should be present below the 
top of bed + l ,  a figure which for all practical purposes is 
identical to that stated by Nils Håkansson. This agreement 
suggests that a minimum of 14.5 m oflimestone is present in 
the Killerod area, but the thickness of the A. 'raniceps' Zone 
is not constrained. 

The topmost 0.65 m of limestone below the Upper Didy
mograptus Shale at Killerod site c certainly does not overlap 
the section at Killerod site b, and, accordingly, at least 1 5  m of 
Komstad Limestone are definitely present. Besides, the lime
stone exposed within the Killerod Canal apparently overlaps 
neither the section at Killerod site b nor that at site c, possibly 
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Fågelsång Stream 

o 1 00 m  
I I 

Fig. 21 .  Map of the Fågelsång area, central western Scania, pinpointing the 
positions of localities E19  to E22. (Simplified after Moberg 1 9 1 1 . ) 
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adding a further 1 .2 m to the minimum figure of 1 5  m. 
Quarrymen claimed 18  m of limestone to be present in the 
area (Nils Håkansson, personal communication, 1987),  and 
this may very weU prove correct. 

The established minimum thickness of 15 m of Komstad 
Limestone in the type area significantly exceeds the 10 m 
suggested by RegneU ( 1 960) and the 5-6 m estimated by 
Hadding ( 1 958) .  

Western Scania 

The Komstad Limestone was quarried in this region only at 
Fågelsång, 8 km east of Lund, but a small outcrop in Kvarn
backen ('Mill Brook') at Rostånga has been known for a long 
time. These localities are described below (for location, see 
Fig. 7) .  

Fågelsång 

Three abandoned, flooded limestone quarries are situated 
about 50 m to the west of the Fågelsång rivulet (Fig. 2 1 ) ,  but 
the entire area between the quarries and the rivulet in fact 
consists of refilled quarries. 

Fig. 22. Fågelsång locality E2 1b during excavation in August, 1983. The low wall in the middle is a fault plane with two bentonite layers (cf. Figs. 23-24) .  
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Moberg ( 1 896) published a detailed guide of the Fågelsång 
area, including a numbering system of the individual out
crops. His numbers, permanent as well as temporary, have 
been retained by subsequent authors (see Fig. 2 1 ) .  The 
limestone quarry E2 1 was subdivided into E2 1a and E2 1 b on 
the geological map, although this was not emphasized in the 
text (cf. Moberg 1 896). Moberg ( 1 907) referred to the south
ern quarry as E2 1a, but he subsequently exchanged the 
numbers and referred to the southern quarry as E2 1 b and to 
the middle one as E2 1a (Moberg 1 9 1 1 ) .  These designations 
were adopted by Ekstrom ( 1 937) .  As the majority of publica
tions ref er to the southern quarry as E2 1b and to the larger 
middle quarry as E2 1a, it seems reasonable to stick to these 
labels. However, in order to eliminate misunderstandings, 
the phrases 'middle quarry' and 'southern quarry' are often 
used in the present context instead ofE2 1a  and E2 1b. 

Southern quarry, locality E21b. - Limestone, l .S m thick, is 
exposed in a steep fault-plane in the southern part of this 
small quarry (Figs. 22, 23A-B);  the fault strikes at 120° with 
a net downthrow to the north of 0. 1 6-0. 1 8  m. The footwall 
section (profile A, Fig. 24) , from which it was difficult to 
obtain samples, includes two comparatively thick bentonite 
beds. The upper bedding surface of the limestone was traced 
to the low western quarry face, where the lower 1 .2 m of the 
overlying Upper Didymograptus Shale was excavated (profile 
B, Fig. 24) .  The shale is intercalated by limestone beds and 
four bentonite levels. Profile B is closely comparable to 
section Il (loc. E2 1b) ofEkstrom ( 1 937, p. 14) .  

Limestone also crops out just south of (above) the fault
plane (Figs. 23A-B) but is not in situ. Excavations revealed a 
huge displaced limestone plate, embedded in till. The unit 
represents the upper 0.65 m of the Komstad Limestone 
(Fågelsång C of Fig. 24) ,  and the first bentonite level below 
the top of the formation apparently acted as decollement 
level during the Quaternary glaciation. 

A low hanging-wall section was measured in the central 
part of the quarry, that is, north of the fault plane (Fågelsång 
A' of Fig. 24) . The fossils described by Moberg ( 1 907) origi
nate from this level, and so does the majority of the rich fauna 
described by Angelin ( 1851-1878) .  The lithology resembles 
the Lysaker Member of the Oslo region. 

The limestone is oriented at 1 64°/ 10°  W in the northern 
hanging-wall block, and at 1 50°/5° W in the southern foot
wall block. The limestone represents the A. expansus Zone 
(lower 0.9 m) and the A. 'raniceps' Zone (upper o.s m). 

Middle quarry, locality E21 a. -The site was described in detail 
by Ekstrom ( 1 937) ,  but the abandoned quarry is now (as 
then) completely flooded. After draining the quarry the 
section measured by Ekstrom ( 1 937, redrawn as D' in Fig. 
24) was readily recognized, but a column oflimestone, 0.7 m 
high, was discovered on top, and a total of2 m of limestone 
was measured and sampled at this site (profile D, Fig. 24) . 
However, bed interval 1 1-17 yielded only a very small 
sample quantity (area of 0.2xO.3 m), and the rock was 
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Fig. 23. Fågelsång, localities E2 1a-b. DA. Locality E21b. Sketch map show
ing extent of excavation in 1983 and position of the measured sections (A, 
B, C, cf. Fig. 24). DB. Locality E2 1 b. Cross-section ofline X-Y (see Fig. 24). 
De. Locality E2 1 a  (middle quarry) . Cross-section of the southern part of 
the quarry during excavation in 1 983 (cf. Ekstrom 1 937, Fig. 3). Bed 
numbers as in Fig. 24. 

furthermore rather brecciated, because of the proximity of 
the N-S striking fault, bounding the limestone to the west 
(Fig. 23C), and a systematic search for fossils could not be 
undertaken. The fault strikes at about 12-17°  and has a net 
downthrow to the west in the size order of 3-5 m. 

A drilling spudded within the quarry (see Ekstrom 1937) 
penetrated l m oflimestone below the quarry floor, without 
reaching the Tøyen Shale (section D' of Fig. 24) . 
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Ekstrom recorded a narrow fault block in the western part 
of the quarry (Ekstrom 1937, section Il, Textfig. 3 ) .  The 
vertical displacement between sections I and Il of Ekstrom 
can be calculated to roughly 2 m, and the fault between 
sections Il and III probably has a similar or slightly smaller 
westward downthrow. This intermediate fault block is not 
present in the southernmost part of the quarry, where only a 
single fault separates the limestone from a western footwall 
fault block with Upper Didymograptus Shale. The single fault 
presumably represents the two faults recorded by Ekstrom 
united into one. 

The limestone is oriented at about 1900/4°W in the middle 
of the quarry, but the orientation becomes unstable dose to 
the fault. The limestone at site E2 1 a  represents the upper part 
of the M. limbata Zone. 

Northern quarry, locality E20. - This is the largest of the 
quarries at Fågelsång. Limestone is nowadays exposed at a 
few places in the walls of the tlooded quarry; at least 2 m of 
limestone are present. A levelling indicates that one or more 
faults is present between localities E2 1a  and E20. 

'Dictyonema Shale' occurs at site E19  in the drainage canal 
just north of the quarry (Moberg 1 896; Nilsson & Tellander 
1 900) . Another fauIt is obviously located between this out
crop and site E20. 

Fågelsång rivulet, locality E22. - The exposure in the eastern 
bluff of the Fågelsång rivulet was described by Strandmark 
( 1 902); the graptolite fauna has recently been revised by 
Cooper & Lindholm ( 1 985) .  The site was excavated and 
reinvestigated in 1983 (section E, Fig. 24) .  Two limestone 
beds, oriented at 1 1 5-l20017.5-8° SW and altogether 0.24 m 
thick, are underlain by dark shale and overlain by light 
coloured shale. The fine-grained limestone is extremely 
splintery, and no trilobites survived extraction from the rock. 
The conodont content (Table 3) indicates that the limestone 
represents a horizon near the top of the M. simon Zone. 

A levelling indicated that one or more fauIts probably are 
present between sites E2 1 and E22; alternativelythe Komstad 
Limestone is about 10 m thick in the area. A minor fault is 
seen in the northern part ofloe. E22; net displacement is 0.2-
0.3 m to the north. 

Table 3. Conodont content of sample from bed J3 at Ioc. E22, Fågelsång. 
Determinations by S. Stouge, Copenhagen. 

Baltoniodus cf. navis 
Cornuodus longibasis 
Drepanoistodus basiovalis 
Drepanoistodus cf. venustus 
Microzarkodina cf. parva 
Protopanderodus rectus 
Scalpellodus cf. gracilis 

In total 

22 speeimens 
2 speeimens 
3 speeimens 
12 speeimens 
25 speeimens 
9 speeimens 
4 speeimens 

80 speeimens 
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Total thickness of the Komstad Limestone in the 
Fågelsång area 

It is obvious that the limestone at loe. E2 1 b, representing the 
M. limbata Zone, underlies the limestone at site E2 1 b, repre
senting the A. expansus and A. 'raniceps' Zones. A levelling 
between these sites, situated less than 25 m apart, indicated 
that bed 17 at loe. E2 1a  corresponds to bed H of section A' at 
loe. E2 1 b (Fig. 24A), if no faults are present. It follows that at 
least 4.4 m of limestone is present at Fågelsång, and, even 
more importantly, that the succession in the middle quarry is 
not separated just by a thin 'transition interval' from the 
Upper Didymograptus Shale, as supposed by Ekstrom 
( 1 937) .  Hence, the confusing report of M. limbata immedi
ately below the D. 'bifidus' graptolite Zone is in error. In this 
context it is also relevant to point out that the interval with 
abundant Cyclopyge, described by Moberg ( 1 907), do es not 
represent the basal part of the limestone at Fågelsång as 
assumed by some authors (cf. C. Poulsen 1936; RegnelI 
1960). 

Ekstrom ( 1937) cited, but chose to disregard, information 
about a boring from the bottom of loe. E2 1b encountering 
4.2 m of limestone, but without reaching its base. lf the 
information is correct, at least 5 .7 m oflimestone is present at 
Fågelsång. It has not been possible to obtain any further data 
on this drill-hole, but the thickness appears plausible, taking 
the fairly extensive quarrying in the area into account. The 
thickness of 2 m estimated by Ekstrom ( 1 947) ,  and cited by 
subsequent authors, thus seems toa low. 

Rostånga 

'Pale grey' limestone was mentioned from the area already in 
1 823 by Nilsson (Angelin 1 877, p. 24) .  It was at first believed 
to be Middle Cambrian Andrarum Limestone (Tullberg 
1 880) but was reinterpreted as 'Orthoceras limestone' by 
Tullberg ( 1 883a, b) ,  who in some detail described the out
crop in Kvarnbackan at locality b, section IV sensu Moberg 
( 1 9 1 1 )  (Fig. 25) .  The limestone was daimed to be only 1 m 
thick, dark, with a sparse fossil content resembling the Or
thoceras Limestone at Fågelsång, and Asaphus acuminatus, 
Aeglina [=  Cyclopyge] umbonata and Illaenus Esmarki [=  I. 
cf. sarsi] were listed by Tullberg ( 1 883a, b) .  This information 
was reiterated by Moberg ( 1 9 1 1 )  and RegnelI ( 1960) . Ek
strom ( 1 937) conduded that the limestone in all probability 
is a large boulder embedded in till. 

The outcrop in K varnbackan was re-excavated in 1984. As 
indicated by Ekstrom ( 1 937) ,  the limestone is not in situ, but 
represents a boulder with the minimum dimensions 1 x4x2 
m, although it may be considerably larger. The rock, which is 
unusually rich in crinoids (cf. Hadding 1958, pp. 1 79-18 1 ) ,  
is of  Komstad Limestone type and may very well be  of local 
origin, but obviously this occurrence of limestone does not 
prove the presence of Komstad Limestone in the Rostånga 
area, as hitherto assumed. 
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Fig. 25. Sketeh map of the Rostånga area, northern Seania, showing the 
position of loeaJity IV -b, where steeply dipping Komstad Limestone is 
exposed in the stream bed. The limestone represents, however, a huge 
block embedded in moraine, and it may or may not be of loeal origin. 
(Modified from Moberg 19 1 1 . )  

The upper bed represents the lower part of the A. expansus 
Zone, as also indicated by the trilobites listed by Tullberg 
( 1 883a, b) ,  whose material, kept at the Geological Survey of 
Sweden, Uppsala, has been examined. 

Well-sections in northwestern Scania 

A cable-tool drilling was made in the Stabbarb coal mine 
during 1 879-1 88 1 (Tullberg 1883b, p. 243; Nathorst 1 885, 
pp. 16-18 ;  Erdmann 1 9 1 5, pp. 427-429) ;  for location, see 
Fig. 7. The interval 86-92 m below surface was assigned to the 
Chasmops limestone by Nathorst ( 1 885, p. 24) , whereas the 
interval from about 93 m to 14 1 .5 m predominantly consists 
of dark shale, according to Erdmann ( 1 9 1 5) ,  of which the 
level l00-l03 m was thought to represent the lower part of 
the Upper Didymograptus Shale ( 'Phyllograptus shale') .  The 
absence of Komstad Limestone is probably only apparent, 
however, in light of recent information gained from the fully 
cored Albjara- l drill-hole. Without coring, a thin blackish 
limestone unit may be overlooked. Alternatively, the lime
stone may be absent because of a minor unrecognized fault. 

Albjara- l is a shallow drilling (T.D. 1 62 m) made in 1 989, 
5 km NE of Svalov, western Scania (Fig. 7) ;  the core has not 
yet been studied in detail. Komstad Limestone occurs in the 
interval l04.5-107.5 m and indudes several bentonite layers. 
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Lindholm ( 199 1 )  remarked brietly on the Tøyen Shale of the 
core. 

The Krapperup drilling of 1 946 (T.D. 1 55 m), positioned 
in the extreme NW Scania (Fig. 7) ,  penetrated the lower part 
of the Upper Didymograptus Shale and encountered a very 
thick Tøyen Shale (cf. Lindholm 1 98 1 ,  1 99 1 ) .  Komstad 
Limestone is apparently not developed. 

The fully cored Lovisefred drilling, spudded in 1977 and 
completed in 1 979, penetrated to a depth of 530 m and 
encountered Lower Silurian to Lower Ordovician strata. 
Preliminary stratigraphical results were brietly mentioned by 
J. Bergstrom ( 1 982b) ,  and an account of the D. hirundo Zone 
was published by Nilsson ( 1 984) . Dr. R. Nilsson kindly 
provided me with unpublished data concerning bentonite 
levels and thicknesses of the drilled graptolite zones. The 
Tøyen Shale is very thick in the Lovisefred core, as in the 
nearby Krapperup drilling, and no Komstad Limestone is 
developed. Severai bentonite levels are present in the D. 
'bifidus' and D. hirundo Zones (Fig. 38) .  

Other well-sections 

Komstad Limestone, 3-4 m thick, has been encountered in a 
couple of deep weUs in SE Scania (Skoglund 1 977, p. 452; 
Larsson 1 984) , but no detailed information is available. The 
formation is 1 .6 m thick in the German offshore drilling, 
G- 14, located in the Baltic Sea north of Rugen (Piske & 
Neumann 1990). No limestone was penetrated by the Da
nish weU Slagelse- 1 .  The absence is believed real and not 
related to faulting. 

Komstad Limestone was inferred present in the Danish 
offshore weU Terne- I ,  situated in Kattegat, based on gamma
log interpretation (Michelsen & Nielsen 1 99 1 ,  1 992) .  The 
significant gamma-ray drop is, however, associated with a 
calliper-log response, and it is unlikely that a hard limestone 
is caved, whereas a caving may produce a low gamma-ray 
signal. Hence the presence of Komstad Limestone is ques
tionable. 

Slemmestad 

The Slemmestad area south of Oslo, Norway, contains nu
merous outcrops of Ordovician rocks, which have been dealt 
with by many authors (e.g., Brogger 1 882; Opik 1 939; Spjeld
næs 1953,  1 986; Størmer 1953; Berry 1 964; Kohut 1 972; 
Owen et al. 1990; Rasmussen 1 99 1 ) .  

The present study, aimed at establishing a reference sec
tion in the area, focused on the exposures at Djuptrekkodden 
dose to the Slemmestad harbour, 1 50 m north of Bjerkås
holmen. The Huk Formation is here repeated by thrusting 
and exposed both in the southern and northern points (Fig. 
26),  separated by a bay with discontinuous outcrops of 
Tøyen Shale. The strata are orientated at about 50°/45° NW; 
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Harbour  

Fig. 26. Tectonic map ofDjuptrekkodden, Slemmestad, showing the distri
bution of the Huk Formation (based on Morley 1986) .  The successions on 
each spit are similar for all practical purposes, and a composite log is 
presented in Fig. 28. Sampling has been undertaken in both outcrops. 

Fig. 27. Tilted strata at the southem spit of Djuptrekkodden, Slemmestad. 
The picture shows recessive Tøyen Shale overlain by the massive Huk
odden Limestone (ca. 1 .5 m thick), in turn overlain by the nodulous 
Lysaker Member. Photograph: T.A. Rasmussen. 

for a detailed account of the structural relations, see Modey 
( 1 986) . 

The Huk Formation, which is 8.6 m thick at Djuptrekk
odden, consists of three members: Hukodden Limestone 
( 1 .6 m), Lysaker Member (4.4 m), and Svartodden Lime
stone (2.6 m) (Figs. 28, 30) . The exact thicknesses are difficult 
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Fig. 28. Composite log of the lower 
members of the Huk Formation at 
Djuptrekkodden, Slemmestad (from 
Rasmussen 1989) . The comparatively 
massive Hukodden Limestone is overlain 
by the Lysaker Member, comprising 
marly shales with numerous limestone 
nodule levels and limestone beds. Bed 
numbers from the Hukodden Limestone 
are referred to by adding the prefix M (= 
'Megistaspis Limestone' ) ,  whereas bed 
numbers from the Lysaker Member are 
referred to by adding the prefix A ( = 
'Asaphus Shale' ) .  The bed numbering of 
the Lysaker Member is from Rasmussen 
( 1 989); an extra limestone band between 
A-26 and A-27 is referred to as 261f2. A 
conspicuous pyrite level within bed M-7 
is indicated. 
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to obtain in the coastal sections, but can be measured in a 
vertical profile excavated on the harbour side of Djuptrekk
odden. 

The Hukodden Limestone is a grey, quite compact, bed
ded limestone, rich in fossiIs. Severai intervals are yellow
stained, indicating the presenee of dolomite (Skaar 1972; see 
Bockelie 1982, p. 1 1 7) ,  and pyrite is common. The content of 
clay increases near the top, and the beds are separated by thin 
shale seams. The beds were numbered M-1  to M-14 from 
below (Fig. 28) .  The unit is strongly condensed and repre
sents the top of the M. polyphemus, the M. simon and the 
basal part of the M. lim bata Zones. 

The Lysaker Member consists of limestone nodules and 
beds intercalated in shale. The ratio limestone:shale varies 
vertically, with most limestone near the base, in the middle 
and near the top of the member, separated by shale-domi
nated intervals, about 1 .3 and l m thick, respectively (Fig. 
28) .  Rasmussen ( 1 989, 199 1 )  numbered the limestone levels 
A -O to A -5 7 from below; this system is adopted here (Fig. 28) .  
Phosphorite staining is seen in beds A-28-A-29. The Lysaker 
Member straddles the main upper part of the M. limbata 
Zone and most of or, very likely, the entire A. expansus Zone. 

The Svartodden Limestone consists ofthick-bedded, grey, 
very compact limestone, with several phosphorite-stained 
seams in the basal part of the unit. The lower 0.2 m is rich in 
brachiopods and corresponds to the so-called 'Porambonites 
bed' of Brogger ( 1 882) .  This bed presumably marks the 
boundary between the A. ex pans us and A. 'raniceps' Zones, 
and the main part of the Svartodden Limestone is believed to 
represent the A. 'raniceps' Zone. However, the unit has not 
been included in the present study (for detaiIs, see Rasmus
sen 199 1 ) .  Judging from the conodont occurrences, an un
conformity corresponding to the upper half of the A. 'rani
ceps' Zone is present between the Svartodden Limestone and 
the Elnes Formation. 

Lithostratigraphy 

Bornholm 

The Orthoceras limestone of Bornholm was by C. Poulsen 
( 1 936) divided into a lower unit A, 0.30 m thick, referred to 
as Umbonata limestone, and an upper unit B, about 4.5 m 
thick, considered equivalent to the Limbata and Lower Asa
phus limestones of Sweden (Fig. 29) . The two units were 
distinguished primarily by their fossil content. The ' Umbo
nata' limestone was formally separated as the Skelbro Lime
stone Formation by V. Poulsen ( 1 965) ,  motivated by its 
allegedly high content of phosphatic pebbles and glauconite, 
not found in the overlying unit, which in turn was included 
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Fig. 29. Lithostratigraphic nomenclature of the Komstad Limestone and 
surrounding units, Bornholm. 

in the Komstad Limestone Formation. The boundary be
tween the two formations was defined at a phosphorite- and 
glauconite-impregnated discontinuity surface, described in 
some detail by Hadding ( 1 958, pp. 1 8 1-182) .  It appears, 
however, that neither C. Poulsen ( 1 936) nor V. Poulsen 
( 1 965) nor Hadding ( 1 958) actually studied the ' Umbonata'1 
Skeibro Limestone in situ at Skelbro, as it was covered with 
scree (cf. C. Poulsen 1936, p. 47; V. Poulsen 1 965, p. 53) .  
Excavations in the Skeibro quarry demonstrated that 

the phosphatic pebbles are mainly accumulated in the 
basal parts ofbeds nos. -2 1 and -20, and occur only very 
sparsely in the upper main part of each of these beds 

2 the content of glauconite grains in the 'Skelbro Lime
stone' is negligible 

3 the defined upper boundary of the Skelbro Limestone 
Formation is non-existent; the mineralized surface, de
scribed by Hadding ( 1 958) ,  is the base ofbed -2 1 (with a 
east of the basal conglomerate surface) tumed upside 
down. 

The conditions at Skelbro are identical to those at the nearby 
locality Limensgade, where the lower beds can be studied 
without excavations. It is concluded that the designation 
Skeibro Limestone Formation should be abandoned, since 
no lithological differences justify a distinetion of two forma
tions or members, nor is any distinet discontinuity surface 
present to serve as boundary marker. Beds nos. -2 1 and -20 
are herein informally referred to as the Skelbro beds of the 
Komstad Limestone Formation. 

The Komstad Limestone Formation of southern Born
holm varies in thickness from about 1 .5-2 m in the 0leå area 
(drillings) to 4 m at Skelbro and 4.7 m at Vasegård (cored 
drill-hole) .  The limestone is slightly thicker at Hjulmager
gård, according to Gronwall ( 19 16) ,  i.e. presumably about 5 
m. The formation is separated by a major unconformity 
from the Alum Shale Formation below and by another major 
unconformity from the Dicellograptus Shale above. 
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Fig. 30. Lithostratigraphic nomenclature of the Huk Formation and surrounding units, Oslo Region. 

Scania 

The Orthoceratite/Orthoceras limestone ofScania was sepa
rated as the Komstad Limestone Formation by Jaanusson 
( 1960, p. 300) .  The type locality is the old limestone quarries 
at Komstad, described by Funkquist ( 19 19) .  These aban
doned quarries ar nowadays water-filled, with outcrop lim
ited to the steep quarry faces, whereas the nearby Killerod 
quarry is more readily approachable for study and sampling. 
The latter locality is therefore formally proposed herein as a 
paratype section for the Komstad Limestone Formation. 

The thickness of the formation varies considerably within 
SE Scania from 9.5 m at Gislovshammar to more than 1 5  m 
in the type area (presumably totalling about 1 8  m).  It is at 
least 1 2  m thick at Kivik (possibly about 1 5  m), and presum
ably amounts to about 12-14 m or even more at Tommarp 
(calculation based on informations from Funkquist 1919 ) .  
In  western Scania the formation i s  more than 4 .5  m thick at 
Fågelsång, with an estimate arriving at about 6 m. It is 
uncertain whether or not Komstad Limestone is present at 
Rostånga, but in the nearby drill-hole Albjara- 1 the forma
tion is 3 m thick. The Komstad Limestone wedges out to the 
northwest, and is absent in the Krapperup and Lovisefred 
drill-hoIes of NW Scania, where it is replaced by graptolitic 
shales (Tøyen Shale I Upper Didymograptus Shale) .  

The Scanian Komstad Limestone conformably overlies 
the Tøyen Shale, and in the western part of Scania and at 
Kivik it is in turn conformably overlaid by the 'Upper Didy
mograptusShale'. A major unconformity separates the Kom
stad Limestone of SE Scania from the 'Upper Didymograptus 
Shale' (Killerod) or the Dicellograptus Shale (Tommarp, 

Gislovshammar) ,  as on Bornholm. Locally, the basal part of 
the Dicellograptus Shale is referred to as the Killerod Forma
tion (J. Bergstrom 1982b; Månsson 1993) .  

Slemmestad 

The history of the post -Tremadocian Lower Ordovician 
lithostratigraphy of the Oslo region is summarized in Fig. 30; 
see Erdtmann ( 1 965) and Owen et al. ( 1 990) for a more 
detailed review. Brogger ( 1 882) subdivided 'Etage 3', intro
duced by Kjerulf ( 1 857, 1 865) ,  into 3a (Ceratopyge Lime
stone and Shale) ,  3b (Phyllograptus Shale) and 3c ( Orthoceras 
limestone complex) , the latter including subunits codified 
3c<x, 3c� and 3cy (Fig. 30) .  The lower part of3cywas referred 
to as the Porambonites bed, which may be up to l m thick. 

Monsen's ( 1937) classification of the Lower Didymograp
tus Shale retlects biostratigraphy, despite the 'Broeggerian' 
usage ofnumbers and Greekletters. This also concerns 3bE of 
Spjeldnæs ( 1 953) and Størmer ( 1953) .  

The new lithostratigraphy for the Oslo area proposed by 
Owen et al. ( 1 990) is used in the present work, which focuses 
on the Huk Formation. This unit is 8.6 m thick at the 
Slemmestad harbour (Bjerkåsholmen, Djuptrekkodden) ;  
the individual members measure 1 .6 m (Hukodden Lime
stone),  4.4 m (Lysaker Member) and 2.6 m (Svartodden 
Limestone ). The formation is conformably underlain by the 
Tøyen Shale Formation and succeeded by the Elnes Forma
tion. J udging from conodont data (Rasmussen 199 1 )  there is 
an unconformity between the Huk Formation and the Elnes 
Formation. 
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Fig. 31. Stratigraphy of the lower part of the Swedish 'Orthoceras limestone' since Moberg ( 1 890). 

Chronostratigraphy 

Previous work 

The first crude division of the Swedish Ordovician was 
established by Angelin ( 1 854). Towards the dose of the 
nineteenth century, the Swedish 'Orthoceras limestone' was 
dassified according to colour, i.e. Lower Red, Lower Grey, 
Upper Red, etc. (see, e.g., Nathorst 1 88 1 ;  Tornquist 1 884) . 
However, the 'colour index' proved inconsistent for correla
tion between regions, and Moberg ( 1 890) introduced the 
long-standing Swedish division of the lower part of the 
'Orthoceras Limestone' comprising Planilimbata, Limbata 
and Asaphus Limestones (Fig. 3 1 ) .  In the course of time, the 
Asaphus Limestone was substituted by the Expansus and 
RanicepsLimestones by some authors, while others preferred 
the eastern Baltic designation Vaginatum Limestone (in
cluding the Gigas Limestone sensu Moberg), and still others 
retained the original name. Tjernvik ( 1 956) subdivided the 
Planilimbata Limestone into various units. Jaanusson ( 1 95 1 ,  
1957) inserted a Lepidurus Limestone (i.e. a A.  lepidurus 
Zone) between the Limbata and the Expansus Limestones. 
The Limbata Limestone was cited as 'Limbata Limestone' by 
Jaanusson ( 1 956 et seq. ) ,  based on the belief that M. limbata 

(s.str. ) is confined to the Lepidurus Limestone and that the 
traditional Swedish M. limbata, eponym of the Limbata 
Limestone, possibly ought to be assimilated within M. 
elongata (see taxonomical section on M. limbata for details) .  
Further, i t  was uncertain whether or  not the Asaphus Lime
stone sensu Moberg ( 1 890) (ofsouthem Oland) induded the 
Lepidurus Limestone (of northem Oland) . All of Moberg' s 
designations largely went out of use after Jaanusson's revi
sion of 1960 (Fig. 3 1 ) ,  which incorporated large segments of 
the eastem Baltie chronostratigraphy (Fig. 32) into the Swe
dish dassification of the Early and Middle Ordovician. The 
Hunderumian Substage was introduced for the A. expansus 
Zone, as no eastem Baltie name was available (Jaanusson 
1960) . 

Tjernvik ( 1 980) distinguished three trilobite zones within 
the Volkhov Stage, or the Lanna-Volkhov Stage, as he pro
posed to rename it, in order to distinguish between the 
eastem Baltie and the Swedish dassification (Fig. 3 1 ) .  The 
Langevojan Substage was discarded, as the A. lepidurus Zone 
can be recognized only on northem Oland but not in main
land Sweden (see also Tjernvik 1972) . Tjernvik also inserted 
the M. aff. estonica zone as a basal zone of the Billingen 
interval; these so-called 'Transition beds' were previously 
induded in the Hunnebergian (Tjernvik 1956) . Recently, 
Lindholm ( 199 1 )  suggested adhering to Tjernvik's old defi-
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Fig. 31 (continued) .  

nition of the Hunnebergian and Billingenian, including the 
M. aff. estonica Zone and the equivaIent D. balticus graptolite 
Zone in the Hunnebergian. 

Discussion 

The chronostratigraphicaI classification ofJaanusson ( 1 960, 
1982) has been strongly criticised by Tjernvik ( 1972, 1980), 
who emphasized that the eastern Baltic zonation cannot be 
directly implemented in Sweden because of faunaI differ
ences and the partiaI incompleteness of the eastern succes
sions, causing ambiguity in correlation. Tjernvik disap
proved of the replacement oftraditionaI and well-established 
Swedish names byforeign ones, just for the sake of'moderni
sation' and without an associated restudy of the strata in 
question. In particular, the insertion of a Lepidurus Lime
stone in the stratigraphicaI scherne (Jaanusson 1957, 1960) 
created a schism. Tjernvik ( 1 972, 1980) vigorously rejected 
the presence of Lepidurus Limestone in Scandinavia outside 
northern Oland. 

A simplified version of Jaanusson's latest classification is 
adopted in this paper (Fig. 3 1 ) .  I concur, nonetheless, with a 
significant proportion of the criticism raised by Tjernvik. It 
appears futile to replace well-established names by formally 
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more correct ones as long as the nature of the strata and their 
faunas are so poorly known. Inevitably, errors and miscon
ceptions make their way into the chronostratigraphicaI clas
sification - and experience shows that they are difficult to get 
rid off. For instance, the eastern BaItic BIla Zone sensu 
Lamansky ( 1 905; see Fig. 32) includes levels corresponding 
to the M. estonica Zone ofSweden; only the upper part equaIs 
the M. polyphemus Zone. Hence the Volkhov Stage of Esto
nia, as defined by Orviku ( 1958),  includes the top of the 
Billingen Stage in a Scandinavian sense (somewhat para
doxically, the Estonian classification of BillingenN olkhov 
has been modified according to Swedish usage, see, e.g., 
Mannil 1966 and KaIjo & Nestor 1990) . Furthermore, the 
'modern' names Latorp, Lanna and Holen Limestones (Jaa
nusson 1982) are just new terms for the older chronostrati
graphicaI designations Planilimbata, Limbata and Asaphus+ 
Gigas Limestones sensu Moberg ( 1 890). These 'topostrati
graphicaI' units (see Jaanusson 1982) ,  as those introduced by 
Moberg, are characterized primarily by fossil content and 
only to a lesser extent by lithology, and they should not be 
confused with lithostratigraphicaI units, despite the 'correct' 
naming. The concept of topostratigraphy as formulated by 
Jaanusson ( 1 976, 1982) has a long tradition in Swedish 
Ordovician stratigraphy, mixing bio- and lithostratigraphy 
with a clear chronostratigraphicaI aim. A consistent litho-
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Fig. 32. Classification of the lower part of the eastern Baltic 'Orthoceras limestone' since Schmidt ( 1858) .  The right column is an attempt to correlate the eastern 
Baltic stratigraphy with the Scandinavian zonation. For reviews of Estonian stratigraphy, see Jaanusson ( 1 957, 1960) and Kaljo & Nestor ( 1 990).  

and biostratigraphy, as for example introduced for northern 
Oland by van Wamel ( 1 974), appears preferable. 

The tripartite zonal division of the Volkhov Stage outlined 
by Tjernvik ( 1 980) is confirmed by the present study. Each 
zone is bounded by distinct palaeoenvironmental changes, 
which readily can be recognized in most sections, even if 
masked by faunal differences between regions. The environ
mental changes were caused by major sea-Ievel events and 
are believed to be synchronous for all practical purposes 
throughout Baltoscandia. The late Volkhovian A. lepidurus 
Zone, the correlation of which has been the source of much 
controversy, is equivalent to only the upper part of the M. 
lim bata Zone and roughly corresponds to one of two infor
mal subzones of the M. limbata Zone distinguished in the 
present work. Hence the BIlP Zone equals the M. simon Zone 
and the lower part of the M. lim bata Zone (Fig. 32) .  On 
northern Oland, the lower part of the M. limbataZone is very 
strongly condensed, and this is probably also the case in 
Estonia and the St. Petersburg Region. 

The Kunda Stage was previously subdivided into three 
substages containing four trilobite zones (Jaanusson 1960, 
1982; see Fig. 3 1 ) .  The substage/chronozone couplets cover 
identical time intervals, and the dual classification is of no 
practical use neither for the sequences nor for the academic 

communication, and I suggest that the Scandinavian sub
stage division of the Kunda Stage be abandoned. In this 
context it is also relevant to point out that the definition of 
the Hunderumian, typified by the Haget section of northern 
Oland (Bohlin 1949) ,  is dubious. The rich trilobite fauna of 
beds 'd' and 'e' sensu Bohlin ( 1949, p. 537) ,  overlying a 
conspicuous smooth discontinuity surface CD' in J aanusson 
1957, Textfig. 27) ,  definitely indicates the A. expansus Zone 
(unpublished data), which is also apparent from the illaenid 
species reported by Jaanusson ( 1 957, Textfig. 27) .  It is not 
possible that the smooth discontinuity surfaces present in 
the Hagudden and Hilludden sections are synchronous, 
although this impression could arise from comparing Text
figs. 26 and 27 ofJaanusson ( 1 957) .  The exact position of the 
boundary between the A. expansus and A. 'raniceps' Zones in 
the Haget section is currently unknown, but it is probably on 
top of, or just above Bohlin's unit e, i.e. about l m or more 
above the highlighted discontinuity surface. Whatever the 
circumstances, the Hunderumian concept remains ambigu
ous until the range of the A. expansus Zone at Haget is 
established. It is remarked that this zone appears to be 
strongly condensed at Hagudden and presurnably is incom
plete, and the locality should not be promoted as a type 
section. 
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Much further work is needed to characterize the zones of the Volkhov and 
Kunda Stages satisfactorily in terms ofbiostratigraphy. It is evident that the 
hitherto loosely defined zones, typically employing single forms as index 
species, are unsatisfactory and difficult to correlate between different facies. 
It further appears that several eponymous species are not confined to the 
zone that carries their name, which applies to M. simon, M. limbata and 
presumably (to a lesser extent) also A. expansus. The exact ranges of A. 
'raniceps' and A. raniceps ( s. str.) also remain to be documented. The 
seemingly intricate correlation problems arising from these distributions 
are, though, easily overcome in practice by adopting a more dynamic 
approach to stratigraphy, since all the Lower Ordovician trilobite zonal 
boundaries of Scandinavia without exception reflect significant palaeo
environmental changes, which potentially are traceable all over the region. 

Biostratigraphy 

The Komstad Limestone of Scania-Bornholm and the two 
lower members of the Huk Formation at Slemmestad are 
divided into lOnes based on the distribution of species and 
subspecies of Ampy:x, Asaphus, Cyclopyge, Dysplanus, Illae
nus, Lonchodomas, Megistaspis, Nileus, Niobe, Raymondaspis, 
Rhombampyx and others. Five lOnes are recognized, repre
senting the Volkhovian and early part of the Kundan Stages 
(late Arenig - earliest Llanvirn) .  It would have been desirable 
to indude other trilobite taxa as weU in the biostratigraphic 
analysis, notably Symphysurus, ptychopygids, and agnostids, 
but these large groups are in need of revision. Interregional 
correlation would also benetit gready by a revision of the 
coeval Swedish and eastern Baltic trilobite faunas. 

The Swedish chronolOne names are used as labels for the 
biolOnes of the Komstad Limestone. Stricdy speaking, this 
procedure is incorrect, as index fossils per detinition must be 
present in biolOnes (Hedberg 1976), and, for instance, Asa
phus expansus does not occur in the Komstad Limestone, A. 
'raniceps' is restricted to SE Scania, and M. lim bata occurs 
only in the lower half of the lOne carrying its name (and even 
ranges through the two preceding lOnes) .  On the other hand, 
there is litde point in introducing new terms such as Megi
staspis geminus u.sp.  lOne (for the upper sublOne of the M. 
limbata Zone), A. acuminatus zone (for the A. expansus 
Zone) or A. striatus lOne (for the A. 'raniceps' Zone), ifthese 
units as far as can be established cover the same time intervals 
as the lOnes of central Sweden. The traditional lOnal desig
nations are therefore retained, except that Megistaspis lata is 
replaced by the senior synonym M. polyphemus. The lOnal 
definitions thus correspond more or less to Oppel biolOnes 
sensu Hedberg ( 1 976) ,  which in practice is also the case for 
the Swedish lOnation, notwithstanding the circumstance 
that those lOnes are intended as range lOnes (cf. Tjernvik 
1 980) . 

The lOnes are discussed in ascending order below, based 
on the trilobite range-charts of the investigated sections 
shown in Figs. 33-36. A synoptic chart of the Komstad 
Limestone biostratigraphy is presented in Fig. 37. 
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Volkhov Stage 

MEGISTASPIS (MEGISTASPIS) POLYPHEMUS Zone 

The M. polyphemus Zone is 1 .02 m thick in the Skelbro 
section and about 0. 12  m thick in the Slemmestad section, 
being represented by, respectively, bed -2 1 to 2.5 cm below 
top ofbed-13  (Fig. 33) , andbed M-1 (Fig. 36) .  The basal 0.40 
m of the limestone at Gårdlosa- la, bed interval A to E (Fig. 
34), possibly belongs to the M. polyphemus Zone. 

SkeIbro. - The M. polyphemus Zone is characterized by Megi
staspis polyphemus, M. limbata types 7-8, Raymondaspis 
neglecta n.sp. and Dysplanus acutigenia vetustus n.subsp. The 
basal conglomerate, 0.08-0. 1 2  m thick, contains no trilo
bites, but the conodont fauna suggests a Volkhovian age 
(Stouge 1975) ,  i.e. M. polyphemus ChronolOne. 

The highly fossiliferous lower half of the M. polyphemus 
Zone, bed interval -2 1 to -18,  is recognized informally as the 
C. stigmata sub-biolOne (compare V. Poulsen 1 965) .  Besides 
M. polyphemus and R. neglecta n.sp., which range above the 
sublOne, the Cyclopyge stigma ta sublOne is characterized by 
abundant occurrence of C. stigma ta, Rhombampyx gla ber, 
Lonchodomas tenuis n.sp. ,  Raymondaspis imparilis, R. scitula 
n.sp. ,  Nileus exarmatus, Nileus sp. B, and Megistaspis lim bata 
type 7, in addition to several more rare taxa, many of which 
are not revised here (see V. Poulsen 1965) .  Thus Remopleu
ridiella groenwalli, Ottenbyaspis sp. ,  Megistaspis cf. knyrkoi, 
Celmus? longifrons, Selenoharpes nodorugosus, Trinucleoides 
praecursor, Pseudosphaerexochus injlatus, Aegerina cf. errac
tica and several unnamed species are confined to the C. 
stigmata sublOne (not shown on the range chart Fig. 33) .  The 
long-ranging Nileus orbiculatoides, N. depressus schranki 
n.subsp. and Niobe (NiobelIa) imparilimbata as weU as unre
vised representatives of Symphysurus, geragnostids (5. 1. ) and 
ptychopygids also occur abundandy in the sublOne. 

The boundary between the M. polyphemus and M. simon 
Zones is readily identitied in the tield, as the M. polyphemus 
Zone comprises a lower dark 'massive' interval, while light
coloured limestone with several shaly intercalations consti
tutes the succeeding M. simon Zone. 

The trilobites found match the M. polyphemus Zone fauna 
of Sweden fairly weU (cf. Tjernvik 1980, p. 1 9 1 ) ,  but dose 
comparison is impeded by the unrevised state of the Swedish 
fauna. The presence of M. polyphemus itself at Skeibro is 
certainly crucial for correlation, but Megistaspis limbata type 
7 is also considered important, as it most likely is identical to 
Megistaspis sp. no. l Tjernvik, 1980, characteristic of the 
lower part of the M. polyphemus Zone. Megistaspis limbata 
type 8 may be identical to M. sp. 2 Tjernvik, characteristic of 
the upper half of the M. polyphemus Zone ofSweden, but this 
is less certain. The characteristic Globampyx linnarssoni has 
not been found at Skeibro. Tjernvik ( 1980) listed several 
ptychopygids characteristic of the M. polyphemus Zone. 
Even though the ptychopygids in the available material are 
not revised, Metaptychopyge herambensis and M. minor both 
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occur in the Cyclopyge stigmata subzone, whereas Proto
ptychopyge prisca has not been noted. The long-ranging 
Nileus exarmatus, N. orbiculatoides, N. depressus, and Niobe 
imparilimbata are constituents of the lower part of the M. 
polyphemus Zone in central Sweden as well as the Komstad 
Limestone. 

The fauna of the C. stigma ta subzone, which previously 
has been discussed at length by C. Poulsen ( 1 936) and V. 
Poulsen ( 1 965) ,  resembles the fauna described from Her
ramb, Norway (Skjeseth 1952),  but the exact distribution of 
the various species in the Herramb section is unknown. 
Common elements are Megistaspis limbata type 7, Niobe 
imparilimbata, Nileus exarmatus, Metaptychopyge heram
bensis(? ) ,  and Metaptychopyge minor(? ) .  Besides, Raymond
aspis neglecta n.sp., Lonchodomas tenuis n.sp. and Rhomb
ampyx glaber of the Komstad Limestone resemble 
Raymondaspis ' limbatus' [ = n.subsp. aff. neglecta n.sp. ] ,  Lon
chodomas ' volbortht" [= n.subsp. aff. tenuis n.sp . ]  and Ampyx 
pater as determined by Skjeseth. The shaly lower part of the 
Herramb section is equivalent to the M. estonica Zone, but 
the upper part may range into the M. polyphemus Zone. The 
determination of M. polyphemus from Herramb (Skjeseth 
1952) cannot be maintained; the fragments more likely rep
resent M. estonica or M. ringsakerensis. 

The C. stigma ta subzone fauna is not restricted to the 
Skeibro beds, proper (i.e. beds -2 1 and -20),  as previously 
thought (C. Poulsen 1936; V. Poulsen 1965) ,  but character
izes the lower half metre of the Komstad Limestone, and no 
major hiatus separates the Skeibro beds from the remaining 
part of the Komstad Limestone (cf. V. Poulsen 1 966) .  

GårdlOsa-l .  - Only one species, Megistaspis sp. B, has been 
found in the lowermost 0.40 m of the Komstad Limestone at 
Gårdlosa- l ,  bed interval A-E. The species is presently known 
with certainty only from this locality, but it is closely related, 
if not identical, to Megistaspis sp. C, which in the Slemmestad 
section occurs associated with trilobites clearly indicative of 
the M. polyphemus Zone. This meagre evidence, combined 
with the absence of Megistaspis simon and M. limbata type 9 
(characteristic of the M. simon Zone) ,  makes it plausible that 
the basal part of the Komstad Limestone in the type area 
represents the M. polyphemus Zone. 

The boundary between the M. polyphemus(?) and M. 
simon Zones is not accompanied by distinct lithological 
changes and is therefore difficult to recognize in the field. If 
accessible for sampling, bed F contains characteristic vertical 
burrows of Diplocraterion-type, often filled with a black 
substance enclosing large white gypsum crystals. 

Slemmestad. - Bed M - 1  has a planar upper surface, whereas 
the lower boundary is billowing, and the bed thickness varies 

Fig. 33. Range chart, Komstad Limestone, Skeibro. Legend as for Fig. 5. The 
Skelbro section is complete, or, at the most, O . l  m of limestone may be 
missing on tap. 
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between O. l 1 and 0.20 m. The bulk of the bed consists offine
grained, dense limestone containing scattered small brachio
pods. Trilobites are extremely rare, and none were found 
during the present investigation. A cranidium of M. polyphe
mus (Fig. 109A) was collected by Dr. T. Tjernvik at Bjerkås
holmen (south of the Slemmestad harbour) , 3-4 cm above 
the base of the Hukodden Limestone. Another specimen of 
M. polyphemus was collected by Dr. D. Bruton, Oslo, in the 
'Graptolite Valley' at Slemmestad, from a limestone nodule 
interval a few centimetres below the Hukodden Limestone 
(specimen PMO 94538) .  These two specimens are included 
in the diagram, Fig. 36. The holotype of M. polyphemus (Fig. 
108A-B) without doubt also originates from the fine
grained lower part ofbed M - 1 , 4--9 cm above the base, but the 
locality is unknown. 

The upper 2-3 cm ofbed M - 1  are calcarenitic and rather 
fossiliferous. From this thin interval was collected a fauna 
containing Megistaspis sp. C, Globampyx linnarssoni, 
Rhombampyx cf. gla ber, Nileus exarmatus, N. depressus glazi
alis, Niobe sp. aff. lindstroemi, and Lonchodomas cf. tenuis, 
plus some ptychopygids. This trilobite assemblage is clearly 
indicative of the M. polyphemus Zone; especially G. linnars
soni, R. cf. gla ber, and L. cf. tenuis are significant (cf. Tjernvik 
1980 and discussion of the Skeibro section above) .  Tjernvik 
( 1980) listed Niobe cf. lindstroemi from the upper part of the 
M. polyphemus Zone, which may be analogous to the occur
rence of Niobe aff. lindstroemi in bed M- l .  This meagre 
evidence suggests that the bed belongs to the upper part of 
the M. polyphemus Zone, which is consistent with the grap
tolite dating ofthe subjacent shales (see Spjeldnæs 1953 and 
Erdtmann 1965, compared to Tjernvik 1956) . 

The boundary between the M. polyphemus and the M. 
simon Zones is indicated by a 'normal' distinct discontinuity 
surface. 

MEGISTASPIS (MEGISTASPIS) SIMON Zone 

The M. simon Zone is 1 . 1 0  m thick in the Skeibro section, 
about 5.8 m thick in the Killerod area, and 0.76 m thick in the 
Slemmestad section. Within these sections, the zone is repre
sented by, respectively, an interval from 2.5 cm below the top 
of bed -13  to 8.5 cm above the base of bed O (Fig. 33) ;  bed 
interval E [at Gårdlosa - 1 ]  to -1 [at Killerod, equal to bed 1 at 
Gårdlosa-4a] (Fig. 34); and bed interval M-2 to M-6 (Fig. 
36) .  

Skelbro. - The lower boundary of the M. simon Zone is 
defined by the appearance of M. simon and by the coincident 
disappearance of M. polyphemus and Megistaspis limbata 
type 8. M. simon, which has be en found only in the lower half 
of the zone, is very rare, and the more common Raymond
aspis whittingtoni n.sp. is a better marker of the base of the 
zone. In SE Scania, M. limbata type 9 also ranges from the 
base of the M. simon Zone, but so far no specimens have been 
found below bed -7 at Skeibro. Beds -8 and -9 are for all 
practical purposes barren; a very large amount of rock has 
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been crushed, yielding only a single librigena of N. impari
limbataand an indeterminable nileid cranidium. Nileus orbi
culatoides occurs abundantly in most beds of the M. simon 
Zone, and the disappearance of this speeies and the contem
poraneous reappearance of N. depressus schranki n.subsp. 
define the upper limit of the M. simon Zone; N. depressus 
schranki n.subsp. is absent in the main upper part of the M. 
simon Zone at Skeibro. The upper boundary is also indicated 
by Megistaspis lim bata type 9, which is comparatively narrow 
in the M. simon Zone, and becomes significantly broader in 
the M. limbata Zone (Fig. S2A) . 

The transition to the M. limbata Zone is indicated in the 
section by a change from light grey colours and 'shaly' 
structure to darker colours and a more compact appearance 
of the limestone. 

The correlation of the M. simon Zone at Skelbro to Sweden 
(see Tjernvik 1980) is difficult without revision of the Swe
dish fauna, but M. simon itself and the common occurrence 
of Nileus orbiculatoides are similarities. Furthermore, Ray
mondaspis insignis n.sp. is of R. ' limbata-type' and may 
correspond to R. limbata subsp. sensu Tjernvik. It is un
known whether Rhombampyx frater n.sp. corresponds to A. 
pater nasutus sensu Tjernvik ( 1 980, p. 192) .  Niobe lind
stroemi, which is highly characteristic of the M. simon Zone 
in Sweden and southern Norway, and also occurs sporadi
caUy in SE Scania, has not been found at Skeibro. 

By comparison to SE Scania, the M. simon Zone is strongly 
condensed. The upper part of the zone seems to be weU
developed at Skeibro, judging, e.g., from the correlation of 
Cyclopyge sp. aff. stigmata, Niobe imparilimbata, and Dys
planus acutigenia acutigenia, whereas the lower part is in
ferred absent. The levels of condensation are possibly indi
cated bythin, inconspicuous 'gravel lags' ,  consisting of more 
or less disintegrated trilobite material, near the top ofbed -13  
and at the base ofbed -12 .  

Gårdlosa and KilIerod. - The M. simon Zone i s  characterized 
by the sparse occurrence of M. simon, common occurrence 
of Megistaspis limbata type 9 ( 'narrow' morph) ,  very fre
quent Nileus orbiculatoides, and sparse N. depressus schranki 

n.subsp. N. planiceps n.sp. is, incidentaUy, confined to the M. 
simon Zone at Killerod; this speeies ranges into the lower part 
of the M. limbata Zone at Skelbro. Niobe imparilimbata is 
moderately common in the lower main part of the zone, as at 
Skelbro, and Cyclopyge sp. aff. stigma ta occurs in a narrow 
interval dose to the top of the zone, also as at Skelbro. A few 
speeimens of Nileus exarmatus were found near the base of 

Fig. 34. Composite range chart, Komstad Limestone type area, SE Scania. 
The chart is based on the sections investigated at Gårdl6sa- 1 (basal I ml, 
Gårdl6sa-4a (bed numbers left between 5 and 6 ml, Killer6d (bed numbers 
rigth, -9 to +35), and Killer6d site b (bed numbers left in the upper part) . 
The lower 1 .6  m of limestone in the Killer6d section (Fig. 17 )  were 
inaccessible for sampling; note the omission of unsampled interval be
tween l and 5 m. Between 2 and 4 m of Komstad Limestone is estimated to 
be missing on top of the combined sections. Legend as for Fig. 5. 
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the zone. This speeies also occurs in the lower part of the M. 
simon Zone of central Sweden (Tjernvik 1 980) . Raphio
phorids are very rare in the M. simon Zone of SE Scania; only 
a few poor speeimens, presumably representing Rhomb
ampyx fra ter n.sp. ,  have been found near the top of the zone. 
Raymondaspis insignis n.sp. has so far been found only in a 
short interval dose to the top of the zone; it is surmised to be 
an infrequent but diagnostic speeies of the M. simon Zone in 
SE Scania, judging from material housed at the University of 
Lund. 

The sparse presenee of Niobe cf. lindstroemi is important, 
as N. lindstroemi is a characteristic and frequent constituent 
of the M. simon Zone of Sweden (Tjernvik 1980) and Slem
mestad (see below) . A single speeimen has, surprisingly, also 
been encountered in bed +7 at Killerod, belonging to the 
lower part of the M. limbata Zone. 

Dysplanus acutigenia acutigenia occurs in two beds dose to 
the top of the M. simon Zone. This subspecies is by and large 
characteristic of the M. limbata Zone ofSweden (Jaanusson 
1957; Tjernvik 1980) and Slemmestad (see below) , but a few 
specimens have in fact been found in the uppermost part of 
the M. simon Zone also at Slemmestad. 

The above remarks on the correlation of the M. simon 
Zone at Skeibro to Sweden are valid also for the Komstad 
Limestone of SE Scania. Additional points of similarity are, 
as already discussed, the presenee of N. exarmatus and Niobe 
cf. lindstroemi. 

The M. simon Zone of SE Scania is generaUy characterized 
by light-coloured, impure limestone. Intervals of very im
pure, shaly limestone occurs near base and near top of the 
zone, in particular the latter series of shale beds is readily 
recognized in the field (beds nos-8 to -1 ,  Fig. 1 7; see, e.g., Fig. 
I SA) . The transition to the M. limbata Zone is indicated by a 
change to darker colours and disappearance of the shaly 
appearance of the limestone. 

Slemmestad. - The M. simon Zone at Slemmestad (beds M -2 
to M -6) is characterized by the common occurrence of M. 
simon itself, by M. limbata types 1 (in the lower part) and 2 
(upper part) ,  quite frequent Niobe lindstroem� sparse N. 
exarmatus in the lower part (a couple of poorly preserved 
speeimens from bed M-4 may also represent the speeies) ,  
frequent Nileus depressus glazialis, especiaUy in  the lower 
part, replaced by N. depressus subsp. A in the uppermost part. 
Only one indeterminable raphiophorid was found at the 
base of the zone. A poorlypreserved pygidium may represent 
Raymondaspis insignis n.sp. In addition to Niobe lindstroemi 
another niobinid of ' imparilimbata-type' occurs sparsely, 
but most of the material is toa poorly preserved to be identi
fied. A few speeimens from bed M-S represent N. cf. plana, 
which ranges into the M. limbata Zone, and the earlier 
indeterminable speeimens may belong to that species as weU. 

The occurrence of M. simon, M. lim bata types 1 and 2, 
Niobe lindstroemi and Nileus depressus glazialis confirms the 
correlation between the M. simon Zones of Slemmestad and 
Sweden (cf. Tjernvik 1980) . Likewise, the last representatives 
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of the long-ranging Nileus exarmatus occur in the lower M. 
simon Zone in Sweden as weU as at Slemmestad. The only 
characteristic faunal element missing in the Slemmestad 
section is N. orbiculatoides. 

The transition to the M. limbata Zone is not associated 
with macroscopic lithological changes. The zonal boundary 
is an ordinary discontinuity surface, situated a few centi
metres below a comparatively conspicuous pyrite-rich 
marker level within bed M-7. 

MEGISTASPIS (MEGISTASPIS) LIMBATA Zone 

The M. lim bata Zone is 1 .57 m thick at Skelbro, 4.6 m at 
Killerod, more than 2 m (probably about 4.5 m) at Fågelsång, 
and 3.2 m at Slemmestad. Within these sections the zone is 
represented by, respectively, the upper 6.5 cm ofbed O to 6 
cm below top ofbed + 1 3  (Fig. 33) ;  bed O to 6 cm below top 
of bed +22 (Fig. 34); beds nos. 1-1 7, lower boundary un
known (Fig. 35) ;  and bed interval M-7-A-28 (Fig. 36) .  

Two informal subzones of the M. limbataZone, referred to 
as the lower and upper subzone, are recognized. M. limbata 
does not occur in the upper subzone of the Komstad Lime
stone. The lower-upper subzonal boundary presumably is 
not exactly synchronous between the Komstad Limestone 
and the Huk Formation (see discussion of ecostratigraphy) . 

Skelbro. - The M. limbata Zone is defined by the appearance 
ofbroad types of M. limbata type 9 (Fig s2A) , associated with 
reappearance of Nileus depressus schranki n.subsp. ,  and the 
disappearance of N. orbiculatoides. 

The lower subzone (beds nos. O to +8 [+9? ] )  is character
ized by M. limbata type 9 and frequent N. d. schranki 
n.subsp. ,  as weU as the top ranges of Raymondaspis whitting
tonin.sp., Rhombampyxfratern.sp. and Nileus planicepsn.sp. 
Niobe imparilimbata presumably occurs sparsely in this in
terval as weU, but the few specimens found are too poorly 
preserved to be confidently identified, and could also repre
sent N. plana. 

The upper subzone (beds nos. + 10 to + 13 )  is defined by 
the appearance of Megistaspis geminus n.sp. ;  this species also 
enters the very base of the succeeding zone. The upper 
subzone is sparsely fossiliferous, and only Nileus depressus 
schranki n.subsp. is moderately common. The first represen
tatives of Nileus latifrons n.sp., Illaenus fornicatus n.sp. and 
Raymondaspis sp. B (cf. limbata), all of which, generally 
speaking, are characteristic of the A. expansus Zone, appear 
dose to the top of the M. limbata Zone. 

A correlation with the Swedish mainland (Tjernvik 1980) 
is not possible at present. A few specimens of M. cf. geminus 
n.sp. have been found in the upper subzone of the M. limbata 
Zone at Slemmestad, where Illaenus cf. fornicatus n.sp. also 
appears dose to the top of the zone. 

The upper boundary of the M. limbata Zone is readily 
identified in the field, as the top of the M. limbata Zone 
comprises light grey limestone, whereas the A. expansus 
Zone interval is blackish. 
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KilIerod. - The lower limit of the M. limbata Zone is poorly 
defined at Killerod because of the low yields of trilobites; the 
uncertainty regards 0.40 m. For the time being, the boundary 
is tentatively defined at the base ofbed O, but it may in reality 
be positioned slightly above. 

The lower boundary is defined by the appearance of Megi
staspis lim bata type 9 ebroad morph'; see Fig. s2B) ,  coincid
ing with the disappearance of Nileus orbiculatoides and Megi
staspis simon. The lower subzone is characterized by M. 
limbata type 9, relatively abundant Nileus depressus schranki 
n.subsp. ,  and top range of Raymondaspis whittingtani n.sp. 
The upper subzone is defined by the appearance of Megistas
pis geminus n.sp. ,  but also Nileus depressus serotinus n.subsp. 
turns up again and is quite common. Megistaspis sp. A is also 
known from the upper subzone of Fågelsång and the base of 
the A. expansus Zone at Skelbro. The upper l m of the M. 
lim bata Zone is virtually barren at Killerod. Despite intensive 
search, only a single specimen of Symphysurus was found. 

There is a striking coincidence of bed numbers between 
the Skelbro and Killerod sections. The numbering of beds 
was made independently at the two localities, using at each 
place a distinct, thin shale intercalation as datum, but it is 
possible that bed interval -5 to about +7 actually can be 
correlated bed by bed between the two sections. Whatever 
the circumstances, the lithologies of the respective zones are 
similar, with light grey limestone induding several shaly 
intercalations in the M. simon Zone and darker, more mas
sive limestone in the lower part of the M. limbata Zone. 

Except for N. depressus serotinus n.subsp. ,  which is sur
mised to be dosely related to N. depressus depressus, none of 
the faunal elements are in common with species known from 
the Swedish mainland (see Tjernvik 1 980).  

The boundary interval to the A. expansus Zone has a 
comparatively high day content, and a series of 3-4 shaly 
beds catches the eye in weathered sections. When non
weathered, the boundary, positioned within the upper shaly 
bed, cannot be readily recognized. 

Fågelsång. - The limestone intercalated in shale at loe. E22 
yielded no determinable trilobites. The conodont fauna 
(Table 3) indicates an age corresponding to the P. ariginalis 
conodont Zone ofSkelbro, i.e. the upper part of the M. simon 
Zone. Bed l of Loe. E2 1a  is correlated with the lower M. 
limbata subzone, based on the occurrence of Megistaspis 
limbata type 9. The unknown succession between the strata 
at Loc. E22 and bed l of Loe. E2 1a thus appears largely 
equivalent to the lower subzone of the M. limbata Zone (but 
probably indudes graptolitic Tøyen Shale) .  

Fig. 35. Composite range chart, Komstad Limestone, Fågelsång. The chart 
is based on the sections investigated at localities E2 1a  and E2 1 b. Beds nos. 
1 1  to 17 yielded very limited raw material for sampling. Material kept in the 
collections at the University of Lund, referable to bed (or bed interval) only, 
are incorporated in the diagram; all LU material from the M. limbata Zone 
was collected by Ekstrbm in 19 17  (cf. Ekstrbm 1 937) .  Legend as for Fig. 5. 
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The presence of Niobe schmidti in bed l is surprising, as 
representatives of Niobe (Niobe) everywhere else in Balto
scandia is absent in the Volkhov Stage, while the associated 
species, Nileus depressus schranki n.subsp. and Megistaspis 
limbata type 9, are typical, albeit not diagnostic, of the lower 
M. limbata subzone. Bed l also yielded well-preserved 
ptychopygids. 

Bed interval 3-17  (almost no material was available for 
sampling ofbeds nos. 1 1-17) is correlated with the upper M. 
lim bata subzone, owing to the occurrence of Megistaspis 
geminus n.sp . .  This species is associated with Megistaspis sp. 
A (also known from the upper subzone at Killerod), Loncho
domas volborthi volborthi (known from the lower part of the 
M. lim bata Zone at Slemmestad) ,  Nileus armadi/lo, Niobe 
tjernviki n.sp. and Nileus implexus n.sp. The presence of the 
latter three species is puzzling, as they are typical representa
tives of the A. expansus Zone at Killerod and Skeibro, and N. 
implexus n.sp. even extends into the A. 'raniceps' Zone at 
Killerod site b (see, however, remarks in taxonomic section) . 
Nevertheless, the presence of M. geminus n.sp. is diagnostic 
of the upper subzone of the M. limbata Zone, and a series of 
characteristic faunal elements occurringwithin the basal part 
of the above-lying A. expansus Zone can also be correlated 
unambiguously to the Skelbro and Killerod sections. The 
presence of 'young' species in the upper subzone of the M. 
limbata Zone attests to an unusual palaeoenvironment at 
Fågelsång. 

Except for L. volborthi volborthi, which has been found also 
in the lower part of the M. limbata Zone at Slemmestad and 
possibly occurs also in Sweden, none of the species found is 
shared with the M. limbata Zone of Sweden. Megistaspis 
geminus n.sp. seems to occur sporadically in the upper sub
zone of the M. limbata Zone at Slemmestad. 

The transition to the A. expansus Zone is discussed below. 

Slemmestad. - The base of the M. limbata Zone is defined by 
the appearance of very abundant broad M. limbata types 3-
4, coinciding - or almost so - with the appearance of Dys
planus acutigenia acutigenia, abundant Niobe (Niobe/la) cf. 
plana, Nileus depressus depressus, Raymondaspis cf. limbata, 
Lonchodomas volborthi volborthi, and rather frequent Sym
physurus spp. At the same time, M. simon, M. limbata type 2, 
Niobe lindstroemi, Nileus depressus glazialis and N. depressus 
subsp. A disappear. Single specimens of Dysplanus acutigenia 
acutigenia and Lonchodomas volborthi volborthi have, 
though, been found in the uppermost part of the M. simon 
Zone, and a few broad-axed pygidia of M. simon type were 
encountered in bed interval M -9-M - l 3 .  First occurrence of 
Megistaspis limbata type 5 (i.e. 's.str. ') is in bed M-9. 

Two informal subzones are recognized, but it is again 
emphasized that the boundary between them most likely is 
positioned stratigraphically slightly above the lower-upper 

Fig. 36. Range chart, lower members of the Huk Formation, Djuptrekk
odden, Slemmestad. Legend as for Fig. 5. 
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subzonal boundary defined for the Komstad Limestone (see 
section on ecostratigraphy) . 

The lower subzone indudes bed interval M -7 -A-6 and the 
upper subzone interval A-7-A-28. The lower subzone is 
characterized by M. limbata types 3-5 (a single specimen 
assigned to type 5 is from bed A- I l ) ,  common Nileus depres
sus depressus, common Niobe cf. plana (lower part), Loncho
domas volborthi volborthi, Dysplanus acutigenia acutigenia (a 
single atypical specimen is from bed A-26) ,  and common 
Symphysurus spp. The upper subzone is defined by the 
appearance of Asaphus (Asaphus) lepidurus, coinciding, or 
nearly so, with the appearance of Megistaspis limbata type 6 
[the 'type-allocation' of the megistaspid pygidia from beds 
A-4-A-6 is dubious, because of poor preservationJ , M. 
(Megistaspide/la) acuticauda (5. 1. ) ,  Lonchodomas volborthi 
schmidti n.subsp., and N. depressus depressus with very steep 
librigenae. A single pygidium of M. (Rhinoferus) cf. hyor
rhina was encountered in bed A-8. The first representatives 
of Illaenus cf. fornicatus and later I. sarsi (bed A-28 only) 
appear dose to the top of the M. limbata Zone. 

The faunal pattern within the M. limbataZone of Slemme
stad dosely matches the trilobite distribution sketched for 
Sweden by Tjernvik ( 1 980) . He reported broad M. lim bata 
types from the base of the zone, Dysplanus acutigenia, Asa
phus lepidurus (from the middle of the zone) ,  Megistaspis 
hyorrhina (scarce) ,  M. aff. acuticauda, Raymondaspis limbata 
with a short pygidial axis, Symphysurus n.sp. ,  from the lower 
part of the zone, Niobe/la n.sp. (identical to the type that is 
common in the Megistaspis Limestone and Asaphus Shale of 
Norway, i.e. Niobe (Niobella) cf. plana) , Nileus glazialis glazi
alis and Nileus glazialis subsp. 2. N. glazialis sensu Tjernvik is 
here transferred to N. depressus, and N. 'glazialis glazialis' is 
identified with N. depressus subsp. A, while subsp. 2 sensu 
Tjernvik is identified with N. depressus depressus. N. d. depres
sus is typical of the M. limbata Zone. The specimens from the 
lower subzone somewhat resemble N. depressus glazialis 
(= glazialis subsp. l Tjernvik, 1980), whereas those from the 
upper subzone have steeper iibrigenae and eventually may be 
separated in an ecophenotype of its own. T. Tjernvik (per
sonal communication, 1 983; see Fig. 145) also indicated that 
N. 'glazialis subsp. 2' shows up in the middle of the M. 
limbata Zone. 

The material of Ampyx spp. from the M. limbata Zone of 
the Finngrundet core, referred to by Tjernvik ( 1 980) , has 
been examined. Most of the specimens are too damaged to 
be assigned to species, but all preserved features support an 
assignment of the material to Lonchodomas volborthi 
schmidti n.subsp. 

Kunda Stage 

ASAPHUS (ASAPHUS) EXPANSUS Zone 

The A. expansus Zone is 0.20 m thick at Skelbro, 2 .7 m in the 
Killerod area, 0.9 m at Fågelsång, and 1 .9 m or more in the 
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Slemmestad section. Within these sections, the zone is repre
sented by, respectively, the upper 6 cm ofbed + 13 plus bed 
+ 14 (Fig. 33) ;  the upper 6 cm of bed +22 (at Killerod) to the 
lower 8 cm ofbed 9 (at Killerod site b) (Fig. 34) ; bed 18 to the 
lower 4 cm ofbed 25 (Fig. 35) ;  and by bed interval A-28 to at 
least A-57 (upper boundary not defined by the present 
study) (Fig. 36) . 

SkeIbro. - The Asaphus expansus Zone is defined by the 
appearance of Asaphus acuminatus in association with Niobe 
ljernviki n.sp., Ampyx nasutus, Cnemidopyge �ostatus 
n.subsp. A, Megistaspis extenuata, Gog explanata, Ntleus ar
madillo, and common occurrence of Illaenus fornicatus n.sp. 
and Nileus latifrons n.sp. Moreover, the basal interval con
tains several undescribed species not present in the subjacent 
zones, and ptychopygids are very com mon. Cyclopyge 
umbonata also occurs sparsely at the base of the zone. Bed 
+ 14 is much less fossiliferous, but A. acuminatus and rare 
specimens of N. armadillo have been encountered. 

Ampyx nasutus, Megistaspis extenuata, Nileus armadillo 
and illaenids also appear at the base of the A. expansus Zone 
in Sweden, and Asaphus and Niobe (Niobe) become com
mon at the same horizon. 

The limestone of the A. expansus Zone of Bornholm is 
readily recognized in the sections (and museum coUections),  
being almost black. The lower part is highly fossiliferous and 
could be caUed coquinoid. The transition to the overlying 
conglomerate is not exposed at Skelbro, but by comparison 
to the Vasegård- l drill-core it appears that only very little 
limestone (0-0 . 10  m) , if any, is missing. 

There is a considerable hiatus between the Komstad Lime
stone and the overlying Dicellograptus Shale, the lower part of 
which belongs to the D. multidens Zone (Bergstrom & Nils
son 1974) , and it is conceivable that some limestone has been 
removed by erosion. 

KilIerod. - The lower boundary of the A. expansus Zone ( in 
the upper part ofbed + 22) is marked by a pro fuse occurrence 
of Ni/eus armadillo, but severai other trilobites make their 
first appearance at the base of the zone as weU, such as Niobe 
tjernviki n.sp. ,  Ampyx nasutus, Dysplanus centrotus, Illaenus 
fornicatus n.sp., I. sarsi, and, immediately above the base, 
Nileus latifrons n.sp. This pattern is almost similar to the 
Skeibro section, except that N. latifrons n.sp. there is com
mon from just below the A. expansus Zone. 

Fossils are infrequent in the main part of the A. expansus 
Zone at Killerod, but the interval is characterized by Nileus 
armadillo and Ampyx nasutus, both of which also continue 
into the next zone, as weU as N. latifrons n.sp. ,  fllaenus 
fornicatus n.sp. ,  I. sarsi, Dysplanus centrotus, and, sporadi
caUy, Asaphus acuminatus and Megistaspis elongata. Many of 
these species are characteristic constituents of the A. expan
sus Zone in Scandinavia (Jaanusson 1957; Tjernvik 1972; 
Johansson 1980; present study) . 

Fåge!sång. - The base of the A. expansus Zone is defined as at 
Skelbro by the appearance of Asaphus acuminatus, which 
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also at Fågelsång is associated with abundant Nileus arma
dillo, N. latifrons n.sp., Niobe tjernviki n.sp. ,  and pro fuse 
abundance of Cyclopyge umbonata (rare at Skeibro) .  Less 
common are Megistaspis (Megistaspidella) extenuata, M. 
(M.) cf. triangularis, M. (Megistaspis) geminus n.sp., Nileus 
implexus n.sp. ,  Gog explanata, and, questionably, Cnemido
pyge costatus subsp. A. 

The is no doubt that the local base of the A. expansus Zone 
corresponds to the lower boundary defined at Skelbro and 
Killerod, despite the occurrence of surprisingly 'young' spe
cies in the underlying beds 1-9 (see above discussion of the 
M. limbata Zone) .  When aU trilobite species are revised, the 
A. expansus boundary will appear much more conspicuous 
on the range chart, as beds 1 8-20 contain an unusuaUy 
diverse trilobite fauna. The majority of the famous Fågelsång 
'Orthoceras limestone' fauna (Angelin 1 854, 1 878) originates 
from this thin interval. The Cyclopyge-rich level constitutes 
the base of the A. expansus Zone, but not the base of the 
limestone, as assumed by some authors (C. Poulsen 1936; 
Regnell 1960) .  

The lithology of  the basal A.  expansus Zone i s  nodulous 
with coquinoid coarse-grained limestone intercalated in a 
shaly matrix, i.e. it resembles the Lysaker Member of Oslo, 
and the boundary interval is easily identified in the field. 
Samples are also readily recognized in museum collections. 

The middle part ofthe A. expansus Zone was not accessible 
for sampling, and the trilobite yield was generaUy very low 
above the base of the zone. Asaphus acuminatus ranges to bed 
2 1  and is then replaced by Asaphus sp. A, which continues to 
the middle ofbed 25; no other trilobites have been encoun
tered in bed interval 2 1-25 so far. Asaphus sp. A is possibly 
identical to the 'Asaphus n.sp. ' of Johansson 1980, reported 
from the upper part of the A. expansus Zone of Sweden, but 
the material is toa poorly preserved to confirm this conjec
ture. The assignment of this bed interval to the A. expansus 
Zone therefore remains tentative. 

Slemmestad. - The A. expansus Zone at Slemmestad is de
fined by the appearance of A. expansus itself, coinciding with 
the appearance of Megistaspis elongata and Dysplanus cen tro
tus, both of which are characteristic of the A. expansus Zone 
in Scandinavia (Tjernvik 1972; Jaanusson 1957) .  Several 
species, diagnostic of the M. lim bata Zone, disappear just 
below the A. expansus Zone, viz. M. limbata type 6, Dysplanus 
acutigenia acutigenia, and Asaphus lepidurus. Illaenus cf. for
nicatus n.sp. enters slightly below the base of the A. expansus 
Zone, in the same wayas at Skeibro. I. sarsiturns up in bed A-
28, immediately below the zone, but is otherwise a character
istic and frequent faunal element of the A. expansus Zone, as 
in Sweden (Jaanusson 1957; Tjernvik & Johansson 1 980) .  A. 
expansus is most frequent in the upper half of the zone. In 
addition to the mentioned species Megistaspis acuticauda, 
Niobe schmidti (scattered) ,  and single specimens of Plat
illaenus sp. aff. ladogensis, Lonchodomas volborthi schmidti 
n.subsp. ,  Nileus armadillo, and Asaphus cf. incertus have been 
found. Several of these species are characteristic constituents 



FOSSILS AND STRATA 38 ( 1 995) 

Krapperup/ 
Lovisefred 

R6stånga/ 
Albjara 

3 m  

Fågelsång 

:S: 6 m  

Killerbd/ 
Flagabro 
� 1 5  m 

Lower Ordovieian trilobites from Scandinavia 41  

Skeibro 

4 m  

0.2 m 

1 .6 m 

1.1 m 

1.0 m 

SE 

Trilobrte 
zones 

Asaphus 
'raniceps' 

Asaphus 
expansus 

Megistaspis 
limbata 

Megistaspis 
simon 

Megistaspis 
polyphemus 

Megistaspis 
estonica 

Graptolite 
zones 

D. artus 

Didymo-
graptus 
hirundo 

P. ang. 
elongatus 

Fig. 37. Stratigraphy of the Komstad Limestone in a diagrammatie cross-section from Bornholm to NW Scania. The exact age of the top part of the Komstad 
Limestone at Killerod/Komstad in SE Scania is currently unknown. Conodont dating of a single sample from 0. 1 5  m below the top suggests a high level within 
the A. 'raniceps' Zone or an age corresponding to the M. obtusicauda Zone (Table 4) .  

of the A. expansus Zone ofSweden (Bohlin 1960; Jaanusson 
1957; Tjernvik 1 956) . The fauna is comparatively diverse in 
the lower part of the zone, while the upper part is dominated 
by frequent A. expansus, I. sarsi and a ptychopygid, these 
three found mostly as complete specimens. 

ASAPHUS (ASAPHUS) 'RANICEPS' Zone 

The A. 'raniceps' Zone is more than 1 .2 m thick at Killerod 
site b, and o.s m at Fågelsång, where it is capped by graptolitic 
shales. Within these sections the zone is represented by, 
respectively, the upper 0 . 14  m of bed 9 to bed O (Fig. 34) and 
by bed interval 25 (main upper part) to 29 (Fig. 35) .  

The zone is  undoubtedly much thicker in the Komstad 
region of SE Scania, but the upper part of the Komstad 
Limestone is poorly exposed in the area. J udging from cono
dont dating, the top of the Komstad Limestone, immediately 
below the Upper Didymograptus Shale at Killerod site c, 
belongs to a high level within the A. 'raniceps' Zone but may 
even be within the M. obtusieauda Zone (see remarks below) . 
This limestone, 0.65 m thick, plus the limestone exposed in 
the Killerod Canal, representing 1 .2 m of strata, should most 
likely be added to the A. 'raniceps' Zone, which thus totals 

more than 3 m - and these discontinuous sections are sepa
rated by intervals of unknown thickness. It is estimated that 
the A. 'raniceps' Zone is about 4-5 m thick in the Killerod 
area. 

The Asaphus 'raniceps' Zone of Slemmestad has not been 
investigated, and the boundarytowards the A. expansus Zone 
is not fixed. However, the boundary is marked by a sea-level 
lowstand event in all parts of Scandinavia, and the so-called 
'Porambonites bed' in the Oslo region very likely signals this 
event. Provided that this assumption is correct, the base of 
the A. 'raniceps' Zone coincides with the base of the Svart
odden Limestone, which entails that the entire A. expansus 
Zone is included in the present study. An examination of 
museum material from the Svartodden Limestone showed 
the presence of Asaphus 'ranieeps', A. striatus, Illaenus adun
eus, and other elements typical of the A. 'raniceps' Zone. 

Killerod. - The A. 'raniceps' Zone is defined by the appear
ance of Asaphus striatus and Illaenus sehuberti n.sp., but also 
A. 'raniceps', Illaenus aduneus and Stygina sp. are confined to 
this zone. Asaphus aeuminatus disappears at the top of the A. 
expansus Zone. The latest representatives of A. aeuminatus 
occur associated with the first representative of Stygina sp. in 
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the middle ofbed 9 at site b, and it is very likely that the entire 
bed 9 in fact belongs to the A. 'raniceps' Zone. 

Niobe tjernviki n.sp. and Ampyx nasutus are rather fre
quent, whereas only a few specimens of Megistaspis (Megi
staspideIla) cf. acuticauda and M. (Heraspis) cf. heroica have 
been found. Severai trilobite species of 'young affinity' re
main to be revised. Agnostid trilobites are very abundant in 
some beds. 

A. 'raniceps', I. aduncus and M. (R.) heroica are character
istic of the A. 'raniceps' Zone of Sweden (Jaanusson 1957; 
Bohlin 1960; Johansson 1980) . A. striatus, as well as I. adun
cus, also occur in the Svartodden Limestone of the Oslo 
region. 

A study of the limestone above bed O is in progress. In the 
canal east ofKillerod, 1 .2 m oflimestone containingAsaphus 
'raniceps' is exposed. The interval does not seem to overlap 
the limestone exposed at Killerod site b, although this re
mains to be finally verified. 

No trilobites have so far been found in the very top of the 
Komstad Limestone at Killerod site c. The con odont content 
of an unaltered limestone sample (Table 4) suggests an age 
corresponding at least to the Eoplacognathus variabilis -
Microzarkodina ozarkodella Subzone, i.e. probably a rather 
high level within the A. 'raniceps' Zone (see Lofgren 1985) .  
The presence of Protopanderodus robustuswith a well-devel
oped anterior basal 'hook' (cf. Lofgren 1978) indicates that 
the level may even correspond to the Eoplacognathus suecicus 
Zone, but the index species itselfhas not been found. The E. 
suecicus Zone is traditionally correlated with the M. obtusi
cauda trilobite Zone (Jaanusson 1982) .  

Fågelsång. - The large Asaphus 'maxima' turns up in the 
middle ofbed 25, replacing Asaphus sp. A. Asaphus 'maxima' 
is considered a dose relative of A. 'raniceps' and is very likely 
an ecophenotype of that species. Accordingly, its presence is 
taken to indicate the A. 'raniceps' Zone. 

A. 'maxima' is fairly common in bed interval 25-29; a 
juvenile specimen from bed 30 most likely also belongs to A. 
'maxima'. The correlation of the interval with the A. 'rani
ceps' Zone is supported by the presence of fllaenus schuberti 
n.sp. and Nileus implexus n.sp., both of which are typical of 
the A. 'raniceps' Zone in SE Scania. 

Table 4. Conodont content of unweathered limestone sample ('nodule') 
from 0. 1 5  m below top of the Komstad Limestone at Killeriid si te c. 
Determinations by l.A. Rasmussen, Copenhagen. 

Baltoniodus medius 
Dapsilodus mutatus 
Drepanoistodus sp. 
Microzarkodina ozarkodella 
Periodon aculeatus subsp. 
Polonodus sp. 
Protopanderodus robustus 
Indet. 

In total 

6 speeimens 
l speeimen 
2 speeimens 
9 speeimens 
2 speeimens 
l speeimen 
23 specimens 
4 spee imens 

48 speeimens 
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The bewildering report of 'Megalaspis' limbata from the 
limestone beds at the base of the Upper Didymograptus Shale 
(Ekstrom 1937) is probably based on misidentification of an 
Asaphus 'maxima' pygidium. 

Notes on other localities in SE Scania 

The Komstad Limestone is 9.5 m thick at Gislovshammar. A 
specimen of M. simon in the collections of the University of 
Lund is labelled 'Lower limestone bed at Gislovshammar', 
which is in accordance with the lithology of the sample. A 
poor pygidium that I collected from the basal limestone bed 
may represent M. polyphemus, but the identification remains 
tentative. The upper limestone bed at Gislovshammar, 
which has been sampled, is dominated by orthocone cepha
lopods and ptychopygids, but Asaphus acuminatus also oc
curs. The scanty information indicates that the limestone at 
Gislovshammar probably spans an interval from around the 
M. simon - M. polyphemus Zonal boundary to a level within 
the A. expansus Zone. 

Samples collected by Funkquist 1 9 1 5-19 17  (see Funkquist 
1919 )  from the uppermost part of the Komstad Limestone at 
Tommarp are calcarenitic and rich in orthocone cephalo
pods and ptychopygids, but also contain Asaphus acumi
natus, Megistaspis (Megistaspidella) extenuata, M. (M.)  cf. 
spinulata and Nileus armadillo. The uppermost limestone at 
Tommarp must therefore represent the A. expansus Zone. 

Remark� on the previous biostratigraphical 
correlatwns of the Komstad Limestone and Huk 
Formations 

Komstad Limestone. -The correlation of the Komstad Lime
stone has been commented upon by Tullberg ( 1 883a, b) ,  
Holst ( 1 892), Gronwall ( 1 9 16 ) ,  Funkquist ( 19 19 ) ,  C. Poul
sen ( 1 936, 1960) ,  Ekstrom ( 1937),  Regnell ( 1 960), Jaanusson 
( 1 960), Tjernvik ( 1 960), V. Poulsen ( 1 965, 1966), and 
Stouge ( 1 975) .  A majority of these authors correlated the 
unit with the Limbata and Lower Asaphus limestones (of 
Moberg 1 890) ,  which, generally speaking, is confirmed by 
the present study. Tullberg ( 1 883a, b) recognized that the 
limestone of SE Scania is older than the limestone at Fågel
sång, but he probably did so for the wrong reasons, as 
Megalaspis planilimbata was listed from SE Scania. This 
misunderstanding (see also Funkquist 19 19) was perhaps 
rooted in findings of Megistaspis sp. B. Ekstrom ( 1937) 
reported M. limbata from the upper part of the limestone at 
Fågelsång, which must be due either to a miscorrelation of 
strata or to confusion with Asaphus 'maximus'. 

Many previous authors have attached importance to Pty
chopyge applanata as indicative of the 'Lower Asaphus lime
stone' (e.g., Holst 1 892 [whose collections have been exam
inedJ ; C. Poulsen 1936, 1960) . Ptychopygids are, however, 
common even at lower levels and cannot at present be used 
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for correlation, as they are in need of a thorough revision. 
'Ptychopyge applanata' is a nomen nudum (Jaanusson 1956c) . 

The Cyclopyge stigmata Zone ofV. Poulsen ( 1965) is here 
interpreted as a local sub-biozone of Bornholm, spanning 
the lower part of the M. polyphemus Chronozone, and there 
is no hiatus above it (cf. C. Poulsen 1936, and V. Poulsen 
1 966) .  The C. umbonata [stigmata] level ofBornholm was by 
C. Poulsen ( 1 936) compared to the Cyclopyge level reported 
from Fågelsång by Moberg ( 1 907) . This correlation is incor
rect (see also V. Poulsen 1965) ,  and the Cyclopyge level of 
Fågelsång does not represent the basal Komstad Limestone 
at this locality (cf. C. Poulsen 1 936; RegnelI 1 960) . 

Stouge ( 1 974, 1975) established a local conodont zonation 
for the Komstad Limestone of Bornholm. A lower interval 
(equivalent to beds -2 1 to -15)  was correlated with the 
Paroistodus originalis Zone sensu Lindstrom ( 197 1 ) .  The 
main upper part of the formation (equivalent to beds -14 to 
+ 10) could not be assigned to any Swedish zone, while the 
top (beds + I l  to + 13 )  was separated as the Eoplacognathus 
variabilis Zone, taken to represent the base of the Kunda 
Stage. The outlined conodont zonation is in conflict with the 
trilobite stratigraphy, especially regarding the lower part of 
the succession, but will not be discussed here, as revision is in 
progress by Stouge. The lower boundary of the E. variabilis 
con odont Zone consistently extends below the base of the A. 
expansus trilobite Zone in western sections, i.e. Skelbro, 
Killerod and Slemmestad (compare Finngrundet core LOf
gren 1985) ;  conodont data from Stouge ( 1974, 1975) ,  Hed
vall ( 1982) ,  Nyman ( 1 982) and Rasmussen ( 1 989, 199 1 ) . 

Huk Formation. - The trilobite fauna of the Huk Formation 
was described by Brogger ( 1 882) ;  the biostratigraphical af
finities have been discussed by Lamansky ( 1 905) ,  Størmer 
( 1953) ,  Jaanusson ( 1 960) ,  and Wandås ( 1 984) . Some of the 
trilobites mentioned from the Svartodden Limestone by 
Størmer ( 1 953) were discussed by Bohlin ( 1 955, 1 960) and 
Jaanusson ( 1 960) . Other faunal groups are discussed by 
Opik ( 1 939),  Spjeldnæs ( 1953),  Berry ( 1 964) , Kohut ( 1 972) ,  
and Rasmussen ( 199 1 ) .  

Asaphus expansus was listed from the upper metre o f  the 

Lysaker Member and the lower metre of the succeeding 
Svartodden Limestone by Størmer ( 1 953) ;  Brogger ( 1 882) 
also mentioned this species (or 'a dosely related one') from 
the 'Porambonites bed'. A. expansus ranges from the middle 
of the Lysaker Member but is certainly most common in the 
upper part of the unit. The Svartodden Limestone has not 
been investigated, but the 'Porambonites bed', which is only 
0.2 m thick at Slemmestad, most likely represents the very 
base of the A. 'raniceps' Zone (see discussion of zone above) .  

The trilobites listed by Jaanusson ( 1 960, p. 345) ,  induding 
Dysplanus acutigenia, most likely came from the upper part 
of the Hukodden Limestone and cannot, as daimed, have 
been derived from the base of the unit. 

A regional conodont zonation of the Huk Formation was 
established by Kohut ( 1 972) . A more detailed conodont 
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study has recently been published by Rasmussen ( 199 1 ) .  The 
new conodont biostratigraphy is based on the sections at 
Djuptrekkodden, Slemmestad, and thus allows for a refined 
calibration of the conodont and trilobites zones (see Ras
mussen 199 1 ) .  

Correlation of the trilobite and 
graptolite zonations 

The Komstad Limestone of Bornholm is bounded by major 
hiati, and the conditions do not contribute to the correlation 
of the trilobite and graptolite zonations. The stratigraphy of 
the under- and overlying units is discussed by C. Poulsen 
( 1 922, 1936) ,  V. Poulsen ( 1 966), Jansson ( 1 979) and Berg
strom & Nilsson ( 1 974) .  

The Komstad Limestone of SE Scania succeeds the grapto
litic Tøyen Shale without any obvious sedimentational 
break. The upper part of the SE Scanian Tøyen Shale con
tains Isograptus gibberulus (Moberg 1 892a; Moberg in Holst 
1 892; Tornquist 190 1 ;  Tjernvik 1960), which is characteristic 
of the lower part of the D. hirundo graptolite Zone (Nilsson 
1984) . The base of the Komstad Limestone is dose to the M. 
polyphemus - M. simon trilobite zonal boundary. The onset 
of limestone deposition in SE Scania, at Hallekis in Viister
gotland (Tjernvik 1956),  and at Slemmestad thus appears 
contemporaneous, as far as can be established. 

There is a considerable hiatus above the Komstad Lime
stone in SE Scania, although it is less extensive in the Kom
stad area than hitherto assumed and there is most likely no 
break at Kivik in NE Scania. The upper limestone bed at 
Tommarp and Gislovshammar is within the A. expansus 
trilobite Zone and is succeeded by the Killerod Formation, 
probably representing the Glyptograptus teretiusculus grap
tolite Zone (S. Bergstrom 1973; Månsson 1993) .  The upper 
part of the Komstad Limestone at Killerod is within the 
upper part of the A. 'raniceps' trilobite Zone, or even higher, 
and is overlain by 3 m of Upper Didymograptus Shale at 
Killerod, of which the uppermost metre is correlated to the 
Didymograptus murchisoni graptolite Zone (S. Bergstrom 
1 973; see also Nilsson 195 1 ) . A sparse fauna from the lower 

part, excavated in connection with the present work, is 
poorly preserved but probably also represents the D. murchi
soni Zone (J. Maletz, Berlin, personal communication, 
1993) .  The break between the limestone and the overlying 
shale thus at the most spans the upper part of the Didymo
graptus 'bifidus' and the lower part of the D. murchisoni 
graptolite Zones. 

The Komstad Limestone at Fågelsång is sandwiched be
tween graptolite shales, but its lower boundary is not exposed 
and was faulted out in the Fågelsång drill-core (Hede 195 1 ) .  
The highest level preserved in the core belongs to the D. 
hirundo graptolite Zone (Lindholm 199 1 ) .  The strata ex
posed at Loe. E22 represent a level in between the Tøyen 
Shale of the Fågelsång drill-core and the Komstad Limestone 
at Loe. E2 1a. The conodont fauna of the limestone at Loe. 
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E22 (Table 3) is comparable to the fauna present in the light 
grey impure limestones of Bornholm, i.e. the M. simon Zone. 
The graptolite fauna of the endosing shales, comprising 
Tetragraptus ( T.) cf. serra, T. ( T. )  bigsbyi, Phyllograptus cor, 
Pseudoclimacograptus sp. ,  Glyptograptus sp. ,  and extensi
form didymograptids (Cooper & Lindholm 1985, p. 284) , 
represents either the upper Didymograptus hirundo or the 
lower part of the D. 'bifidus' Zone, according to these au
thors. However, the bentonite levels at 463--464 m in the 
Lovisefred core ofNW Scania (Nilsson 1984) seem to match 
bentonite horizons in the lower part of the Komstad Lime
stone at Loe. E2 1a (Figs. 24, 38) ,  which entails that the 
discussed strata represent a level below the upper third of the 
D. hirundo graptolite Zone. T. bigsbyi is common between 
466 m and 475 m in the Lovisefred core (Nilsson 1984) . P. cor 
is present between 462 m and 469 m (Nilsson 1984) ,  but 
Cooper & Lindholm ( 1985) reassigned the specimen at 
469.26 m to Phyllograptus sp. aff. cor, which leaves a range 
only between 462 m and 463 . 12  m. The first confidently 
identified diplograptid graptolite was found at 465.5 m in the 
Lovisefred core (K. Lindholm, personal communication, 
199 1 ) , which should be compared to the presence of Glypto
graptus sp. at Ioc. E22. 

It appears that the succession at Loe. E22 in broad terms 
corresponds to the middle of the D. hirundo graptolite Zone 
and presumably ties to an interval somewhere between 466 
m and 469 m in the Lovisefred core. The occurrence of 
diplograptids are indicative ofDarriwilian -l , and the section 
may be assumed to be dose to (and may straddle) the 
Yapeenian-Darriwilian boundary. 1t is plausible that the Ya
Da boundary approximates the M. simon - M. limbata 
trilobite lOnal boundary, which coincides with a significant 
sea-level rise. 

The Upper Didymograptus Shale overlying the Komstad 
Limestone at Fågelsång represents the D. 'bifidus' graptolite 
Zone (Ekstrom 1 937; Hede 1 95 1 ;  Jaanusson 1 960; Skeving

ton 1967) . Much speculation has been advanced on the key 
section at Fågelsång (Størmer 1953; Jaanusson 1 960; Skev
ington 1967), partly as a consequence of the confusing (and 
erroneous) report of M. limbata in the limestone just below 
the shale (Ekstrom 1937) .  Correlation of bentonite levels 
between Fågelsång and the Lovisefred core of NW Scania 
(Nilsson 1984 and personal communication, 1985) ,  demon
strates that the Arenig-Llanvirn boundary correlates to the 
up perm ost part of the limestone and most likely coincides 
with the transition to the Upper Didymograptus Shale (Fig. 
38) .  Graptolites are, however, absent in the Lovisefred co re 
between 457.6 m and 454 m, and Nilsson ( 1984) defined the 
base of the D. 'bi fidus , graptolite Zone by the first appearance 
of D. obscurus. In theory, the Arenig-Llanvirn boundary may 
therefore be anywhere between 457.6 m and 454 m in the 
Lovisefred core, although Cooper & Lindholm ( 1 990, p. 523) 
emphasized that the first occurrence of D. obscurus usually is 
just below the series boundary. The base of the A. expansus 
trilobite Zone seems to correlate to a level just below the 
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Fig. 38. Correlation ofbentonite levels between Fågelsång and the Lovise
fred core. Note the difference in vertical scale. The correlation suggests that 
the D. hirundo- D. artusgraptolite zonal boundary correlates with the very 
top of the Komstad Limestone at Fågelsång or a level just below. Data from 
Lovisefred inc\ude unpublished information kindly placed at the authors 
disposal by Dr. R. Nilsson, as well as information from Nilsson ( 1 984) . The 
bentonite leveIs cannot be traced into the limestone of SE Scania or 
Bornholm. 

bentonite at 458. 1--458.2 m in the Lovisefred core (cf. Fig. 
38) ,  which makes the lack of graptolites between 457.6 m and 
454 m striking, as the absence coincides with the inferred 
shallow-water conditions during the A. expansus and basal 
part of the A. 'raniceps' trilobite Zones (see discussion of 
palaeoecology below) . This circumstantial evidence, com
bined with the remarks of Cooper & Lindholm ( 1990) re-
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garding the range of D. obscurus, is taken as support of the 
correlation suggested by Nilsson ( 1984). It is believed that 
there is a common cause for the reappearance of graptolites 
in the Lovisefred core and the return to shale deposition in 
the Fågelsång area, namely a rapid rise of sea-level. The 
Arenig-Llanvirn boundary signals the sea-level rise (cf. 
Fortey et al. 1 990) . 

The correlation of the Arenig-Llanvirn boundary with a 
level slightly above the A. expansus - A. 'raniceps' trilobite 
zonal boundary is in accordance with the data from northern 
Oland, presented by Skevington ( 1 967) .  Extending the inter
pretation from Fågelsång to northern Oland, the base of the 
D. 'bifidus' graptolite Zone corresponds to the 'safe' base of 
the zone as recognized by Skevington, or, less likely, the 'D
level' 18 cm below (see Skevington 1 967, Textfig. 73) .  The 
basal part of the A. 'raniceps' trilobite Zone is either missing 
or strongly condensed in the Halludden section. Again, it is 
logical to infer that the incoming of graptolites in the Hall
udden section reflects a sea-level rise. 

• 
Berl in  
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Depositional environment of 

the Komstad Limestone 

Regional setting 

The Ordovician of interior Baltoseandia is dominated by 
rhythmically bedded, monotonous, condensed limestones, 
collectively called 'Orthoceratite limestone'. Graptolite 
mudstones were deposited along the peripheral parts of the 
platform to the west and south. The deposition took place in 
an extremely starved epicontinental sea, covering large parts 
of the Baltoscandian craton, and the Ordovician succession 
outside the Caledonides is normally less than 200 m thick. A 
virtually unfaulted, partly buried Ordovician platform cover 
is preserved in a continuous cover from the Isle of Oland in 
the Baltie Sea through the Eastern Baltie area and into the 
Moscow Basin (Fig. 39),  whereas only isolated outliers of the 

• 
Moscow 
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Fig. 39. Map showing the distribution of Ordovician deposits in Baltoscandia: outcrop areas (black), subsurface and submarine Ordovician (shaded). On 
mainland Sweden the entire outcrop areas of the Cambro-Silurian outliers are shown, ofwhich Ordovician rocks occupY only a minor part. The pre-Permian 
ofsubsurface Denmark is dissected into numerous faultblocks, but no detail ed maps on the distribution and thickness of the Lower Palaeozoic succession have 
been worked out as yet. The indicated distribution is therefore approximate only. (Modified after Jaanusson 1982.) 
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Fig. 40. Map showing approximate boundaries of the Ordovician confacies beits in the Baltoseandia region. (Modified after Jaanusson 1982; see also Mannil 
1966 and Jaanusson 1976.) 

once continuous Lower Palaeozoic cover are preserved to the 
west in die mainland of Sweden, in the Bothnian Bay, in 
southern Norway, on the Island of Bornholm and in subsur
face Denmark. Remnants of the platform cover are also 
preserved in a slightly tectonized brim along the Caledonian 
mountain chain to the west. 

There is a consensus of opinion that the Lower and Middle 
Ordovician 'Orthoceratite limestones' of Baltoscandia rep
resent temperate- to cool-water carbonates (Jaanusson 1 973; 
Lindstram 1984) . The palaeolatitude is estimated to about 
40-600 S during the early part of the Ordovician (Bergstram 
& Noltimier 1982; Cocks & Fortey 1982; Torsvik et al. 1992) ,  
with a shift towards the palaeoequator during the Ordovi
cian, leading to bahamitic carbonate deposition in the late 
part of the period (Jaanusson 1973; Webby 1984; Torsvik et 
al. 1992) . 

So-called confacies beits have been recognized within the 
Ordovician ofBaltoscandia (Fig. 40) . The array of facies beits 
in a crude way reflects the topography of the Ordovician 
basin, but the supply of terrigenous material from southern 
and western sources also influenced their character and 
position. 

Lindstram ( 1979, 1 988; see also Lindstram & Vortish 
1983) regards the Ordovician topography as roughly iden
tical to the present-day Precambrian topography. This 
conjecture may by and large be correct, but the geo mor
phological analyses of Lidmar-Bergstram ( 1985, 1 988) and 
Elvhage & Lidmar-Bergstram ( 1 987) suggest that the 
gentle doming of south-central Sweden ( vide Lidmar-Berg
stram 1985, Fig. 1 )  was formed by Tertiary uplift. This 
interpretation is undermining the notion of a central Swe
dish Ordovician carbonate-production platform (Lind
stram 1979, Figs. 1 , 5 ) .  Whatever the circumstances, there 
is little doubt that the Baltoscandian craton was exception
aUy flat in Ordovician time and with strongly limited clas
tic supply. 

There are two schools of opinion concerning palaeo
bathymetry of the 'Orthoceratite limestone' facies. Lind
stram ( 1963, 1 97 1 ,  1 979, 1 984, 1 988) has argued for a con
siderable depth of deposition, of the order of several hundred 
of metres, while others have put up a case for a shaUow-water 
deposition, generaUy within the photic zone (see Jaanusson 
1982) .  I consider a depth ofdeposition within less than about 
100 m most likely. 
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The location of the boundary between the eastern 'Ortho
ceratite limestone' and the western graptolitic shale facies has 
been interpreted as resulting from 'competitive sedimenta
tion' (Jaanusson 1 982) .  The transition from shale to lime
stone deposition was, according to this hypothesis, deter
mined by the intlux of winnowed carbonate mud from the 
carbonate-production areas to the east in 'competition' with 
the intlux of terrigenous mud from island chains in the 
Caledonian mobile belt to the west. Thus, the limestone belt 
transgressed westwards at times of high carbonate produc
tion and eastwards at times ofhigh clastic intlux. 

The notion of 'competitive sedimentation' is not sup
ported by the present study. It appears that the distribution 
of limestones was governed mainly by the sea-level, with a 
downslope (westwards) migration of the limestone facies 
during lowstand periods, and vice versa during highstands. 
The clastic intlux actually increased during periods with low 
sea-level, as the result of a lowered base level in the source 
areas, and maximum clastic intlux was concomitant with the 
most widespread limestone deposition, i.e. contrary to the 
basic idea of 'competitive sedimentation'. It is, however, 
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probably correct that a major proportion of the lime-mud in 
the western facies belts was not produced in situ, but derived 
from more easterly situated carbonate areas, as envisaged by 
Jaanusson ( 1982),  Lindstr6m (e.g., 1 979) and Lindstr6m & 
Vortish ( 1983 ) .  If the rock-forming lime-mud was partly or 
largely allochthonous, the effect of a sea-level lowering could 
have been increased winnowing of lime-mud in the eastern 
facies belts, and thereby an increased supply to the western 
facies, but it is reasonable to assume that the carbonate 
production area also migrated westwards during lowstands. 

Loeal setting 

The Ordovician succession is about 30-40 m thick on Born
holm but gradually expands across Scania to reach more 
than 200 m in the extreme NW Scania (Fig. 4 1 ) .  It appears 
that this variation is a continuation of the condensation seen 
along the edge of the East European Platform in Poland 
(Modliriski 1 976, 1977, 1982) ,  and the trend probably con
tinues westwards along the Caledonian Front across south-
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ern Denmark, judging from the condensed Ordovician suc
cessions encountered in the G- 14 and Slagelse- 1  wells (the 
Ordovician is represented in the Slagelse- 1 well by the Tre
madocian 'Dictyonema Shale' and about 3 m of Caradocian 
mudstone (C. Kock Clausen, Copenhagen, personal com
munication, 1988) ;  G- 14  reviewed by Piske & Neumann 
1990) . 

The plate margin apparently exhibited a higher degree of 
isostatic mobility than the platform interior, and the thin
ning of the Ordovician succession along the southern plate 
edge is interpreted as reflecting diminished (or lack of) 
subsidence of the margin, combined with isostatic uplift 
during two periods. A first uplift occurred in the latest 
Tremadocian - early Arenigian and was associated with 
eros ion of the Tremadocian in Poland (ModliIiski 1 97 1 ) ,  but 
the uplift seems to have affected the entire area southwest of 
the so-called 'Colonus trough' across central Scania, where 
strata of Billingen age are absent (Bornholm, Fågelsång- 1 ,  
Albjara- 1 ,  G- 14, Slagelse- 1 ) .  A second and more prolonged 
uplift is inferred to have taken place during the late Llan
virnian, Llandeilian and early Caradocian; it caused a major 

gap in the succession on Bornholm. This hiatus extends into 
SE Scania, gradually decreasing in extent towards the north 
(Fig. 42) .  The timing of the uplifts suggests a connection to 
the Finnmarkian and Taconian orogenic phases (Sando
mirian and Lysogorska phases in Polish terminology, see 
Pozaryski 1977; Pozaryski et al. 1982) .  

Palaeoenvironment of the Komstad 
Limestone 

The grey to blackish Komstad Limestone represents the only 
major limestone intercalation in the shale-dominated 
Scanian Confacies Belt (Fig. 40) .  The bulk of the unit is fine
grained (clay- or silt-fraction) ,  but some intervals are calc
arenitic (especially the A. expansus and A. 'raniceps' Zones) .  
The clay content i s  typically 10-20% but reaches 40% in 
some intervals, and thin shale seams occasionally separate 
the limestone beds. Although accentuated by diagenetic pro
cesses, the shale intercalations were primary, as shown by the 
clay infilling of subjacent burrows. Likewise, the bedding 
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appears to be primary, as demonstrated by burrows, incipi
ent mineralisation of some bedding planes, lags, etc., but it 
was also reinforced by diagenesis (cf. Bathurst 1 987) .  

The substrate represented by the Komstad Limestone was 
a level-bottom environment, basically consisting of mud 
with a very small content of coarse material, composed by 
disintegrated skeletal parts (see thin-sections in Nørregaard 
1 907) . Only the upper part of the Komstad Limestone at 
Skelbro and Killerod and the basal part of the A. expansus 
Zone at Fågelsång, contain a fair proportion of skeletal grains 
(compare thin-sections shown by Hadding 1 958, pp. 1 77-
1 83 ) .  (The substrate, represented by the Hukodden Lime
stone at Slemmestad, contained a comparatively higher pro
portion of skeietal grains, and, paradoxically, this also 
appears to be the case for many of the limestone levels in the 
succeeding clay-rich Lysaker Member) . 

The Komstad Limestone is mostly highly bioturbated, 
although individual burrows commonly are difficult to dis
cern, except if indicated by another colour of infilling or by 
pyritization; the intense bioturbation often produces a subtle 
mottled appearance of the limestone. The burrows do not 
cross preserved bedding planes, even incipient ones, but it is 
impossible to determine whether or not any bedding planes 
were destroyed by bioturbation at an early stage. Borings 
have been recognized only in the top ofbed -2 1 at Skelbro; 
they are of the same type and age as the well-known am
phora-shaped borings distinctive of the boundary interval 
between the Billingen and Volkhov Stages throughout Balto
scandia and eastern Russia (e.g., the 'Flowery Sheet' of 
Oland, see Lindstrom 1979) . Sharply delimited boring-like 
bioturbation is seen at a few higher leveis, notably within the 
M. limbata Zone, but these structures appear to bypass shells 
and are presumably firm-ground burrows. 

The limestone ofBornholm and SE Scania exhibits vertical 
changes in degree of darkness, to a certain extent linked to 
grain size. The limestone at Fågelsång is almost black 
throughout. The colour variation of SE Scania and Born
holm appears connected to the oxygen content at the time of 
deposition, and in combination with the variable grain sizes 
it appears to retlect a variable energy level, in turn most likely 
connected with sea-Ievel. 

Palaeoecology 

Sampling bias and taphonomy 

The available trilobite material has been collected by bulk 
sampling from hard rock sensu Jaanusson ( 1 979) .  It is not 
possible to estimate, even tentatively, how many specimens 
avoided detection and how many were destroyed during 
sampling. Most of the tiny fossils were discovered in the 
laboratory, including the bulk of the ostracodes. Intervals 
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containing many trilobites therefore automatically yielded 
many ostracodes as well. To avoid this bias, the ostracode 
density of Fig. 44 is indicated as average number of speci
mens per sample. 

It is well-known that trilobites with a fragile or otherwise 
ill-suited skeleton in terms of preservation and sampling are 
greatly under-represented in the fossil record. This bias is 
definitely very important in the available material, as dem
onstrated by the fact that virtually all trilobites are repre
sented predominantly by either cranidia or pygidia. There 
are, however, no means to correct or even quantify the error 
when it comes to trilobites whose skeletal parts have low 
preservational potential or easily break during sampling 
(e.g., because of strong convexity) . 

A crucial point in palaeoecology is whether the fossil 
material is in situ with regard to life environment. Severai 
criteria intluenced by transportation have been enumerated 
in the literature, notably degree of skeletal breakage, sorting, 
presence of articulated specimens or specimens in assumed 
life position, etc. (e.g., Fortey 1 975b) .  In the actual case, the 
bulk of the Komstad Limestone consists of lithified fine
grained mud, and it is unlikelythatlarge fossil grains could be 
transported without at the same time winnowing the sedi
ment. Accumulations offossils are present at a few levels, and 
it is possible that some of those have been transported 
(alternatively they may represent a 'winnowed' situation) .  
However, it i s  a plausible conjecture that the ecological zones 
were very broad because of the low palaeoslope, and trans
portation for moderate distances thus would not disturb the 
overall picture. The low palaeoslope at the same time re
strained the transportation mechanisms, and it seems un
likely that material was transported very far. In general, the 
degree of skeietal breakage is small, and there are no signs of 
sorting by size, hence there are no obvious reasons to believe 
that the fossils should not be in place. 

Trilobite biofacies of the 
Komstad Limestone 

Trilobite ecology is here treated at the genus level. This 
approach has its hazards, however, as different species of the 
same genus may have had quite dissimilar environmental 
preferences, which is illustrated by the discussion of Nileus. 
However, focusing on individual species requires a much 
larger database and a thorough taxonomic revision of all 
groups, and for the moment it is difficult to proceed beyond 
speculation regarding particular functions of single species. 
Because of the various taphonomic processes mentioned 
above, it is not possible to reconstruct the original trilobite 
communities accurately. An additional obstacle is the insuf
ficient knowledge on trilobite ecdysis. It is therefore empha
sized that the recurrent trilobite associations recognized are 
fossil assemblages, which are distorted relative to the original 
biome, and the term community is best avoided. 
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The palaeoecological interpretation is based on relative 
frequencies, as the sampling method employed obstructs 
strictly quantitative techniques (see also discussion by Jaa
nusson 1976, 1979) .  The approach has the advantage of 
being largely independent of the uneven sample sizes, but a 
few inherent pitfalls are mostly omitted from palaeoeco
logical discussions. Thus it seems necessary to have at least 
some idea of the environmental significance of the taxa 
induded, as the interaction between forms with different 
ecological requirements may create incidental and strongly 
misleading relative frequencies (e.g., pelagic versus benthic 
taxa) .  Likewise, a patchy or scattered occurrence affects 
relative frequencies in an unfortunate way, so that the verti
cal distribution of individual taxa cannot be compared in a 
consistent manner. In order to minimize these complex 
problems, the present approach is based on the four most 
common (and long-ranging) trilobite genera from the Kom
stad Limestone, namely Nileus, Symphysurus, Megistaspis 
(Megistaspis) and Geragnostus (s. l. ) ,  which account for ap
proximately 60% of the total trilobite material. The frequen
cies are calculated by counting all identifiable skeletal parts 
from each analysed interval, no attempt was made to correct 
for over-representation caused by growth or the adding up of 
different skeletal parts from the same individuals. The rare 
complete specimens rate as two counts. 

Palaeocology is in most cases addressed either by an em
pirical recognition of recurrent patterns (e.g., Fortey 1975b) ,  
or bya statistical treatment ofthe data (e.g., Ludvigsen 1978) .  
The latter approach normally makes use of some kind of 
duster or ordination analysis (see Shi 1993 for a review) . The 
major advantage of statistical multivariate techniques is their 
capability of summarizing variation patterns oflarge, multi
dimensional data sets - their major drawback is the unavoid
able alienation between the actual fossils and the statistical 
results resulting from a more or less impenetrable calcula
tion process. 

The available material comprises a few dominant long
ranging trilobite groups and several subordinate taxa occur
ring only in parts of the studied sections. Taxa limited to 
parts of the interval, and in particular those occurring in 
great abundance, such as Cyclopyge, will automatically influ
ence the statistical analysis, and beds containing such species 
or genera become statistical 'outliers' .  For palaeoecological 
purposes it is therefore preferable to analyse groups with an 
extended range. In the present context it is essential to 
maintain as fine a resolution as possible, hence pooling of 
faunas from adjacent beds (in order to get a bigger database) 
is generally avoided. However, the material from some beds 
is actually toa limited to be induded in a mathematical 
treatment. For these reasons the present approach to palaeo
ecology is based on an empirical recognition of recurrent 
assemblages, whose boundaries are defined arbitrarily. This 
interpretation has subsequently been tested by running a 
detrended correspondence analysis on the data set (see Hill & 
Gauch 1980) . 
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Definition of biofacies 

The diagrams of relative abundance (Figs. 44-46) of the four 
most common trilobite genera in the Komstad Limestone 
reveal that these genera are unevenly distributed. A number 
of other trilobite groups actually follow the same pattern of 
occurrence in a fairly consistent way (see remarks on aute
cology below) . Based on the diagrams, four trilobite assem
blages are empirically recognized, characterized by, respec
tively, a relatively high abundance of smooth Nileus, 
Geragnostus (s. 1. ) ,  Symphysurus and Megistaspis (Megistas
pis) . Intervals containing these benthic assemblages are re
ferred to as Nileus biofacies, Geragnostus biofacies etc. A fifth 
trilobite biofacies is defined by the patchy, but abundant 
occurrence of Cyclopyge (which is the fifth most common 
trilobite group of the Komstad Limestone) .  The Cyclopyge 
assemblage occurs superimposed upon the other assem
blages and was most likely pelagic (cf. Fortey 1985) .  

The NILEUS biofacies. - Defined by dominance of Nileus (40-
100%) and less than 15% Geragnostus (s. l. ) .  Nileus depressus 
is uncommon (0-5% of the nileid species) .  Symphysurus 
may be very frequent (up to 50%) or absent; this apparently 
depended on substrate conditions. Megistaspis (Megistaspis) 
makes up a smaller part of the four genera, less than 1 5%, 
typically 2-5%. The total faunal density and diversity are very 
high for trilobites, brachiopods and ostracodes. 

The GERAGNOSTUS biofacies. - Defined by more than 15% 
Geragnostus (s. 1. )  and common occurrence of Nileus. Ger
agnostus represents 1 5-85% and Nileus 20-60% of the as
semblage; Nileus depressus is uncommon (0-20% of Nileus) . 
Symphysurus may be very frequent (up to 40-50%) or ab
sent; as for the Nileus biofacies this appears to relate to 
substrate conditions. Megistaspis (Megistaspis) accounts for 
less than 1 5%, and typically 0-10% of the four genera. The 
total faunal density and diversity are fairly high but lower 
than in the Nileus biofacies. 

The SYMPHYSURUS biofacies. - Defined by dominance of Sym
physurus (45-80%) and less than 15% Megistaspis (Megist
aspis) . 'Smooth' Nileus (i.e. exdusive of N depressus) usually 
accounts for 0-1 5%. Geragnostus (s. 1. )  comprises around 
10% or less of the four genera. The total faunal density and 
diversity are rather low; brachiopods and ostracodes occur 
only scattered. 

The biofacies may be divided into two subtypes: 

l The Symphysurus biofacies s.str. with 65-80% Symphy
surus and less than 25% Nileus, dominated by N de
press us. 

2 The Symphysurus-Nileus depressus sub-biofacies with 
45-55% Symphysurus and 35-45% Nileus, strongly 
dominated by N depressus schranki n.subsp. (95-100% 
of Nileus) . 
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It appears that the distribution of Symphysurus was greatly 
influenced by substrate conditions, with a maximum abun
dance in muddy shallow-water environments and total ab
sence in more coarse-grained shallow-water environments. 
The pronounced link to muddy substrate of Symphysurus is 
the main reason for the strong variability of the relative 
frequencies in the individual biofacies, as the lower part of 
the M. polyphemus Zone at SkeIbro, even if representing 
shallow-water Nileus and Geragnostus biofacies, contains an 
unusually low proportion of grains, and Symphysurus is very 
common. 

The MEGISTASPIS (MEGISTASPIS) biofacies. - Defined by more 
than 15% Megistaspis (Megistaspis) ; typical Megistaspis as
semblages contain 20-35% Megistaspis. Symphysurusmay be 
relatively frequent (30-50%) but is rare in some intervals (O-
1 5%) .  Nileus accounts for 1 5-50% and is by far dominated 
by N. depressus schranki n.subsp. ;  Geragnostus (s. l. )  is rare (0-
5%).  The total faunal density and diversity are low, brachio
pods are few, and nearly no ostracodes occur. 

The CYCLOPYGE biofacies. - Characterized by frequent or 
extremely frequent occurrence of Cyclopyge ( 1 5-35% of the 
entire trilobite fauna).  The total faunal density and diversity 
varies, but are typically high. 

Correspondence analysis 

The recognized biofacies do not represent discrete trilobite 
communities but reflect overlapping tolerance ranges of 
genera along an environmental gradient. Since the palaeo
slope of the Baltoscandian carbonate platform was extremely 
low, the assemblage transitions are, as should be expected, 
gradual, and the definition of individual biofacies must 
therefore be tentative. In order to test the arbitrarily defined 
biofacies, a detrended correspondence analysis was per
formed, using the MVSP program (Kovach 1 993) .  This 
statistical approach is preferential to a duster analysis, as it 
presumes continuity in the data and do es not force the 
faunules into discrete groups. The data points are rearranged 
in a multidimensional space, where the first axis represents 
the direction of principal variation, the second axis shows the 
second-most significant variation etc. The data matrix con
sists of all fossiliferous beds from the Skelbro and Killerod 
sections (induding site b and Gårdlosa) containing 10 speci
mens or more of the analysed taxa. Beds containing less than 
10 speeimens were pooled with adjacent beds or omitted. 
Two runs were executed, one with all beds induded (Fig. 
43A) and one exduding all beds above bed +22 of SE Scania 
(Fig. 43B). The latter experiment was performed since the 
limestone of the A. expansus andA. 'raniceps' Zones is coarse
grained and dominated by Nileus and Geragnostus (s. l. )  (Fig. 
46) and therefore deviate from the remaining beds. As it 
appears from both resulting diagrams (Figs. 43A-B) ,  the 

Lower Ordovician tri lo bites from Scandinavia 5 1  

250 ,------------------------------, 

200 

(\J 1 50 

Cl) 
·x 
« 1 00 

50 

+ 
0

+ 

O 

250 

200 

(\J 1 50 

Cl) 
·x 
« 1 00 

• 

+ 

A 

+ -t 
·l + 

50 

B 

• 

• 

• 

% 

soL O + 

O 50 

• 

+ 

1 00 

% 

% 
% % 

1 50 200 250 300 

Axis 1 

% 

% 

% 

% :z: � % % 
% % 

+ + 

1 00 1 50 200 

Axis 1 

350 

% 
% 

% % 

250 

Fig. 43. Detrended correspondence analysis, Komstad Limestone samples, 
testing empirically recognized trilobite biofacies. The calculation is based 
on the genera Megistaspis, Symphysurus, Ni/eus (of which N. d. schranki 
n.subsp. is treated separately) and Geragnostus (s. I. ) .  Legend: + Geragnostus 
biofacies, . Ni/eus biofacies, . Symphysurus biofacies, o Symphysurus - N. 
d. schranki n.subsp. biofacies, :z: Megistaspis biofacies, and ... transitional 
Geragnostus/ Symphysurus biofacies. The indicated biofacies are those em
pirically recognized. DA. Fossil material of the analyzed genera from all 
fossiliferous beds of the Skeibro and combined Killeriid sections, totalling 
96 entries (beds or smaller intervals) containing 3993 specimens. Severai 
beds from the upper part ofthe section at Killeriid contain only Geragnostus 
and 'smooth' Ni/eus, and the resulting markers lie on a straight line in the 
plot. The diagram shows position ofbeds on Axis l (accounting for 42.7% 
of total variation) versus Axis 2 (accounting for 14. 1 % of total variation) .  
DB. Same approach, but excluding all beds above +22 of the Killeriid 
section (see text for discussion) . The analysis includes 78 entries (beds or 
smaller intervals) containing 3508 specimens. Axis l accounts for 45.7% of 
the total variation, axis 2 for 16.4%. 

The test shows that the empirically recognized biofacies can also be 
defined from a statistical analysis, but because of their intergrading nature 
the boundaries remain arbitrary. 
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empirically recognized assemblages plot reasonably consis
tently together, with some boundary problems between the 
Geragnostus and Symphysurus biofacies. The Symphysurus 
N. depressus sub-biofacies dearly dusters away from the 
main Symphysurus group, and inferred deeper-water Megi
staspis biofacies plot towards the upper right corner. All 
irregularities in the Symphysurus- N. depressus sub-biofacies 
duster are represented by beds from the lower part of the 
upper subzone of the M. limbata Zone in the Killerod section 
containing Geragnostus and N. depressus serotinus n.subsp. 

It is likely that a statistically based definition of biofacies 
can be designed in the future; currently more material is 
sampled from all beds of SE Scania to enhance the resolution 
and increase the database. It is also surmised that Ptychopyge 
and raphiophorids can be induded in due time, but at least 
the former appears to contain species with different ecologi
cal preferences, and it is thought premature to indude the 
group in the analysis. However, a statistical treatment of the 
data is no panacea to remedy for the intergradational nature 
of the trilobite assemblages, and the definition of biofacies 
remains arbitrary. 

Distribution and interpretation of 
the biofacies 

Bed interval -2 1 to - 17  at Skeibro, representing the lower 
half of the M. polyphemus Zone, is a convenient starting 
point for the interpretation of the trilobite biofacies (cf. Fig. 
44) .  The conglomerate at the base of the Komstad Limestone 
and the lower 1 cm of the limestone on top of the conglom-

4 
m - + 1 4 
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erate contain small-scale stromatolites; the conglomerate is 
quite glauconitic, whereas beds -2 1 and -20 have only a 
small content of glauconite grains. Bed -2 1 is a light grey, 
highly fossiliferous limestone; in the successive beds the fossil 
content decreases markedly to reach alm ost zero in bed -17, 
accompanied by an increasingly darker colour of the rock, 
and bed -17  is a blackish, pyritic calcilutite. These sedimen
tological changes are associated with the Nileus�Geragnos
tus�Symphysurus� Megistaspis biofacies series, which is in
ferred to signal a depth gradient. 

Judging from the lithology, the associated fossil fauna, and 
the distribution ofvarious species of Nileus (see discussion of 
autecology below) it appears that the Symphysurus biofacies 
s.str. represents shallower water than the Symphysurus -
Nileus depressus sub-biofacies, as defined above. 1t is possible 
that a third Symphysurus sub-biofacies is characterized by the 
common presence of Rhombampyx, characterizing yet shal
lower water than the Symphysurus biofacies s.str. 

It is acknowledged that water depth by itself exerts limited 
physical influence on organisms, but several essential bio
logical parameters are more or less directly linked to depth, 
such as amount of food, dissolved oxygen, temperature, and, 
to a certain degree, substrate conditions. In combination, 
these factors distil into a depth gradient. The use of the 
unifying term water depth is therefore practical, especially 
since it is difficult or impossible to assess the influence of 
individual parameters. 

Bornholm 

Above bed interval-2 1 to -17  at Skeibro (Fig. 44) ,  the relative 
abundance of Symphysurus again increases in beds - 15  and 
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Fig. 44. Chart showing the relative abundance distributions of the genera Megistaspis, Symphysurus, Ni/eus and Geragnostus ( 5. 1. )  through the Komstad 
Limestone at Skelbro. The mentioned four genera make up 1 00%. The abundance of Cyclopyge is expressed as percentage relative to the total amount ofthese 
genera. Bed numbers are shown to the right of the column. Curve fragments with open symbols in curve to the right denote total number, induding Cyclopyge. 
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Fig. 45. Chart showing the relative abundance distributions of the genera Megistaspis, Symphysurus, Nileus and Geragnostus (s. l. )  through the M. polyphemus 
Zone at Skeibro. The mentioned four genera make up 100%. The chart is based on the same data as Fig. 44, but the sampling intervaIs are made as short as 
possible, enhancing the resolution. 

-14, but a Megistaspis biofacies reappears in bed -13 ,  which 
seems to signal a moderate-shallowing-abrupt-deepening 
cycle. It is, though, of concern that the M. polyphemus Zone 
of Bornholm is strongly condensed as compared to the 
mainland of Sweden and the Finngrundet core, and un
known parts of the zone may not be represented in the 
Skelbro section. The recognition of abrupt 'events' may 
therefore be artificial, as intermediate environmental oscilla
tions may have escaped preservation. There is almost cer
tainly a hiatus between the M. polyphemus and M. simon 
Zones of Bornholm. Because of the condensation, a repro
cessing of the data was attempted, analysing smaller intervals 
defined by the discontinuity surfaces. Because of the intense 
bioturbation, there is no point in examining narrower inter
vals, as they are thoroughly mixed. The more detailed chart 
(Fig. 45) still outlines a succession from Nileus via Geragnos
tus to Symphysurus biofacies in bed interval -2 1 to -19, but 
with more gradual transitions. The Symphysurus biofacies of 
bed -19  is succeeded by a Geragnostus biofacies in the lower 
part ofbed -18 ,  in turn replaced by a Symphysurus biofacies 
in the upper main part of bed -18 ,  seemingly reflecting a 
gentle shallowing-deepening couplet. The latter Symphy
surus biofacies is abruptly replaced by a Megistaspis biofacies 
in bed -17, suggesting a significant and, possibly, fast drown
ing. The sequence of environmental changes in the upper 
part of the M. polyphemus Zone is the same as revealed by Fig. 
44. 

The reappearance of a Symphysurus biofacies (Fig. 44) in 
the lower part of the M. simon Zone (beds -12  to -10) ,  
foUowed by a Geragnostus biofacies (beds -6, -7) ,  coincides 
with a distinctly lighter colour of the rock and the presence of 
numerous shale intercalations. This may easily be inter
preted as a period of shallowing, but a series of trilobite 

biofacies is almost certainly missing between the top of M. 
polyphemus Zone and the base of the M. simon Zone, as a 
fairly extensive hiatus, com prising most of the lower part of 
the M. simon Zone and possibly the top part of the M. 
polyphemus Zone as weU, is believed present at this level. The 
'smooth' shaUowing sequence across the biozonal boundary 
is, accordingly, probably incidental. 

The Geragnostus biofacies ofbeds -6 and -7 is succeeded 
by a Symphysurus biofacies in the upper part of the M. simon 
Zone (beds -5 to -l ) ,  which in turn is abruptly replaced by a 
Megistaspis biofacies within bed O, i.e. at the base of the M. 
limbata Zone. Simultaneously, the limestone becomes dark 
and the 'shaly' character disappears; a drowning event is 
inferred. Symphysurus is absent in this Megistaspis biofacies, 
whereas Nileus depressus schranki n.subsp. is relatively abun
dant, which is taken to signal deep water. Upwards, the 
Megistaspis biofacies is replaced by a Symphysurus biofacies 
in bed +2; the content of N. depressus decreases to bed +4, 
then increases, and a Megistaspis biofacies is again developed 
in bed +9, suggesting an increased depth of deposition. The 
overlying bed + 10 contains a Symphysurus biofacies with a 
high content of Geragnostus (bed + 1 0  is the base of the upper 
subzone of the M. limbata Zone) .  The faunal shift is accom
panied by a sudden change to light grey colours, and the 
limestone is also comparatively coarse-grained. Above, the 
limestone becomes dark grey again, and there seems to be a 
return to a Megistaspis biofacies, but the assignment to bio
facies is tentative, as the number of sampled specimens is 
low. In bed + 13 the limestone again turns light grey, and the 
rock is distinctly coarse-grained (packstone? ) ;  fragments of 
Girvanella have been identified in thin sections. Geragnostus 
is very frequent in the lower main part of this bed. This 
biofacies is in turn foUowed by a Ni/eus biofacies in the 
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uppermost part of the bed, associated with an increasing 
abundance of fossils. This is the base of the A. expansus Zone. 
The top of the limestone at Skelbro is quite glauconitic (bed 
+ 14) ,  which, though, is concealed by the black colour of the 
rock. 

Ostracodes are common in bed interval -2 1 to -19, and in 
bed + 13 ,  with a smaller peak in abundance in beds -7 to -3 
(Fig. 44) .  These intervals coincide exactlywith inferred shal
low-water biofacies. Small brachiopods are also most fre
quent in these intervals (not shown).  

Cyclopyge occurs in the bed intervals -2 1 to -18 ,  -7 to -4 
and in the top of bed + 1 3 . The association with initial sea
level rises is remarkably consistent, although not all deepen
ing periods were associated with influx of cyclopygids. The 
mechanism responsible for these cyclopygid 'invasions' re
mains enigmatic - see discussion of autecology below. 

The trilobite diversity is conspicuously higher in the two 
intervals assigned to the Nileus biofacies than in the remain
ing part of the section, but because of the unfinished state of 
taxonomic revision, exact calculations of diversity cannot be 
presented. 

SE Scania 

The basal part of the limestone at Gårdlosa - l ,  possibly rep re
senting the top of the M. polyphemus Zone, is characterized 
solely by megistaspids (Fig. 46) .  The fossil density in the 
section is low, but it appears that the Megistaspis biofacies is 
succeeded by a Symphysurus- N. depressus schranki n.subsp. 
biofacies, in turn followed by a Symphysurus biofacies s.str. 
with a high content of 'smooth' Nileus. This pattern clearly 
indicates a shallowing. The section at Gårdlosa- 1 is rather 
weathered, and the faunal changes are not accompanied by 
any reliable lithological changes. The Symphysurus biofacies 
is upwards replaced by a Megistaspis biofacies in bed C, 
which, however, has a rather high content of 'smooth' 
nileids. The inferred deepening is associated with an influx of 
cyclopygids (bed interval L-N; see Fig. 34) .  

Above the Gårdlosa- 1 section follows approximately 4 m 
of limestone, which has not been accessible for sampling. 
The base of the next interval investigated is still within the M. 
simon Zone. The lower beds represent a Symphysurus bio
facies, in bed -5 with abundant Nileus orbiculatoides, but few 
geragnostids [bed -5 of Killerod = beds 6 and 7 at Gårdlosa-
4a l .  Bed -5 most likely represents maximum lowstand in the 
upper part of the M. simon Zone, analogous to beds -6 and 
-7 at Skelbro. A few cyclopygids have been found in bed -5 at 
Killerod (and the corresponding beds 6 and 7 at Gårdlosa-4a, 
Fig. 34) .  

The Symphysurus biofacies interval is abruptly replaced by 
a Megistaspis biofacies in bed 0, i.e. at the base of the M. 
limbata Zone, associated with a change of lithology from 
light-coloured, impure limestone to dark-coloured, more 
compact limestone. The content of Symphysurus is very low 
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in the Megistaspis biofacies in the basal part of the M. limbata 
Zone, whereas N. depressus schranki n.subsp. is relatively 
common (note that biofacies ofbeds 0, + l ,  +5, +6 and + 7 are 
defined on the basis ofvery sparse material) .  Beds +2 to +4 at 
Killerod contain a Symphysurus biofacies; geragnostids are 
uncommon. A Megistaspis biofacies again takes over in beds 
+61+7. These changes indicate a fairly high sea-level in the 
lower subzone of the M. limbata Zone, with a transient 
moderate shallowing in its lower middle part. The abun
dance of megistaspids decreases rather suddenly in beds +81 
+9 at Killerod, coincidingwith reappearance of geragnostids; 
this is about the base of the upper subzone of the M. lim bata 
Zone, and the faunal change indicates a seemingly abrupt 
shallowing. The fauna of beds +8/+9 may be classified as a 
transitional Symphysurusl Geragnostus biofacies, developing 
into a proper Geragnostus biofacies in beds + 1 1 /+ 12 .  The 
content of Nileus depressus is unusually high for a shallow
water biofacies but covers two subspecies, N. d. schranki 
n.subsp. and N. d. serotinus n.subsp. ,  adapted to different 
substrates (Fig. 56; see also section below on autecology) . 
The Geragnostus biofacies is in turn replaced by a Symphy
surus biofacies in bed + 1 3  and later a Megistaspis biofacies in 
beds + 1 71+ 18 ,  signalling a deepening. The top of the M. 
limbata Zone is virtually barren in the Killerod section, and 
biofacies type cannot be assessed. 

The base of A. expansus Zone contains a Nileus biofacies, 
and the entire A. expansus Zone is characterized by shallow
water facies; minor fluctuations are indicated by varying 
proportions of Nileus versus Geragnostus, but the biofacies 
are defined on the basis of rather few specimens, and some of 
the changes may be fortuitous. To overcome this problem, 
material from adjacent beds were pooled to get a better 
statistical basis, but experience shows this to be a hazardous 
procedure, and it lowers the resolution. The Nileus biofacies 
is replaced by a Geragnostus biofacies in bed +27, but the 
content of Nileus increases again towards the top of A. 

expansus Zone, with an abrupt drop in the boundary interval 
towards the A. 'raniceps' Zone (beds 9-10  ofKillerod site b) .  
Beds 9 and 10 are calcarenites and contain common gastro
pods as well as numerous cephalopods, and all evidence 
except the relative drop in Nileus points to a lowstand at the 
A. expansus - A. 'raniceps' boundary. The difference is most 
likely caused by the arenitic substrate (see discussion of 
autecology below) . Asaphus and other incoming genera are 
comparatively common above this level (Fig. 34) , and an 
analysis based only on Megistaspis (Megistaspis) , Symphys
urus (both ofwhich are not present) ,  Geragnostus and Nileus 
is insufficient. Judging from the lithology and the trilobite 
fauna in general, it is likely that the lower part of the interval 
was deposited at slightly greater depth than the up per part. 

The succession exposed in the Killerod Canal, which al
most certainly succeeds the section at Killerod site b, appears 
to represent somewhat deeper water, but the interval has not 
been studied systematically. 
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Fig. 46. Chart showing the relative abundance distributions of the genera Megistaspis, Symphysurus, Ni/eus and Geragnostus through the Komstad Limestone 
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Fågelsång 

The section at Fågelsång yielded too few fossils to be analysed 
in detail. The lowermost part of the accessible section, which 
is dose to the boundary between the lower and upper sub
zone of the M. lim bata Zone, may belong to a Symphysurus 
biofacies. Upwards, the limestone contains many megistas
pids and at face value belongs to a Megistaspis biofacies. 
However, this interpretation does not tallywith the presence 
of Niobe (Niobe) and Nileus armadillo, pointing to a shallow
water environment. The base of the A. expansus Zone is 
highly fossiliferous and may be dassified as transitional be
tween a Geragnostus and a Nileus biofacies; cydopygids are 
very common. Calcareous algae have been reported from the 
corresponding interval at Rostånga (Hadding 1958, pp. 1 80-
1 8 1 ) .  The upper part of the succession cannot be assigned to 
any of the defined biofacies types. 

Towards an ecostratigraphy 

No exact definition of 'ecostratigraphy' has been agreed 
upon (see for instance Waterhouse 1976; Hoffman 1980, 
1 98 1 ;  Martinsson 1980; Erdtmann 1976, 1984, 1986; Nielsen 
1992a, b) ,  and the concept needs darification. Ecostratig
raphy, as understood here, is a correlation of assumed coeval 
palaeoenvironmental changes between sections, as revealed 
by changes in the fossil faunal (or floral) composition. This 
definition of ecostratigraphy resembles the 'faunal dynam
ics' concept of Jaanusson ( 1 976) . The correlation of faunal 
changes obviously must be constrained by a biostratigraphic 
framework, and it is preferable to correlate series of shifts of 
variable magnitude instead of individual events. For differ
ent approaches to ecostratigraphy, see, e.g., Cisne & Rabe 
( 1978) ,  Rabe & Cisne ( 1 980), Retallack ( 1 978) ,  and Boucot 
( 1 982) .  Provided that the palaeoecological information is 
detailed, regional or even global recognition of palaeoen
vironmental shifts produces a more refined correlation than 
established via conventional biostratigraphy. 

The present version of ecostratigraphy is not based on 
statistics (compare Cisne & Rabe 1 978 and Rabe & Cisne 
1980), because it is considered necessary to collect additional 
material from almost all of the studied sections, before 
implementing such techniques. However, even in its pre
liminary, somewhat primitive state, ecostratigraphy is a valu
able adjunct to biostratigraphy with an enormous potential 
for calibrating and refining correlation. At the same time, 
some of the dassical biostratigraphical pitfalls may be 
avoided, since the ecostratigraphical insight to a large extent 
disdoses the basic faunal dynamics responsible for the ob
served faunal ranges ( 'causal biostratigraphy' ) .  It is well
known that although biostratigraphy ideally correlates the 
appearance and extinction of taxa, it very often instead 
mirrors faunal migrations relating to palaeoenvironmental 
changes, or, as Retallack ( 1978, p. 82) phrased it: 'Once one 
has grasped the ecological bull by the horns, it is very difficult 
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to discern biostratigraphic zones anywhere . . .  ' .  Even in its 
strict sense, however, biostratigraphy will mostly reflect 
palaeoenvironmental alterations, as there is a causal relation 
between extinctions/evolution and changing living condi
tions. Most major palaeoenvironmental changes will there
fore, one way or the other, be reflected by the biostratigraphy, 
and an ecostratigraphical approach entails a different bio
stratigraphical philosophy. 

The potential for detailed Early to Middle Ordovician 
ecostratigraphical correlation within the Baltoscandian area, 
reflecting sea-Ievel oscillations, appears even more promis
ing than elsewhere, because of the combination of palaeo
tectonic stability, the extremely flat ancient topography of 
the area, the low depositional rate and the absence of reef 
build-ups. The error introduced from diachronism of sea
level changes is far below any stratigraphical resolution, 
hence the changes are for all practical purposes synchronous 
throughout the region. The inferred isostatic adjustments of 
the southern plate edge are of a much different time-scale 
and skew the local sea-Ievel on a first-order level. (The 
terminology first-, second- and third-order sea-level changes is 
adopted from sequence stratigraphy; see, e.g., Wagoner et al. 
1988 for a review) . 

To unravel the eustatic component of ancient sea-Ievel 
changes, it is necessary first to make local detailed studies in 
various regions, then to correlate between the regions, and 
finally to compare the obtained sea-Ievel curves from the 
various continents in order to filter out local 'noise' (see also 
Fortey 1984) . Following this strategy, the preliminary discus
sion of ecostratigraphy is divided into three successive parts, 
treating local, regional, and global conditions. 

Loeal eeostratigraphy (Komstad Limestone) 

The discussion of local ecostratigraphy is rendered difficult 
by the facts that the M. polyphemus Zone is developed in 
limestone facies only on Bornholm, that the major part of the 
M. simon Zone has not been accessible for sampling in SE 
Scania, and that the A. expansus Zone is largely cut out on 
Bornholm. 

At a second-order level, the trilobite biofacies of the M. 
polyphemus Zone at Skelbro indicates a low sea-Ievel within 
the lower part of the zone, and a high sea-Ievel within the 
upper part. This pattern is also signalled by the graptolite 
fauna in the Tøyen Shale of SE Scania, where Tjernvik ( 1 960) 
defined two V olkhovian zones, a lower Didymograptus dis
tinctus - D. 'patulus' Zone and an upper D. distinctus -
Isograptus gibberulus Zone. The presence of Isograptuspoints 
to deep-water conditions (Cooper et al. 1 99 1 ) .  An abrupt 
influx of isograptids is also seen in the D. hirundo Zone of 
NW Scania (472-474 m interval of the Lovisefred core; 
Nilsson 1984) . 

The sequential order of trilobite biofacies in the upper part 
of the M. simon Zone and through the M. limbata Zone in SE 
Scania and Bornholm is strikingly similar (summarized in 
Fig. 47) . The trilobite biofacies indicate a sea-Ievel lowstand 
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Fig. 47. Ecostratigraphical correlation of trilobite biofacies between the 
SkeIbro and Killeriid sections. Bars indicate the type of trilobite biofacies 
(Megistaspis, Symphysurus etc.) ,  as inferred from Figs. 44-46. A distinetion 
is made between deeper- and shallower-water assemblages within the 
individual biofacies. It is immediately evident that the ecostratigraphical 
correlation of the M. lim bata Zone provides a significantly higher strati
graphical resolution than conventional biostratigraphy. 
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towards the dose of the M. simon Zone (RO of Fig. 47), 
followed by an initially gentIe sea-Ievel rise, abruptIy advan
cing at the beginning of the M. limbata Zone (T l ) .  The lower 
part of the M. limbata Zone is characterized by deep-water 
biofacies, but with a transient shallowing in the middle of the 
lower subzone (beds +2 to +4, Skelbro and Killerod) . This 
shallowing (RI )  is indicated in both sections by a shift from 
Megistaspis to Symphysurus biofacies. The fairly high sea
leve!, characterized by a return to Megistaspis biofacies in the 
upper part of the lower subzone of the M. limbataZone (T2) ,  
was in turn followed by a more prolonged lowstand period in 
the middle of the M. limbata Zone, marking the transition 
between the lower and upper sub-biozones (R2).  Both at 
Skeibro and at Killerod, the shallowing seems to have been 
rather abrupt (cf. Fig. 47) . 

The base of the studied section at Fågelsång is correlated 
with the middle of the M. limbata Zone (see Fig. 35) .  The 
faunal data are sparse but consistent with the inferred shal
lowing at the start of the upper subzone of the M. lim bata 
Zone. Thus Nileus depressus schranki n.subsp. occurs in the 
top of the lower subzone, while the unexpected presenee of 
N armadillo and Niobe (Niobe) in the lower part of the upper 
M. limbatasubzone can be explained as due to shallow-water 
conditions. 

The lowstand period was shortIy truncated by deeper
water conditions in the upper part of the M. limbata Zone 
(T3) ,  where Megistaspis biofacies appears to be present at 
Skeibro, Killerod and Fågelsång. A new shallowing towards 
the dose of the M. limbata Zone culminated at the boundary 
to the A. expansus Zone (R3) .  This very pronounced low
stand is responsible for the first entry of numerous trilobites, 
notably Asaphus, Illaenus, Niobe (Niobe) and Nileus arma
dillo and others, and a return to Nileus biofacies at Skeibro 
and Killerod (upper part ofbeds + 1 3  and +22, respectively) . 
Beds 1 8-23 at Fågelsång contain a trilobite biofacies that may 
be dassified as transitional between the Geragnostus and 
Nileus biofacies. 

The maximum lowstand at the base of the A. expansus 
Zone was in turn followed by a gentIe deepening, but the sea
level stayed low and apparentIY shallowed somewhat in the 
middle of the A. expansusZone, as indicated by the shift from 
Geragnostus back to Nileus biofacies in the Killerod section. 
The same event may be responsible for the change of asa
phids in the Fågelsång section from A. acuminatus to Asa
phus sp. A (Fig. 35) ,  though this remains speculative. 

Regional ecostratigraphy 

An ecostratigraphical correlation to the middle Scandina
vian confacies belt cannot be undertaken, as detailed data are 
unavailable for this area and the danger of'fitting' less precise 
information to the model is obvious. Hence the reference 
section at Slemmestad is currentIy the only one outside the 
Komstad Limestone domain to which detailed comparisons 
can be made. 
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Fig. 49. Detrended correspondence analysis, Huk Formation samples. The 
analysis is based on 62 entries (beds or smaller intervaIs) containing a total 
of 1637 speeimens belonging to the genera listed below (shown abbreviated 
on the diagram) .  The relations between the trilobite groups Symphysurus, 
N. (NiobelIa) [Nio] , Raymondaspis, Nileus depressus, 'smooth' Nileus 
[ 'Nileus'] , M. (Megistaspis), Cyrtometopus, raphiophorids, ptychopygids, 
Dysplanus, M. (Megistaspidella), geragnostids, Asaphus, Illaenus and N. 
(Niobe) are outlined. Axis 1 represents 30.7% of the total variation, axis 2 
represents 1 2 .7%. The diagram seems, broadly speaking, to outline an 
increased preference for shallow-water habitats towards the right. The 
position of Dysplanus is misleading, as it represents a mixture of D. 
acutigenia acutigeniaand D. centrotus, and 'smooth' nileids are present only 
in very few samples (N. exarmatus and one speeimen of N. armadilla), so 
neither should the position of 'Nileus' be given weight. 

The relative abundances of the most common trilobite 
genera at Slemmestad are displayed in Fig. 48, and a de
trended correspondence analysis is shown in Fig. 49. Some of 
the genera are subdivided when a different habitat is evident 
(or assumed) for different species. An exception is ptycho
pygids, for which a speeies differentiation with depth is 
strongly suspected but cannot be documented because of the 
need of taxonomic revision. 

The Komstad Limestone trilobite biofacies are not appli
cable to the Slemmestad section, which is ascribed mainly to 
substrate differences. Symphysurus is much more sparse in 
the Slemmestad section, and 'shallow-water' representatives 
of Nileus, such as N armadillo and N orbiculatoides, are 
basicallyabsent, and also geragnostids are rare. Nileus depres
sus and M. (Megistaspis) , on the other hand, are very com
mon. At face value this faunal composition may be taken to 
indicate that the section in general represents deeper-water 
habitats, but this interpretation is not considered likely. N 
depressus schranki n.subsp. ,  characteristic of deep-water in
tervals of the Komstad Limestone, is absent, and the com
mon N depressus depressus and N d. glazialis are dose to N 
d. serotinus n.subsp. ,  typical of narrow intervals with coarser 
substrates in the Komstad Limestone, and, hence, also shal
lower water. The earlypresence of Asaphus and M. (Megistas-
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pidella) in the M. limbataZone also points to shallower water 
(see section on autecology below) . 

The M. polyphemus Zone is very thin in the Slemmestad 
section. Only rare megistaspids are known from the base of 
bed M- l (Fig. 36),  whereas the upper part contains a more 
diverse fauna, with raphiophorids and N. depressus glazialis 
as the dominant groups. This faunal pattern, as well as the 
change from shale to limestone deposition by itself, is in 
accordance with a shallowing event. The development ap
pears to be in agreement with the environmental changes 
observed around the M. polyphemus - M. simon Zonal 
boundary in SE Scania. 

The M. simon Zone is condensed at Slemmestad; the lower 
part cannot be compared to the Komstad Limestone as the 
corresponding interval in the Killerod area remains to be 
sampled. The nileid fauna changes towards the top of the M. 
simon Zone (N. depressus subsp. A replaces N. depressus 
glazialis) , and Niobe (NiobelIa) becomes rare. This faunal 
signal is compatible with a shallowing, and the upper part of 
bed M-6 most likely represents peak lowstand, and is in
ferred coeval to bed -5 ofKillerod and beds -6/ -7 at Skeibro. 
The gently deepening interval at the very top of the M. simon 
Zone is either missing or represented by the uppermost part 
of bed M -6, in which single speeimens of Dysplanus acuti
genia, Niobe lindstroemi, Lonchodomas volborthi volborthi, 
and a fair amount of Megistaspis limbata type 2 have been 
found (Fig. 36) . 

The base of the M. limbata Zone is very distinet on the 
range chart. Broad M. limbata ecophenotypes appear, N. 
depressus depressus replaces N. depressus subsp. A, Raymond
aspis sp. C occurs, Dysplanus acutigenia acutigenia is com
mon, Lonchodomas volborthi volborthi is fairly common, and 
so is Symphysurus. It is plausible to infer a deepening, because 
Megistaspis is very common (and broad), Symphysurus is 
fairly common, and the abundance of Nileus depressus de
pressus types (typical of moderately coarse-grained beds) 
goes down. 

The pattern of drowning-moderate-shallowing-deepen
ing observed in the lower subzone of the M. limbata Zone of 
the Komstad Limestone is not recognizable at Slemmestad. It 
is interpreted that the base of bed M -7 corresponds to the 
first shallowing interval, slightly above the base of the M. 
limbata Zone in the Komstad Limestone, and the initial 
deep-water interval of the M. limbata Zone is believed miss
ing (condensed drowning surface ). The content of Megistas
pis above bed M -7 increases to reach a maximum in bed M-
14; at the same time the content of Nileus decreases to almost 
nil, Niobe cf. plana increases slightly, whereas the (relative) 
content of Symphysurus is fairly constant. These trends are 
consistent with a rising sea-Ievel, and the interval is taken to 
reflect the second deepening period of the M. limbata Zone 
in the Komstad Limestone. 

The content of Megistaspis diminishes from the base of the 
Lysaker Member and upwards, while N. depressus becomes 
increasingly abundant and Niobe cf. plana, Lonchodomas 
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volborthi volborthi, Dysplanus acutigenia acutigenia and Sym
physurusdisappear or become infrequent. The first represen
tatives of Megistaspis (Megistaspidella) cf. acuticauda appear 
in bed A-4, and Asaphus lepidurus turns up in bed A-7, 
followed by Megistaspis (Rhinoferus) cf. hyorrhina in bed A-
8. This faunal assemblage very strongly points to shallow
water conditions. Asaphus is a typical East Baltic genus, 
which makes its main appearance in the Scandinavian area at 
the base of the Kunda Stage. The incoming megistaspids are 
of East Baltic affinity, and M. (Megistaspidella) is also well
known from the Kunda Stage of the Scandinavian area. This 
shallowing event is suggested to match the second shallowing 
interval in Komstad Limestone terminology (R2 of Fig. 47) , 
marking the start of the upper subzone of the M. limbata 
Zone. The lowstand appears to have been triple-peaked, 
culminating in beds A- l ,  A-6-A-7 and A- 12-A- 13 ,  with a 
maximum in the latter. The faunal evidence for this is meagre 
and will not be further discussed; a similar situation is possi
bly indicated in SE Scania (cf. Fig. 56) .  By itself, the litho
logical shift from the Hukodden Limestone to the Lysaker 
Member is suggested to reflect the abrupt drop of sea -level in 
the middle of the M. limbata Zone, causing an increased 
influx of terrigenous material from the source areas to the 
west. The event is likely to correlate with + l O of Skeibro and 
beds +8/+9 of Killerod, i.e. the base of the upper subzone of 
the M. limbata Zone. If so, the sub-biozonal boundary is 
defined at a lower level in the Komstad Limestone than in the 
Huk Formation. 

The total content of fossils is rather low following the 
lowstand interval. Upwards, the low content of Megistaspis 
(Megistaspis) remains fairly stable (with a rise in beds A- 1 9  
and A-20) ,  the content o f  N. depressus rises, and the abun
dance of Asaphus decreases. These trends are taken to indi
cate the third deepening interval in Komstad Limestone 
terminology (T3 of Fig. 47). 

Nileus depressus disappears above bed A-23, Megistaspis 
(Megistaspis) comprises only a smaller part of the fauna in 
beds A-25 to A-28, Illaenus turns up in bed A-25 and then 
continues upwards, and Asaphus 'reappears' (Fig. 48) .  Ger
agnostids are uncommon in the Slemmestad section, except 
for beds A-25 to A-27, although this statement is based on 
very limited material. Nevertheless, the faunal evidence 
points to a shallowing, suggested to correspond to the third 
and major lowering of sea-Ievel towards the dose of the M. 
limbata Zone. 

In the Komstad Limestone, the beginning of the A. expan
sus Zone coincides with a peak lowstand (R3 of Fig. 47), 
suggesting correlation with beds A-28-A-29 at Slemmestad. 
A. expansus itself turns up in bed A-29, and Illaenus sarsi, as 
well as ptychopygids, are common in the boundary beds. 

The faunal data from the A. expansus Zone of the Kom
stad Limestone are scarce but broadly indicate a slight initial 
deepening, followed by a shallowing in the upper half of the 
zone, culminating in a pronounced lowstand peak at the 
beginning of the A. 'raniceps' Zone (cf. Fig. 46) . The lower 
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Fig. 50. Relative sea-leve! curve for the Arenigian ofScandinavia, as inferred from faunal and lithological data (see text for discussion). The degree of detail is 
higher for the Volkhov and lower Kunda Stages, compared to the Hunneberg and Billingen Stages, which are based on interpretation of data from Tjernvik 
( 1 956, 1960, 1980), Liifgren ( 1 978, 1985) ,  Lindholm ( 198 1 ,  1 99 1 ) ,  and others. For a yet more refined curve including Australian data, see Nielsen ( 1 992a, bl .  

part of the A. expansus Zone at Slemmestad is characterized 
by Megistaspis (M. )  elongata, Dysplanus centrotus and rare 
Niobe (Niobe) schmidti, while A. expansus itself is compara
tively infrequent, as are ptychopygids and Illaenus sarsi (Fig. 
48) .  This pattern is fully consistent with slightly deeper
water conditions during the lower part of the A. expansus 
Zone, as indicated in the Killerod section. A faunal change 
takes place towards bed A-40, where Megistaspis elongata 
disappears, Dysplanus centrotus becomes infrequent, and 
only a single speeimen of Niobe schmidti has been found 
above this level. Simultaneously, A. expansus and 1. sarsi 
become frequent. This faunal change is certainly compat
ible with a reduced depth of deposition. The fauna in the 
up per half of the A. expansus Zone is still in agreement with 

a shallow-water habitat, being dominated by 1. sars� A. 
expansus and ptychopygids, often occurring as complete 
speeimens. 

The transition to the A. 'raniceps' Zone in the Slemmestad 
section is not included in the present study, but the lower 
part of the Svartodden Limestone is known to contain A. 
expansus (see Størmer 1953)  and abundant brachiopods 
(Brogger 1882) .  The lowermost part of this member, called 
the 'Porambonites bed' by Brogger ( 1 882) ,  has hitherto been 
regarded as the upper part of the A. expansus Zone, but I am 
more inclined to correlate it with the base of the A. 'raniceps' 
Zone. In any case, the abundant brachiopods point to shal
low-water conditions, and it is hardly controversial to infer a 
lowstand peak. 
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Fig. 49 shows the environmental preferences of the trilo
bite genera based on the interpretation outlined above. 

Global ecostratigraphy 

Fortey ( 1984) reviewed the indications for regressions 
caused by eustasy at several levels within the Ordovician, and 
he suggested that a major late Arenigian drop of sea-Ievel is 
marking the boundary towards the Llanvirnian. Similar 
ideas have been advanced by Lindstrom & Vortisch ( 1 983) ,  
Fortey & Cocks ( 1 986) and Erdtmann ( 1 986) . This event has 
generally been referred to as the Whiterock regression, but 
the intercontinental correlation of the Whiterock Series is in 
dispute, and it seems under all circumstances to span numer
ous sea-Ievel lowstand periods (see, e.g., Ross & Ross 1992) .  
Hence the term 'Whiterock regression' should either be 
avoided or more precisely defined. An Arenigian sea-Ievel 
curve for the Canadian craton was compiled by Barnes 
( 1984) ;  on a second order level the pulses are similar to the 
major trends in the Scandinavian curve (compare Fig. 50 
with Barnes 1984, Fig. 4). 

When trying to unravel Arenigian or, for that matter, 
Ordovician sea-Ievel changes, it is a fundamental problem 
that basically all published information is too crude to re
solve the multiple events. The present discussion is therefore 
restricted to dealing with the Arenig of Spitsbergen, from 
where comparatively extensive data are available. Very de
tailed data are currently being processed from Central Aus
tralia (Nielsen, unpublished; cf. Nielsen 1992a, b) .  

Ecostratigraphical correlation of the Valhalfonna 
Formation, Spitsbergen 

The Arenig of Spitsbergen has been dealt with by Fortey 
( 1 974b, 1975a, b, 1976, 1980a, b, and others) ,  Fortey & 
Bruton ( 1 973) ,  Archer & Fortey ( 1 974) ,  Fortey & Barnes 
( 1 977) , and Cooper & Fortey ( 1982) .  For correlation pur
poses it is a drawback that conodont data are sparse. The 
Early Ordovician is represented on northern Spitsbergen by 
the Kirtonryggen and Valhallfonna Formations (Fortey & 
Bruton 1973) .  The upper part of the Kirtonryggen and the 
lower main part of the Valhallfonna Formation appear to be 
of Arenigian age (Fortey 1980b; Cooper & Fortey 1982) .  

The trilobite biofacies of the Valhallfonna Formation 
(Fortey 1975b) reveal a series of relative major sea-Ievel 
changes entirely identical to the general Scandinavian pat
tern (compare Fig. 50) .  Thus, the drowning caused by the 
profound ' evae transgression' (S. Bergstrom 1988) at the 
base of the M. dalecarlicusZone ofScandinavia is reflected by 
the shift from the bathyurid-dominated Kirtonryggen For
mation to the olenid-bearing Valhallfonna Formation of 
Spitsbergen. This interpretation challenges the idea of a local 
subsidence, put forward by Fortey ( 1980b, p. 35) .  The 
marked sea-Ievel drop towards the top of the Billingen Stage, 
culminating at the entrance to the Volkhov Stage, intro-
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duced a nileid biofacies in the middle of the Olenidsletta 
Member (zone V2) .  Hence zone V2 is inferred to correlate 
with the lower part of the M. polyphemus Zone. The follow
ing sea-Ievel rise replaced the nileid facies by a new olenid
bearing facies, suggested to match the upper part of the M. 
polyphemus Zone. The latter, in turn, was brought to an end 
by a marked drop of sea-Ievel, assumably the significant 
event towards the dose of the M. polyphemus Zone, culmi
nating at the base of the M. simon Zone. A new nileid 
biofacies was introduced, and the lithology changed to grey 
limestones, the Profilbekken Member, the lower part of 
which is considered equivalent to the M. simon Zone of 
Scandinavia. Twenty-eight metres above the base of the 
Profilbekken Member, the lithology changes to brown and 
black limestone, and a 3 m thick blackish limestone 28-3 1 m 
above base is characterized by Peraspis and Shumardia 
(Fortey & Bruton 1973) .  This interval is followed by a l .S m 
thick greenish marker bed characterized by glauconite, 00-

lites, oncholites and orthocone cephalopods (Fortey & 
Bruton 1973; Fortey 1980a) . This 'Green marker bed' is 
interpreted to signal the sea-Ievellowstand near the top of the 
M. simon Zone, and the blackish interval below is believed to 
represent an as yet poorly constrained sea-Ievel rise a little 
above the middle of the M. simon Zone. 1fthis interpretation 
is correct, the sea-Ievel rise at the entrance to the M. lim bata 
Zone is comparatively poorly expressed by the faunal com
position (Fortey 1975b, Fig. 2 ) ,  but this may relate to the 
fairly large sampling intervals (2 m).  The range chart indi
cates a short-lived event of some kind (cf. Fortey 1980a, Fig. 
1 ) ,  as a few species have a very short range just above the 
'Green bed', and several new forms appear in the interval 35-
40 m above base ofProfilbekken Member. Hence the base of 
zone V 4b is considered equivalent to the base of the M. 
limbata Zone. 

It is not possible to resolve the sea-Ievel changes in the 
lower part of the M. limbata Zone in a convincing way; the 
fauna and lithology point to intermediate water depth, 
which on a second order scale is identical to the pattern seen 
in Scandinavia. The thick conglomerate at about 70 m above 
the base of the Profilbekken member (Fortey & Bruton 1973, 
p. 2234) is interpreted as signalling the abrupt sea-Ievel drop 
in the middle of the M. limbata Zone; faunally, this event 
introduced a change to shallow-water illaenid biofacies 
(Fortey 1975b) .  The upwards lithological change, showing 
an increase in massive algal-containing limestone (Fortey & 
Bruton 1973) and characterized by a shallow-water illaenid 
fauna (Fortey 1975b),  is interpreted as reflecting the lower
ing of sea-Ievel towards the A. expansus Zone. From then on, 
shallow-water reefal limestones dominated during the low
stand of the A. expansus - basal A. 'raniceps' Zones. No 
detailed faunal data are available, so an ecostratigraphical 
approach is not possible. The sea-Ievel rise at the base of the 
Llanvirnian is considered equivalent to the greenish grapto
lite-bearing shale on top of the Profilbekken Member (see 
Fortey & Bruton 1973) .  
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The interpretation of the Spitsbergen section is slightly 
modified compared to that presented by Nielsen ( 1 992b) .  

Clasing remarks an ecastratigraphy 

Ecostratigraphy is still in its initial phase, and the techniques 
involved have not attracted as much attention as the theo
retical discussion of ecostratigraphical concepts (Martinsson 
1973, 1976, 1978, 1979, 1980; Waterhouse 1976; Hoffman 
1 980, 198 1 ;  Boucot 1982, 1984, 1 986, and others) .  The over
all problem of the method is the overwhelming amount of 
material necessary, requiring much sampling effort. Sec
ondly, the sensitivity of the method depends on palaeodepth. 
If an investigated section represents a shallow-water envi
ronment, minor sea-level oscillations may cause compara
tively significant faunal changes, which cannot be recognized 
in sites representing deeper water. This 'hyper-sensitivity' 
obviously calls for caution in the interpretations. Further
more, shallow-water sites are more prone to have an incom
plete sedimentary record. At the other extreme, very deep
water sites may show no faunal changes at all, but this 
condition rarely applies to shelfal settings. 

Leaving these theoretical problems aside, the ecostrati
graphical correlation of the M. limbata biozone between 
Killerod and Skelbro serves to make the point that the disci
pline potentially has a far higher degree of resolution than 
conventional biostratigraphy and within the Komstad Lime
stone almost provides a bed-by-bed correlation. On a re
gional scale, the same palaeoenvironmental changes are rec
ognizable within the Slemmestad section, despite the fact 
that the trilobite fauna is rather different from that of the 
Komstad Limestone, and the ecostratigraphical approach 
allows for a detailed correlation. The much debated A. lepi
durus Zone (e.g., Tjernvik 1972) is also readily explained as a 
shallow-water biofacies. 

On a yet larger scale, there is a striking coincidence be
tween the major relative changes of Arenigian sea-level as 
seen in Scandinavia and on Spitsbergen. Accordingly, the 
inferred sea-level changes are believed to be of eustatic na
ture. At the present stage, a correlation with a resolution 
comparable to that of Scandinavian trilobite zones, or even 
subzones, seems possible, even though the two areas belong 
to different biogeographical provinces. An even higher preci
sion is probably achievable if more detailed data became 
available. 

Notes on the autecology of selected 
trilobite genera 

The general environmental preferences of the most common 
trilobite genera from the Komstad Limestone and Huk For
mations are reviewed. The deductions on mode of life are 
based on the occurrence in comparison to biofacies, lithol
ogy, skeletal morphology, etc. An obstacle to more detailed 
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phorids, geragnostids, Illaenus and N. (Niobe). Axis l represents 28.8% of 
the total variation and axis 2 represents 1 1 .3%; these are comparatively low 
values. Like Fig. 49, the present diagram seems, in broad terms, to outline 
an increased preference for shallow-water habitats towards the right. 

inferences about trilobite biology is the lack of quantitative 
sedimentological data. 

SYMPHYSURUS 

Approximately one quarter of the assembled trilobite mate
rial belongs to Symphysurus, which is the most common 
trilobite group in the Komstad Limestone. Although no 
quantitative work has been undertaken on the sedimentol
ogy, or on Symphysurus, it is obvious that the genus is 
strongly associated with muddy substrates. Symphysurus 
thus disappears in the upper part of the M. limbata Zone at 
Skelbro, Killerod and Fågelsång, coinciding with an increas
ing content of grains in the sediment; only rare specimens 
have been found above this level. Symphysurus is also far less 
common in remaining Baltoscandia, compared to the Kom
stad Limestone, and the genus is virtually absent in the 
eastem Baltic area (cf. Schmidt 1907; Balashova 1976) . 

With regard to autecology, the term SYMPHYSURUS biofacies, 
based on relative abundance, is somewhat misleading. In 
terms of absolute frequencies, Symphysurus is most com mon 
in Nileus biofacies, when developed on muddy substrate, and 
it then gradually decreases in abundance through the Ger
agnostus-Symphysurus biofacies, to become rare in intervals 
with typical Megistaspis biofacies (Figs. 44-46) .  The Symphy
surus biofacies, with relatively high frequency of the genus, 
typifies intervals between habitats with numerically abun-
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dant Geragnostus (s. l. )  and Megistaspis (Megistaspis) . Ho�
ever, because of its link to muddy substrate, Symphysurus IS 

outside the Komstad Limestone domain typical of interme
diate to deeper-water settings (for references, see Fortey 
1986; cf. also Fig. 48) .  The mode of life of Symphysurus was 
discussed by Fortey ( 1986) . 

It is evident even from a superficial examination of the 
material available (ca. 2000 specimens) that there are pro
nounced average size differences between Symphysurus 
'populations' from different palaeodepths. Thus, juveniles 
are very abundant in muddy shallow-water environments, 
and much more infrequent in deeper-water settings. This 
appears to be a general phenomenon for most trilobites 
present in the Komstad Limestone and Huk Formation, see, 
e.g., Nileus (Figs. 48, 55, 56) .  It is uncertain whether this size 
distribution reflects biology or preservational bias. 
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Megistaspis 

Megistaspis is a common and characteristic faunal element 
.
of 

the post-Tremadocian Lower Ordovician of Baltoscandla. 
The various subgenera of Megistaspis undoubtedly had dis
similar environmental preferences, as shown bytheir uneven 
distribution, and the Megistaspis biofacies of the Komstad 
Limestone comprises only members of M. (Megistaspis) . The 
older M. (Paramegistaspis) group probably had similar envi
ronmental preferences, whereas Megistaspis (Megistaspi
della) and M. (Rhinoferus) are more frequent in the East 
Baltic area, as weU as in the Kunda Stage of the Scandinavian 
region, and it is not contentious to claim that the latter two 
megistaspid groups are characteristic of shallower-water set
tings. 

The representatives of M. (Megistaspis) show a wide varia
tion of relative width of exoskeleton, although the adult 
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length:width ratio in single horizons usuaUy varies only 
within a range of about 1 5%. Specimens from deep-water 
settings, as inferred from the trilobite biofacies array, are 
consistently broader than shallow-water morphs. Broadly 
speaking, the inferred sea-level oscillations are therefore 
mirrored by the width of the megistaspid exoskeleton (Figs. 
52-53) ,  but the trends are blurred by the biological variation 
of Megistaspis as weU as by the repeatedly changing environ
ment, and much material is required to outline the variation. 
The variable width is assumed to be a 'snow-shoe effect', 
connected to the mud content of the substrate. 

As the width of exoskeleton was affected by the environ
ment, it foUows that caution should be taken in attaching 
taxonomical importance to this feature (cf. J aanusson 1956a; 
Tjernvik 1980) . Another important megistaspid character, 
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highlighted in taxonomy but here believed to be governed by 
the environment, is the development of a cephalic posterior 
border furrow. This feature is generally faint or absent in the 
Scandinavian representatives of M. (Megistaspis) , but be
comes better developed towards the dose of the M. lim bata 
Zone (see M. geminus n.sp. and M. limbata type 6) ,  and a 
distinct border furrow is present in M. elongata from the A. 
expansus Zone. M. (Megistaspis) representatives in the east
ern Baltic area show a weU-defined furrow as early as the M. 
polyphemus Zone (Balashova 1 976) .  The biological signifi
cance of the feature is unknown, but it seems to be a reflec
tion of the doublure, which in turn possibly had a function in 
contact with the substrate. A number of megistaspid fea
tures, listed in Table 5, appear to vary according to environ
ment. 

The different species of M. (Megistaspis) seem to have had 
slightly dissimilar environmental preferences. Megistaspis 
limbata types 7 and 8 of the M. polyphemus Zone are more 
common in shallower-water facies than the large, broad M . 
polyphemus, which dominated at greater depth. M. simon 
(s. l. )  is characteristic of shallower-water settings, and M . 
elongata and M. geminusn.sp. both occur in shallower-water 
facies than M. limbata (s. I. ) .  It is possible that the poorly 
known megistaspids of spp. B and C types, induding M. 
ringsakerensis, were inhabitants of very deep water; all three 
species seem to occur in the deepest-water environments 
containing trilobites . 

A few specimens of Megistaspis (Megistaspis) with a down
flexed posterior part ofbody, like the lectotype of M. limbata 
(see Jaanusson 1956a) , strongly suggest that this was at least 
one of the life positions of the animal. The elevation of the 
eyes makes it plausible that the margin of the cephalon was 
also slightly buried at times. Whether the same burrowing 
habit was exercised by the various other groups of Megistas
pis is questionable; an outstretched attitude with slightly 
lowered thorax appears to be more typical for M. (Megi
staspidelIa) . Again, the elevated eyes indicate that these ani
mals were shallow burrowers. The anterior and posterior 
mesial spines, repeatedly developed in a number of megistas
pid groups, are surmised to have had a connection with 

Table 5. General trends of characters within M. (Megistaspis) representa
tives from shallow- versus deep-water environments. 

Feature Shallow Deep 
environment environment 

Width of exoskeleton Narrow Broad 
Mesial depression, frontal area Absent/faint Distinet 
Glabellar lateral furrows Distinet Indistinct 
Bacculae Distinet Indistinct 
Posterior cephalic border furrow Distinet Effaced/ fain t 
Glabellar convexity (tr. ) Strong Low 
Pygidial segmentation Distinet Fairly indistinct 
Postaxial pygidial border Effaced/faint Present 
Number of pleuraI ribs on pygidium 8 pairs 7 pairs 
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burrowing and may have been instrumental in maintaining 
a water tlow below the animal in the half-buried state. The 
cephalic 'snout' is typically tumed gently upwards (Fig. 
l i 8e).  

NILEUS 

Nileus is next to Symphysurus the most common trilobite 
group in the Komstad Limestone. A treatment of Nileus at 
the genus level in palaeoecology introduces a loss ofinforma
tion, as the different species and subspecies quite clearlywere 
adapted to different environments. A strong facies-depen
dency is also evident from the distribution of Nileus species 
in the Valhallfonna Formation of Spitsbergen (see Fortey 
1975a, 1980b) .  

Speeies distribution. - The inferred distribution of nileid 
species along a depth gradient in the M. simon - M. lim bata 
Zones of the Komstad Limestone is shown in Fig. 54. Three 
nileid biofacies, characteristic of muddy substrate, can be 
distinguished, ranging from the shallow-water N. orbicula
toides [and armadilloJ biofacies, to the slightly deeper-water 
N. orbiculatoides and N. planiceps n.sp. biofacies to the N. 
depressus schranki n.subsp. biofacies at greatest depth. 

Nileus orbiculatoides and N. armadillo were confined to 
shallow and intermediate water depths and are absent in 
deeper-water environments. In shallow-water intervals of 
the Komstad Limestone, these species are dominant and may 
be the only Nileus representatives present (see Figs. 55-56 
versus 44) . It is, however, obvious that substrate conditions 
played an important role too, as the two nileids are absent in 
coarse-grained limestones (see also remarks by Jaanusson 
1984) . This may be why N. armadillo is not found in the very 
shallow-water facies represented by the pronouncedly 
coarse-grained beds 9 and 10  at Killerbd site b. Substrate 
conditions are probably also responsible for the total lack of 
N. orbiculatoides in the M. simon Zone at Slemmestad. N. 
armadillo, and perhaps also N. orbiculatoides, also seem to be 

N. orbiculatoides 

N. planiceps 

N. d. schranki 

Depth of deposit ion 

Biofacies Geragnostus 
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absent in the East Baltic area (see taxonomic section) . It 
remains puzzling, however, that N. armadillo is virtually 
absent in the Lysaker Member at Slemmestad, as the upper 
part of this unit certainly appears to have been a shallow
water muddy environment. 

N. planiceps n.sp. is a less common nileid, which was 
characteristic of intermediate water depths, where it was 
typically associated with N. orbiculatoides. N. planiceps n.sp. 
never accounts for more than 25% of the fossil Nileus fauna 
in any one bed, usually about 5-1 5% (Figs. 55-56) .  

N. depressus schranki n.subsp. is characteristic of deep
water intervals of the Komstad Limestone and may there be 
the only Nileus present (Figs. 55-56) .  The subspecies is 
absent in the most shallow-water facies (see, however, re
marks on Nileus sp. B) but occurs sparsely in the Geragnostus 
biofacies when developed on muddy substrate. N. depressus 
schranki n.subsp. do es occur together with N. orbiculatoides, 
especially in the M. polyphemus Zone (Fig. 55) ,  but the two 
species tend to be mutually exclusive higher in the sections. 

N. exarmatus is uncommon in the Komstad Limestone, 
except in the Skelbro beds. It is inferred that the species 
preferred muddy substrate and therefore, indirectly, inter
mediate to greater depth. Apart from the occurrence in the 
transgressive Skelbro beds (Figs. 33, 55) ,  only a few speci
mens of N. exarmatus have been found in the lower part of 
the Komstad Limestone in Scania, in what appears to be 
Megistaspis and Symphysurus biofacies. 

N. latifrons n.sp. and N. armadillo tend to be mutually 
exclusive in the sections. N. latifrons was undoubtedly 
adapted to coarser substrate than N. armadillo. It is also likely 
that N. depressus serotinus n.subsp. ,  N. depressus glazialis, and 
N. d. depressuswere characteristic of fairly shallow water with 
coarser substrate, where they replace N. orbiculatoides and N. 
armadillo. 

N. depressus serotinus n.subsp. has so far been found only 
in SE Scania, but it is probably dosely related to N. depressus 
depressus and may be a marginal ecophenotype of that form. 
N. d. serotinus n.subsp. is typical of shallower-water settings 

Symphysurus Megistaspis 

Fig. 54. Inferred depth distribution of nileid species on a muddy substrate in the M. simon and M. /imbata Zones. When the substrate contained a higher 
proportion of skeIetal grains, the species in the chart were replaced by representatives of the Ni/eus depressus depressus group (N. d. depressus, N. d. g/azia/is, 
N. d. serotinus, N. d. subsp. A). 
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Fig. 55. Chart showing the relative abundance of various species of Nileus in the Komstad Limestone at SkeIbro. All speeies of Nileus = 100%. N. exarmatus 
is included in N. orbiculatoides (shaded) . 

with moderately coarse substrate. In some beds the subspe
eies occurs together with N. orbiculatoides (Fig. 56) ,  whereas 
N. depressus schrankin.subsp. and N. d. serotinusn.subsp. are 
mutually exclusive in the section. 

The palaeoenvironmental distributions of N. implexus 
n.sp. and N. depressus parvus n.subsp. are unclear. With 
regard to the latter, it is striking that minute Nileus speeies 
recur in narrow horizons at several levels (N. depressus parvus 
n.subsp., N. orbiculatus Tjernvik, 1956, N. sp. sensu Wandås 
1 984) , invariably connected to sea-level rises. These small 
nileids may have been pelagic, as also suggested by the 
unusually broad pygidial axis shown by N. depressus parvus 
n.subsp. 

Terrace lines. - The surface sculpture as well as the presence 
or absence of a pygidial border have been strongly empha
sized in taxonomic studies of Nileus (Schrank 1972; Tjernvik 
1 980) . These eye-catching features should, however, be 
treated with caution, as they were obviously affected by the 
environment. For a general discussion of terrace lines, see 
Miller ( 1 975), Schmalfuss ( 1 98 1 )  and Seilacher ( 1 985) .  

The density and distribution of exterior terrace lines on N. 
depressus vary with palaeodepth in a puzzling way. The 
terrace-line density of the N. d. schranki n.subsp. pygidium is 
about lO-12 lines/mm on the pleural fields in deeper-water 
environments, whereas specimens from intermediate water 

depth show about 1 8-19 lines/mm (Figs. 55-56; Table 30) .  
Growth did not influence the terrace-line density signifi
cantly (Fig. 198C) . 

The same tendency is seen for N. d. glazialis and N. d. 
depressus, but the terrace-line density is overall lower, com
pared to N. d. schranki n.subsp. (Fig. 48) .  No quantitative 
data on sediment grain size is available, but the relationship 
ofterrace-line densityto environment is the opposite ofwhat 
should be expected if the lines had some kind of sediment 
relation, as deeper-water sediment generallyspeaking is finer 
than that of shallower water. The inverse relationship seems 
to contradict that the lines had a sediment -catching function 
in connection with burrowing. 

N. d. schranki n.subsp. and N. d. glazialis were apparently 
both able to develop cranidial terrace lines when living in 
shallower-water habitats. N. d. glazialis is then called N. d. 
subsp. A and is characterized by a high terrace-line density on 
the pygidium and terrace lines covering the entire cranidi
um. Furthermore, it appears that individuals of N. depressus 
living in very shallow water entirely lost the terrace lines, 
which obviously entails identification problems. Thus N. 
depressus specimens from beds A -4 and A- l O-A - 1 1  at Slem
mestad show a very sparse terrace-line coverage (Fig. 48); 
Nileus sp. B from bed -2 1 at Skelbro is exceedingly similar to 
N. d. schranki n.subsp. ,  except for the pygidial terrace-line 
pattern; and N. latifrons n.sp. ,  from the top of M. lim bata 
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Zone and the A expansus Zone of the Komstad Limestone, 
has a cephalon basically similar to that of N. depressus, but the 
pygidium is almost devoid of exterior terrace lines. 

The presenee or absenee of a border also appears to have 
been influenced by the environment (see N. latifrons n.sp. ,  N. 
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orbiculatoides, N. depressus, N. sp. B) ,  with a tendency to
wards well-developed borders in deeper-water types and 
absenee or feeble development in shallow-water types. There 
are exceptions to this trend, and the fea ture remains to be 
interpreted in functional terms. 
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General remarks. - Juvenile nileids are much more abun
dant in shallow-water facies (where they comprise about 
60-70% of the Nileus material) than in deeper-water inter
vals (0-30% of Nileus) (Figs. 48, 55,  56) .  This trend, seen in 
all sections investigated, is actually valid for most trilobites 
in the Komstad Limestone and Huk Formation. Various 
biasing taphonomic factors may be considered to explain 
the distribution (such as differential preservation due to 
quick/slow burial etc.) ;  if the rather persistent pattern has a 
biological background, it indicates that juvenile trilobites 
grew up predominantly in shallow-water environments 
(compare Sheldon 1988, pp. 295-299) ,  which in turn entails 
migration during growth of those species typical of deeper
water environment. As juvenile nileids cannot be assigned 
to species, it is impossible to verify whether or not juveniles 
of species, characteristic of deeper-water environments, ac
tually did grew up in shallow water. I am most inclined to 
interpret the uneven size distribution as related to preser
vational differences. 

The trilobite composition of the fossil Nileus biofacies is 
undoubtedly distorted compared to the original biological 
communities. In this respect, bed +22 at Killerod is atypical, 
as two-thirds of the specimens encountered are complete, 
and several of the remaining partly disarticulated specimens 
do still show contiguous thoracic segments, genae etc. The 
circumstances suggest a catastrophic death en masse (com
pare Speyer & Brett 1985) .  The fossil faunal composition is 
therefore probably fairly dose to the true ratios between the 
living trilobite species (see Table 6) .  It cannot, of course, be 
exduded that the anomalous environmental event causing 
the death of the trilobites also altered the environment prior 
to the 'catastrophe', in which case the assemblage would not 
be entirely representative for a typical life assemblage. The 
bed can be recognized throughout the whole type area of the 
Komstad Limestone and is not a local event at Killerod. 

The mode of life of Nileus has briefly been commented 
upon by J. Bergstrom ( 1 973) and Fortey ( 1 986, Textfig. 12 ) .  

Table 6. List of  trilobites encountered from the upper part of bed +22 at 
Killeriid specified as num ber of complete specimens (mainly enrolled) and 
disarticclated skeIetal parts. The faunule, which apparently died largely en 
masse, represents a Nileus biofacies. 

Entire Single % 

Nileus armadillo 62 16  80 
nIaenus fornicatus n.sp. 2 l 3 
Ampyx nasutus l 2 3 
Cyrtometopus sp. 2 
Illaenus sarsi 2 
Dysplanus centrotus l 2 
Geragnostus (5.1 .) 3 3 
Ptychopyge (5.1. )  2 2 
Niobe ijernviki n.sp. l l 
Others 2 2 

In total 68 30 1 00 

NIOBE 
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Niobeis widely distributed in the Lower Ordovician ofBalto
scandia and also occurs commonly in the Komstad Lime
stone and Huk Formation. The two most widespread sub
genera, N. (NiobelIa) and N. (Niobe) , rarely occur together, 
and they obviously had dissimilar environmental prefer
ences. 

N. (NiobelIa) is frequent in the M. dalecarlicus and M. 
estonicaZones ofSweden (Tjernvik 1956),  in the M. polyphe
mus to M. simon Zones of the Komstad Limestone, as well as 
in the lower part of the M. limbataZone at Slemmestad. Only 
N. (NiobelIa) laeviceps occurs in the A. expansus Zone of 
Sweden. This distribution inevitably leads to the condusion 
that the representatives of N. (NiobelIa) preferred a muddy 
substrate, and, hence, indirectly medium to deeper-water 
habitats. NiobelIa consistently plots dose to Symphysurus in 
the correspondence analyses of the trilobite faunas of the 
Komstad Limestone and the lower members of the Huk 
Formation (Figs. 49, S l ) .  A preference for muddy substrate is 
also in accordance with occurrences elsewhere (see, e.g., 
Whittington 1 965; Fortey 1975a) and with the presence of 
NiobelIa in Upper Cambrian shales (e.g., Westergård 1939; 
Lake 1942) .  

I t  appears that the N. (NiobelIa) imparilimbata group, 
induding N. (N.) plana, was adapted to slightly deeper water 
(or more muddy substrate) than the species plexus N. boh
lini-N. lindstroemi-N. laeviceps. N. obsoleta may be a fourth 
member of the latter group. This deduction is in accordance 
with the much longer range of N. (NiobelIa) imparilimbata in 
the Komstad Limestone, compared to the Swedish mainland 
(see Tjernvik 1 980), and also explains the common occur
rence of N. (N.) cf. plana in the lower part of the M. limbata 
Zone at Slemmestad, whereas it is more scarce in the main
land ofSweden (Tjernvik 1980) .  It remains puzzling, though, 
that N. imparilimbata (5. 1. )  is so rare in the lower part of the 
M. lim bata Zone in the Komstad Limestone. 

The Komstad Limestone palaeoenvironment evidently 
did not suit N. lindstroemi during the M. simon Zone time 
interval, whereas this speeies is common in Sweden and 
Norway; only rare specimens have been found at Killerod. 
The absence is perhaps due to toa high a content of mud, as 
the contemporaneous sediment at Slemmestad, with fre
quent N. lindstroemi, contains a significantly higher propor
tion of skeIetal grains. Instead, N. imparilimbata occurs 
through most of the M. simon Zone of the Komstad Lime
stone, being absent only in the upper part. 

Niobe (Niobe) is virtually absent in Scandinavia during the 
Billingen and Volkhov time intervals, while the subgenus is 
known from the upper Tremadocian and the Hunneberg 
Stage (Tjernvik 1956, 1980) as well as the Kunda Stage 
(Bohlin 1955; Balashova 1976; Tjernvik 1 980; this study, see 
Fig. 1 27) .  From this distribution emerges the condusion that 
N. (Niobe) in some way was connected to shallow-water 
habitats (presumably more coarse-grained substrates) .  Cor-
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respondence analyses (Figs. 49 and 5 1 )  place Niobe dosest to 
Geragnostus, Asaphus, Illaenus, M. (Megistaspidella) and 
Dysplanus; except for the latter, all of these are inferred to 
have lived predominantly in shallow-water habitats. 

lLLAENUS 

Illaenids invariably seem to be associated with shallow-water 
environments (e.g., Fortey 1975b) ,  and the occurrence of 
Illaenus in the Komstad Limestone and Huk Formation at 
Slemmestad is in exceUent agreement with previous observa
tions. Illaenus turns up in Baltoscandia at or just below the 
base of the A. expansus Zone, inferred to be a time with a very 
low sea-level. The two early species 1. fornicatus n.sp. and 1. 
sarsi tend to be mutually exdusive, at least in the sections at 
Skelbro and Slemmestad, which suggests that 1. fornicatus 
n.sp. inhabited slightly deeper water (?more muddy sub
strate) than 1. sarsi. 

Illaenid dassification makes use of cutide terrace-line 
sculpture (cf. Jaanusson 1954, 1957) ,  but illaenid individuals 
from very shallow-water intervals seem to exhibit much 
denser terrace-line coverage than individuals of the same 
species from slightly deeperwater (e.g., Fig. 242D, G, H) ,  and 
the case appears analogous to that of Ni/eus. More detailed 
studies are needed to throw light on this taxonomic problem. 

DYSPLANUS 

Dysplanuswas almost certainly adapted to deeper water than 
Illaenus, although its rarity in the Komstad Limestone sug
gests that Dysplanus generally avoided very muddy sub
strates. This is supported by its sparse presence in the M. 
simon Zone of SE Scania, where D. acutigenia acutigenia is 
present in shallower-water intervals, i.e. beds with a slightly 
higher grain content. 

D. acutigenia vetustus n.subsp. occurs in a Symphysurus 
biofacies in the upper part of the M. polyphemus Zone at 
Skelbro, taken to be deposited in fairly deep water, and D. 
acutigenia acutigenia is common in the lower half of the M. 
limbata Zone at Slemmestad, also inferred to represent rela
tively deep water. 

D. centrotus is, like D. acutigenia acutigenia, infrequent in 
the Komstad Limestone and more common in the Slemme
stad section. D. centrotus and Illaenus sarsi display a strong 
tendency towards being mutually exdusive in the section. D. 
centrotus is most common in the lower half of the A. expansus 
Zone, also containing Megistaspis (M. )  elongata, but com
paratively few Asaphus expansus (as weU as 1. sarsi) , com
pared to the densities in beds A-28 and A-29 and above bed 
A-35 (see Fig. 48) .  This is taken to indicate that D. centrotus 
was adapted to slightly deeper water than 1. sarsi. 

At the species level, D. acutigenia seems adapted to deeper 
water than D. centrotus, which makes a combined analysis 
(Fig. 49) misleading. 
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Ptychopygids 

Ptychopygids are common in the Komstad Limestone and 
the Huk Formation at Slemmestad, but the group is in 
need of a thorough revision. Ptychopygids as a whole 
seems to be most abundant in shaUower-water habitats 
without any obvious ties to sediment type. Thus, ptycho
pygids are common in the Komstad Limestone in the 
lower part of the M. polyphemus Zone, in the upper part of 
the M. simon Zone, in the middle of the M. limbata Zone, 
and throughout the A. expansus Zone. Limestone beds in
ferred to have been deposited in very shallow water during 
the A. expansus Zone typically contain a profuse abun
dance of ptychopygids. 

A shaUow-water environmental preference is in accor
dance with the rich ptychopygid fauna described from the 
East Baltic area (Balashova 1964, 1976),  but different species 
undoubtedly had dissimilar environmental preferences. For 
instance, the lower part of the M. limbata Zone at Slemme
stad, assumed to represent relatively deeper water, is com
paratively rich in ptychopygids (Fig. 48) ,  and the same 
stratigraphical level in the Komstad Limestone also contains 
relatively frequent ptychopygids. Ptychopyge (5. 1. )  therefore 
plots dose to M. (Megistaspis) in correspondence analyses 
(Figs. 49 and S l ) .  

l t  is fairly common to tind outstretched entire specimens, 
often with lowered thorax (cf. Balashova 1 976, Pl. 3:2-3) ;  this 
is inferred as a life position for ptychopygids, although the 
position alternatively may be interpreted as postmortem 
'sacking'. The pronounced flatness of the exoskeleton, the 
broad border and the raised eyes presumably indicate that 
ptychopygids were shallow burrowers, leaving only the eyes 
above the sediment surface. The extraordinary wide doub
lure may be an adaption for a burrowing habit. 

ASAPHUS 

Asaphids are, like ptychopygids, typical of shallow-water 
facies, actually more strictly so than ptychopygids. Asaphus 
has been found in the Komstad Limestone only in the A. 
expansusandA. 'raniceps'Zones, deposited during a sea-level 
lowstand, while Asaphus turns up slightly earlier in the Slem
mestad section, but still in a shallow-water environment. 

Asaphus is a typical 'East Baltic' genus, there occurring 
from the top of the BIla Zone, and it is stepwise migrating 
into the Scandinavian region, at first in the middle of the M. 
lim bata Zone, and secondly, and more conspicuously, at the 
base of the A. expansus Zone. 

The disjunct distribution of the asaphid species dearly 
indicates that water depth was not the only environmental 
factor of influence. In the section at Killerod site b, A. 'rani
ceps' seems typical of slightly deeper-water intervals than A. 
striatus. 
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RAYMONDASPIS 

Raymondaspis is moderately common in the Komstad Lime
stone. Broadly speaking, it appears that R. (Raymondaspis) 
spp. predominantly occurred in shallower water, whereas R. 
( Turgicephalus) representatives were characteristic of deeper 
water, which probably is a matter of substrate-fabric control. 
A similar distribution can be interpreted in the Valhallfonna 
Formation on Spitsbergen (cf. Fortey 1980a vs. Fortey 
1975a) . These inferences are in accordance with the corre
spondence analyses (Figs. 49 and 5 1 ) ,  where R. (Raymond
aspis) plots dose to Nileus and R. ( Turgicephalus) is dosest to 
Symphysurus. 

Raymondaspisis comparativelyinfrequent in the section at 
Slemmestad, probably caused by substrate conditions. A 
scarcity of raymondaspids in the East Baltic area is also 
documented by the monograph of Schmidt ( 1 88 1-1907). 
Jaanusson & Bergstrom ( 1 980) reported Middle Ordovician 
styginids to be restricted to the central confacies belt of 
Baltoscandia, as weU as the Blount confacies belt of the 
Appalachians, which also suggests a preference for relatively 
muddy substrates. 

CYRTOMETOPUS 

Cyrtometopus is significantly more common in the Huk 
Formation than in the Komstad Limestone. This distribu
tion points to a preference for coarser substrate, which is in 
accordance with its presence throughout the entire Volkhov 
Stage of Sweden (Tjernvik 1980) and the eastern Baltic area 
(Lamansky 1905; Schmidt 1907) . 

CYCLOPYGE 

Cyclopyge is exceedingly abundant in some intervals of the 
Komstad Limestone, invariably associated with pulses of a 
rising sea-level. A similar occurrence is seen in the 'Transi
tion Beds' at the base of the Billingen Stage (Tjernvik 1956, 
1960, 1980) . The genus is entirely absent in between these 
episodes, and not all sea-level rises were accompanied by 
invasion of cyclopygids. 

A pelagic mode of life has been inferred for Cyclopyge 
because ofits hypertrophied eyes (Fortey 1974a, 1985) ,  and it 
was considered characteristic of the outer shelf environment 
by Fortey & Owens ( 1 987) .  The cydopygid biofacies sensu 
Fortey & Owens ( 1 987, pp. 1 05-108) ,  which besides cydo
pygids are usually dominated by blind benthic trilobites, 
never invades shallow-water settings, and is thus very differ
ent from the Cyclopyge assemblage of the Komstad Lime
stone, which are always associated with shallow-water ben
thic trilobite assemblages. The evidence for a deep-water 
setting of the cydopygid biofacies, presented by Fortey & 
Owens ( 1987), is compeUing, and the contradictorypresence 
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in the Komstad Limestone is most likely reflecting a combi
nation of sea-level events and the marginal position of the 
Komstad Limestone domain on the East European Plate. 
The cyclopygid biofacies S.str. is not represented by the 
Komstad Limestone, even in the intervals with Megistaspis 
biofacies, and Cyclopyge was most likely living in the no 
longer preserved outer shelf environment along the southern 
fringe of the East European Plate. This conjecture is sup
ported by the circumstance that Cyclopyge is far more com
mon on Bornholm, situated nearer to the plate edge, than in 
Scania. The only event allowing Cyclopygeto advance far into 
the Baltic platform was the significant sea-level rise at the 
base of the Billingen Stage. The exact mechanism causing the 
'invasion' of Cyclopyge remains enigmatic but may involve a 
change of palaeocurrents. 

Raphiophorids 

Fortey & Owens ( 1 978) recognized a 'Raphiophorid com
munity', inferred to represent a habitat intermediate be
tween the shallow-water Neseuretus and the deep-water 
Olenid communities. Generally speaking, the distribution of 
raphiophorids within the Komstad Limestone matches this 
palaeoenvironmental position, which is also comparable to 
the distribution within the Valhallfonna Formation ofSpits
bergen (cf. Fortey 1975b) .  Rhombampyxis most abundant in 
transitional Geragnostus--Symphysurus biofacies with mud
dy substrate, i.e. shallower intermediate water depth. This 
fits weU with the higher abundance of Rhombampyx on 
Bornholm, compared to SE Scania, where raphiophorids 
(Ampyx) first become common in the A. expansus and A. 
'raniceps' Zones. A. nasutus ranges throughout the A. 'rani
ceps' Zone at Killerod site b but is certainly most common in 
the middle of the zone, which is inferred to represent slightly 
greater depth of deposition than the short intervals of A. 
'raniceps' Zone below and above. Rhombampyx seems to be 
typical of more muddy substrates than Ampyx, an inference 
which, however, seems to be at odds with the occurrence in 
the Spitsbergen sections described by Fortey ( 1 975a) . The 
substrate preferences of Lonchodomas are unclear. 

Ampyx is rare in the Slemmestad section, which again 
points to a preference for relatively muddy substrate, as other 
mud-bottom forms are rare or absent in the Slemmestad 
section as weU. Cephala of Ampyx nasutus lacking a glabeUar 
spine were reported from the East Baltic area by Schmidt 
( 1 894) ,  whereas the specimens described herein are charac
terized by a long spine. The specimen with the longest spine 
reported so far is from the Killingen Member of southern 
Norway (Wandås 1984) . It is possible that there is a relation 
between spine length and substrate. Fortey & Owens ( 1 978) 
regarded the spines of Ampyx as adaptions for support on a 
soft bottom to prevent sinking into the muddy substrate. 
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Geragnostids 

The Geragnostus assemblage is invariably tied to relatively 
shallow-water habitats in the Komstad Limestone, and I 
believe that the group was benthic. Agnostids are generally 
assumed to have been pelagic, but interpretations of life 
habits are disparate (see Robison 1972 and MUller & Wal
ossek 1987 for reviews) .  The main reason for inferring a 
pelagic mo de of living for agnostids is their wide distribu
tion in the Middle and Upper Cambrian, with a typical 
occurrence in black-shale facies (e.g., Jago 1973) .  However, 
if they were adapted to low-oxygen facies, survival would 
benefit greatly by a high production of spat, and, even 
more advantageous, long lived spat. This would at the same 
time provide the agnostids with a potential for widespread 
occurrence, eliminating the need to assume a pelagic mo de 
of life. A pelagic life mode for the Early Ordovician 
agnostids of Spitsbergen was not regarded likely by Fortey 
( 1 980a, p. 23) .  

Agnostids are uncommon in the Slemmestad section; 
judging from Schmidt ( 1 894, 1907) they are alSO scarce in the 
East Baltic area while very abundant in the A. 'raniceps' Zone 
of southern Oland (Moberg 1 890) .  Tjernvik ( 1956, p. 1 9 1 )  
remarked that agnostids occur far more sparsely in the 
Billingen Stage than in the underlying beds. This spatial 
distribution suggests that Ordovician agnostids of Balto
scandia (exclusive of Micragnostus and a few related genera) 
mostlypreferred shallower waterwith muddy substrates (see 
also Ahlberg 1989a) . This seems to be in contradiction to 
Lamont's ( 1 967) hypothesis that agnostids were mimicking 
pebble and grit material. 

Pek ( 1 977, pp. 34-35) suggested that adult agnostids were 
epifaunal and lived attached to sea-weed, based on the find
ings of peculiar accumulations of enrolled specimens lying in 
rows (Pek 1977, Pls. 9-12) .  According to Pek's hypothesis, 
the Geragnostus assemblage of the Komstad Limestone could 
be taken to characterize a sea-weed belt. However, Muller & 
Walossek ( 1 987) did not find any attachment structures in 
their extremely well-preserved material of Agnostus pisi
form is, but the specimens described were all juveniles, which 
may be significant. Pek ( 1977) emphasized that he saw only 
adult specimens in the 'row-accumulations', and he inferred 
a different mode of life for juveniles. 

When evaluating agnostid ecology it should be kept in 
mind that different species or genera very likely had different 
modes of life (cf. Fortey 1980a; Jago 1973) .  The available 
material is dominated by Geragnostella and Arthrorhachis, of 
which the former appears to dominate in shallower-water 
habitats, while the latter is comparatively more abundant in 
somewhat deeper-water settings. 
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Systematie description of 

selected taxa 

Species of Asaphus, Megistaspis, Niobe (including NiobelIa) , 
Nileus, Stygina, Raymondaspis (including Turgicephalus) , 
Ha Ila n ta, Dysplanus, Platillaenus, Panderia, Ottenbyaspis, 
Ampyx, Rhombampyx, Lonchodamas, Cnemidopyge and 
Globampyx are described. The families are arranged in the 
same order as in the Treatise on Invertebrate Paleontology 
(Moore 1959) . 

The material studied includes a few specimens from insti
tutional collections (see Table 1 ) .  The code in brackets fol
lowing the specimen number refers to the preservational 
state; a key to the abbreviations is listed below. 

Ecophenotypes 

A rigid morphological approach to taxonomy collapses at 
least in the classification of Megistaspis and Nileus - but 
probably also of other trilobite groups - as the species of these 
genera appear to have been rather 'plastic', with the pheno
typic appearances controlled to some degree by environ
mental factors. This may be a more common phenomenon 
among trilobites than generally acknowledged (see similar 
cases described by Cisne et al. 1980, Hughes 199 1 ,  1994, and 
Labandeira & Hughes 1994) .  Tjernvik ( 1980, p. 190) as
cribed the variability displayed by Scandinavian Lower Or
dovician trilobites to evolution, and he suggested that espe
cially Nileus, NiobelIa and Raymondaspis, but also to a certain 
degree Megistaspis, formed series of more or less impercepti
bly intergrading 'species' .  This interpretation seems to be 
contradicted by the circumstances that the morphologies are 
recurrent, and, even more importantly, are not contempora
neous in different areas. The gradual morphologiCal changes 
described, e.g., by Kaufmann ( 1933a, b, 1 935; see alSO Hoff
man & Reif l994) and Sheldon ( 1987) are considered parallei 
examples of environmental control of phenotype, in effect 
mimicking evolution (see alSO remarks by Cisne et al. 1980, 
pp. 58-59) .  

The apparent environmental control of the phenotype 
raises taxonomical difficulties. Botanical nomenclature 
separates 'ecotypes' at the subspecies level, but in the case of 
Megistaspis such an approach entails that several subspecies 
coexisted (and the subspecies boundaries remain dubious) .  
Alternatively the term 'variant' may be  restored, or  i t  could 
be argued that no distinction should be made, i.e. adopting a 
broad species concept. It is deemed necessary to adopt 
broader species scopes of the Scandinavian Lower Ordo-
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vician megistaspids, but, on the other hand, not to distin
guish ecophenotypes means loss of information. The formal 
classification problems are bypassed with regard to Megistas
pis by employing an open nomenclature, whereas a distinc
tion of ecophenotypes as subspecies works fairly well in 
Nileus, at least in the material at hand. However, a recogni
tion ofvariants mayprove the onlywayto tackle the problem 
looking at Nileus on a regional scale. 

Terminology 

The morphological terminology of Harrington ( 1 959) is 
followed with a few exceptions and emendations (listed 
below) . Hypostomes are described from the ventral side. The 
hypostomal terminology for asaphids introduced by Jaanus
son ( 1953a, Textfig. 3, non Textfig. 2) is, with a few excep
tions, adopted in English translation (Fig. 57) .  

Descriptive terms 

Anterior and posterior branch ofaxial furrows. - Translations 
of vorderer Teil der Dorsalfurche and hinterer Teil der Dorsal
furche as used for illaenids by Jaanusson ( 1 954 p. 552; 1957, 
Textfig. 7). The section of the axial furrow anterior to the 
lateral pit [ q.v. ]  is referred to as the anterior branch; the 
section behind the pit is referred to as the posterior branch. 

Bacculae. - Following Opik ( 1 967) and Fortey ( 1975a), this 
term is applied to inflated areas flanking the base of the 
glabella, previously termed alae or basal glabellar lo bes. See 
Fortey ( 1975a, pp. 14-15)  for further remarks. 

Basal glabellar furrows. - Asaphid Augengruben (sensu 
Schmidt 190 1 ) .  

Cranidial angle. - Sagittal curvature o f  illaenimorph cra
nidia, measured as angle between tangents of posterior part 
of glabella and anterior part of cranidium (Jaanusson 1957, 
pp. 83-84, Textfig. 1 ) .  

Glabellar muscle area. -A segmental numbering, F O  to F4, is 
applied, counting from behind. When muscle impressions 

Fig. 57. Terminology of anterior hypostomal wing of Asaphus (from Jaa
nusson 1953a, Textfig. 3 ) .  Lm = Lateral margin; Pm = Posterolateral 
margin; He = Hind corner; Pmm = Posteromedian margin. 
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Premacular pit 

Posterior lobe of 
median body 

Fig. 58. Terminology, hypostome. 

Strike of macu la 

are partially effaced, no numbering has been used, as it might 
not ref er to homologous muscle sites. Glabellar muscle in
sertion cites are termed muscle areas; if impressed they are 
referred to as muscle scars, and if the test is dark or light 
coloured the term muscle markings is applied. 

Lateral pits of axial furrows. - Illaenid Lateralgrube (sensu 
Jaanusson 1954, p. 552) .  Virtually all illaenid species show a 
bend of cephalic axial furrows; the bending point is more or 
less distinctly impressed and is referred to as lateral pit of 
axial furrow. 

Macula. - This hypostomal term has been used in different 
ways by previous authors. The term is here used in the sense 
of Lindstrom ( 190 1 ) ,  referring to the flat, steeply sloping 
surface bounding the premacular pit posteriorly. 

Paradoublural furrow. - Furrow demarcating paradoublural 
line. English synonym of Duplikaturfurschen (Schmidt 
190 1 ) .  

Paradoublural line. -Dorsal position on  exoskeleton ofinner 
limit of doublure, which may or may not be indicated by the 
morphology. 

Paradoublural ridge. - Elongate swelling of the librigena 
between paradoublural furrow and border furrow. 

Postaxial ramp (new) . - Descending axial ramp posterior to 
the terminal piece of niobinid pygidia. A ramp differs from a 
postaxial ridge by being broader and shorter. 

Posterior lobe of median body. - The premacular pits and the 
maculae divide the median body ofhypostomes into a large 
anterior lobe and a short, often weakly inflated posterior 
lobe. The posterior lobe of the median body was termed 
consoles by Lindstrom ( 190 1 )  and maculae by Balashova 
( 1 976) .  

Premacular pits. - Following Balashova ( 1 976), the term is 
applied to the deep pits in front of the hypostomal maculae. 
Called Muscheleindriicken by Brogger ( 1 886) . 

Snout. -Cranidial term for the slender, elongate distal part of 
frontal area (Bohlin 1960) .  
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Measurements 

All measurements are maximum values with specimen in 
optimal position, if not otherwise stated. This condition is 
especially important with regard to the sagittal length of 
cranidia and pygidia, and in forms showing a strong convex
ity, such as illaenids. In the few cases where specimens are 
measured in 'life' position, 'dorsal projection' is specified. 
The stated glabellar length includes the occipital region. 
Width of glabeIla is measured between hind corners of 
palpebral lobes in nileids, in which the length of posterior 
fixigena is measured exsagitally between posterior margin of 
cranidium and inner posterior corner of palpebral lobe. The 
direction of the facial suture is measured in degrees clockwise 
from sagittal line. For hypostomes with posterior notch, a 
distinetion is made between sagittal length and maximum 
length (ML) , measured exsagitally to end of border lobe. 

Strike of bacculae ( niobinids) . - Angle (clockwise) between 
long axis ofbacculae and sagittal line. The feature is possibly 
size-related, with an increased alignment of bacculae to 
sagittal line during growth, but the material is toa limited to 
confirm this. 

Strike of maculae. - Angle (clockwise) between posterior 
crest of maculae and sagittal line (Fig. 58) .  

Length of pygidial axis. - Measured to the posterior edge of 
the terminal piece. This specification is especially important 
for niobinids, where a postaxial ramp is developed. 

Abbreviations 

FW Width across posterior fixigenae of cranidium, usu
ally expressed as ratio of cranidial length (FW:L) 

L Sagittal length (skeletal part referred to obvious from 
context) 

ML Maximum length of hypostomes showing posterior 
notch, measured exsagitally to end of border lobe 

OD By original designation 

PW Greatest preocular width of cranidium, usually ex
press ed as ratio of cranidial length (PW:L) 

SD By subsequent designation 

W Maximum width (skeietal part referred to obvious 
from context) 

(c) Corroded test surface (the corrosion is due to small
scale pressure solution) 

(d) Doublure exposed 

(em) External mould 

(im) Internal mould 
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(is) Ventral side of test 

(pim) Partly internal mould 

(pc) Partly corroded test surface 

(t) Test intact 

Family Asaphidae Burmeister, 1 843 
Subfamily Asaphinae Burmeister, 1 843 
Genus Asaphus Brongniart, 1 822 
Type speeies. - Entomostracites expansus Wahlenberg, 1 82 1  
(SD Jaanusson 1956b) .  

Material of ASAPHUS. - Forty-two complete speeimens, 9 
cephala, 5 1  cranidia, 1 1 librigenae, 23 hypostomata and 22 1 
pygidia, of which l complete specimen, l librigena and 12 
pygidia are toa poorly preserved to be assigned to speeies. 

Remarks on generic subdivision. - The definition of Asaphus 
has been subject to discussion and revision since the work of 
Angelin ( 1 85 1 ) ,  and the issue is still in a state of tlux (cf. 
Balashova 1976) .  

Currently defined subgenera of  Asaphus are A.  (Asaphus) 
Jaanusson, 1953 (August) [= A. (Schizophorus) Balashova, 
1953 (December) ] ,  A. (Neoasaphus) Jaanusson, 1953 (Au
gust) [= A. ( Trematophoris) Balashova, 1953 (December) ] ,  
A. (Multiasaphus) Balashova, 1976, A .  (Subasaphus) Bala
shova, 1976, and A. (Postasaphus) Balashova, 1976. The 
distinetion of the latter three taxa is considered dubious, and 
future revision will most likely result in a reassignment of the 
few speeies in these gro ups to A. (Neoasaphus) . Possible 
additional subgenera are A. ( Onchometopus) Schmidt, 1 898, 
which is separated at the generic level by some authors 
(Lamansky 1905; Schmidt 1907; Sigfried 1936; Balashova 
1976), and Ogmasaphus Jaanusson, 1953, which perhaps 
should be separated only at the subgenus level (Hennings
moen 1960, pp. 235-236) . 

Asaphus (Asaphus) Jaanusson, 1 953  
The investigated material includes only Asaphus (Asaphus) 
Jaanusson, 1953.  This subgenus contains the oldest repre
sentatives of Asaphus and is characterized by having com
paratively small eyes, no genal spines, an open notch - or slit
like panderian opening in the thoracic doublure, and a rather 
wide pygidial doublure, typically provided with a limited 
number of fairly distinet terrace lines. 

The species of A. (Asaphus) can be separated into two 
speeies groups (modified after Jaanusson 1953a and Bala
shova 1 953) :  



FOSSILS AND STRATA 38 ( 1 995) 

The A. EXPANSUS gro up. -A. expansus (Wahlenberg, 1 82 1 ) ,  A. 
fallax Angelin, 1 854, A. lepidurus Nieszkowski, 1 859, A. 
broeggeri Schmidt, 190 1 ,  A. raniceps Dalman, 1 827 [ nomen 
dubium] . 

The A. 'RANICEPS' group. - A. 'raniceps' [ sensu Angelin 1 854 
and Schmidt 1 90 1 ;  non Dalman 1 827] , A. acuminatus 
(Boeck, 1 838) ,  A. striatus (Boeck, 1 838) ,  A. incertus Brogger, 
1 882 [ nomen dubium] , A. vicarius Tornquist, 1 884 [? = A. 
'raniceps'] [ nomen dubium] , A. maximus Brogger, 1 886 [ no
men dubium] , A. lamanskiiSchmidt, 190 1 ,  A. sp. Johansson, 
1980 [? = A. incertus] , ? A. sp. A [? = A. incertus] . 

Invalid speeies of unknown affinity. -A. princeps Wiman, 1906 
[ nomen nudum] , A. superior Wiman, 1906 [ nomen nudum] . 

Balashova ( 1 953, p. 396) firstly described the thoracic doub
lure of A. major (= A. pachyophtalmus var. major Schmidt, 
190 1 )  as similar to that of A. raniceps [sensu Schmidt, 190 1 ] ,  
and the species was, accordingly, included in A. (Schizopho
rus) [= A. (Asaphus) Jaanusson, 1953 ] .  However, Balashova 
( 1 976) later stated that the thoracic doublure of A. major 
shows panderian organs with aperture, not a slit, i.e. is of A. 
(Neoasaphus) type. Balashova did not comment on this 
change of interpretation, but it may reflect that the material 

Asaphus broeggeri Schmidt, 1 901  
Asaphus lepidurus Nieszkowski , 1 859 
Asaphus lamanskii Schmidt, 1 901  
Asaphus tallax Angel in ,  1 854 
Asaphus raniceps Dalman,  1 827 
Asaphus acuminatus (Boeck, 1 838) 
Asaphus expansus (Wahlenberg ,  1 82 1 )  
Asaphus incertus Brogger, 1 882 

Asaphus sp. A 
Asaphus sp.  Johansson,  1 980 
Asaphus 'raniceps' sensu Angel in ,  1 854 
Asaphus vicarius Tornquist, 1 884 
Asaphus 'maximus' Brogger, 1 886 
Asaphus striatus (Boeck, 1 838) 
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originally identified with A. major by Balashova ( 1 953) was 
incorrectly assigned (cf. list of synonymy, Balashova 1976, 

p. 9) .  

Wiman ( 1906c, pp.  102, 105) listed A. princepsn.sp. andA. 
superior n.sp. from, respectively, the Limbata limestone and 
the Upper Asaphus limestone of southern Oland. The mate
rial that formed the basis ofthese invalid species names could 
not be located in the repository of the Geological Survey of 
Sweden, Uppsala. 

The ASAPHUS EXPANSUS speeies group 

The members ofthis group are characterized by a compara
tively broad panderian opening in the inner margin of the 
thoracic doublure, widening adaxially (Balashova 1953) ;  
furthermore, most of the species have strongly impressed 
occipital and basal glabellar furrows, very well-developed 
vincular notch and hook, and a relatively broad hypostome 
with median body showing anterior lobe that is broader (tr. ) 
than long, and an only slightly inflated posterior lobe, if 
infla ted at all. 

Asaphus priseus, described by Lamansky ( 1905, pp. 61-62, 
1 69, 1 73) ,  was stated to be characteristic ofthe BIIa Zone. As 
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Fig. 59. Stratigraphical distribution of Asaphus (Asaphus) species in Baltoseandia (includes data from Balashova 1953, 1976; Tjernvik & Johansson 1 980). 
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the original description was not accompanied by figures, 
Jaanusson ( 1 953a, p. 392) dedared A. priseus a nomen nu
dum, but Lesnikova ( in Lesnikova & Weber 1949, Pl. 19 : 1a, 
b) had a few years earlier figured a speeimen, originally 
collected by Lamansky. The species was transferred to 
Ptychopyge by Balashova ( 1 953, p. 424) and later became the 
type species of Protoptychopyge Balashova, 1959. 

A. broeggeri is for the time being the stratigraphically oldest 
known representative of Asaphus. This peculiar species, de
scribed by Schmidt ( 190 1 )  and Balashova ( 1953),  is charac
teristic of the East Baltic BIl� Zone (Lamansky 1905; 
Schmidt 1907) but ranges from the upper part of BIla and 
into the lower part of BIly (Balashova 1953, pp. 389, 424) .  
Tjernvik ( 1 956, p. 258) mentioned two poorly preserved 
pygidia, resembling A. broeggeri, from the upper part of the 
M. estonica Zone of Sweden, but subsequently the determi
nation was changed to Protoptychopyge? (Tjernvik 1980, p. 
188). A. broeggeri was assigned to the A. 'raniceps' species 
gro up by Jaanusson ( 1 953a, p. 397), because of the indistinct 
occipital furrow and the diffuse basal glabellar furrows. 
However, prime importance is attached to doublural mor
phology in asaphid taxonomy, and as a consequence, A. 
broeggeri is here allocated to the A. expansus species group 
(see description by Balashova 1953) .  

A. raniceps was originally defined as a variant of A. ex
pansus, characterized by the angulate anterior junction of the 
facial suture (Dalman 1827, Pl. 3 :4) .  A species, identified 
with A. raniceps, was later described by Angelin ( 1 854), 
Brogger ( 1 886), Balashova ( 1953) and at length by Schmidt 
( 190 1 ) ,  and this form defines the A. raniceps Zone ofLaman
sky ( 1 905) .  Asaphus raniceps sensu Angelin ( 1 854) [= A. 
raniceps as described by Brogger, Schmidt and Balashoval is 
not, however, identical to A. raniceps Dalman. This problem 
was hinted at already by Tornquist ( 1 884, p. 63) ,  but first 
discussed in detail by J aanusson ( 1 953a, p. 394) ,  according to 
whom the speeimen figured by Angelin ( 1 854), and later by 
Brogger ( 1 886), cannot belong to the original material col
lected by Dalman, despite contrary daims by Brogger ( 1 886, 
pp. 26, 75). A. raniceps (s.str.) seems to be confined to the 
Zone of A. expansus, where it may be as frequent as A. 
expansus itself, according to Tjernvik & Johansson ( 1 980, p. 
190) .  These authors added that this was also the case in 'the 
corresponding unit of Norway' , which, however, is not so at 
Slemmestad. Examination of material at the Swedish Mu
seum ofNatural History, Stockholm, has convinced me that 
Tjernvik & Johansson's ( 1980) identification of A. raniceps 
(s.str. ) is correct (for details, see discussion of A. expansus) . 
Consequently, it appears that the Zone of A. 'raniceps' is 
characterized by a misidentified species of Asaphus, and that 
A. raniceps (s.str. ) probably is confined to the preceding Zone 
of A. expansus. This is the reason why the Zone of A. raniceps 
is referred to as the Zone of A. 'raniceps' (see Jaanusson & 
Mutvei 1953, p. 30) . A. raniceps (s.str. ) is dearly a member of 
the A. expansus group, characterized, e.g., by a fairly well
impressed occipital furrow. 
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The ASAPHUS 'RANICEPS '  speeies group 

The members of this group are characterized by a narrow, 
slit-like panderian opening in the inner margin of the tho
racic doublure; the opening may taper adaxially (Balashova 
1953, 1976) . The species typically also have a shallow occipi
tal furrow (occasionally effaced mesially) , shallow basal gla
bellar furrows, a moderately distinct vincular notch and 
hook, and an elongate hypostome, with an anterior lobe of 
median body that is as long as wide or longer, and with a 
somewhat inflated posterior lobe. 

The first representatives the Asaphus 'raniceps' species 
plexus appear at the base of the A. expansus Zone and its 
eastern Baltic equivalent, EIIla. A. lepidurus is a plausible 
ancestor of the group. 

A. 'raniceps', characterizing the A. 'raniceps' Zone, is rather 
different from the smaller A. raniceps (s.str. ) (see discussion 
above), but the confusion, caused by the traditional misiden
tification, is now mainly nomendatorical and not based on 
practical identification problems. Before a new name is given 
to A. 'raniceps', the relations to A. vicarius should be darified, 
as this species possibly is a valid synonym (see also Jaanusson 
1953a, p. 394) . A. vicarius is known only through the original 
description (Tornquist 1 884, pp. 64-65; Pl. 2: 1 8-20) ,  but the 
accompanying figures are inaccurate, according to Brogger 
( 1 886, p. 30) .  A. vicarius appears to be characteristic of the 
interval corresponding to the A. 'raniceps' Zone of the Siljan 
Region (Jaanusson & Mutvei 195 1 ) ; it has not been reported 
from other areas. 

The East Baltic A. lamanskii, described by Schmidt ( 190 l ) ,  
Sigfried ( 1 936), and Balashova ( 1953) ,  has not been found in 
Scandinavia, but it is probably a dose relative of the coeval A. 
acuminatus. 

The Asaphus (Asaphus) group almost disappears at the 
beginning of M. obtusicauda Zone (BIlly) and is replaced by 
the Asaphus (Neoasaphus) group. The earliest verified mem
ber of the A. (Neoasaphus) group is A. major, and this speeies 
is perhaps, as indicated by Balashova ( 1953 ) ,  the ancestor of 
this prolific gro up. The ancestry of A. major is uncertain, but 
it may stem from A. 'raniceps', as suggested by previous 
authors (Lamansky 1905; Balashova 1953) .  However, a more 
plausible ancestor to the A. (Neoasaphus) line is A. striatus, 
which is one of the most 'Neoasaphus-like' members of A. 
(Asaphus) , having large eyes and a wide pygidial doublure 
with numerous terrace lines. Besides, it is the youngest repre
sentative of A. (Asaphus) yet recognized. 

Asaphus was a typical element in shallow-water environ
ments, and its marked radiation at the beginning of the 
Kunda Stage was most likely connected to the sea-level 
lowstand during the A. expansus Zone, where suitable shal
low-water environments spread over a vast region of Balto
scandia. The lowstand period reached a culmination in the 
upper part of the A. 'raniceps' Zone. The shift from A. 
(Asaphus) to A. (Neoasaphus) appears connected with in
creasing water depth towards the dose of Kunda Stage. 
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Asaphus (Asaphus) expansus 
(Wahlenberg, 1 82 1 )  
Figs. 60-6 1 ,  65. 

Synonymy. - (Key papers only; see Bragger 1 882, Schmidt 
190 1 ,  and Jaanusson 1956b for additional references. )  
0 182 1 Entomostracites expansus - Wahlenberg, pp.  25-27 
(description, occurrence) .  0 1 827 Asaphus expansus - Dal
man, pp. 240--242; Pl. 3:3a--d (description, occurrence, illus
trations of complete specimens and cephalon) . 0 1 847 
Hemicrypturus expansus- Hawle & Corda pp. 69-70, Pl. 4:37 
(description, designation as type of Hemicrypturus) . 0 1 854 
Asaphus expansus. Linn. ex. p. - Angelin, pp. 52-53; Pl. 28: l ,  
1a-b (brief diagnosis, occurrence, illustrations o f  complete 
specimen and cephalon) . Ov 1 882 Asaphus expansus, Linn.,  
Wahlenberg - Bragger, pp. 85-92; Pls. 7: 1-5; 8:6 (descrip
tion, occurrence, illustrations of complete specimens, hypo
stome, pygidium) .  Ov 1886 Asaphus expansus, Linne -
Bragger, pp. 29, 72-73; Pls. 1 :2; 3 :49-5 1 (description of 
hypostome and thoracic articulation; illustrations of hypo
stome and thorax) . Ov 1901 Asaphus expansus, L. - Lind
stram, pp. 39--40; Pl. 1 :8-1 7  (description ofhypostome and 
eye; illustrations of eye and hypostome).  Ov 1901  Asaphus 
fallax Dalm.? - Lindstram, p. 4 1 ;  Pl. 1 : 1 8-22 (brief com
ments on hypostome and eye; illustrations of eye and hypo
stome) .  0 1901 Asaphus expansus, L. DaIm. - Schmidt, pp. 
24--29; Textfigs. 14--16; Pls. 1 : 1-3, 5; 12:6 (description, oc
currence, illustrations of complete specimens, hypostome, 
pygidia) .  0 1 905 Asaphus expansus, Dalm. - Lamansky, pp. 
56, 168, 1 69 (listed) . 0 1 936 Asaphus expansus Dalm. - Sig
fried, pp. 25-28; Textfigs. 1-5; Pl. 1 : 1-8 (description of 
doublure, illustrations of doublure and enrolled specimen) .  
0 1 953 Asaphus (Schizophorus) expansus Dalman - Bala
shova, pp. 391-392; Pls. 1 :2, 20, 32; 2 : 14  (supplementary 
description to Schmidt 190 1 ,  occurrence, illustrations of 
cephalon, hypostome, cephalic and thoracic doublure) .  Ov 
1956b Asaphus expansus (Wahlenberg) - Jaanusson, pp. 90--
96; Pl. 1 : 1-5 (designation of lectotype; illustrations of com
plete specimen [lectotype] ) .  0 1 976 Entomostracites (Asa
phus) expansus (Wahlenberg) - Reyment, Fig. 29 (illus
tration oflectotype). 0 1 980 Asaphus expansus (Linnaeus) -
Tjernvik & Johansson, pp. 1 77, 194 (occurrence) .  

Lectotype. - Complete specimen, designated and figured by 
Jaanusson ( 1956b, Pl. 1 : 1-5) ;  refigured by Reyment ( 1 976, 
Fig. 29) . 

Material. - Thirty-three complete specimens, 5 cephala, 5 
cranidia, 4 librigenae, 6 hypostomata, and 28 pygidia. 

List of material. - DComplete specimens A 440 (pim) [MGUH 22.376 ] ,  A 
456 (im), A 472 (im), A 476 (pim), A 477 (pim), A 478 (pim) [MGUH 
22.379 ] ,  A 487 (pim),  A 489 (pim), A 49 1 (im), A 492 (im) , A 495 (pim),  A 
497 (pim), A 501  (pim) [MGUH 22.378 ] ,  A 503 (im), A 504 (im), A 50S? 
(im) , A 508 (im) [MGUH 22.372 ] ,  A 5 1 2  (pim) , A  514 (im/c) , A 5 15? (im), 
A 5 1 7  (pim), A 5 18 (im), A 520? (im), A 52 1  (pim), A 523 (pim), A 525 (im) , 
A 533 (im), A 539 (im) , A 544 (im) , A 565 (t) [MGUH 22.377] , A  1 102 (t) 
[MGUH 22.373 ] ,  A 1 124 (im), A 1 128? (c). DCephala (all with some 
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contiguous thoracic segments) A 483 (im) [MGUH 22.375 ] ,  A 535 (pim), 
A 541 (pim), A 578a (im) , A 578b with hypostome (im) .  DCranidia A 527 
(im),  A 528 (im),  A 1 1 1 5 (pim), A 1 126 (im) , A  1 147 (pim) .  DLibrigenae A 
502 (im), A 509? (im) , A 1 122 (im),  A 1 1 36? (pim) .  DHypostomata A 4 15  
(pim), A 1 135 (pim), A 1 1 58a (pim) [MGUH 22.374] , A  1 160b (pim), (see 
also A 578b) ,  PMO 142.595. DPygidia A 413  (t), A 41 7  (im),  A 425 (pim),  
A 439? (im) , A 445 (im) [MGUH 22.380 ] ,  A 446 (im) , A 449 (pim) , A 457? 
(im), A 473? (im) , A 479 (im), A 493? (im), A 499 (im), A 522 (im), A 524? 
(im), A 540 with thoracic segments (im), A 542 (im), A 547 with thoracic 
segments (im), A 559? (im), A 562 with thoracic segments (im), A 1 104? 
(im), A 1 105? (im), A 1 1 32 (t), A 1 139? (pim),  A 1 140? (im), A 1 149 (im), 
A 1 152 (im),  A 1 1 54 (im), A 1 1 55? (c). 

Occurrence. - Asaphus expansus is very frequent in the upper 
half of the Lysaker Member at Slemmestad, where it has been 
found in bed interval A-29 to A-56, constituting the A. 
expansus Zone; the species presumably continues into the 
basal part of the overlying Svartodden Limestone (Størmer 
1953, p. 43; Bragger 1 882, pp. 25, 90) ,  surmised to represent 
the A. 'raniceps' Zone. 

A. expansus, which does not occur in the Komstad Lime
stone, is characteristic of the A. expansus Zone ofSweden and 
the equivalent level in the eastern Baltic area (Tjernvik & 
Johansson 1 980; Schmidt 190 1 ;  Balashova 1953) .  It appears, 
however, to range into the basal part of the A. 'raniceps' Zone, 
not only in the Oslo region, but also on southern Oland 
(Wiman 1906c, p. 105) ,  and in the eastern Baltic area (La
mansky 1905, pp. 58, 62, 169) .  

Description. - See Bragger ( 1 882) ,  Schmidt ( 190 1 ) ,  and Bala
shova ( 1953 ) .  A few additional observations are discussed 
below. 

Affinities. - A. expansus is dose to A. lepidurus, but several 
distinguishing characters were pointed out by Schmidt 
( 190 1 ,  pp. 30-32) and Balashova ( 1 953, p. 392); see discus
sion of A. lepidurus below. Of these, the cephalic terrace-line 
ornamentation and the concavity of the pygidial doublure 
seem to be more variable characters than recognized by 
Schmidt ( 190 1 ) .  His material of A. expansus showed a 
smooth cephalic test, but all well-preserved cephala in the 
material at hand exhibit terrace lines at least on the glabella 
(see also Balashova 1953,  p. 39 1 ) .  Small cephala of A. ex
pansus may show a very delicate terrace-line ornamentation 
on the glabella, palpebral areas and occipital ring, i.e. re
semble the A. lepidurus condition, whereas adult specimens 
of A. expansus (Fig. 60H) are characterized by a coarser and 
less dense terrace-line pattern compared to adult specimens 
of A. lepidurus. 

The primary criterion for distinction between pygidia of 
A. lepidurus and A. expansus is the external test ornamenta
tion, but Schmidt ( 190 1 ,  p. 3 1 )  remarked that pygidia of A. 
lepidurus also differ by occasionally showing an outer con
cavity of the doublure, resembling a 'border'. However, the 
majority of the A. expansuspygidia available exhibit a similar, 
slightly concave doublure. On the other hand, it appears that 
the anterolateral part of the doublure in A. expansus has a 
distinct outer transverse ridge immediately behind the level 
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Fig. 61 . Asaphus (A.) expansus (Wahlenberg, 1 82 1 ) .  DA. Exfoliated cephalon showing doublure, x3. Oblique lateral view. Complete speeimen MG UH 22.379 
(A 478), bed A-40, Slemmestad. DB. Exfoliated pygidium of complete specimen shown on Fig. 60A, x2. MGUH 22.372 (A 508), bed A-43, Slemmestad. DC 
Internal mould of pygidium showing doublure, x2. MGUH 22.380 (A 445) ,  bed A-33, Slemmestad. OD. Internal mould of pygidium showing doublure, x2. 
Complete speeimen MGUH 22.376 (A 440) ,  bed A-33, Slemmestad. 

of the articulating facet (see also Tornquist 1884, p. 65),  not 
seen in A. lepidurus, and a slight incision in the inner margin 
at the same level; there are several short interspersed extra 
terrace lines on the doublure below the articulating facet. 

The hypostomes of A. lepidurus and A. expansus are iden
tical for all practical purposes, although the posterior lobe of 

Fig. 60. Asaphus (A. ) expansus (Wahlenberg, 1 82 1 ) .  DA. Exfoliated com
plete speeimen, x 1 .5. A dose-up of the pygidium is shown in Fig. 61B .  
MGUH 22.372 (A 508) ,  bed A-43, Slemmestad. DB. Hypostome, x 1 .5. 
PMO 142.595, upper part of the Lysaker Member, Gjeitungholmen, Oslo. 
DC-D. Slightly distorted small complete speeimen, frontal and dorsal 
views, x3. MGUH 22.373 (A 1 102), bed A-32, Slemmestad. DE. Hypo
stome, stereo-pair x3 .  MGUH 22.374 (A 1 158a), bed A-5 1 ,  Slemmestad. 
OF. Cephalothorax, 'Iong' form, x 1 .5. MGUH 22.375 (A 483), bed A-40, 
Slemmestad. OG. Slightly compacted cephalon, 'short' form, x 1 .5. Com
plete specimen MGUH 22.376 (A 440) ,  bed A-33, Slemmestad. (Py
gidium shown on 6 1D) .  OH-I. Small early cephalon showing terrace 
lines, dorsal view, X4, and dose-up of frontal glabellar lobe (frontal view), 
x6. MGUH 22.377 (A 565), Lysaker Member, Slemmestad. DJ-K. Cepha
lothorax, frontal and dorsal views, x 1 .5 .  MGUH 22.378 (A 50 1 ) ,  bed A-
42, Slemmestad. 

median body tends to be slighdy more inflated in A. lepi
durus. This feature, however, is more variable within A. 
expansus than recognized by Brogger ( 1 886) . In all six speei
mens at hand, the posterior lobe has a positive, albeit mini
mal relief, also in testaceous speeimens (cf. Brogger 1 886, p. 
29) . Balashova ( 1953, p. 392) claimed that the hypostome of 
A. expansus has a more vaulted median body and almost 
horizontal 'posterior wings' [posterior border lobes l ,  diver
ging more strongly, compared to A. lepidurus. The posterior 
border is possibly more flat in A. expansus, compared to A. 

lepidurus, but the other differences are not evident in the few 
hypostomes available. 

The differences between A. expansus and A. raniceps (s.str. ) 
are diseussed below. 

Remarks. - The classical species name expansus dates back to 
Linne ( 1 768) ,  but it has been decided to suppress references 
to the name prior to Wahlenberg ( 1 82 1 )  (ICZN opinion 296; 
see ]aanusson 1956b); this is the reason for the meandering 
authorship of A. expansus. 



80 Arne Thorshøj Nielsen 

Brogger ( 1 882, p. 90; Pl. 7: 1 ,  2) distinguished a short and a 
long form of A. expansus. 'Long' specimens are by far the 
most common in the material studied, as among the speci
mens examined by Brogger ( 1 882, p. 9 l ) ,  and the few 'short' 
specimens at hand cannot with certainty be ascribed to 
biological variation, as they equally well may have suffered 
from symmetrical shortening caused by compaction. The 
specimen figured as 'short form' by Brogger ( 1 882, Pl. 7:2) is 
also slightly compacted, augmenting the shortness, but the 
specimen does represent the short end of variation range. 
There is, however, definitely no bimodal distribution of 
short and long forms (see also Schmidt 190 1 ,  p. 25) .  

Brogger ( 1 882, p. 88; Pl. 7:4) mentioned that the facial 
sutures of A. expansus typically meet anteriorly in an ogive, 
whereas Schmidt ( 190 1 ,  p. 26) described the junction as 
forming a very blunt angle. The question is relevant, as the 
original diagnosis of A. raniceps (Dalman 1827, Pl. 3:4) 
primarily stressed the angulate outline of the anterior facial 
suture in comparison to A. expansus. The available material 
from Slemmestad contains 26 cranidia (induding cephala 
and complete specimens) with intact anterior margin, of 
which 10 show a faint to fairly distinctly angulate junction of 
facial sutures (Fig. 60C) .  The feature is present in 60% of the 
cranidia from bed interval A-32 to A-42; above this interval 
all specimens sampled exhibit a smooth anterior margin. 
Except for the angulate junction of the facial sutures, the 
early specimens in all other features correspond to A. ex
pansus, and it is possible that the pointed outline of the facial 
suture is a relict morphology inherited from the assumed 
ancestor, A. lepidurus. 

Tjernvik & Johansson ( 1 980, Fig. l OA) figured a cephalon 
from Ostergotland, identified as A. raniceps (s.str. ) (herein 
shown on Fig. 75A-D) .  The criteria for identification were 
not discussed, but A. raniceps sensu Tjernvik & Johansson 
( 1 980) is fairly common in the Dalman collection from 
Ostergotland (Swedish Museum of Naturai History, Stock
holm) along with A. expansus, and it appears to be the only 
qualified candidate for A. raniceps ( s.str. ) Comparing the 
original drawings of A. expansus and A. expansus var. � 
raniceps (Dalman 1827, Pl. 3 :3 versus Pl. 3:4), it is evidentthat 
A. expansus has a relatively broader cephalon and the eyes in 
a more advanced position; the anterior parts of the facial 
sutures are not visible in Pl. 3:3d (Dalman 1827), indicating 
a higher sagittal convexity. The relatively advanced position 
of the eyes is augmented by the strong sagittal convexity of 
the cephalon. The second asaphid type in the Dalman collec
tion, similar to the specimen figured by Tjernvik & Johans
son ( 1 980, Fig. lOA), matches the figure ofvar. raniceps well 
(Dalman 1827, Pl. 3:4) . The cephalon differs from that of A. 
expansus by being relative longer, semicircular in outline 
with narrower librigenae; the sagittal convexity is less strong 
and the glabella is less vaulted (tr. ) ,  the axial furrows are less 
strongly impressed, the facial suture meet at front in a mesial 
boss, the posterior border furrow is narrower (exsag. ) ,  and 
the posterior fixigena is overall narrower (exsag. ) ,  so the eye 
is relatively doser to the posterior margin. 
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Tjernvik & Johansson ( 1 980, p. 1 90) mentioned that A. 
raniceps (s.str. ) occurs in the A. expansus Zone of Norway, 
but it has not been found at Slemmestad, and no specimens 
have been seen in museum collections. The cephalic convex
ity of A. expansus changes markedly during growth, and 
smaller specimens are more vaulted (both ways) and there
fore have narrow librigenae in dorsal view (Fig. 60D) .  Some 
of the early, small specimens from Slemmestad, up to about 
1 5-20 mm long (sag. ) ,  with pointed facial sutures and nar
row librigenae, superficially resemble A. raniceps, but at 
doser inspection they differ by being significantly more 
convex (sag.) ,  and the glabella is dearly stronger vaulted (tr. ) .  

Asaphus (Asaphus) fallax Angelin, 1 854 
Fig. 62 

Synonymy. - D 1 854 Asaphus fallax. Dalm. - Angelin, p. 53; 
Pl. 28: le, 3,  3a-c (brief diagnosis, occurrence, illustrations of 
complete specimen, cephalon, hypostome, pygidium) .  Dv 
1886 Asaphus expansus, Linne, var. fallax, Dalm. - Brogger, 
pp. 27-29; PIs. 1 :3; 3 :46 (description of hypostome and 
thoracic articulation; illustrations of hypostome and tho
rax) . Dv non 1901 Asaphus fallax Dalm.? - Lindstrom, p. 4 1 ;  
Pl. 1 : 1 8-22 [= A .  expansusl . Dv 1953a Asaphus fallaxAng. 
Jaanusson, pp. 380, 397, Textfigs. 3:2 and 5: 1 (remarks on 
species limits and details ofhypostome, illustrations of ante
rior wing of hypostome and pygidial doublure) .  Dv 1959 
Asaphus fallax, Angelin - Jaanusson, p. 0336, Fig. 248 : 1b  
(drawing of  cephalic doublure and hypostome) . 

Lectotype. - Complete specimen Ar 165 1 5, figured by Brog
ger ( 1 886); herein shown on Fig. 62B-D. Designated by 
Jaanusson ( 1953a). 

Material. - Two complete specimens, induding the lecto
type. 

List ofmaterial. -DComplete specimensAr 1 6 1 5 1  (t), MGUH 22.38 1 (im) .  

Occurrence. - Presumably the A. expansus Zone of Oster
gotland, Sweden. The rare species is, so far, known onlyfrom 
the locality Husbyfjol (Angelin 1 854) . 

Affinities. - By comparison to A. expansus, the cephalon of A. 
fallax differs by being only moderately strongly convex 
(sag. ) ,  subsemicircular in outline, the glabella is compara
tively little vaulted (tr. ) ,  the facial sutures meet at front in a 
little point, and two pairs of comparatively distinct musde 
insertion sites are situated on the posterior part of the glabella 
(cf. Angelin 1 854, Pl. 28:3a), which appears to be an impor
tant diagnostic feature. Furthermore, the eyes are only mod
erately raised and situated relatively doser to the posterior 
margin, compared to typical specimens of A. expansus (see 
Angelin 1854, Pl. 28:3b versus lb) ;  several cephala of A. 
expansus have, however, similar moderately raised eyes. The 
unusually short posterior fixigenae (tr. ) indicated by Angelin 
( 1 854, Pl. 28:3, 3a) are not accurately portrayed; in reality 
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they are longer (cf. Fig. 62B) .  The posterior border furrow, 
however, is distinctly narrower (exsag. ) than in A. expansus. 
The hypostomal differences indicated by Jaanusson ( 1 953a, 
Textfig. 3 : 1  versus 3:2) are not entirely real, as the apparent 
lack of terrace lines is due to rough preparation of the 
specirnen; distinct terrace lines can actually be seen on the left 
anterior wing (ventral view) in the same hypostome. The 
thoracic segments of A. fallax have distinctly truncate ends, 
whereas A. expansus segments are more rounded. It is at 
present not possible to point out any obvious pygidial differ
ences, but A. fallax is likely to have a more semicircular 
pygidium with a higher L: W ratio (see, however, Fig. 65) .  The 
pygidial features of A. fallax, emphasized by Angelin ( 1 854, 
p. 53) ,  are not real (see also remarks by Brogger 1 886, pp. 27-
28);  patches of intact test show fine, scattered terrace lines. 

Asaphus (Asaphus) lepidurus 
Nieszkowski, 1 859 
Figs. 63---{iS 

Synonymy. - O 1859 Asaphus lepidurus m. - Nieszkowski, pp. 
360-362 (diagnosis, description) .  0 190 1 Asaphus lepidurus 
Nieszk. - Schmidt, pp. 29-32; Textfigs. 1 7-19; PIs. 1 :4, 6, 7; 
12 :7 (description, occurrence, illustrations of complete 
specirnens, hypostome, pygidia) . 0 1 905 Asaphus lepidurus 
Nieszk. - Lamansky, pp. 55, 1 69 (listed) . 0 1 936 Asaphus 
lepidurus Nieszk. - Sigfried, p. 28; Pl. 2 :  1-4 (notes on thoracic 
doublure, illustrations of thoracic doublure) .  0 1 953 Asa
phus (Schizophorus) lepidurus Nieszkowski - Balashova, pp. 
389-39 1 ;  PIs. 1 :3 , 3 1 ;  2:3 (description, occurrence, illustra
tions of complete specimen, hypostome, thoracic doublure) .  
01960 Asaphus lepidurus Nieszkowski - Balashova, PIs. 5 :  l ;  
7 : 3  (illustrations of  complete specimen, thoracic doublure) .  
0 1971 Asaphus lepidurus Nieszkowski - Neben & Krueger, 
Pl. 4: 1-3 (illustrations of complete specirnens, pygidium) .  
Ov  1980 Asaphus lepidurus- Tjernvik & Johansson, pp. 1 89, 
192; Figs. 3,  91 (occurrence, illustration of cranidium) .  

Lectotype. - Complete specimen figured by Schmidt ( 1 90 1 ,  
Pl. 1 :7) ,  designated by Balashova ( 1 976) .  

Material. - Six complete specimens, l poorly preserved 
cephalon, 4 cranidia, 4 librigenae and 24 pygidia. 

List of material. - DComplete specimens A 2 12  (pim) [MGUH 22.385 ] ,  
MGUH 22.382 (pim),  PMO 1641  (im),  PMO 2 1 0 1  (im), PMO 83677 (im), 
PMO 83679 (im) .  DCephalon A 233b? with thoracic segments (im) .  
DCranidia A 194a (pim), A 232b (im),  A 252 (c), A 310 ( im) [MGUH 

Fig. 62. Asaphus (A.) fallax Angelin, 1 854. Both specimens are probably 
from the A. expansus Zone. DA. Cephalon, slightly distorted, showing 
distinet muscle insertion sites, x2. MGUH 22.38 1 ,  Ostergotland. DB-O. 
Complete speeimen (lectotype) , x2. Ar 16 S I S, Husbyfjol, Ostergotland. 
Cephalon and pygidium (lateral and dorsal view); lateral view also shows 
posterior thoracic segments with truncate terminations. 
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22.383 ] .  DLibrigenae A 2 14 (im) , A 229 (im) , A 2401 (im) , A 2781 (im).  
DPygidia A 155 (im),  A 165a (im),  A 1 77 (im) , A 194b with thoracic 
segments (pim), A 2021 (im), A 22 1a  (im),  A 221b (pim), A 223 (pim), A 
224 (pim), A 225 (pim),  A 230a (t) [MGUH 22.388 ] ,  A 230b (pim), A 230c 
(im),  A 232a (im), A 245 (im), A 2481 (im) , 2551 (pim), A 276? (pim), A 279 
(pim) [MGUH 22.386 ] ,  A 285 (t) [MGUH 22.387] , A 324 (pim) [MGUH 
22.384] , A 3381 (im) , A 339 (im) , A 3871 (im).  

Occurrence. - A. lepidurus is fairly frequent in bed interval 
A-7-A-20 of the Lysaker Member at Slemmestad; a poorly 
preserved pygidium from bed A-26V2 presumably also be
longs to this species. The range defines an upper subzone of 
the M. limbata Zone. A. lepidurus do es not occur in the 
Komstad Limestone. 

The species is characteristic of the Blly Zone in the eastern 
Baltic area (Lamansky 1905) ,  and it is also common in the so
called Lepidurus Limestone of northern Oland (Bohlin 1949; 
Jaanusson 195 1 ;  Tjernvik 1972) ,  whereas it occurs only spo
radically in the middle part of the M. limbata Zone of 
mainland Sweden (Tjernvik 1980, pp. 1 89, 192 ) .  The Blly 
Zone (Langevojan Substage ofOrviku 1958) seems to equal 
only the upper part of the western M. limbata Zone and not 
the entire zone (cf. Tjernvik 1972, 1980) .  

Description. - See Schmidt ( 190 1 )  and Balashova ( 1953) ;  
diagnostic characters are discussed below. 

Affinities. -A. lepidurus is a plausible ancestor of A. expansus, 
but the two species are readily separated. By comparison, the 
cephalon of A. lepidurus has acute genal angles and a rhom
bic glabella, the anterior facial sutures meet at an angle, the 
axial furrows and the basal glabellar furrows are shallower, 
the mesial tubercle is distinctly smaller, the anterior border is 
wider and the doublural vincular notch less well-developed, 
and well-preserved cephala show fine concentric terrace 
lines on the glabella and occipital ring; the thorax of A. 
lepidurus has truncate extremities, and the pygidium is pri
marily characterized by a different external terrace-line pat
tern (Fig. 64) ,  where the lines on the axis typically are 
connected across the sagittal line by bow-shaped connect
ives, and the pleural fields commonly show numerous short 
lines, in particular distally, in addition to the raised, gently 
curved lines outlining the segmentation (seen also in A. 

Fig. 63 (opposite page) .  Asaphus (A) lepidurus Nieszkowski, 1 859. DA-B. 
Largely exfoliated complete specimen; the pygidium shows doublure and 
axis, x3. MGUH 22.382, Lysaker Member, unknown locality of Oslo area. 
De. Partly exfoliated cranidium, x4. MGUH 22.383 (A 3 10) ,  bed A- 19, 
Slemmestad. DD. Partly exfoliated pygidium showing doublure and dorsal 
terrace lines, x3.  MGUH 22.384 (A 324), bed A-20, Slemmestad. DE. 
Cranidium with patches of intact test showing fine terrace lines, x4. 
Complete specimen MGUH 22.385 (A 2 12) ,  bed A- l l , Slemmestad. Py
gidium shown on F. DF. Internal mould of pygidium showing axis, x4. 
Complete specimen MGUH 22.385 (A 2 12 ) ,  bed A- l l ,  Slemmestad. DG. 
Partly exfoliated pygidium showing doublure, internal mould ofaxis, and 
exterior terrace lines, x4. MGUH 22.386 (A 279), bed A- 14, Slemmestad. 
DH. Small, well-preserved pygidium with intact cuticle showing terrace
line sculpture, x5. Compare Fig. 64. MGUH 22.387 (A 285) ,  bed A- 18 ,  
Slemmestad. 
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Fig. 64. Asaphus (A.) lepidurus Nieszkowski, 1 859. Well-preserved py
gidium with intact cutide showing distinctive terrace-line sculpture, x2. 
MGUH 22.388 (A 230a), bed A- 13 ,  Slemmestad. 
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Fig. 65. Pygidia of Asaphus (A.) expansus (Wahlenberg, 1 82 1 ) ,  A. (A) 
lepidurus Nieszkowski, 1 859 and A (A.) fallax Angelin, 1 854. Pygidial L:W 
ratio plotted against length. Regression lines shown for A. expansus (upper) 
and A lepidurus (lower) .  

expansus) . A few additional differences were discussed by 
Balashova ( 1953, p. 392) .  

The cephalic terrace-line ornamentation and the concav
ity of the pygidial doublure is of less diagnostic value than 
indicated by Schmidt ( 190 1 )  (see discussion of A. expansus 
above). Balashova ( 1953, p. 392) stated that the 'primary' 
terrace lines on the pygidium of A. expansus do not reach the 
outer margin as in A. lepidurus; this difference appears to be 
inconsistent. 

The majority of the available pygidia are internal moulds, 
not covered by Schmidt's diagnosis or the supplementary 
remarks of Balashova ( 1953 ) .  It appears (at least in the 
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present material) that pygidia of A. lepidurus, compared to A. 
expansus, have a relatively narrow axis with a slightly more 
expanded terminal piece, and the doublure shows fewer 
short lines below the articulating facet and a visibly less 
pronounced outer swelling and inner incision below the 
anterior half rib. Besides, the pygidia of A. lepidurus tend to 
be marginally more elongate than those of A. expansus (Fig. 
65) ,  but it is important to compare speeimens of the same 
size, as the ratio changes with size. The available material of 
A. lepidurus pygidia >6 mm long show L:W ratios between 
0.58 and 0.70 (mean 0.65; N = 19 ) ,  whereas A. expansus 
pygidia > 10  mm long show L:W ratios between 0.57 and 0.68 
(mean 0.63; N = 29) .  The juvenile pygidia of A. lepidurus at 
hand (Fig. 63H) do not show the characteristic short terrace 
lines on the pleural fields in between the raised, slightly 
curved, continuous lines indicating the segmentation (com
pare Balashova 1 953, p. 390) .  

Remarks. - The available material is  poorly preserved in 
general but matches A. lepidurus as described by Schmidt 
( 1 90 1 )  and Balashova ( 1953) in all details. The identification 
is vital, as A. lepidurus has been the source of much strati
graphical controversy (ef. Jaanusson 195 1 ,  1 955, 1956a, 
1957, 1960; Tjernvik 1972, 1980),  and the speeies was be
lieved absent in the Oslo Region (Tjernvik 1 980, p. 1 89) .  The 
collection of the Paleontological Museum, Oslo, contains 
severai specimens of A. lepidurus, labelled A. expansus. Four 
of them have been included in the present study. 

Asaphus expansus var. incerta Brbgger was regarded a 
synonym of A. lepidurus by Schmidt ( 1 898, 190 1 ) ,  an inter
pretation later rejected by Jaanusson ( 1953a, p. 395 ) .  I agree 
with Jaanusson. 

Asaphus (Asaphus) acuminatus 
(Boeck, 1 838)  
Figs. 66--69 

Synonymy. - 0 1 838 Trilobites acuminatus - Boeck, p. 1 42 
(brief diagnosis) . 0 1 854 Asaphus acuminatus, Boeck -Ange
lin, pp. 53-54; Pl. 29:2-2a (short description, occurrence, 
illustrations of cranidium and pygidium) .  Onon 1 857 Asa
phus acuminatus - Niezskowski, p. 552. Onon 1 858 Asaphus 
acuminatus - Hoffman, p. 48; Pl. 5 :  l [assigned to Ptychopyge 
tecticaudata by Schmidt 1 898] . Onon 1 859 Asaphus acumi
natus Boeck sp. - Niezskowski, pp. 363-364; Pl. 1 :2-6 [= A. 
nieszkowskii 5. 1. ] . Ov 1 882 Asaphus acuminatus, Boeck -
Brbgger, pp. 93-94; Pl. 8 :5,  5a-b (description, occurrence, 
illustrations of cranidium, librigena, pygidium) .  Oef. 190 1 
Asaphus raniceps var. acuminata Boeck sp. - Schmidt, pp. 
33-36; Pl. 2: 1 (description of A. raniceps including acumi
natus, occurrence, illustration of cranidium with disarticu
lated librigena and thoracic segments) .  Ov 1936 Megalaspis 
limbata Sars & Boeck [partim] - C. Poulsen, pp. 48, 50 
(listed) . 0 1941 Asaphus raniceps Dalman, var. acuminatus 
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(Boeck) - Størmer, p. 141 (designation of neotype) . Oef. 
1953 Asaphus (Schizophorus) acuminatus Boeck - Balashova, 
pp. 394-395; Pls. 1 :4; 5 :3? (description, occurrence, illustra
tions ofhypostome, ?pygidium) .  

Lectotype. - Here designated, speeimen PMO 202 1 4, figured 
by Brbgger ( 1 882, Pl. 8:5a, b) ;  the pygidium is refigured on 
Fig. 68. According to Brbgger's label, the speeimen is prob
ably the original specimen studied by Boeck ( 1 838) .  

Material. - Three complete specimens, 1 cephalon, 21  cra
nidia, l librigena, 4 hypostomata and 40 pygidia. 

List of material. - DComplete spee imens PMO 1830 (pim),  PMO 202 14 
(im) [original, Brogger 1 882, Pl. 8:5-6 ] ,  PMO 143.498. DCephalon PMO 
1827 (pim) (with thoracic segments) .  DCranidia S 1472 (im) [MGUH 
22.389 ] ,  S 1 523 (im), S 1 524 (im), S 1 736 (im), S 1 745 (im),  F 183 (pim), K 
12 14  (im), K 1 2 1 7  (im), K 1244? (im), LU 34 (c) ,  LU 57b (im) [LO 7095] ,  
LU 57d (im), LU 6 2  (is) , LU 64 (im) [LO 7099 ] ,  LU 65a (pim) [LO 7 100 ] ,  
LU 70 (im),  LU 75 (im) , LU 87 (im) , LU 10 1a  (im), LU 1 2 1  ( c ) ,  LU 139 (im, 
juvenile) [LO 7 122] . DLibrigena S 1 740a (im) [MGUH 22.390] . DHypo
stomata S 1600 (im) [MGUH 22.39 1 ] ,  S 1639 (pim) S 1 707 (im), LU 65b 
(im) [LO 7 10 1 ] .  DPygidia S 1521 1  (im), S 1 536 (im), S 1608? (im), S 16 14? 
(im), S 1634 (im),  S 1635 (pim) [MGUH 22.392 ] ,  S 1 7 1 1  (pim), S 1 727 
(im),  S 1 740b (c) ,  S 1 768 (im), GM 1871 .979 (im), GM 1869.874 (im) 
[MGUH 22.395 ] ,  F 69 (im) [MGUH 22.393 ] ,  F 81 (im) , F 197 (im), F 199? 
(im), F 201 (pim), F 306a (im) , F 306b (im),  K 4 15a (im), K 4 15b (pim), K 
12 13a  (pim), K 1 2 1 3b (im) , K 1 2 1 5  (im), LU 33 (im/c), LU 38a (pim), LU 
38b (im), LU 54a? (im), LU 54b (im), LU 57a with thoracic segments (im), 
LU 57c (im) [LO 7096 ] , LU 62b (em),  LU 67 (im), LU 70 (im), LU 78 (im), 
LU 94 (t) [LO 7 107] , LU 101b  (im),  LU 126 (em),  LU 157 (im) , MGUH 
22.394 (im).  

Occurrence. - A. acuminatus is regarded indicative of the A. 
expansus Zone in the Komstad Limestone area, although it 
seems to range into the very basal part of the A. 'raniceps' 
Zone, at least elsewhere (see discussion below) . The speeies 
has been found in the uppermost part ofbed + 13 and in bed 
+ 14 at Skelbro, in beds 18 , 20, and 2 1  at Fågelsång, in the 
uppermost limestone bed at Limensgade and Gislbvsham
mar, and in the lower half ofbed 9 at Killerbd site b. The latter 
occurrence has been taken to define the local top of the A. 
expansus Biozone, but the lower half ofbed 9 is probably of A. 
'raniceps' Chronozone age (see discussion below) . 

The museum material studied is mainly from Fågelsång. 
The bulk, if not all, of the Fågelsång material comes from an 
interval corresponding to beds 1 8-23, representing the 
basal part of the A. expansus Zone. Additional museum 
specimens originate from loose boulders at Andrarum, one 
juvenile cranidium is from Rbstånga, and a few specimens 
(Funkquist coll . )  are from the uppermost limestone bed at 
Tommarp, which is also within the A. expansus Zone. Py
gidium GM 1871 .979 is from the Soldatergård quarry of 
Bornholm (from the uppermost part of bed + 1 3  or from 
bed + 14) .  

A. acuminatus has not been found at Slemmestad during 
the present investigation (see discussion below) ; the Norwe
gian speeimens listed above (PMO nos.) are from the Svart
odden Limestone Member of the Oslo Region, i.e. presurn
ably from the A. 'raniceps' Zone. Accordingto Brbgger ( 1 882, 
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p. 93) the museum material in all probability originates from 
the so-called Porambonites Bed (basal Svartodden Lime
stone) .  

A.  acuminatus has, so  far, been found with certainty only in 
the western facies belt (Oslo-Scania-Bornholm) ,  where the 
species is confined to very shallow-water facies, but perhaps 
it occurs rarely in the eastern Baltic area as well (Schmidt 
190 l ;  Lamansky 1 905; Balashova 1953) .  The identification of 
the eastern Baltic material is discussed below. Wiman 
( 1906c, p. 105) listedA. acuminatusfrom the 'Upper Asaphus 
limestone' of southern Oland, but his material could not be 
located in the repository of the Geological Survey ofSweden, 
and the identification remains in doubt. 

Diagnosis. - Anterior branches of facial suture meet 'en 
ogive', and the cranidium is distincdy pointed and has a wide 
preglabellar area; sagittal cranidial convexity low in adults; 
occipital furrow faint; eyes small. Pygidium stronglyvaulted, 
subtriangular; axis narrow, tapering evenly rearwards; py
gidial doublure with 1 1-16 (typically 12-14) coarse, openly 
spaced terrace lines across widest part. [Emended from 
Boeck 1838 . ]  

Description. - Medium-sized to fairly large for an Asaphus, 
largest cranidium 36 mm long, largest pygidium 48 mm 
long. Cephalon subtriangular in oudine, L:W ratio about 2:3 .  
Cranidium of moderate to low convexity (sag. ) ;  sagittal 
curvature diminishes with increasing size, and small cranidia 
are distincdy more convex than adults (Fig. 66C) . Greatest 
width of cranidium at posterior margin, FW:L ratio varies 
between 1 .34 and 1 .42 (mean 1 .38; N = 6) ,  a single specimen 
shows a ratio of 1 .24; greatest preocular width equivalent to 
slighdy more than half of maximum cranidial width (mean 
0.58; N = 7) .  Glabella of low relief, degree of inflation even 
decreases with increasing size; it is delimited by wide and 
rather shallow axial furrows and a still shallower preglabellar 
furrow. All furrows are most deeply impressed in smaller 
specimens, and the preglabellar furrow is ill-defined in the 
largest specimens studied. A depression (anterior pit sensu 
Jaanusson 1953a), most obvious on internal moulds, is 
present in the axial furrow just behind the level of maximum 
glabella width. Maximum glabellarwidth is midway between 
eyes and anterior margin and corresponds to about 1 . 8  times 
the minimum glabellar width, which is between the eyes. 
Anterior glabellar lobe pyriform, with slighdy pointed front; 
it stretches for about 0.7 of the cranidial length and occupies 
the major anterocentral part of cranidium; lobe W:L ratio 
0.90-1 .00 (mean 0.94; N = 10) .  On level with the palpebral 
lobes the axial furrows continue into a pair of basal glabellar 
furrows, shallowing adaxially but with a faint connection 
across glabeIla. The furrows, which decrease in distinctness 
with increasing size, mark the posterior limit of the glabeIla 
but must be homologous to transverse lateral glabellar fur
rows; however, the glabellar contour is effaced rearwards. A 
characteristic, low glabellar median keel stretches forwards 
from midpoint (or just behind) of anterior lobe to its front 
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(Fig. 66B, F) ,  although the foremost part usually is somewhat 
effaced. The keel is most distinct on internal moulds, but 
visible also on testaceous specimens; it is divided by a lon gi
tudinal furrow in well-preserved cranidia. Two pairs of low 
nodes, most distinct on internal moulds, but usually also 
faindy oudined on outside of test, are present on posterolat -
eral part of glabella behind the median keel (Fig. 66B, D, F) .  
The anterior nodes are curved, comma-shaped, transverse; 
the posterior nodes are straight, oblique. Well-preserved 
specimens have one or two additional indistinct pairs of 
smaller nodes situated behind the two larger pairs. Mesial 
tubercle situated immediately in front of occipital furrow, 
0. 1 7-0. 19  of the cranidial length from posterior margin 
(mean 0. 1 8; N = 7) .  A pair oflow, elongate bacculae stretches 
between the basal glabellar furrows and occipital furrow; 
their distinctness decreases during growth. The axial furrow, 
delimiting the baccula on the outside, continues rearwards 
into a moderately incised articulating socket, best defined on 
internal moulds. Occipital furrow faint, almost effaced on 
testaceous material, delimiting an ill-defined occipital ring; 
the furrow is better defined in small specimens. Anterior 
fixigena and preglabellar area narrow and almost of equal 
width all the way. Palpebral lobes unusually small, raised well 
above glabella, situated far from posterior margin; length 
(exsag.) equivalent to 0. 16-0. 1 7  (N = 3) of the cranidial 
length, distance to posterior margin corresponds to about 
1 .6 times the length of the palpebral lobe. Posterior fixigena 
comparatively broad, width (exsag.) behind eyes 0.2 1-0.27 
(mean 0.25; N = 5)  of the cranidial length; transected by 
deeply impressed posterior border furrow. Posterior margin 
of cranidium almost straight, turned slighdy backwards in 
distal half. Internal moulds show a very shallow transverse 
furrow, which probably is a paradoublural furrow, com
mencing at the bend of the posterior margin, thence running 
to the distal end of fixigena. Facial suture converge anteriorly 
at an angle ofabout 55-65°to sagittal line (mean 60°; N= 13 ) ,  
to  change direction shordy before sagittal line and join in  an 
acute angle (80-100°; N = 7),  thereby forming the character
istic ogival anterior margin of cranidium. The largest cra
nidia show the most acute junction of sutures and, conse
quendy, the most prominent anterior 'snout' (Fig. 66H) .  
Posterior branches of facial suture turn sharply outwards 
behind the eyes, run perpendicular to sagittal line for half the 
length (tr. ) of the posterior fixigenae, then turn gendy in 
posterior direction, and finally turn sharply backwards to 
intersect posterior margin almost at a right angle. 

Many specimens show small patches of preserved test 
covering different parts of the cranidium. The entire test 
surface of the cranidium is finely and very densely punctate, 
but this sculpture is obliterated by even the faintest corro
sion. Scattered terrace lines, following the glabellar contour, 
are present anterolaterally on the anterior glabellar lobe in 
the Bornholm-Scanian specimens (Fig. 66H) ,  while the 
Norwegian cephala show no such lines. Slighdy coarser, 
more discontinuous and wavyterrace lines are present on the 
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palpebral area and palpebral lobe, with a general trend paral
lel to the sagittal line, and single, fine terrace lines occur on 
the anterior proximal part of the posterior fixigena and on 
the posterior border, especially distally, orientated roughly 
parallei to the posterior margin. The Norwegian material 
generally shows fewer terrace lines than the cranidia from the 
Komstad Limestone. 

Librigena are without spine, but genal angle is acute; 
posterior border furrow continues onto librigena (Fig. 66E), 
but shallows up at level with panderian opening in doublure; 
eye sode well-developed; visual surface small. lnternal 
moulds show very shallow paradoublural furrow; the exter
nal expression, if any, is unknown. External test ornamenta
tion unknown. 

Doublure of cephalon gently convex, steeply indined, 
especially anteriorly and laterally, with a narrow concave 
strip along the outer margin; the doublure extends inwards 
along the posterior margin below the posterior border. It is 
covered with 10--12 coarse, continuous terrace lines 
( counted laterally) ; a slit -like panderian opening is incised in 
the inner margin dose to the posterior margin (Fig. 661) ;  the 
terrace lines are irregular adjacent to the opening and are 
only faintly impressed behind, curving inwards. 

Hypostome large, length of largest speeimen 17  mm. 
Hypostomal W:ML ratio about 1 : 1 ;  greatest width is across 
anterior wings; width across posterolateral borders equiva
lent to about 0.85 ofhypostomal maximum length. Anterior 
lobe of median body rounded subrectangular in outline, 
reaching the curved anterior margin; anterior lobe delimited 
posteriorly by subtriangular premacular pits; W:L ratio of 
anterior lobe about 0.85. Posterior lobe of median body 
almost undefined, and the term ' consoles' (Lindstrom 190 l )  
is more appropriate. Maculae elliptical, flat, small, sloping 
moderately (about 45°) in anterior to anterolateral direction. 
Each macula rests on a small inflated 'console'. Anterior 
wings ascend in dorsal direction at an angle of about 50° from 
horizontal; the wings join the lateral furrows at base of 
median body. Dorsal termination of anteriorwing resembles 
the hypostome of A. fallax, as figured by Jaanusson ( 1953a, 

Fig. 66. Asaphus (A.) acuminatus (Boeek, 1838). DA. Cephalothorax, x2. 
Note fine terrace lines on palpebral lobes. PMO 1827, Lysaker Member, 
Stensberggaten, Oslo (Kiær eoll. ) .  See also I. DB. Internal mould of era
nidium showing glabellar muscle insertion sites, x l .S .  LO 7095 (LV 57b) ,  
Fågelsång, Ioc. E2 1b.  De. Internal mould of juvenile eranidium, x9. LO 
7 122 (LV 1 39) ,  Riistånga. OD. Internal mould of eranidium showing 
posterior glabellar muscle insertion sites, x2. MGVH 22.389 (S 1472) ,  bed 
+ 13 ,  SkeIbro. DE. Internal mould of librigena showing doublure, x2. 
MGVH 22.390 (S 1 740a) , bed + 13 ,  SkeIbro. OF-G. Exfoliated well-pre
served eranidium, dorsal and frontal views, x2. LO 7099 (LV 64), Fågel
sång, Ioc. E2 1 .  OH. Anterior part of large eranidium showing distinet 
median point; the patehes of intaet euticle exhibit openly spaeed, fine 
terrace lines, x3. LO 7 100 (LV 65a) , Fågelsång, Ioc. E2 1b. DI. Same 
speeimen as in A, left lateral side showing doublure, x2.5. OJ. Close-up of 
thoraeie doublure, posterior two segments and anterior part of pygidium, 
x4. PMO 202 14 (leetotype), unknown locality, Oslo region. The pygidium 
is figured on Fig. 68. 
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Textfig. 3 :2) ;  Jaanusson's terminology is used here in English 
translation (Fig. 57) .  Lateral margin short, half the length of 
posterolateral margin; hind corner slightly pointed; postero
median margin ca. 0.75 times as long as posterolateral mar
gin. Lateral border starts at about 0.3 of maximum hypo
stomal length from anterior margin and widens backwards 
into a wide, flat posterior border; lateral and posterior bor
ders confluent. Posterior border divided by deep mesial 
incision stretching inwards for about 0.3 of the maximum 
hypostomal length. Lateral border furrows moderately im
pressed, confluent with premacular pits and joined posteri
orly via slight depression between the bipartite 'posterior 
lobe' of median body. 

The internal moulds show impressions of terrace lines 
(Fig. 67 A, B) .  Continuous, rather coarse terrace lines are 
present at least laterally on the anterior lobe of main body, 
following the contour, and on the main outer part of the 
lateral and posterior borders, running subparallel to outer 
margin, while inner part of posterior border lacks terrace 
lines. Short, discontinuous, coarse terrace lines cross the 
anterior wings. No terrace lines are impressed on the central 
part of the median body. 

Thoracic axis bounded by distinet axial furrows; it occu
pies slightly less than 0.4 of the thoracic width (tr.) and is 
basically of the same width all the way, although a faint 
expansion is seen from the anterior segment to the fifth 
segment, behind which the axis barely tapers. lnner half of 
pleura flat, level with inner limit of articulating facet there is 
a sharp bend, and distal half of pleura slants rather steeply; 
termination truneate. Pleural area cross ed by deep pleurai 
furrow, running from axial furrow to stop behind articulat
ing facet midway down the steep distal half of the pleura. 
Articulating facet delimited rearwards by a low crest. Articu
lating proeess situated at inner termination of the articulat
ing facet; an additional proeess is presumably situated at the 
base of axis. Patches of intact test are finely punctate. Spo
radic fine terrace lines occur dose to the base of the axis in a 
Scanian specimen (LV 57a) , whereas the pleural fields show 
only a single transverse line behind the pleural furrow. A 
posterior, narrow doublural wedge extends all the way to the 
outer articulating socket (Fig. 66J) ;  the main part of the 
doublure stops just outside the bending zone between the 
inner and outer pleural parts. Slit-like panderian opening 
deeply incised; inner part of doublure slightly lowered in 
front of incision. Fine terrace lines run obliquely down
wards-backwards across main part of doublure; the small 
lowered area in front of the panderian opening shows coarse, 
transverse lines (Fig. 66J) .  

Pygidium typically strongly vaulted, subtriangular in out
line; L:W ratio varies between 0.67 and 0.78 (mean 0.72; N= 
28 ;  Fig. 69A-B) .  A few speeimens are dearly less vaulted than 
the remaining pygidia. Axis moderately long and narrow, 
stretching for 0.80-0.92 of pygidial length (mean 0.86; N = 
2 1 ;  Fig. 69C-III) and accounting for 0.26-0.32 of pygidial 
width at anterior margin (mean 0.29; N = 2 1 ;  Fig. 69C-l) .  



88 Arne Thorshøj Nielsen FOSSILS AND STRATA 38 ( 1 995) 



FOSSILS AND STRATA 38 ( 1 995) 

Axis slightly raised above pleural fields anteriorly and poste
riorly, and approximately of equal height in the middle; it 
tapers almost evenly in posterior direction but is barely 
funnel-shaped; minimum posterior width (tr. ) is half of the 
anterior width (mean 0.48; N = 23; Fig. 69C-II ) .  Axial seg
mentation indistinct and normally effaced posteriorly. The 
segmentation is more distinct in small pygidia, showing I l  
axial rings in addition to anterior half-ring and terminal 
piece, which is gently expanded into a low knob; it is, how
ever, inconclusively indicated by the material that a slightly 
shorter, broad form has I l  rings and a long form has 12 .  
Anterior 5-7 axial rings, as  seen on internal moulds, are true 
rings; posterior segmentation is indicated by lateral swell
ings, if not effaced. Axial furrows wide, moderately im
pressed. Pleural fields fairly strongly convex; no border. 
Internal moulds show faint traces of pleural ribs (Fig. 67E), 
up to 9 pairs in a few specimens. Anterior half rib prominent, 
forming a sharp crest between articulating facet and pleural 
fields; it is separated from pleural fields by wide, shallow 
furrow. Articulating facet triangular, slanting forwards, but 
less so than in many asaphids; anterolateral corner acute. 
Articulating facets together account for about 0.4 of pygidial 
width at anterior margin. 

Dorsal test surface largely without terrace lines, but a few 
transverse terrace lines are present anterolaterally on pleural 
fields; very fine, discontinuous transverse lines cross the axis, 
and 6-8 pairs of short, oblique lines (matching the segmen
tation) may occur in anterior part of the axial furrow (Fig. 
67C).  Entire test surface very finely and densely punctate. 

Doublure reaches axis only in posterior end; slight bulge 
marks position of articulating facet, and narrow concave 
strip present along outer margin. Doublure covered with 1 1-
16  (mean 13 ;  N = 16; most specimens show 12-14) coarse, 
widely spaced, continuous terrace lines across widest part. 

Affinities. - Asaphus acuminatus is characterized, among 
other things, by small eyes, slit-like panderian openings, and 
a wide pygidial doublure with coarse terrace lines, and the 
species clearly belongs to A. (Asaphus) . The pointed cra
nidium, the indistinct occipital furrow, and the shallow basal 
glabellar furrows suggest an assignment to the A. 'raniceps' 
species group. As several authors have questioned the valid-

Fig. 67. Asaphus (A.) acuminatus (Boeek, 1 838) .  DA. Exfoliated hypostome 
showing imprints of exterior terrace pattern, x3. LO 7 1 0 1  (LU 65b) ,  
Fågelsång, loe. E2 1b. DB. Stereo-pair of exfoliated, partly repaired hypo
stome, x3. MGUH 22.39 1 (S 1 600), bed +13 ,  Skelbro. De. Fragmentary 
pygidium with intaet cuticle showing a sparse terrace-line seulpture, x2. 
LO 7 107 (LU 94), Fågelsång area. OD. Partly exfoliated pygidium, x l .5. 
MGUH 22.392 (S 1 635) ,  bed + 14, Skeibro. DE. Exfoliated pygidium 
showing axis and faint segmentation of pleurai fields, x l .5. MGUH 22.393 
(F 69), bed 1 8, Fågelsång. OF. Internal mould of pygidium showing 
doublure, x l .5. MGUH 22.394, Fågelsång. OG. Internal mould of py
gidium showing doublure, x l .5. MGUH 22.395 (GM 1 869.874), Fågel
sång. OH-I. Internal mould of pygidium showing doublure, dorsal and 
posterior views, x l .  LO 7096 (LU 57e), Fågelsång, loe. E2 1b. 
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Fig. 68. Asaphus (A.) acuminatus (Boeek, 1 838) .  Exfoliated pygidium 
showing very coarse terrace lines on doublure, x2. Complete speeimen 
PMO 202 14  (leetotype), unknown locality, Oslo area; probably basal part 
of the Svartodden Limestone. Previously figured by Brbgger ( 1 882, Pl. 
8:5a). See also Fig. 66J. 

ity of A. acuminatus (e.g., Schmidt 190 1 ;  Jaanusson 1953a), 
its distinguishing characters are critically assessed. 

Compared to the somewhat older A. broeggeri, A. acumi
natus has a slightly higher glabellar relief, better impressed 
basal glabellar furrows, better defined bacculae, smaller eyes, 
a more prominent hypostomal median body, and a more 
strongly vaulted, relatively elongate pygidium with signifi
cantly fewer terrace lines on the doublure. The cephalic 
surface sculpture also seems to be different. 

The eastem Baltic A. lamanskii is contemporaneous with 
A. acuminatus. A. lamanskii is, according to Schmidt ( 190 l ,  
pp. 33-36) and Balashova ( 1953,  p.  393) ,  distinguished from 
A. 'raniceps' by the unusually small eyes, situated far from 
posterior cephalic margin, the better impressed occipital and 
basal glabellar furrows, the better impressed and narrower 
posterior border furrow (occipital furrow sensu Schmidt & 
Balashova), the more strongly backwards-directed posterior 
branches of the facial suture, and the more distinct segmen
tation of the pygidial axis, outlined even on testaceous speci
mens. However, the distinctness of furrows and segmenta
tion diminishes markedly during growth, and the specimens 
of A. lamanskii are typically smallish (Schmidt 190 1 ) .  It is 
therefore not possible to point out any reliable cephalic 
differences between A. acuminatus and A. lamanskii, except 
that the latter presumably lacks external terrace lines (cf. 
Balashova 1953) ,  but the significance of this difference is 
unknown. Judging from Balashova ( 1 953, Pl. 2:7) the cra
nidium of A. lamanskii may also be less pointed anteriorly, 
but this character is intluenced by size, too. On the other 
hand, there seem to be some differences between the hypo
stomes and pygidia of A. acuminatus and A. lamanskii, ac-
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Fig. 69. Pygidia of Asaphus (A.) acuminatus. DA. Length (sag. ) plotted against maximum width. DB. Pygidial L:W ratio plotted against pygidial length. DC 
I: Ratio between anterior axial width and maximum pygidial width. lI: Ratio between posterior and anterior axial width. I l l :  Ratio between axial length and 
pygidial length. 

cepting Balashova's ( 1 953, p. 393, Pl. 5:9-10) identification 
and description of the latter species. Thus the hypostome of 
A. lamanskiihas a much longer posterior border (exsag.) and 
a short median body, compared to A. acuminatus, and the 
pygidium of A. lamanskii is proportionally shorter, less trian
gular, with terrace lines on the pleural fields and a more 
distinet axial segmentation. It also appears that the density of 
terrace lines on the pygidial doublure is higher in A. laman
skii than in A. acuminatus (cf. Balashova 1953, p. 393) .  

Compared to A.  raniceps (s.str. ) (see discussion of  A. 
expansus for remarks on identification),  the cephalon of A. 
acuminatus is elongate and triangular in outline, less strongly 
convex (sag. ) ,  with a more distinet angulate junction of the 
facial suture at front, a relatively narrower glabella (tr. ) ,  a 
much shallower occipital furrow, smaller eyes, and a fairly 

indistinct posterior outline of glabella. The pygidium of A. 
acuminatus is more elongate, subtriangular in outline, more 
strongly vaulted, and has nearly no external terrace-line 
ornamentation. 

Compared to A. 'raniceps' (sensu Angelin 1 854), A. vicar
ius, and A. striatus, the cranidium of A. acuminatus is more 
pointed, with a prominent angulate anterior junction of the 
facial suture, the preglabellar area is wider, the glabella is 
narrower (tr. ) ,  and the eyes are smaller. Furthermore, dorsal 
terrace lines have not previously been reported from the 
cephala of any of these species, but some specimens of A. 
striatus from SE Scania actually do show terrace lines on the 
palpebral lobes. The pygidium of A. acuminatus is compara
tively elongate, subtriangular in outline, highly vaulted, and 
with fewer and coarser terrace lines on the doublure. It is, 
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furthermore, characteristic for A. 'raniceps'that the posterior 
cephalic border furrow does not stop at the intersection with 
the axial furrow, as in A. acuminatus, but is slightly back
wards-deflected and continues into the occipital furrow. 
Compared to A. acuminatus, the hypostome of A. 'raniceps' 
has a comparatively slightly smaller median body, the poste
rior lobes of the median body are significantly less inflated, 
the anterior wings are shorter (exsag. ) ,  beginning ca. 0.2 of 
the hypostomal maximum length from the anterior margin, 
and the inner margin in front of the posterior mesial notch is 
slightly swollen, which is not the case in A. acuminatus. 

Compared to A. 'maximus' , A. acuminatus attains smaller 
maximum sizes, and the pygidium is markedly narrower 
(tr.) and has fewer terrace lines on the doublure. 

Remarks. - The status of A. acuminatus has been discussed by 
Brogger ( 1 882) ,  Schmidt ( 190 1 ) ,  and Jaanusson ( 1953a, pp. 
394-395); the latter author declared it a nomen dubium and 
held it likely that A. acuminatus and A. striatus may prove 
synonymous. A. acuminatus is, however, distinctly different 
from A. striatus as well as from A. 'raniceps' [ sensu Angelin 
1 854 & Schmidt 190 1 ]  and appears to be older than both, 
although its top range may overlap. 

Schmidt ( 1 90 1 ,  p. 33) remarked that var. acuminatus is 
difficult to separate from A. raniceps var. typica, except for 
showing a more pointed pygidium, but material from Fågel
sång led him to suggest an overlap of this character. Sample 
LU 57 contains two pygidia and two cranidia of A. acumi
natus, which according to the lab el have been examined by 
Schmidt. Both pygidia are regular, quite triangular represen
tatives of A. acuminatus (one is shown in Fig. 67H-I) ,  and 
they do not resemble the broader A. 'raniceps'. Schmidt also 
wrote that pygidia of A. acuminatus with intact test typically 
show faint pleural ribs and an axial segmentation marked by 
lateral swellings even on the posterior part, a description 
reiterated by Balashova ( 1 953, p. 394) .  These accounts are 
not in accordance with Brogger' s ( 1 882) description and the 
material studied herein. The pygidium of A. 'acuminatus' 
figured by Balashova ( 1 953, Pl. 5 :3)  (previously identified 
with A. raniceps by Schmidt 1 90 1 ,  Pl. 1 : 10 )  matches 
Schmidt's and Balashova's descriptions, but the specimen 
does not represent A. acuminatus. It is thus questionable 
whether A. acuminatus (s.str. ) actually does occur in the 
eastern Baltic area - and Balashova ( 1976) did not mention 
the species. However, the cephalon figured by Schmidt 
( 190 1 ,  Pl. 2 : 1 )  strongly resembles A. acuminatus. 

Nieszkowski ( 1 857, 1 859) described material, erroneously 
identified with A. acuminatus, and which later caused 
Schmidt ( 1 898, 190 1 ,  1907) considerable troubles (cf. 
Schmidt 1907, p. IX) ;  see Jaanusson ( 1953a, pp. 404-408) for 
a detailed discussion. 

No new material of A. acuminatus was found at Slemme
stad in connection with the present work. Sparse material of 
A. acuminatus in the Paleontological Museum, Tøyen, in
cluding the specimen figured by Brogger ( 1 882, Pl. 8 :5) ,  
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seems to originate from the Svartodden Limestone. An oc
currence in the 'Porambonites bed', as suggested by Brogger 
( 1 882, p. 93) ,  would be similar to the conditions in the 
Killerod area of SE Scania, where the lower part of bed 9 is 
included in the A. expansus Biozone, actually because of the 
occurrence of A. acuminatus, but it is entirely possible that all 
of bed 9 in fact belongs to the very base of the A. 'raniceps' 
Chronozone. 

Asaphus (Asaphus) striatus (Boeck, 1 838)  
Figs. 70-73 

Synonymy. - (See also Wandås 1984.) 0 1 838 Trilobites stri
atus Sars & Boeck Mscr. - Boeck, p. 142 (short diagnosis) .  Ov 
1882 Asaphus striatus, Sars. var. Sarsi - Brogger, pp. 94-95; 
Pl. 8 : 1 ,  l a, 2 ,  2a, 3,  3a-b (description, occurrence, illustra
tions of entire specimen, cephalon, pygidium) .  Ov 1882 
Asaphus striatus, Sars & Boeck, form. typica- Brogger, p. 95; 
Pl. 8:4, 4a (occurrence, illustration of Boeck's original py
gidium [holotype] , hypostome) . 0 1 886 Asaphus striatus, 
Boeck - Brogger, pp. 28, 30; Pl. 1 :9 (hypostome refigured; 
reservations concerning Pl. 8:4a in the 1 882 publication). 
0 1 94 1  Asaphus striatus (Sars et Boeck MS) - Størmer, pp. 
14 1-142; Pl. 3 : 1 2-15  (designation of lectotype, illustrations 
of cephalon and pygidium) .  Ov 1984 Asaphus (Asaphus) 
striatus (Boeck, 1 838) -Wandås, pp. 2 1 8-2 19; PIs. 1 H-I; 2A
F, H, K-L (description, discussion of species, occurrence, 
illustrations of entire enrolled specimen, cephalon, pygidia 
including lectotype pygidium, pygidial doublure) .  Ov cf. 
1984 Asaphus (Asaphus?) sp. - Wandås, pp. 2 1 8-2 19; Pl. 2G, 
J, M. (occurrence, illustrations of entire specimen [ included 
in A. (N.) bottnicus by Jaanusson 1953b, p. 498 ] ,  pygidia) . 

Holotype. -Bymonotypy, pygidium PMO H2634, figured by 
Wandås ( 1984, Pl. lH) .  

Material. - One cephalon, 1 8  cranidia (including 10  juvenile 
specimens) ,  1 librigena, 7 hypostomata, and 59 pygidia (in
cluding 18 juvenile specimens) . 

List of material. - DCephalon K l l4 1  (t) [MGUH 22.398 ] .  DCranidia K 888 
(im), K 1 005 (im), K 1066e (pim, fragment), K 1 096 (pim) [MGUH 
22.396 ] ,  K 1 1 3 1b  (im),  K l l53 (im), K 1208a (im) , K 1 345b (im) . DJuvenile 
eranidia K 1035 (pim),  K 1048a (t) [MGUH 22.397 ] ,  K 1 050a (t) , K 1050b 
(t), K 1064 (t), K 1097a (t), K l l25 (t) ,  K l l 3 1 e  (t), K 1 1 36a (pim), K l l 79 
(t), K l l99a (t). DLibrigena K l l23 (im) . DHypostomata K 1023 (im), K 
1 038 (pim), K 1048b (im) [MGUH 22.40 1 ] ,  K 1060 (pim) [MGUH 
22.399 ] ,  K 1 067b (im), K 1 1 32 (im),  K 1357 (t) [MGUH 22.400] .  DTho
raeie segment K 1097b. DPygidia K 82l (im),  K 829 (pim),  K 877 (im),  K 
879 (im) , K 882 (im), K 1 004a (im) [MGUH 22.402 ] ,  K 1 004b (im), K 
1006a (pim) [MGUH 22.406] ,  K 1 006b (im),  K 1027 (im), K 1028 (im),  K 
1037 (im), K 1062 (im),  K 1066a (pim) [MGUH 22.407] , K 1073 (pim),  K 
1089 (im),  K 1 108 (im) , K 1 1 19 (im),  K 1 12 1  (im), K 1 1 32a (pim), K 1 1 32b 
(t) [MGUH 22.405 ] ,  K 1 132e (im), K 1 1 33 (im),  K 1 1 34 (im), K 1 1 35a (im) 
[MGUH 22.408 ] ,  K 1 135b? (pim), K 1 1 35e? (im), K 1 1 36b (pim), K 1 1 38 
(im), K 1 144? (im), K l l 74 (im) [MGUH 22.409] ,  K 1 203 (im), K 1208b 
(im), K12 12a (im) , K 1 2 12b (pim) , K  1 2 12e (pim), K 1 2 1 3b (pim),  K 1 3471 
(pim), K 1354 (im),  LU 39? (im),  LU 42? (im) .  DJuvenile pygidia (i.e. < 1 0  
m m  long) [Tentatively assigned; see diseussion] K 827 (im), K 1 004e (im), 
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K 1009 (t )  [MGUH 22.404 ] ,  K 1015 (t) , K  1040 (t ) ,  K 1047 ( im) ,  K 1 129a (t), 
K 1 145 (t), K 1 150 (t) [MGUH 22.403 ] ,  K 1 160 (t), K 1 164 (em), K 1 1 72b 
(im) , K  1 199b (pim),  K 1 2 1 0  (pim), K 1 2 1 1  (im) , K  1 2 12d (t), K 1345a (im) , 
LU 35 (im). 

Occurrence. - Asaphus striatus is frequent in bed interval 9 
(upper half) to O of Killerod site b, and defines the A. 
'raniceps' Zone. A single, tentatively assigned pygidium was 
found at the same locality in bed 1 1 ,  which belongs to the 
uppermost part of the A. expansus Zone. 

Three isolated pygidia from Andrarum and Tommarp 
(LU 35, LU 39, and LU 42) may belong to A. striatus, but the 
identification is questionable. An occurrence at Tommarp is 
noteworthy, since the top level of the Komstad Limestone at 
that locality is within the A. expansus Zone, and the possible 
association with A. acuminatus may resemble bed 1 1  at 
Killerod site b (see further discussion below) . 

A. striatus has not been found in situ by me at Slemmestad, 
but the species has been reported from the Svartodden 
Limestone of the Oslo region (Brogger 1 882; Wandås 1984) 
and from the overlying Killingen Member (Størmer 1953; 
Wandås 1984), where it is occasionally very frequent. The 
Svartodden Limestone corresponds largely or entirely to the 
A. 'raniceps' Zone, whereas the Killingen Member of the 
Elnes Formation represents the M. gigas - M. obtusicauda 
Zones. A. striatus is the youngest known representative of A. 
(Asaphus) . 

Description. - The description is complementary to the one 
published by Wandås ( 1 984) . Medium-sized species, largest 
cranidium 28 mm long, largest pygidium impaired but is ca. 
35 mm long. Sagittal convexity of cranidium and transversal 
convexity of glabella decrease with increasing size; pregla
bellar area very narrow in adults, and even narrower and 
steeper in juveniles, in which glabella extends almost to 
anterior cranidial margin (Fig. 70B) .  Internal moulds show 
two pairs of fairly distinct nodes posterolaterally on glabella, 
as described for A. acuminatus, and a low mesial glabellar keel 
is usually also present. Basal glabellar furrows developed as 
fairly distinct lateral impressions in juveniles; they are mark
edly shallower in adults, but then joined across sagittal line. 
Mesial tubercle in front of occipital furrow distinct, but small 
(cf. Wandås 1984, p. 2 18) ,  visible on internal moulds as well 

Fig. 70. Asaphus (A.) striatus (Boeck, 1838) .  DA. Partly exfoliated cra
nidium, x2. MGUH 22.396 (K 1 096), bed 6, Killer6d b. DB. Fragmentary 
juvenile cranidium, x l0. MGUH 22.397 (K 1048a), bed O, Killer6d site b. 
De. Cephalon, x2. MGUH 22.398 (K 1 14 1 ) ,  bed 7, Killer6d site b. OD. 
Stereo-pair ofhypostome, x2. MGUH 22.399 (K 1060), bed O, Killerod site 
b. DE. Stereo-pair of juvenile hypostome, x 1 6. MGUH 22.400 (K 1357) ,  
bed A, Killerod Canal. OF. Partly exfoliated hypostome, x3. MGUH 
22.40 1 (K 1048b),  bed O, Killer6d site b. OG. Internal mould of pygidium 
showing axis and doublure, x2. MGUH 22.402 (K 1004a) , bed O, Killer6d 
b. OH. Small pygidium with almost intact cuticle showing terrace-line 
sculpture, x5. MGUH 22.403 (K 1 1 50) ,  bed 7, Killer6d site b. D!. Fragment 
of juvenile pygidium with intact cuticle showing terrace-line sculpture, 
x lO. MGUH 22.404 (K 1009), bed O, KilIerod site b. DI. Small pygidium 
with smooth cuticle, x2. MGUH 22.405 (K 1 1 32b) ,  bed 7, Killer6d site b. 
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as on testaceous material. Eyes large and well raised above 
glabella. Posterior border furrow deep and rather sharply 
incised on posterior fixigena, wider on internal moulds; the 
furrow becomes shallower on the librigena but continues all 
the way to outer margin. 

Hypostome exceedingly like that of A. acuminatus; the 
only established difference is that the posterior notch is 
deeper in A. striatus, stretching for 0.4 of the hypostomal 
maximum length, and the inner margin of the notch is gently 
swollen. The hypostome of the associated A. 'raniceps' is also 
very similar to A. striatus, but the latter has more deeply 
incised lateral border furrows and premacular pits, and the 
'consoles' (sensu Lindstrom 190 1 )  are more inflated, so the 
maculae are slightly larger. Two juvenile hypostomes of A. 
striatus, 2.5 mm and 4 mm long, have a distinctly more 
vaulted central part (notably the median body) , and a dor
sally depressed lateral and outer posterior border (Fig. 70E).  

Pygidium more or less parabolic in outline with a rounded 
posterior margin; L:W ratio varies between 0.56 and 0.70 in 
specimens more than 1 5  mm long (mean 0.64; N = 29) ,  
whereas smaller pygidia, 3.1  to 1 5  mm long, are relatively 
shorter, wider, showing L:W ratios between 0.50 and 0.63 
(mean 0.56; N = 2 1 ;  see Fig. nB) .  Posterior segmentation of 
axis indistinct, but all adult specimens have 9 or 10 axial 
segments in addition to terminal piece and anterior half
ring; the variability possibly reflects dimorphism. Brogger 
( 1 882) wrote that the pygidial axis shows 12 segments, but 
the anterior half-ring as well as the terminal piece are in
cluded in this number (the specimens figured by Brogger 
have been examined) . Small adult specimens have fewer 
axial rings (the smallest specimens available do not seem to 
be transitory pygidia) , as two pygidia 3.4 and 3.9 mm long 
show only 7 axial rings, while pygidia 4.4-15  mm long appear 
to have 8 axial rings. The axis is considerably more inflated in 
small pygidia than in larger specimens. The pleural fields of 
internal moulds may show a vestigial segmentation, in par
ticular inside paradoublural line, but most specimens have 
smooth pleural fields. 

Among the few pygidia with intact test, some specimens 
exhibit an entirely smooth surface (Fig. 7 IA), as described by 
Wandås ( 1984), whereas others, including all juveniles, cer
tainly do possess terrace lines. Juvenile pygidia display up to 
7 pairs of raised lines, running across the pleural fields almost 
from axial furrow to stop at some distance from outer 
margin (Fig. 70H-I) ;  the lines reflect the segmentation. A 
similar pattern is present in a couple of adult specimens (Fig. 
7lB) ,  which also show additional short, fine, wavy terrace 
lines on the inner part of the pleural fields. 

Doublure of pygidium wide, with 1 8-24 terrace lines 
(counted across the widest part; see Fig. 73 ) ,  which are well
impressed and distinct on the inner part of the doublure, 
becoming gradually shallower outwards. It is characteristic, 
especially of the later pygidia, that the terrace lines of the 
inner part downlap on the outer continuous terrace lines on 
the posterior middle part of the doublure. 
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Fig. 72. Pygidia of Asaphus (A.) striatus. DA. Length plotted against maxi
mum width. DB. Pygidial L:W ratio plotted against length. 

Affinities. - A. striatus has rather large eyes and numerous 
terrace lines on the pygidial doublure, and, accordingly, 
resembles theA. (Neoasaphus) group, but the morphologyof 
the thoracic doublure suggests an assignment to A. (Asa
phus) , as indicated byWandås ( 1 984) . A. striatus is a member 
of the A. 'raniceps' species group. 

The differences between A. striatus and A. acuminatus 
seem consistent, and these speeies are hardly closely related 
(cf. Jaanusson 1953a, p. 395) .  Thus A. striatus is broader and 

Fig. 71. Pygidia of Asaphus (A.) striatus (Boeck, 1 838) .  DA. Partly exfoliated specimen, x l. The preserved cutide has a smooth surface except for sporadic short 
terrace lines adjacent to the axis. Exfoliated half shows segmentation ofaxis, and, faintly, of pleurai fields. MGUH 22.406 (K 1 106a) , bed 6, KilIerod site b. DB. 
Specirnen with partly preserved cutide carrying fine terrace lines, x2. MGUH 22.407 (K 1066a), bed o. Killerod b. De. Internal mould showing axis and 
doublure, x l .S. MGUH 22.408 (K I l 3Sa) , bed 7, Kilierod b. DO. Internal mould showing axis and doublure, x2. MGUH 22.409 (K 1 1 74), bed 8, Killerod b. 
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Fig. 73. Asaphus (A) striatus versus A (A) 'raniceps'. Total number of 
terrace lines on the pygidial doublure is plotted against pygidial length. 

with a proportionally wider axial region (i.e. glabella, tho
racic and pygidial axes are broader ); the cephalon has a much 
less ogival anterior cranidial margin, a narrower and more 
ill-defined preglabellar area, a better impressed posterior 
border furrow, a better impressed occipital furrow laterally, 
distinctly larger eyes, and, presumably, no or only a few 
dorsal terrace lines; the pygidium is less vaulted and more 
rounded posteriorly, the axis is more funnel-shaped and 
with fewer axial rings, and the doublure is wider and with 
finer and more numerous terrace lines. For hypostomal 
differences, see description above. 

Compared to the coeval A. 'raniceps' [ sensuAngelin 1 854] , 
A. striatus is usually broader, the eyes are significantly larger, 
the surface of the eye-socle is punctate, the nodes on poste
rior part of glabella (int. moulds) are better defined, the 
posterior cephalic border furrow is presumably more deeply 
incised, and the pygidium has finer and more numerous 
terrace lines on the doublure (Fig. 73 ) .  Besides, A. striatus 
attains a smaller maximum size than A. 'raniceps'. For hypo
stomal differences, see description above. 

Remarks. - Brogger ( 1 882) distinguished A. striatus var. 
Sarsi, described as being comparatively longer than A. stri
atus (s.str. ) and with a more triangular cephalon, and the 
doublure of the pygidium was claimed to show fewer terrace 
lines ( 1 8-20 versus 22-24) . The museum material of A. 
striatus from the Oslo region was examined by Wandås 
( 1984) , and he concluded that there is no basis for a distinc
tion of two variants. The new material of A. striatus from the 
Komstad Limestone supports this conclusion. 

Wandås ( 1 984, p. 2 19, Pl. 2J, G) rejected a couple of 
terrace-line-bearing pygidia from A. striatus. A few adult 
pygidia in the material at hand exhibit external terrace lines, 
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arranged in a similar pattern (Fig. ?lB) ,  but those specimens 
are otherwise like A. striatusand occur associated with typical 
smooth individuals, and a separation appears artificial. 

The juvenile pygidia described above are mainly from 
intervals with sole presence or dominance of A. striatus, but 
it cannot be excluded that a few specimens actually belong to 
A. 'raniceps', which occurs in parts of the interval. However, 
the juvenile pygidia are all very similar, and there are no 
indications suggesting that the material is mixed. 

lsolated pygidia from bed I l  at Killerod site b and from the 
uppermost bed at Tommarp may belong to A. striatus; both 
occurrences are within the A. expansus Zone. The exfoliated 
specimens do not show the doublure, so the identification 
cannot be affirmed. Alternatively, but less likely, the speci
mens represent Asaphus sp. A. 

Asaphus (Asaphus) cf. incertus 
Brogger, 1 882 
Synonymy. - Def. 1 882 Asaphus expansus, Linn. ,  var. incerta 
- Brogger, pp. 91-92 (short description, occurrence) . Def. 
1980 Asaphus n.sp. - Tjernvik & Johansson, p. 194, Fig. 9J 
(occurrence, illustration of cephalon) .  

Type material. - Not designated. 

Material. - Fragmentary cephalon A 1 1 58b with damaged 
hypostome in situ. 

Occurrence. - The specimen is from bed A-5 1 of the Lysaker 
Member at Slemmestad, Zone of A. expansus. The range of A. 
(Asaphus) incertus is UnlmOWll, but it may prove characteris
tic of the upper part of the A. expansus Zone of southern 
Norway (Brogger 1 882) and Sweden (compare Asaphusn.sp. 
sensu Tjernvik & Johansson 1 980). The sparse material from 
the upper part of A. expansus Zone at Fågelsång, referred to 
as Asaphus sp. A, may also belong to A. incertus. 

Remarks. - The cephalon is quite different from A. expansus, 
showing a less prominent mesial tubercle, a shallower occipi
tal furrow, distinctly shallower basal glabellar furrows, an 
overall less vaulted glabella (tr. ) ,  more acute genal angles, and 
a flattened posterior cephalic margin (which is more raised, 
rounded in A. expansus) ; the anterior branches of the facial 
suture meet in a distinct point. Dorsal terrace lines are 
presumably present only on the palpebral area. The visible 
part of the hypostome show a more inflated posterior lobe of 
median body and much finer terrace lines on the lateral 
border and anterior wings, compared to A. expansus. 

The specimen most likely represents A. expansus var. in
certa Brogger, 1 882; especially the acute genal angles, origi
nally emphasized by Brogger ( 1 882), points to such an iden
tification, but a positive identification is hampered by the 
insufficientknowledge of A. incertus (see Jaanusson 1953a, p. 
395) .  A cursory examination of the collections of the Palae
ontological Museum, Oslo, failed to locate the two speci-
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Fig. 74. Asaphus (A. ) incertus Brogger, 1 882. DA. Internal mould of complete speeimen, x 1 .5. PMO 66408, Lysaker Member, Slemmestad (Henningsmoen 
coll. ) .  DB-C. Cephalon and pygidium ofenrolled speeimen (internal mould showing doublure) ,  x2. PMO 2 100, Lysaker Member, Huk, Bygdøy, Oslo (Kiær 
coll. ) .  

mens of A. incertus, referred to by Jaanusson ( 1 953a), but 
additional specimens, which must represent the speeies, 
were found (Fig. 74) .  A redescription is in preparation. It is 
possible that Asaphus n.sp. Johansson, 1980, and Asaphus sp. 
A, described below, in fact are identical to A. incertus. 

Schmidt ( 1 898, 190 1 )  regarded incerta synonymous with 
A. lepidurus, despite the fact that it does not precede A. 
expansus in the Oslo Region; Brogger ( 1 882) repeatedly 
stated that var. incerta occurs in the upper part of the 'Ex
pansus Shale' .  

Asaphus (Asaphus) 'raniceps' sensu 
Angelin, 1 854 
Figs. 75E-F, 76 

Synonymy. - Onon 1 827 Asaphus expansus Var. �: raniceps
Dalman, Pl. 3:4 (brief diagnosis, illustration of cephalon) . 
0 1 854 Asaphus raniceps. Dalm. Boeck - Angelin, p. 53; Pl. 
28:2, 2a-c (brief diagnosis, occurrence, illustrations of com-

plete speeimen, cephalon, hypostome) .  Def. 1 884 Asaphus 
vicarius n.sp. - Tornquist, pp. 64--65; Pl. 2 : 1 8-20 (descrip
tion, occurrence, illustrations of cranidium, pygidia) . 0 1 886 
Asaphus raniceps. Dalm. Boeck - Brogger, p.  28, Pl. 1 :4 (brief 
notes on hypostome, illustration of hypostome) .  0 190 1 
Asaphus raniceps Dalm. - Schmidt, V-Il, pp. 32-36; T extfigs. 
20-2 1 ;  Pls. 1 :8-1 1 ;  2:2-3; non Pl. 2 : 1  [=A. acuminatusl (de
scription, occurrence, illustrations of complete speeimens, 
cephala, hypostome, pygidial doublure) .  01905 Asaphus 
raniceps Dalm. - Lamansky, pp. 58, 62-63, 168, 1 69 (occur
rence) . Def. 195 1 Asaphus vicarius Tornq. - Jaanusson & 
Mutvei, pp. 633, 634 (occurrence) .  0 1 953a Asaphus (Asa
phus) 'raniceps' - Jaanusson, pp. 394, 396 (discussion of 
species) .  01980 Asaphus 'raniceps' - Tjernvik & Johansson, 
pp. 190, 194; Figs. l, 2, 10B (occurrence, illustration of 
cranidium) .  

Type material. - Not designated. A .  'raniceps' is not identical 
to A. raniceps Dalman, 1 827. 

Material. - One cranidium, 5 hypostomata, and 29 pygidia. 
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Fig. 75 -A. DA-D. Asaphus (A.) raniceps (Dalman, 1 827) (s.str. ) ,  x2. Dorsal, frontal, side and posterior views ofcomplete specimen Og 1 34 from Borensberg, 
Ostergotland. Previously figured by Tjernvik & Johansson ( 1 980, Fig. lOA) . DE-F. Asaphus (A. ) 'raniceps'. DE. Partly exfoliated hypostome, x4. MGUH 
22.4 10  (K l l l l ) ,  bed 6, KilIerod site b. OF. Partly exfoliated hypostome, x4. MGUH 22.4 l l  (K 887) ,  bed 6, KilIerod site b. 

List of material. - DCranidium K 1 190 (pim).  DHypostomata K 836 (t), K 
874 (im), K 887 (pim) [MGUH 22.4 1 1 ] ,  K 1 1 1 1  (pim) [MGUH 22.4lO J , K 
l lna (im).  DPygidia K 8 10  (im), K 830? (im) , K 850 (im) [MGUH 
22.4 12 ] ,  K 856 (im/c) ,  K 86 1 (im) [MGUH 22.414 ] , K 863 (im), K 864? (c), 
K 871  (im), K 890a (im/c) ,  K 890b (im/c), K 890c (im/c) ,  K 1085 (im), K 
1 090 (im) [MGUH 22.4 1 3 ] ,  K 1095 (im), K 1 102 (im),  K l l22 (im),  K 
l l29b (im), K 1 13 1 a  (im), K l l 37 (im),  K l l 52 (im),  K l lne? (im), K 
1 1 73a (im), K 1 177 (im), K 1209 (im), K 1 355a (c) , K  1355b (c) ,  K 1 356a (c), 
K 1356b (c), K 1356c (c) .  

Occurrence. - A. 'raniceps' is fairly frequent in bed interval l 
to 8 of Killerod site b; it is an indicator of the A. 'raniceps' 
Zone. The species has also been found in beds A and D in the 
Killerod Canal; this interval most likely succeeds the lime
stone exposed at Killerod site b. A. 'raniceps' also occurs 
sparsely in the Svartodden Limestone of the Oslo area (see 
discussion below) . 

A. 'raniceps' is widely distributed in Baltoscandia, and 
characterizes the A. 'raniceps' Zone (Lamansky 1 905; Balas
hova 1953; Jaanusson 1953a) . 

Description. - See Schmidt ( 190 l ) .  

Affinities. - Compared to the contemporaneous A. striatus, 
A. 'raniceps' attains larger sizes (largest available pygidium is 
45 mm long) , the cephalon is usually more elongate, the 
cranidium is relatively narrower (preocular width) ,  the pos
terior glabellar nodes, as seen on internal moulds, tend to be 

less distinct, the eyes are significantly smaller, the test surface 
of the eye socle is smooth, the genal angles are more acute, the 
hypostome has less impressed lateral border furrows and 
smaller maculae, the pygidium is usually slightly more elon
gate (adult L:W ratio 0.6 1-0.72 [mean 0.67; N = 2 1 ]  versus 
0.56-0.70 [mean 0.64; N = 29] in A. striatus) , and the axial 
segmentation is less distinct. The best distinguishing feature 
of the pygidia is, however, the doublure, which shows only 
1 3-18  comparatively coarse terrace lines in A. 'raniceps' and 
18-24 fine lines in A. striatus (Fig. 73) .  

Compared to  A.  raniceps (s.str.) (see discussion of  A. 
expansus) , A. 'raniceps' is larger, more elongate, with no 
preglabellar area, the occipital and lateral glabellar furrows 
are indistinct, the eyes are in a more advanced position, and 
the pygidium is usually smooth and with obsolescent axial 
segmentation. 

The differences from A. acuminatus is discussed in the 
section on that speeies. 

Remarks. -A. raniceps sensu Angelin ( 1 854), Schmidt ( 190 1 ) ,  
Lamansky ( 1 905) ,  and Balashova ( 1953) ,  is not identical to 
A. raniceps Dalman (see Jaanusson 1953a, p. 394; Tjernvik & 
Johansson 1980, p. 190) .  Hence, the A. raniceps Zone of 
Lamansky ( 1 905) is characterized by a species, misidentified 
with A. raniceps, while A. raniceps (s.str.) seems to occur in 
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Fig. 76. Asaphus (A.) 'raniceps'. DA. Internal mould of pygidium showing 
axis and doublure, x l .5. MGUH 22.4 12  (K 850), bed 3, Killerod site b. 
DB.Internai mould of pygidium showing the doublure, x l .3 .  MGUH 
22.4 1 3  (K 1090), bed 6, Killerod site b. DC Internal mould of pygidium 
showing doublure, x 1 .3 .  MGUH 22.414 (K 86 1 ) ,  bed 4, Killerod site b. 

the A. expansus Zone (Tjernvik & Johansson 1980) . This is 
the reason why the A. raniceps Zone has been cited as the A. 
'raniceps' Zone since Jaanusson & Mutvei ( 1953) .  The 
nomenclatorical and associated stratigraphical confusion 
appears intricate, but the problem is now essentially of for-

FOSSILS AND STRATA 38 ( 1995) 

mal character, as little doubt can be raised against Tjernvik & 
Johansson's ( 1980) interpretation of A. raniceps (s.str. ) (see 
discussion of A. expansus herein) .  It is possible that A. 'ran i
ceps' is identical to A. vicarius Tornquist, 1884, but if not, a 
new name may be given to A. 'raniceps', and thereby to the 
trilobite zone. 

A single specimen of A. 'raniceps' (PMO 18 16) was noticed 
in the collections of the Paleontological Museum, Oslo. It 
originates from the Svartodden Limestone, which supports 
the idea that at least a part of this unit corresponds to the A. 
'raniceps' Zone. A. striatus appears to be much more com
mon in the Svartodden Limestone than A. 'raniceps', just as 
in the Komstad Limestone at Killerod site b. 

Asaphus (Asaphus) 'maximus' 
Brogger, 1 886 
Figs. 77-78 

Synonymy. - 0 1 886 Asaphus raniceps, Dalm. var. maxima 
Brogger, p. 30; ?non Pl. 1 :6 (short description, occurrence, 
illustration of hypostome [identification questionableJ ) . 
Dnon 1890 Asaphus platyurusvar. maximus n.v. - Moberg, p. 
15. [Nomen nudum] . O? 1937 Megalaspis limbata [partim] 
Ekstrom, p. 1 5  (occurrence) .  

Type material. - Not designated. 

Material. - Two cranidia, 1 hypostoma? and 2 1  pygidia. The 
material is generally poorly preserved, and more or less 
fragmentary. 

Listofmaterial. - DCranidia F 235 (im) [MGUH 22.4 1 5 ] ,  F 249 (t) [MGUH 
22.4 16 ] .  DHypostoma (Tentatively assigned) LU 1 10 (im) [LO 7 1 16 ] .  
DPygidia F 232  (pim) [MGUH 22.4 1 8 ] ,  F 238  ? (pim), F 242 (pim), F 252 
? (im), F 253 (pim) [MGUH 22.4 19 ] ,  F 255 (pim),  F 256 (pim), F 263 ? (im), 
F 268 (im), F 273 (im), F 289? (im) [MGUH 22.420 ] ,  F 297 (im), F 304 
(pim) [MGUH 22.4 17 ] ,  F 305a (pim),  F 305b? (c) ,  LU 68a (pim) [LO 
7 102 ] , LU 68b (im), LU 107a (im) [LO 7 1 1 3 ] ,  LU 1 07b (im) [LO 7 1 14] , LU 
107c (im), LU I l l ? (im). 

Occurrence. - Asaphus (A. ) 'maximus' occurs in bed interval 
25 to 29 at Fågelsång; a juvenile pygidium from bed 30 is 
tentatively assigned. The range is suggested to equal the 
lower part of the A. 'raniceps' Zone. The available museum 
material is from Fågelsång, but cannot be referred precisely 
to leve!, although the lithology of the samples suggests a 
provenance from bed intervaI 24-29. 

Fig. 77 (opposite page) .  Asaphus (A.) 'maximus' Brogger, 1 886. DA. Badly 
preserved cranidium, partly exfoliated, x2. MGUH 22.4 1 5  (F 235) ,  bed 29, 
Fågelsång. DB. Fragment of large cranidium, x2. MGUH 22.4 16  (F 249), 
bed 29, Fågelsång. DC Internal mould oflarge, tentatively assigned hypo
stome, x3. LO 7 1 1 6  (LU 1 10) ,  Fågelsång, Ioc. E2 1b. DD. Internal mould of 
small pygidium, x2. LO 7 102 (LU 68a) , Fågelsång area. DE. Slightly 
compacted, partly exfoliated pygidium, x2. MGUH 22.4 1 7  (F 304) , bed 29, 
Fågelsång. DF. Fragmentary large pygidium, x l .  MGUH 22.4 1 8  (F 232), 
bed 27, Fågelsång. DG. Internal mould of pygidium showing doublure, x 1 .  
LO 7 1 14 (LV 107b) ,  Fågelsång area. DH. Internal mould of pygidium 
showing doublure, x l .  LO 7 1 13  (LU 107a), Fågelsång area. 
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Fig. 78. Asaphus (A.) 'maximus' Brogger, 1 886. DA-B. Large pygidium, 
dorsal and posterior views, x l .  MGUH 22.4 19  (F 253) ,  bed 2, Fågelsång. 
De. Internal mould of tentatively assigned small pygidium, x4. MGUH 
22.420 (F 289), bed 3 1 ,  Fågelsång. 

Brogger ( 1 886, p. 30) reported A. 'maximus' from the 
upper part of the 'lower grey orthoceratite limestone' of 
Oland, which presumably corresponds to a position within 
the A. 'raniceps' Zone, and later Holm ( 190 l ,  p. 48) listed the 
form from the grey 'taljsten' of Kinnekulle, province of 
Vastergotland. According to Johansson ( 1 979) this level is 
within the A. 'raniceps' Zone. The materials referred to by 
Brogger ( 1 886) and Holm ( 190 1 )  have not been available for 
study. 

Description. - Large for an Asaphus, preocular width of 
largest cranidium is 33 mm (specimen damaged, length 
presumably about 40-45 mm),  largest pygidium almost 60 

mm long. The preserved parts of the two fragmentary cra
nidia available (Fig. 77 A-B) closely resemble A. acuminatus 
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and A. 'raniceps'. The sagittal convexity is low to moderate, a 
quite wide preglabellar field is present, wider than in A. 
'raniceps' and comparable to A. acuminatus, and the facial 
sutures meet angularly, forming a distinctlypointed cranidi
um as in A. acuminatus. No nodes are present postero
laterally on glabella (internal mould; see A. acuminatus) , and 
the posterior fixigenae are unusually short (tr. ) ,  so the FW:L 
ratio is only about 1 .3 ;  the short posterior fixigenae indicate 
that the unknown librigenae are very broad. 

The hypostome (Fig. 77C) is tentatively assigned (see 
discussion below) ; original length about 20 mm. It is of 
'raniceps'-type with elongate median body and maculae situ
ated on small inflated areas; the most striking feature is the 
pronounced elongation. Hypostomal W:ML ratio about 0.8; 
posterior mesial notch comparatively deep. Anterior lobe of 
median body has W:L ratio of about 3:4. Compared to A. 
acuminatus, the median body is clearly more elongate, the 
lateral border is longer (exsag. ) ,  commencing at about one 
third the length (sag. ) of the median body (compared to 
about half in A. acuminatus) , and the lateral border furrow is 
more strongly impressed. 1t also appears that the terrace lines 
are shallower in the specimen (internal mould) , compared to 
A. acuminatus, but this may relate to preservation. 

Pygidium broadly parabolic in outline, L:W ratio slightly 
below 2:3 .  Axis stretches for about 0.8 of the pygidial length, 
and anteriorly occupies about 0.25 of the pygidial width. It 
tapers backwards, most pronouncedly so in the anterior 2/3; 
posterior width (tr. ) about half of anterior width; it is slightly 
elevated above pleural fields throughout. Axial segmentation 
vestigial on testaceous material and marked only by indis
tinct low lateral swellings on intern al moulds, deflating rear
wards. There seems to be about 12-13  axial segments in 
addition to the anterior half-ring and the terminal piece. The 
smallest pygidium available, about I l  mm long and tenta
tively assigned, has a more inflated axis with a better defined 
segmentation, showing about 12 segments in addition to the 
terminal piece and the anterior half-ring. Axis bounded by 
wide axial furrows. Pleural fields mostly smooth also on 
exfoliated specimens, with a well-defined, centrally raised 
anterior half rib, delimited rearwards by a wide furrow. 
Rarely 7-8 pairs of nebulous ribs can be discerned on the 
pleural fields, especially on internal moulds (compare Fig. 
77F) ;  the pleural segmentation is slightly better defined on 
smaller specimens. The largest pygidia show a slight change 
of slope 3-5 mm from the posterior margin, which may be 
taken as a faint indication of a border (Fig. 77F) .  Articulating 
facet stretches for half the distance from pygidial corner to 
sagittal line. All specimens are more or less corroded, but the 
test surface appears smooth, except for faint transverse ridges 
crossing the axis, presumably matching the segmentation. 

Pygidial doublure wide; main part slightly convex and 
follows the curvature of dorsal test, with a gentle concave 
bend along outer margin; anterolateral co mers flexed a little 
downwards. Doublure provided with 16-20 (mostly 18 )  
continuous coarse terrace lines across widest part. 
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Fig. 79. Asaphus (A. ) sp. A .  OA-B. Partly exfoliated pygidium, dorsal and posterior views, x 2 .  L O  7094 (LU 56), Fågelsång area. De. Fragmentary pygidium, 
x4. MGUH 22.42 1 (F 2 1 1 ) ,  bed 22, Fågelsång. OD. Partly exfoliated fragmentary pygidium, x2. MGUH 22.422 (F 2 1 5) ,  bed 29, Fågelsång. 

Affinities. - The sizable Asaphus 'maximus' is surpassed in 
size by the younger A. (Neoasaphus) platyurus platyurus (see 
Jaanusson & Mutvei 1953, Textfig. 2; Jaanusson 1953b, pp. 
470-473) ,  which also is characterized by the general lack of 
dorsal terrace lines on the pygidium. By comparison, the 
pygidium of A. 'maximus' has a wider doublure, a more 
effaced segmentation (pleural fields and axis) ,  and a higher 
pygidial L:W ratio. 

Moberg ( 1 890, p. 15 )  briefly described a so-called A. 
platyurus var. maximus from the 'transition beds' between 
the 'Platyurus Limestone' and 'Centaurus Limestone' of 
southem Oland. This variant, which must be regarded a 
nomen nudum (Jaanusson 1953a), is not identical to A. 
raniceps var. maxima Brogger, as indicated by Moberg's 
short description (pygidia characterized by distinct pleural 
ribs) and the high stratigraphical position. 

A. 'maximus' seems dose to A. 'raniceps' (sensu Schmidt 
190 1 ) ,  but attains larger sizes, has a proportionally narrower 
pygidial axis, and do es not show terrace lines on the pleural 
fields of the pygidium (cf. Schmidt, 190 l ) .  However, it is very 
likely that A. 'maximus' in fact merely represents a deep
water ecophenotype of A. 'raniceps'. 

Remarks. - A. raniceps var. maxima is, according to Brogger 
( 1 886, p. 30),  characterized by attaining very large size, and 
by possessing an almost entirely smooth pygidium with a 
narrow posterior border. The hypostome, assigned to var. 
maxima by Brogger ( 1 886, Pl. 1 :6) ,  is not similar to the 

hypostome described here. The available rather large speci
men is certainly from an Asaphus of 'raniceps' type, and an 
association with the described pygidia is likely. 

The exceptional large size of the pygidia from Fågelsång, 
and especially the presence of a narrow, although admittedly 
ill-defined posterior border are taken to indicate that they 
represent A. ranicepsvar. maxima. The smaller pygidia with
out border are difficult to assign (which regards specimens F 
289, LU 68a, LU 68b, LU I l l ) ,  but the very wide doublure is 
also important for identification. Besides, a suite of pygidia of 
different size makes the identification of the smallest speci
mens plausible. A. ranicepsvar. maxima is, however, a nomen 
dubium, and its status is especially dubious, if the hypostome 
figured by Brogger ( 1 886, Fig. 6) was erroneously combined 
with the large pygidia; Jaanusson ( 1953a, p. 392) regarded A. 
r. var. maxima a nomen nudum. It has not been possible to 
locate the material of var. maxima in the collections of 
Riksmuseet, Stockholm, the Geological Survey of Sweden, 
Uppsala, or the Paleontological Museum, Oslo. For this 
reason the name 'maximus' is applied informally. 

The sizable pygidia are somewhat Megistaspis-like, and the 
bewildering report of M. lim bata in bed g [=  bed 3 1 ]  at 
Fågelsång locality E 2 1a  (Ekstrom 1937, p. 1 5; referred to by 
Størmer 1953,  p. l 3 1 ;  Jaanusson 1960, p. 343; Tjernvik 1972, 
p. 308) ,  most likely stems from confusion of A. 'maximus' 
with M. limbata. It has not been possible to locate the 
specimen in question, but a 2 .5  m thick interval is faulted out 
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between Ekstrom's sections I and Il (cf. Ekstrom 1937, 
Textfig. 3) .  This missing part comprises the top of the M. 
limbata Zone, as well as the Zone of A. expansus, and, 
accordingly, Ekstrom's statement 'The conditions . . .  thus 
prove that the zone of Didymograptus bi fidus is underlain by 
the zone of Megalaspis limbata' (Ekstrom 1937, p. 49) is in 
error. 

Asaphus (Asaphus) Sp. A 
Fig. 79 

Synonymy. - Dcf. 1 882 Asaphus expansus, Linn. ,  var. incerta 
- Brogger, p. 92 (brief description, occurrence) .  Dcf. 1980 
Asaphus n.sp. - Johansson, p. 194, Figs. 2, 9J (occurrence, 
illustration of cephalon) . 

Material. - Eight poorly preserved pygidia (all fragmentary 
intern al moulds) .  

List of material. - OPygidia (all internal moulds) F 2061, F 2 1 1  [MGUH 
22.42 1 ] ,  F 2 1 5  [MGUH 22.422 ] ,  F 250, F 269, LU 56 [LO 7094 ] ,  LU 1 1 1 ,  
LU 143. 

Occurrence. - Asaphus Sp. A occurs in bed interval 22 to 24 at 
Fågelsång, correlated with the upper part of the A. expansus 
Zone. The museum material studied appears to originate 
from the same interval, judging from the lithology of the 
samples. 

Remarks. - By comparison to A. acuminatusthe sp. A pygidia 
have a lower relief, a narrower and more vaulted axis, and a 
wider doublure with about 1 5-16 terrace lines. Sp. A is also 
relatively narrower and has a more vaulted axis than A. 
'maximus' (comparing pygidia of equal size) .  Compared to 
A. expansus, sp. A pygidia have a higher L:W ratio (just above 
2 :3) ,  a narrower axis, and a wider doublure with a few extra 
terrace lines. 

Sp. A is tentatively assigned to A. (Asaphus) , because of the 
outline of the doublure (wide and with coarse terrace lines) .  
The material i s  strongly similar to specimens from the Oslo 
area, which must represent A. incertus Brogger (cf. Fig. 74) ;  it 
is actually not possible to point to any differences, but with
out cephalic material a detailed comparison is impossible. 
The relation to Asaphus sp. Johansson, 1 980, reported from 
the upper part of the A. expansus Zone, is uncertain, but also 
this form may turn out to represent A. incertus Brogger. 

Subfamily Isotelinae Angelin, 1 854 
Genus Megistaspis Jaanusson, 1 956 
pro Megalaspis Angelin, 1 8 5 1 ;  non Megalaspis Bleeker, 1851  

Type speeies. - (OD) Trilobites limbatus Boeck, 1 838.  

Megistaspid material. - Eleven complete specimens, 5 ceph
ala, 148 cranidia, 46 librigenae, 12 hypostomata and 602 
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pygidia, ofwhich 4 cranidia, 4 librigenae and 47 pygidia were 
toa poorly preserved to be assigned to species. The bulk of the 
material belongs Megistaspis (Megistaspis) . 

Remarks on genus and generic subdivision 

Megalaspis Angelin, 1851 [Tune? ] unfortunately appeared to 
be a homonym of Megalaspis Bleeker, 1 85 1  [May? ] ,  and the 
replacement name Megistaspiswas introduced by Jaanusson 
( 1956a), to whom the reader is referred for details. 

Jaanusson ( l 956a) divided the plexus of species assigned 
to Megistaspis among a M. planilimbata group, a M. (Megi
staspis) group, and a M. (Megistaspidella) group, essentially 
in accordance with Schmidt ( 1 906) , whose M. polyphemus 
group was encompassed within M. (Megistaspis) . The plani
lim bata group had previously been assigned to Plesiomega
laspisThoral by Tjernvik ( 1 956) . Bohlin ( 1960) discussed the 
M. (Megistaspidella) group, and excluded a few species, ten
tatively assigned by Jaanusson ( 1 956a) ; those were subse
quently separated as M. (Heraspis) by Wandås ( 1 984) . Bala
shova ( 1 966) maintained an assignment of the M. 
planilimbata group sensu Jaanusson ( 1956a) to Plesiomega
laspis; M. pogrebowi Lamansky, 1905 was referred to a new 
subgenus, P. (Popovkiaspis) . Pfibyl & Vanek ( 1 965, 1969) 
erected Megistaspis (Nerudaspis) and M. (Klabavia) , and 
suggested that at least the latter is present also in Balto
scandia. Tjernvik ( 1 980) established M. ( Varvaspis) to con
tain the planilimbata group, but M. ( Varvaspis) Tjernvik, 
1980 is an objective synonym of Paramegistaspis Balashova, 
1976. 

Balashova ( 1976) proposed a new 'split up' classification 
of Megistaspis comprising: 

Ekeraspis Tjernvik, 1956 
Paramegistaspis Balashova, 1976 
Megistaspis Jaanusson, 1956 

M. (Megistaspis) Jaanusson, 1956 
M. (Megistaspinus) Balashova, 1976 

Rhinoferus Balashova, 1976 
R. (Rhinoferus) Balashova, 1 976 
R. (Lawiaspis) Balashova, 1976 
R. (Ropschiaspis) Balashova, 1976 
R.? (Popovkiaspis) Balashova, 1966 

Megistaspidella Jaanusson, 1956 
M. (Megistaspidella) Jaanusson, 1956 
M. (Spinopyge) Balashova, 1976 

M. (Megistaspinus) Balashova basically accommodates the 
M. polyphemus group of Schmidt ( 1 906); the distinguishing 
characters from M. (Megistaspis) are listed in Table 7. How
ever, these differences are inconsistent, and even the descrip
tions presented by Balashova herself are partly conflicting 
with the proposed subgeneric division, e.g., with regard to 
the pygidial border (cf. description of M. (Megistaspis) lata 
by Balashova 1976, p. 82) .  Also, the lectotype of M. limbata, 
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Table 7. Tabulation of differences between the two subgenera of Megistaspis 
Jaanusson, 1956 according to Balashova ( 1 976, pp. 80, 85) .  Furthermore, 
the preocular width of cranidium was stated to be smaller than the width 
across palpebral lobes in M. (Megistaspis), and equal to the width across 
palpebral lobes in M. (Megistaspinus) . See text for discussion. 

M. (Megistaspis) M. (Megistaspinus) 

Lateral glabellar furrows Distinet Effaced 
Bacculae Distinet Effaced 
Occipital ring Well-defined Effaced 
Cephalic post. border furrow Present Absent 
Preocular width of cranidium Small Large 
Depression in frontal area Usually vestigial Well-defined 
Anterolateral border, pygidium Absent Present 

which is the type species of M. (Megistaspis) , in fact lacks a 
posterior cephalic border (see Jaanusson 1956a) , and M. 
polyphemus (the type species of M. (Megistaspinus) ) has for 
instance no anterolateral pygidial border. The material at 
hand indicates that the distinctness of the lateral glabellar 
furrows, bacculae, occipital ring, and mesial impression in 
frontal area varies considerably even within a species, and 
certainly can not serve as distinguishing characters between 
subgenera. M. (Megistaspinus) Balashova is therefore aban
doned and the majority of species is instead attributed to M. 
(Megistaspis) Jaanusson. 

Rhinoferus Balashova is a synonym of Rhinaspis Remele, 
1 885 ( nomen nudum; non Rhinaspis Perty, 1 830 - see J aanus
son 1956a) . The taxon approximately embodies the M. hyo
rhina [ hyorrhina] species group of Schmidt ( 1 906), which 
was induded in M. (Megistaspis) by Jaanusson ( 1 956a) . The 
M. hyorrhina group appears to represent a natural entity of 
dosely related species, and Rhinoferus is here ranked as a 
subgenus of Megistaspis, whereas the subdivision of Rhino
ferus, proposed by Balashova ( 1 976) ,  is not adopted. R. 
(Lawiaspis) contains, according to Balashova, two species, 
M. gibba Schmidt, 1906 and M. knyrkoi Schmidt, 1906. Only 
two pygidia of the latter species are known (see Balashova 
1976, pp. 1 12-1 13 ) ,  and the pygidium of M. gibba does not 
show any obvious similarity to those speeimens. The stated 

diagnostic features of Lawiaspis, which with regard to the 
pygidium focus on the doublure, are so general that they fit 
most megistaspids (cf. Balashova 1976, p. I l l ) .  Accordingly, 
R. (Lawiaspis) at most comprises only the peculiar type 
species, M. gib ba, but which here is attributed to Megistaspis 
(Rhinoferus) . M. knyrkoi possibly belongs to a new, as yet 
undefined subgenus of Megistaspis (see below) . 

R. (Ropschiaspis) was also proposed by Balashova to con
tain two species, M. lawrowi Schmidt, 1906, and R. petrow
tschinensis Balashova, 1976. The status of the latter species in 
relation to M. lawrowi cannot be settled from the description 
and figures presented by Balashova ( 1 976); it is possibly a 
synonym. M. lawrowi is a rather peculiar species (see Bala
shova 1976; Bohlin 1960; Schmidt 1906), but the faint poste-
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rior glabellar inflation may indicate an affinity to the M. 
hyorrhina group, as suggested by Balashova ( 1976, p. 1 14) .  
However, although M. lawrowi differs somewhat from the 
remaining members of the M. hyorrhina group, a distinction 
at the subgenus level appears unwarranted. Wandås ( 1984) 
assigned M. lawrowi to M. (Heraspis) ; the species is quite 
different from the remaining members of M. (Heraspis) and 
I do not support such an assignment. 

M. pogrebowi Lamansky is known only from a single 
pygidium (Lamansky 1905; Schmidt 1906, 1 907; Balashova 
1966, 1976) ,  which cannot serve as basis for defining a 
subgenus. Balashova ( 1 976) tentatively moved M. CPopov
kiaspis') pogrebowi to Rhinoferus, from its previous assign
ment to Plesiomegalaspis (see Balashova 1 966) . Schmidt 
( 1907) also remarked that M. pogrebowi may be related to the 
M. hyorrhina group. An assignment based solely on pygidial 
features is difficult and uncertain, and more material is 
needed to establish the affinities of the species. 

The differences separating Megistaspidella (Spinopyge) 
from M. (Megistaspidella) are difficult to extract from the 
respective descriptions (Balashova 1976, pp. 9 1 ,  97), but at 
least indudes a broader cranidium of M. (Megistaspidella) , a 
more pointed, thorn-like posterior projection on the hypo
stomal margin (projection rounded in M. ( Spinopyge) ) ,  a 
rounded posterior pygidial margin (posteriorly pointed or 
with postaxial spine in M. ( Spinopyge) ) ,  and more evenly 
distributed terrace lines on the pygidial doublure (less dense 
in the middle part of M. ( Spinopyge) ) .  The width of the 
cranidium as well as the presence or absence of a postaxial 
pygidial spine are unreliable characters for subgeneric sepa
ration; the importance of the minor hypostomal and doub
lural differences is uncertain. It is possible, even likely, that 
the M. extenuata species group constitutes a natural unit, 
which eventually may be separated from the M. acuticauda 
gro up, but the status and affinities of the younger represen -
tatives of M. (Megistaspidella) sensu Jaanusson ( 1956a) 
should be darified before such a division is formalized. 
Meanwhile, I prefer to maintain an undivided Megistaspi
della group (excl. of M. (Heraspis) Wandås) ;  the dose rela
tionship between M. (Megistaspidella) and M. (Spinopyge) 

sensu Balashova is proved by the high degree of cephalic 
similarity. 

Whether a taxonomical distinction should be at the genus 
or lower levels will always rely on judgment; Balashova 
( 1 976) , unlike the majority of earlier authors, preferred a 
distinction between the different megistaspid groups at the 
genus level. As the megistaspid gro up as a whole is believed to 
constitute a natural entity, albeit containing several sub
groups, it is preferred to maintain Megistaspis in the sense of 
Jaanusson ( 1 956a) (dating back to Angelin 1 85 1 ) ,  and con
tinue the Scandinavian tradition of separating the megi
staspid groups at the subgenus level. 

In the present paper the following dassification of Megi
staspis is used: 
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M. (Megistaspis) Jaanusson, 1956 
M. (Megistaspidella) Jaanusson, 1956 
M. (Ekeraspis) Tjernvik, 1956 
M. (Paramegistaspis) Balashova, 1976 
M. (Rhinoferus) Balashova, 1976 
M. (Heraspis) Wandås, 1984 

A couple of species, described in open nomenclature (spp. B, 
C and cf. knyrkai) , possibly together with M. ringsakerensis 
Skjeseth and M. knyrkai Schmidt, may belong to a new, as yet 
unnamed subgenus of Megistaspis. 

Megistaspis (Nerudaspis) and M. (Klabavia) , defined by 
Phbyl & Vanek ( 1 965, 1969) ,  are inadequately known (see 
also references and figures in Horny & Bastl 1970) . It is 
doubted that they truly belong to Megistaspis. 

Speeies limits 

The large and spectacular specimens of Megistaspis have 
attracted much attention during the past 1 50 years or more 
a pygidium was figured as early as 1 728 by Bromell- but, still, 
variation ranges, growth, evolution, and the stratigraphical 
and geographical distributions of most species are surpris
ingly poorly documented. The established taxa have often 
been based on very limited materials, in several cases com
prising only pygidia or cranidia, and sometimes even only 
juveniles. As a result the taxonomy is cluttered with poorly 
defined taxa, and the resulting confusion has inevitably 
made its way into stratigraphy - a well-known example is the 
debate focused on the 'Limbata Limestone' sensu Moberg 
( 1 890) ,  nourished by the discussion of M. limbata and re
lated forms (see Tjernvik 1972, 1980) . 

The skeietal width of Megistaspis appears to have been 
affected by the environment. Thus the adult pygidial L:W 
ratio varies around 1 5-20% in individual palaeoenviron
ments (Figs. 52-53) ,  but may total about 30% (Fig. 83B), or 
even more (?  40% in M. (M. )  acuticauda) for a single species. 
Likewise, the degree of skeietal convexity, impression of 
various furrows, development ofpygidial border etc. seem to 
reflect the environment (Table 5, p. 63) ,  and caution is 
necessarywhen using these characters for classification. Per
haps the most controversial inference is that the cephalic 
posterior border furrow of M. (Megistaspis) characterizes 
shallow-water ecophenotypes, and is absent in representa
tives from intermediate and deeper-water facies, and, ac
cordingly, the furrow is not a salient taxonomical feature. In 
the same way, the mesial impression in the preglabellar area 
of M. (Megistaspis) , emphasized especially by eastern Baltic 
authors, seems to be a variable and plesiomorphic feature. It 
is common for all of these morphologic variations that their 
biological function largely remains obscure (see section on 
autecology) . 

Analogous phenomena are displayed by M. (Paramegi
staspis) planilimbataand M. (P. )  estonica (see Tjernvik 1956),  
of which the former is narrow (typical for shallow-water 
ecophenotypes) and with a faint to moderately impressed 
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posterior border furrow on cephalon, whereas the latter is 
broad (typical for deeper-water-muddy-substrate eco
phenotypes) and lacks a posterior border furrow. 

In consequence of the different interpretation of megistas
pid morphology, the species limits are considerable broader 
in the present contribution than suggested by Jaanusson 
( 1956a), Balashova ( 1 976), and Tjernvik ( 1980) .  Some ofthe 
different ecophenotypes may eventually be separated as vari
ants or subspecies. 

Diseussion of speeies 

Important works dealing with Megistaspis have been pub
lished by Angelin ( 1 85 1 ,  1 854, 1 878), Brogger ( 1 882, 1 886), 
Schmidt ( 1 898, 1906), Bohlin ( 1955, 1960), Balashova 
( 1 966, 1976) , Wandås ( 1984) ,  and Tjernvik ( 1956, 1972, 
1980) .  The majority of these contributions was based on 
museum collections, which limits their stratigraphical use, 
with Tjernvik ( 1956, 1972, 1980) as a notable exception. 

The collection at hand largely comprises material of M. 
(Megistaspis) , which ranges from the base of the Volkhov 
Stage and into the lower zone of the Kunda Stage. Contem
poraneous subgenera, primarily M. (Megistaspidella) , are 
sparsely represented; the first representatives of M. (Rhinofe
rus) and M. (Megistaspidella) appear in the middle of the 
Volkhov Stage, and the former group dominates in the upper 
part of the Volkhov Stage, while the latter is dominant in the 
Kunda Stage. M. (Heraspis) (as understood here) is known 
only from the Kunda Stage. For a discussion of species 
belonging to the older subgenera M. (Ekeraspis) and M. 
(Paramegistaspis) , see Jaanusson ( 1 956a) , Tjernvik ( 1956, 
1980) and Balashova ( 1 966, 1976) . The species discussed are 
listed in Fig. 80. 

MEGISTASPIS (MEGISTASPIS) LIMBATA (Baeck, 1838) and allied 
taxa. - Trilobites limbatus Boeck, 1 838, the type species of 
Megalaspis Angelin, 1 85 1 ,  was described from the Oslo re
gion by Brogger ( 1 882), who distinguished M. limbata var. 
typica and an early M. limbata var. minar. Tornquist ( 1 884) 
separated M. limbata var. lata, which Schmidt ( 1906) syn
onymized with M. polyphemus Brogger, 1 882. Schmidt 
( 1 906) described M. limbata from the eastern Baltic area; a 
single entire specimen from the Oslo region was separated as 
M. lim bata var. elangata (redescribed by Balashova 1976) . 
Størmer ( 194 1 )  selected a specimen, previously figured by 
Brogger ( 1 882, Pl. 9 :2) ,  as lectotype of M. limbata. Jaanusson 
( 19S6a) regretted the choice oflectotype, which he claimed is 
different from the Swedish form, traditionally identified 
with M. limbata, and characteristic of the Limbata Limestone 
sensu Moberg ( 1 890) . It was Jaanusson's conviction that the 
Swedish M. limbata exhibits a posterior cephalic border 
furrow, like the speeimens figured by Brogger ( 1 882) ,  
Schmidt ( 1 906) and Wiman ( 1 907) . According to Jaanusson 
( 1 956a) the Swedish species traditionally identified with M. 
lim bata may prove within the range of M. elangata (Schmidt, 
1906) , which was ranked as an individual species. Jaanusson 
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M. (Megistaspis) limbata baltiea Balashova, 1 976 
M. (Megistaspis) limbata type 7 r--
M. (Megistaspis) limbata type 8 
M. (Megistaspis) limbata type 9 
M. (Megistaspis) limbata type 1 I-
M. (Megistaspis) limbata type 2 
M. (Megistaspis) limbata type 3 r--
M. (Megistaspis) limbata type 4 -

M. (Megistaspis) limbata type 5 -

M. (Megistaspis) limbata type 6 -

M. (Megistaspis) polyphemus ( Brogger, 1 882) 
M. (Megistaspis) simon Tjernvi k, 1 980 � - - - - - - -

M. (Megistaspis) ingeriensis Jaanusson,  1 956 ? 
M. (Megistaspis) lawae (Schmidt, 1 906) ? 
M. (Megistaspis) pseudolimbata Balashova, 1 976 -

M. (Megistaspis) geminus n.sp .  -� 
M. (Megistaspis) elongata (Schmidt, 1 906) 

M. (Rhinoferus) mickwitzi (Schmidt, 1 898) 
M. (Rhinoferus) hyorrhina (Leuchtenberg, 1 843) 
M. (Rhinoferus) kolenkoi (Schmidt, 1 906) ? 
M. (Rhinoferus) stacyi (Schmidt, 1 906) -

M. (Rhinoferus?) explanata (Ange l in ,  1 85 1 ) - - - ? 
M. (Rhinoferus) gibba (Schmidt, 1 898) 
M. (Rhinoferus) lawrowi (Schmidt, 1 906) 
M. (Rhinoferus) petrowtschinensis (Balashova, 1 976) 

M. (n .  subgenus?) ringsakerensis (Skjeseth , 1 952) ? 
M. (n .  subgenus?) knyrkoi (Schmidt, 1 906) 1- - -
M. (n .  subgenus?) sp. B -
M. (n .  subgenus?) sp. C -

M. (Megistaspidella ?) laine Jaanusson,  1 956 -
M. (Megistaspidella) lamanskii (Schmidt, 1 906) -
M. (Megistaspidella) grandis (Sars ,  1 835) - - - - -
M. (Megistaspidella) obtusa (Schmidt, 1 906) 
M. (Megistaspidella) spinulata Boh l in ,  1 960 
M. (Megistaspidella) acuticauda (Angel in ,  1 854) - -
M. (Megistaspidella) triangularis (Schmidt, 1 906) 

M. (Megistaspidella) extenuata (Wahlenberg ,  1 82 1 ) 

Fig. 80. Stratigraphical distribution of species of Megistaspis (Megistaspis), M. (Rhinoferus) and M. (?n.subsp. ) .  Regarding M. (Megistaspidella) only the species 
referred to in the text are included. (Includes data from Balashova 1976; Bohlin 1960; Schmidt 1906; Jaanusson 1 956a; Tjernvik 1980.) 
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also listed M. limbata var. minor and the broad form of M. 
limbata sensu Brogger ( 1 882) as individual species. Jaanus
son's interpretation of M. limbata and M. elongata was 
challenged by Tjernvik ( 1 972, 1980), according to whom the 
closely related species of M. (Megistaspis) , occurring 
throughout the Limbata Limestone [Volkhov Stage] ofSwe
den, all lack the much emphasized cephalic posterior border 
furrow, and the few Swedish species showing such a furrow 
are confined to the succeeding A. expansus Zone (Kunda 
Stage) .  None of the eastern Baltic M. limbata types with a 
deep posterior border furrow on the cephalon have been 
encountered in Sweden according to Tjernvik ( 1 972), and 
M. limbata 's.str. ' is confined to the upper third of the 
Volkhov Stage, separated as the M. lim bata Zone by Tjernvik 
( 1 980) . A closely related subspecies, treated in open nomen
clature, was described from the M. simon Zone, and Tjernvik 
listed M. (M.)  minor (Brogger) from the M. limbata Zone. 

Burskij ( 1970) described M. limbata from Paj Choj , north
ern Urals, which is the only well-documented record of 
Megistaspis (Megistaspis) from outside the Baltoscandian 
core area. Furthermore, the material actually seems to be
long to M. limbata. 

Balashova ( 1 976) redescribed most of the material studied 
by Schmidt ( 1 906) . M. limbata sensu Schmidt was divided 
among M. (M.) limbata baltica Balashova, 1976 and M. (M.) 
pseudolimbata Balashova, 1976. Both of these species were 
listed from the upper part of BIla, but this is not in accor
dance with Schmidt ( 1 906, Pl. 1 :9; see also text p. 20), who 
wrote that the cephalon, choosen as holotype of M. pseudo
limbata by Balashova, is from BlIr. 

The present study includes the by far largest material of M. 
limbata yet investigated, and of which the exact stratigraphic 
provenance is known. It appears that 

During the Volkhovian significant changes of skeietal 
width occurred, but not in a unidirectional way, and the 
changes, obviously, reflect environmental oscillations. 
Hence a separation of broad/narrow or small/large M. 
limbata-like species appears artificial. M. 'minor is here 
ranked as an informal variant of M. limbata, referred to 
as type 4; no formal distinction should be made, and the 
name minor is best avoided. 

2 The width across posterior fixigenae apparently in
creased gradually during the range of M. limbata, and 
this may represent an evolutionary trend (Fig. 82A) . 

3 A cephalic posterior border furrow is normally only 
faintly indicated or obsolete, but increases in distinctness 
towards the close of the M. lim bata Zone; M. elongata is 
confined to the A. expansus Zone. This statement con
cerns only the material at hand and is not valid for the 
eastern Baltic area. 

4 The hypostome morphology changes considerably dur
ing the range of M. limbata; early types show a convex 
posterior margin while late types show a concave poste-
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rior margin. Whether this is valid for all M. limbata types 
within Baltoscandia is unknown, hence it is uncertain 
whether or not the changes reflect evolution. 

These observations indicate that there is no biological basis 
for the very narrow definition of M. lim bata, advocated by 
Jaanusson ( 1 956a) , Balashova ( 1 976) ,  and Tjernvik ( 1980). 
M. limbata is here divided into various ecophenotypes, in
formally terrned types l to 9, which grade more or less 
imperceptibly into each other. It is tempting to refer to these 
types as subspecies, but with type 6 as a possible exception, 
such an approach is not workable. The various types inter
grade and an unambiguous formal taxonomical distinction 
appears impossible. In the changed interpretation, M. lim
bata ranges from the base of the Volkhov Stage, i.e. through
out the Limbata Limestone sensu Moberg ( 1890). This obvi
ously raises doubt regarding the validity of M. limbata 's.str. ' 
[ = type 5] as an index fossil of the upper zone of the Volkhov 
Stage. 

The classification of types with a cephalic posterior border 
furrow is problematic, but some of them are probably con
specific with M. limbata and just represent different eco
phenotypes; such morphs may conveniently be ranked as 
subspecies (like M. limbata baltica Balashova, 1976) . How
ever, M. elongata itself is for the time being upheld as a 
separate species, following established practice. The poste
rior border furrow is not a unifying character of a monophy
letic ' elongata group' (cf. Tjernvik 1972) ,  and this term 
should be avoided. 

M. lim bata baltica occurs in the upper part of BIla of the 
eastern Baltic area. Note that the holotype erroneously was 
believed to originate from BlIr by Tjernvik ( 1 972, p. 307, 
Textfig. 2C) . The association of the pygidia and the isolated 
cephalon called M. pseudolimbata by Balashova ( 1 976) is 
questionable, and it is suspected that the described pygidia 
rather should be included in M. limbata baltica, despite 
differences in border morphology. The two types of pygidia 
are, apart from the border difference, similar for all practical 
purposes (cf. Balashova 1976, pp. 8 1 , 83; Pl. 2 1 :7-8 versus Pl. 
2 1 :3-5) .  The stratigraphical provenance of the holotype of 
M. pseudolimbata is, as indicated above, uncertain, but it is 
presurnably from BlIr (see Schmidt 1 906, Pl. 1 :9 ) .  In my 
opinion the cephalon is within the range of M. elongata, or 
represents a very closely related form. 

MEGISTASPIS (M.) POLYFHEMUS (Brogger, 1 882). - M. polyphe
mus is based an exquisite museum specimen ofwhich neither 
the exact stratigraphical level nor the sampling locality was 
known (Brogger 1 882).  There is, however, no doubt that the 
holotype originates from the basal limestone bed of the 
Hukodden Limestone, which has a very distinctive lithology 
(see discussion of M. polyphemus for details) .  

Schmidt ( 1 906) assigned severai variants to  M. polyphe
mus, viz. var. Tornquisti, var. minor, var. Lamanskii, and var. 
Knyrkoi. M. polyphemus var. Tornquisti was intentionally 
erected to accommodate M. limbata var. lata Tornquist 
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1 884, hence the latter name has priority, but, in accordance 
with Schmidt's interpretation, M. polyphemus (Brogger, 
1 882) is here regarded a senior synonym of M. lata (Torn
quist, 1 884) . The M. lata Zone of Jaanusson ( 1957) must 
therefore be renamed. 

As the remaining M. polyphemus variant designations of 
Schmidt ( 1 906) were applied also to other species of Mega
laspis, new names were introduced by Jaanusson ( 1956a) : M. 
lepikuensis (pro M. p. var. minor) ,  M. ingeriensis (pro M. p. 
var. Lamanskii) , and M. laine (pro M. p. var. Knyrkoi) . M. 
lepikuensis comprises a limited, juvenile material (see 
Schmidt 1906; Balashova 1976) here identified with M. pol y
phemus. M. ingeriensis was based on two cranidia from BIla 
and BIl� (Schmidt 1906, p. 28);  Balashova ( 1 976, pp. 88-89) 
described an additional entire specimen from BIla. The 
cephalon [lectotype] of M. ingeriensis from BIl� is exceed
ingly like M. simon Tjernvik (cf. Schmidt 1906, Pl. 2:8 vs. 
Tjernvik 1980, Fig. 9B), and these species are possibly synon
ymous. The second specimen of M. ' ingeriensis' (Schmidt 
1906, Pl. 2:7) from BIla seems to have a long glabella, and is 
otherwise slightly different from the lectotype of M. ingeri
ensis, and is hardly conspecific. The entire specimen of M. 
ingeriensis from BIla, figured by Balashova ( 1 976, Pl. 20:4a
b) ,  shows a very prominent, broad (i.e. 'simon-like') pygidial 
axis, but the glabella appears relatively long; no additional 
information is stated in the description (Balashova 1976, pp. 
88-89) . The specimen is noteworthy, as it may represent an 
'extrazonal' M. simon type (see below) . 

M. laine is known from BIly (see Schmidt 1 906, pp. 29-3 1 ,  
Pl. 2:9; Balashova 1976, p .  90) ,  and also occurs in the Lepi
durus Limestone of northern Gland (unpublished data). M. 
laine is here allocated to M. (Megistaspidella) (cf. Jaanusson 
1956a) . Tjernvik ( 1 980, p. 1 88) listed a pygidium from the M. 
estonica Zone of Gland, suggested to represent an ancestor to 
M. laine. No further information was given, and the relation, 
if any, to the coeval, poorly known M. pogrebowi is unknown, 
as is the relation to M. laine. 

Other speeies ofM. (MEGISTASPIS). - M. (M.)  simon Tjernvik, 
1 980 is index species for the middle zone of the Volkhov 
Stage; it may eventually turn out to be a junior synonym of 
M. (M.) ingeriensis (s.str.) as remarked above. In a strati
graphical context it is relevant that broad-axed 'simon-type' 
pygidia occasionally are found outside the M. simon Zone, 
although only rarely so (see seetions on M. simon and Megi
staspis sp. A for details) .  

The eastern Baltic M. lawae, of  which only very sparse 
material is known, occurs in Zone BIl� (Schmidt 1906; 
Balashova 1976) .  The species resembles M. simon by having 
an unusually short glabella and no posterior cephalic border 
furrow, but the pygidial axis is narrow, like in M. limbata. 
The relationship between these species are presently obscure. 

Megistaspis (M.) geminusn.sp. characterises the upper part 
of the M. limbata Zone of the Komstad Limestone, but 
oceurs also at the very base of the A. expansus Zone. Findings 
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of a single specimen in the A. expansus Zone at Slemmestad 
indicates that M. geminus n.sp. is not confined to the Kom
stad Limestone, and, albeit purely speculative, it may be the 
second species of 'elongata-type' from the A. expansus Zone 
ofSweden, referred to by Tjernvik ( 1 972) .  

Sparse material from Slemmestad and SE Scania, treated 
in open nomendature as spp. B and C, is believed to repre
sent a new species (possibly, but not necessarily with two 
subspecies) . Species D and E may be related to M. ringsaker
ensis (Skjeseth, 1952) and M. knyrkoi (Schmidt, 1906) [ non 
M. polyphemus var. knyrkoi Schmidt, 1906 = M. (M.)  laine 
Jaanusson, 1 956] . As the cephala of M. ringsakerensis and M. 
knyrkoi are unknown, the affinities remain uncertain. Never
theless, it is possible that these species, or some of them, 
represent an as yet undefined subgenus of Megistaspis with 
affinity to the M. (Paramegistaspis) group, as especially indi
cated by the cranidial outline of spp. B and C (see section on 
Megistaspis sp. B for details) .  

M.  (M.) ?  similis was described by Burskij ( 1970) from Paj 
Choj (Arctic Russia) .  The species is characterized by a com
paratively broad doublure, and the cephalic outline is doser 
to Paramegistaspis than to Megistaspis. 

Speeies of MEGISTASPIS (RHINOFERUS), M. (MEGISTASPlDELLA) 
and M. (HERASPIS). - M. (Rhinoferus) is very sparingly rep
resented in the available material; the subgenus is much 
more common in the eastern Baltic area. For reviews of the 
group, see Schmidt ( 1 906, 1907) and Balashova ( 1 976) . 
The poorly known M. explanata is here tentatively assigned 
to this group. 

The available material of M. (Megistaspidella) , listed in Fig. 
80, is also limited, and the reader is referred to Jaanusson 
( 1 956a), Bohlin ( 1 960), Balashova ( 1 976) , and Wandås 
( 1 984) for reviews of the subgenus. It contains at present 
more than 20 species, but many of them are inadequately 
known, and several must be considered nomina dubia. In 
view of the strong variability shown by representatives of M. 
(Megistaspis) , it is suspected that the 'narrow' species limits 
of Megistaspidella employed by Bohlin ( 1 955, 1 960), Bala
shova ( 1976) and Wandås ( 1 984) are artificial, but more 
material is needed to document this conjecture. 

M. (Megistaspidella) grandis (Sars, 1 835) is known only 
from a few poorly preserved Norwegian specimens, re
described by Bohlin ( 1 960); the type material is now believed 
to originate from the Lysaker Member (Henningsmoen 
197 1 ,  p. 9 1 ) .  No new material has been found during the 
present study. Brogger ( 1 882) stated that M. grandis appears 
in the upper part of the Expansus Shale, but is more common 
in the Orthoceras Limestone (3cy) .  Størmer ( 1953) listed the 
species from the Transition beds [Killingen Member of the 
Elnes Formation] ,  but it is not dear what M. grandis sensu 
Størmer covers, as no reference to his material was made by 
Wandås ( 1 984). 

The M. (Heraspis) group was discussed byWandås ( 1984); 
M. lawrowi is here tentatively allocated to M. (Rhinoferus) . 



108 Arne Thorshøj Nielsen 

Megistaspis (Megistaspis) 
Jaanusson, 1 956 
pro Megalaspis Angelin, 1 8 5 1 ;  non Megalaspis Bleeker, 1851  

Type speeies. - (OD) Trilobites limbatus Boeck, 1838. 

Megistaspis (Megistaspis) limbata 
(Boeck, 1 838)  
Figs. 8 1-100 

Synonymy. - Ov 1882 Megalaspis limbata, Boeck, form. 
typica [partim] - Brogger, pp. 77-79; Pl. 9:2--4; non Pl. 9: 1 
[= M. (M. )  elongata] (description, occurrence, illustrations 
of cephalon and pygidium) . Ov 1882 Meg. limbata, Boeck, 
var. minor - Brogger, p. 77; Pl. 2:2 (short diagnosis, occur
rence, illustration of pygidium) .  Ov 19 19  Megalaspis lim bata 
Sars & Boeck [partim] . - Funkquist, pp. 2 1 ,  39 (occurrence) .  
Ov 1936 Megalaspis limbata Sars & Boeck [partim] - C. 
Poulsen, pp. 48, 50 (listed) . Ov 194 1  Megalaspis limbata 
(Boeck) - Størmer, p. 141  (designation of lectotype) . Ov 
1952 Megalaspis limbata (Boeck) [partim] - Skjeseth, p. 1 6 1 ;  
Pl. 1 :7; non Pl. 1 :3  [Megistaspiscf. sp. C] (occurrence, illustra
tion of pygidium) .  Ov 1956a Megistaspis (Megistaspis) lim
bata (Boeck, 1 838) - Jaanusson, pp. 60-71 ;  Pl. 1 : 1-3 (discus
sion of taxonomy, illustrations of lectotype) . 0 1956a 
Megistaspis (Megistaspis) n.sp. - Jaanusson, p. 70 (listed) . Ov 
1965 Megistaspis (Megistaspis) cf. lata (Tornquist, 1 884) - V. 
Poulsen, pp. 66-67; Pl. 1 :7  (description, occurrence, illustra
tion of pygidium) .  0 1 970 Megistaspis (Megistaspis) limbata 
(Boeck) - Burskij, pp. 1 1 5-1 16, PIs. 8 : 1-2; 9: 1 ,  2, 4, 6; 10 : 1-
3; 16 : 10  (description, occurrence, illustrations of cranidia 
and pygidia) . 01972 Megistaspis (Megistaspis) limbata 
(Boeck, 1 838) - Tjernvik, pp. 303-309; Textfig. 2A (discus
sion of distribution, drawing of cranidium) .  01980 Megi
staspis (Megistaspis) limbata (Boeck) - Tjernvik, pp. 1 92, 
200; Figs. 7E, 9E-F (short description, occurrence, drawings 
and illustrations of cephala, cranidium and pygidia) . 
O? 1980 Megistaspis minor (Brogger) - Tjernvik, p. 192 
(listed) .  0 1980 Megistaspis (Megistaspis) lim bata (Boeck) 
n.subsp. - Tjernvik, pp. 1 9 1 ,  192, 200; Figs. 7D, 9G-H 
(diagnosis, occurrence, drawings and illustrations of cra
nidium and pygidium) . 0 1980 Megistaspis (Megistaspis) 
n.sp. no. 1 - Tjernvik, pp. 1 9 1 ,  197-198; Fig. 7B (description, 
occurrence, drawings of cranidium and pygidium) .  O? 1980 
Megistaspis (M.) n.sp. no. 2 - Tjernvik, pp. 1 9 1 ,  199 (short 
description, occurrence) . Ov 1980 Megistaspis (Megistaspis) 
lata (Tornquist) [partim] - Tjernvik, Fig. 4 (occurrence) .  

Lectotype. -Complete speeimen PMO 163 1 ,  figured by Brog
ger ( 1 882, Pl. 9:2) ,  designated by Størmer ( 1 94 1 ) .  The lecto
type speeimen is refigured by Jaanusson ( 1956a, Pl. 1 : 1-3) .  

Material. - ane complete specimen, 4 cephala, 120 cranidia, 
9 hypostomata, 3 1 librigenae and 339 pygidia. Sample num
bers are listed for individual types. 

FOSSILS AND STRATA 38 ( 1 995) 

Occurrence. - M. (M.)  limbata ranges within the Komstad 
Limestone from the base of the M. polyphemus Zone and to 
the top of the lower subzone of the M. limbata Zone. Within 
the Slemmestad section the speeies ranges throughout the M. 
simon and M. limbata Zones. 

M. lim bata is widespread and common in Sweden, and 
occurs in all zones of the Volkhov Stage. The distribution in 
the eastern Baltie area is currently unknown, and depends on 
the interpretation of forms with a cephalic posterior border 
furrow. 

Description. - Medium-sized to large species, largest cra
nidium 45 mm long, largest pygidium 53 mm long. Cephalic 
outline triangular (in narrow forms) to parabolie (in broad 
forms) with L:W ratios varying from about 0.7 to about 0.5 
(excl. of genal spines) ,  but the available material is limited. 
Width of cranidium rather variable, narrow speeimens show 
PW:L values around 0.7, broad specimens around 0.75-0.8, 
total range 0.60-0.83 (mean 0.73; N = 76) . The variation is 
usually only 10% or less for adult material from one horizon. 
Greatest cranidial width is across posterior fixigenae, but also 
this value is rather variable, showing FW:L ratios varying 
between 1 . 1 2  and 1 .48 (mean 1 .27; N = 46) . Early morpho
types generally have short (tr. ) posterior fixigenae, while the 
longest fixigenae are seen in late morphotypes (Fig. 82A, 
compare also type 7 vs. 9) and this may be an evolutionary 
trend. Sagittal relief of cranidium moderate, strongest in 
smaller speeimens. Median depression in preglabellar area 
faint to fairly distinet; lateral part of anterior fixigena gently 
tlexed downwards. Glabella normally subcylindrical, fairly 
vaulted, stretching (including occipital ring) for 0.67-0.74 of 
the cranidial length (mean 0.7 1 ;  N = 75);  it is delimited by 
fairly impressed dorsal and preglabellar furrows. Larger 
speeimens generally show a less intlated glabella, but the 
degree of intlation also varies between ecophenotypes. 
Transverse glabellar furrows, level with palpebral area, faint 
to fairly impressed on internal moulds; furrows usually elon
gate, and then directed obliquely inwards-backwards, but 
some morphotypes show rounded impressions. Occipital 
furrow fully developed on internal moulds, and is typically of 
equal depth the whole way; occipital ring fairly prominent, 
slightly raised above the rear part of glabella. Internal moulds 

Table 8. Adult cranidia of M. limbata, ranges for variation of PW:L and 
FW:L ratios in individual morphotypes. 

Morph PW:L range Mean N FW:L range Mean N 

Type l 0.68--D.7 1  0.70 2 1 . 1 3  l 
Type 2 0.69--D.78 0.74 4 O 
Type 3 0.74--{).83 0.79 20 1 .26--1 .36 1 .30 10 
Type 4 0.7O--D.76 0.73 17 1 . 1 8-1 .35 1 .28 10 
Type 5 0.6O--D.72 0.68 14 1 . 1 2-1 .28 1 . 1 9  9 
Type 6 0.73--D.77 0.76 8 1 .32-1 .48 1 .40 5 
Type 7 0.72 l 1 . 1 6  
Type 9 0.67--D.73 0.70 9 1 .26--1 .33 1 .28 7 

Total 0.6O--D.83 0.74 75 1 . 1 2-1 .48 1 .27 43 
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Fig. 81. Cranidia of Megistaspis (M. )  limbata (s. I. ) .  DA. Length (sag. ) plotted against preocular width. DB. Ratio between preocular width and sagittal length, 
plotted against cranidial length. De. Ratio between width across posterior fixigenae and cranidial length, plotted against cranidial length. OD. Ratio between 
glabella length and cranidial length (sag. ) ,  plotted against cranidial length. 

may show small, indistinct glabellar tubercle immediately in 
front of occipital furrow, but it is often absent. Bacculae 
indistinct to fairly inflated. Palpebral normally raised a little 
above glabeIla in adults; the elevation decreases with size. 
Lobe length (exsag.) equivalent to about 0. 1 5  of the cranidial 
length; distance to posterior cranidial margin corresponds to 
l .S times the lobe length in medium-sized speeimens to 
almost 2 times the lobe length in the largest specimens. The 
majority of testaceous speeimens shows no posterior border 
furrow, but it is occasionally faintly indicated on internal 
moulds; type 6 has a shallow border furrow. The anterior 
branches of facial suture typically diverge in front of the eyes, 
commonly at an angle of about 10° to sagittal line, then bend 
inwards, usually converging at an angle of about 120-125° to 

sagittal line, to meet in an angulate junetion. The outline of 
facial suture varies, however, between the different eco
phenotypes (total variation 0-15°  divergence, 1 1 5-130° con
vergenee ). Cephalic doublure poorly exposed in the available 
material. 

Librigena steeply ascending to the eye; a narrow lateral 
border tapers backwards, but enters genal spine. Border best 
defined in smaller speeimens, and relative width decreases 
with size. Genal spine fairly prominent, directed obliquely 
backwards-outwards. Furrow at base of eye socle, best seen 
on internal moulds, variably developed, but is normally 
rather faint or even effaced. Delicate, short terrace lines occur 
on the border along margin. The cephalic test surface is 
otherwise smooth. 
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Fig. 82. Cranidia of  Megistaspis (M.)  limbata (5 . 1. ) ,  Slemmestad section. DA. FW:L ratio plotted against stratigraphic occurrence. DB .  PW:L ratio plotted 
against stratigraphic occurrence. 

Largest hypostome 25 mm long. Gross outline quadratic; 
greatest width is across anterior wings, corresponding to 
0.9 1-1 .08 ofthe hypostome length (sag. ) (mean 1 . 0 1 ;  N= 6) ;  
width across posterolateral borders equivalent to 0.76--1 .04 
times the hypostomal length (sag. ) ,  (mean 0.88; N = 7) .  
Median body prominent, oval, strongly inflated, reaching 
anterior hypostomal margin, or nearly sa; median body 
accounts for 0.89-0.94, (mean 0.9 1 ;  N = 7) of the sagittal 
hypostomal length, and the body W:L ratio is 0.57-0.73, 
(mean 0.65; N= 7) . A  pair offairly impressed premacular pits 
is situated close to posterior end of median body; the pits are 
occasionally united across sagittal line by a very shal10w 
furrow, best defined on internal moulds. The pits divide the 
median body into a prominent, long anterior lobe, account
ing for about 0.9 or more of the median body length, and a 
short posterior lobe. Anterior margin ofhypostome straight 

Table 9. Hypostomes ofM. limbata (s. I. ) .  I-Il. Width (tr.) across anterior (I)  
and posterior (lI) wings (ratio ofhypostomal length [sag. ] ) .  Ill .  Length of 
median body (ratio of hypostomal length [sag. ] ) .  N. Median body L:W 
ratio. V. Distance (exsag.) from anterior margin to lateral border (ratio of 
hypostomal length [sag. ] ) .  

Specimen Morph Length (mm) Il III IV V 

A 22 Type I 12 .4 0 .91 0 .76 0.94 0.57 0.44 
A 752 Type 2 25.0 1 .00 0.80 0.94 0.57 0.44 
A 963b Type 4 16.6 1 .04 0.83 0.89 0 .61  0.40 
A 995b Type 4 ca. 1 7  
A 78a Type 4 6.5 0.95 0.76 0.90 0.69 0.45 
A 309 Type 6 12 .6 1 .05 0.98 0.90 0.69 0.33 
PMO 64 3 1 5  Type 6 15 .0 1 .08 1 .04 0.90 0.67 0.36 
IK-P4b Type 7 ca. 1 7  0.8* 0.6' 0.9* 0.5' 0.4* 
LU 16b Type 9 15 .0 0 .97 0.89 0.73 0.34 

Mean (exclusive of IK-P4b) 1 .0 1  0.88 0.91 0.65 0.39 

* Ratio tentative, not included in total mean. 
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or very slightly curved in main central part, curving back
wards distally. Posterior margin convex in early types, con
cave in late, this is possibly an evolutionary trend. Macular 
surface smooth, narrow, slanting forwards. Anterior wings 
very well-developed, ascending strongly in dorsal direction. 
Main outer anterolateral part of wing is tlexed ventrally, 
defining a narrow anterior border. Wing merges imperceptly 
with median body, or a very shallow border furrow may be 
indicated. Lateral border commences 0.32-0.45 of the hypo
stomal length (sag. ) from anterior margin (mean 0.39; N = 
7) .  Border widens backwards to attain maximum width level 
with premacular pits, continuing without boundary into a 
posterior border, widest in late types. The border is bounded 
by a deep border furrow, running backwards from anterior 
wing, joins premacular pit and continues rearwards into a 
posterolateral depression and then turns inwards, curving 
around the posterior lobe of median body. The posterior 
section of the border furrow is, however, shallow and rather 
indistinct, and runs immediately adjacent to the posterior 
margin medially. The entire test surface, except for the main 
central part of median body, is covered with rather densely 
spaced terrace ridges, which follow the body contour later
ally on median body, cross anterior wings and follow the 
outer margin on the borders. 

Pygidium parabolic to triangular in outline; adult L:W 
ratios (specimens > 15 mm long) vary between 0.60 and 0.86 
(Table 10) ,  but within one horizon the variation is usually 
only about 1 5% (Figs. 52-53) .  Larger pygidia tend to be 
slightly broader than smaller adult specimens (Fig. 83B) .  
Axis narrow or moderately so ,  and stretches for about 0.85-
0.90 of the pygidial length; anterior half tapers gently, poste
rior half approximately parallel-sided, terminal portion, as 
seen on internal moulds, may be very slightly expanded. 
Minimum axial width, which is at axial ring nos. 8-9, equiva
lent to O. 1 7-O.23 of the pygidial length (mean O.2 1 ;  N= 205) .  
Axis delimited by wide, fairly well-impressed axial furrows, 
shallowing up at the intersection with paradoublural line. 
Axis and pleural fields of subequal height. Axial segmenta
tion almost effaced on testaceous material; internal moulds 
show 13 axial segments in addition to the terminal piece and 

Table 10. Adult pygidia (> 15 mm long) of M. limbata, ranges for variation 
of L:W ratio in individual morphotypes. 

Morph L:W range Mean N 

Type l 0.75 l 
Type 2 0.67-0.8 1 0.75 8 
Type 3 0.63-0.83 0.72 36 
Type 4 0.63-0.76 0.70 7 
Type 5 0.68-0.86 0.75 33 
Type 6 0.60-0.85 0.71 22 
Type 7 0.70-0.75 0.72 14 
Type 8 0.72-0.74 0.73 4 
Type 9 0.64-0.76 0.70 88 

Total 0.60-0.86 0.72 2 1 3  
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anterior half-ring, but only the anterior one to three axial 
rings, rarely more, are developed as true rings; well-pre
served specimens show the axial rings to be double, divided 
by a shallow transverse furrow. The rear segments are indi
cated by lateral, paired knobs. Pleural fields evenly convex 
with 7 pairs ofbifurcate low ribs inside paradoublural line, 
best defined on internal moulds, and to some extent effaced 
on testaceous material. Articulating facets triangular, con
cave, slanting forwards, provided with short, irregular low 
ridges, resembling terrace lines. Pygidial test surface other
wise smooth. Moderately to distinctly concave border 
present posteriorly; anterolateral margins convex, confluent 
with pleural fields. Larger as well as broader pygidia have a 
gently concave, rather narrow border, developed only in the 
hindmost portion of pygidium, while smaller and in particu
larly narrow pygidia show a much more strongly concave 
and slightlywider border, upturned postaxially, especially in 
the latest morphotypes. 

Doublure sigmoidal in cross-section with a gently con
cave, almost horizontal outer half, and a steep, slightly con
vex inner half; the convexity of the latter increases rearwards, 
producing a flattened strip along inner margin posteriorly. 
Outer half of doublure is upturned postaxially. Inner margin 
shows a small V-shaped axial embayment. Combined width 
(both sides) of the doublure at anterior margin is equivalent 
to about 0.2 of the pygidial width. Doublure covered with 
1 5-18  (counted at pygidial midline) moderately spaced, 
rather coarse terrace lines, most dense along inner margin 
and in the flexure between inner and outer halfs. The exterior 
lines parallel the outer margin, whereas the lines on the inner 
half descend from inner margin, run backwards to meet the 
outer lines discordantly in the flexure. Short interjacent lines 
are occasionally present on the steep part of the doublure, 
especially posterolaterally. Lines generally slightly wavy on 
the steep part. Rearmost lines descending from the inner 
margin unite across sagittal line, and are therefore V -shaped 
in dorsal view. 

Juveniles. - The degree of glabellar inflation and the depth of 
lateral glabellar, occipital, dorsal and preglabellar furrows 
diminish during growth, the sagittal cephalic relief decreases 
markedlY' and the palpebral lobes descend from being sig
nificantly raised above glabella to about level with glabella in 
the largest adults. The lobes are also situated doser to poste
rior cranidial margin in juveniles. It is a general impression 
that juvenile cranidia are narrower than adult specimens; 
cranidia I l  to 17 mm long show a W:L ratio across posterior 
fixigenae of 1 . 14-1 .22 (mean 1 . 18 ;  N = 6) ,  and the preocular 
width also tends to be slightly smaller, but less distinctly so 
(Fig. 8 IB ) .  The lateral cephalic border is more distinctly set 
off in juveniles. 

Pygidia 6-15  mm long are broader than the associated 
adults, W:L ratios vary between 0.57 and 0.83 (mean 0.68; 
N = 20; Fig. 83B), and show a more strongly inflated axis and 
better defined segmentation (axis and pleural fields) .  Juve-
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niles up to 10 mm long have a well-defined concave border 
extending almost to the anterolateral corners, and are overall 
rather strongly vaulted. Smaller pygidia up to 20 mm long 
may still have a forward-extending border to about midline 
across pygidium; the border is best defined on internal 
moulds. 

Affinities. - M. lim bata is distinguished from M. simon by the 
longer glabella and the narrower pygidial axis; isolated py
gidia may, however, occasionally be difficult to assign. In the 
Komstad Limestone M. simon also tends to be broader than 
the associated M. limbata type 9. M. limbata is more readily 
separated from M. polyphemus, by being overall narrower, 
having a comparativelywell-inflated, subcylindrical glabella, 
larger eyes, more prominent genal spines, a more distinct 
pygidial axial constriction and, in particular in smaller py
gidia, an upturned postaxial border. 

The differences between M. lim bata vs. M. elongata and M. 
geminus n.sp. are discussed in the respective sections on 
those species. 

Remarks. -The taxonomical status of this species is discussed 
in the introductory remarks above. It is there conduded that 
the narrow species concept of M. limbata hitherto employed 
(Jaanusson 1956a; Balashova 1976; Tjernvik 1980) seems 
unwarranted. Within the present material nine intergrading 
limbata 'morphotypes' are recognized, which are interpreted 
as ecophenotypes. Which taxonomical distinction (subspe
cies/variants/no distinction) these should have must be de
cided by future investigations. In order to stabilize the no
mendature of Megistaspis, the present contribution is kept in 
open nomendature, awaiting examinations of large, strati
graphically well-documented materials from other areas of 
the Baltoscandian region. However, a temporary condusion 
seems to be that a separation at the subspecies level generally 
is unworkable, with type 6 as a possible exception. 

Megistaspis (Megistaspis) limbata type l 
Figs. 84A-C, 85 

Material. - One cephalon, l cranidium, l hypostome and l 
pygidium. 

List ofmaterial. - DCephalon A 1 7  (pim) [MGUH 22.424] . DCranidium A 
656 (im) [MGUH 22.423] . DHypostoma A 22 (im). DPygidium A 653 
(im).  

Occurrence. - M. (M. )  limbata type l occurs in the lower part 
of the M. simon Zone at Slemmestad, where it has been found 
in beds M-2 and M-3 of the Hukodden Limestone. Type l 
also seems present near the base of the M. simon Zone on 
northern Oland and in the Finngrundet core, see remarks 
below. 

Description. - Largest cranidium 27.5 mm long (cranidial 
length of cephalon A 1 7) ,  available pygidium ca. 18 mm long. 
Cephalic L:W ratio slightly exceeds 0.7. Cranidium narrow 
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Fig. 84. Megistaspis (M.) limbata type l (A-C) and type 2 (D-G).  OA-B. Small eranidium, positive (A) 
and latex east (B), x4. MGUH 22.423 (A 656), bed M-2, Slemmestad. OC Partly exfoliated cephalon, 
stereo-pair, x l .5. MGUH 22.424 (A 17 ) ,  bed M-3, Slemmestad. OD. Fragmentary internal mould of 
eranidium, x2. MGUH 22.425 (A 4 1 ) ,  bed M-6, Slemmestad. OE. Internal mould ofhypostome (latex 
east) ,  stereo-pair, x2. Note the convex posterior margin. MGUH 22.426 (A 752), bed M-6, Slemme
stad. OF. Internal mould of pygidium, x l .  MGUH 22.427 (A 782), bed M-6, Slemmestad. OG. 
Internal mould of small pygidium, x2. MGUH 22.428 (A 750), bed M-6, Slemmestad. 

with moderate sagittal convexity; FW:L ratio unusually low. 
Median depression in preglabellar area fairly distinct. Gla
beila of low relief, why glabeIla is rather poorly set off from 
preglabellar area, where the test is intact. Elongate transverse 
glabellar furrows well-impressed on internal moulds, and 
glabeIla therefore assumes a faintly pyriform outline. Bac
culae ill-defined, indicated mainly as posterior shallowings 
of the axial furrows. Facial sutures diverge at an angle of 
about 15° to sagittal line in front of eyes, then bend inwards, 

converging at an angle of about 120-125° to sagittal line. 
Genal spine appears prominent, but distal part is damaged. 

The hypostome is quite similar to the large hypostome 
assigned to M. lim bata type 2, and they are described collec
tively below. By comparison, the hypostome of type l is 
slightly narrower and with a more slender median body. 

Pygidium damaged. It is relatively narrow, L:W ratio ca. 
0.75 (Fig. 85) ;  the border is onIy slightly upturned post
axially. 
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Remarks. - Tjernvik ( 1 980, pp. 192, 200) briefly described a 
new subspecies of M. limbata from the M. simon Zone of 
Sweden, stated to differ from M. lim bata (s.str.) by having a 
broader (tr.) cranidium, and a pygidium with shorter axis 
and a correspondingly longer and only slightly upturned 
postaxial border. Although being roughly contemporane
ous, Tjernvik's unnamed subspecies cannot correspond to 
the relatively narrow Megistaspis (M.) limbata type l ,  which 
is more similar to the later M. (M. )  lim bata 's.str. ' (here type 
5 ) .  Compared to M. (M.) lim bata type 5, the type l cranidia 
have more strongly diverging anterior branches of facial 
suture (but, still, the preocularwidth is comparativelysmall) ,  
short (tr. ) posterior fixjgenae, and a distinctly less vaulted 
glabella with elongate lateral glabellar furrows (rounded in 
M. (M.) lim bata type 5 ) .  The degree of upturning of the 
postaxial border is the only recognized pygidial difference. 

Tjernvik ( 1 980, p. 200) mentioned that forms intermedi
ate between the new broad subspecies and M. (M.)  lim bata 
(s.str. ) occur at Lanna, and an intermediate specimen was 
found in the Finngrundet core at 49.61 m (not indicated in 
the diagram Tjernvik 1980, Fig. 4) .  This level is, however, 
within the lower part ( ! )  of the M. simon Zone, and the 
occurrence is equal to the distribution of M. (M. )  limbata 
type l at Slemmestad. The Finngrundet specimen could not 
be located in the Tjernvik collection, University of Uppsala. 

A cranidium collected from the 'Blood Layer' complex 
(basal Horns Udde Formation sensu van Wamel 1974) at 
Horns Udde, northern Oland, is entirely similar to the lim
ited material of type l from Slemmestad. The 'Blood Layer' is 
generally considered to represent the lower part of the M. 
simon Zone. 

It appears that Tjernvik ( 1980) implicitly assumed that the 
narrow M. limbata 's.str. ' evolved from the bro ad M. limbata 
'n.subsp. ' ,  but such an interpretation is difficult to reconcile 
with the presence of an 'intermediate' type already at the base 
of the M. simon Zone, i.e. prior to the appearance ofbroad 
types. In my opinion the distribution of narrow and broad 
M. limbata types mirrors environment rather than evolu
tion. 

Megistaspis (Megistaspis) limbata type 2 
Figs. 84D-G, 85 

Synonymy. - 0 1 980 Megistaspis (Megistaspis) limbata 
(Boeck) n.subsp. [partim?] -Tjernvik, pp. l 9 l ,  192, 200; Figs. 
7D, 9G-H (diagnosis, occurrence, drawings and photo
graphs of cranidium and pygidium) . 

Material. - Six cranidia, l librigena, l hypostoma, and 1 7  
pygidia. 

Listofmaterial. - DCranidiaA 4 1  (im) [MGUH 22.425 J , A 690 (im) , A 753a 
(im), A 753b? (im), A 758 (im), A 787 (pim).  DLibrigena A 668? (im) . 
DHypostoma A 752 (im) [MGUH 22.426J .  DPygidia A 2 1  (im), A 662 
(im) , A 669 (im), A 671 (im) , A 695 (im) ,A  7 1 7  (t) , A  720 (im) , A  726? (im) , 
A 750 (im) [MGUH 22.428] , A 753c (t) , A 753d (im), A 771 (im),  A 773 
(im), A 782 (im) [MGUH 22.427J ,  A 783? (im), A 786 (im), A 788 (pim). 
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Fig. 85. Pygidia of Megistaspis (M.) limbata types 1 (c) and 2 (.). Ratio 
between length (sag. ) and maximum width plotted against pygidial length. 

Occurrence. - M. (M. )  limbata type 2 is frequent at Slemme
stad in bed interval M -4 to M -6, which constitutes the upper 
part of the M. simon Zone. Type 2 also seems to be present in 
the M. simon Zone of Sweden, see discussion below. 

Description. - Largest cranidium 35 mm long, largest py
gidium 45 mm long. Cranidium moderately narrow (Table 
8 ) ;  the limited material suggests that cranidia become nar
rower upwards from bed M-4 to M-6: one cranidium from 
bed M-4 shows a PW:L value of 0.78, whereas three cranidia 
from bed 6 show 0.69-0.75 (mean 0.72 ) .  Sagittal relief of 
cranidia fairly strong. Median depression in preglabellar area 
moderately to faintly impressed. Glabella distinctly vaulted; 
elongate transverse glabellar furrows shallow on internal 
moulds. Bacculae as M. limbata type l .  Facial sutures diverge 
in front of eyes at an angle of about 5-100 to sagittal line, then 
turn inwards, converging at an angle of 1 1 5-125° to sagittal 
line ( 1 15°  in the early specimen, 120-125° in the latest) . 

Hypostome 25 mm long (Fig. 84E) ; various ratios are 
listed in Table 9. A 12 .4 mm long hypostome from bed M-3, 
assumed to match M. lim bata type l ,  has a very similar 
structure. The two specimens differ from later limbata hypo
stomes by showing an evenly convex posterior margin with
out mesial incurvature, the premacular pits are united across 
sagittal line by a shallow furrow (the specimens are exfoli
ated) , the anterior wings are comparatively broad, and the 
lateral border is quite markedly raised (ventral view) , hence 
the adjacent border furrow appears deep; the posterior bor
der is narrow. 

Pygidium narrow (Table 10) ,  with axis of variable length, 
but typically long; length of postaxial border and degree of 
concavity vary in correspondence to the axial length, so 
pygidia with a long axis show a short, pronouncedly concave 
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border. Moderately to distinctly concave border present 
posteriorly, but is not as upturned as in the later types of M. 
(M.) limbata. 

Remarks. - The cranidia referred to as M. (M.) limbata type 
2 are slightly wider (tr. ) than type l and has a much more 
prominent glabeIla with rather indistinct transverse glabellar 
furrows, while type 2 cranidia by comparison to type 3 are 
narrower (tr. ) ,  and exhibit a relatively narrower and stronger 
vaulted glabeIla. Type 2 is separated from type 5 by showing 
a wider glabeIla, generally also a wider cranidium, markedly 
shallower lateral glabellar furrows and less downflexed 
anterolateral corners of anterior fixigenae. Type 2 cranidia 
resemble M. (M.) simon with regard to glabellar width, but 
are characterized by a distinctly longer glabeIla, the preocular 
cranidial width is usually relatively smaller, and the palpebral 
lobes are raised slightly higher above glabeIla, all in speci
mens of equal size. 

The pygidia associated with the type 2 cranidia are more 
generalized. Smaller pygidia of type 2 show a less upturned 
postaxial border than smaller pygidia of types 3 and 5, 
whereas the largest pygidia of these types are indistinguish
able. 

Megistaspis (M.) limbata type 2 seems to have roughly the 
same range as the Swedish M. (M.) limbata subsp. Tjernvik, 
1 980, and matches it on severaI points (compare Tjernvik 
1980, p. 200) .  It is, however, suspected that the material at 
hand is biased towards the narrower end of variation range; 
'early' cephala of type 2 (i.e. from a different palaeoenviron
ment) are expected to be slightly broader. 

The cranidium figured by Tjernvik ( 1980, Fig. 9G) is 
certainly a 'type 2' ,  as indicated by the fairly strongly arched 
glabeIla, preocular width, etc. (the specimen has been exam
ined) .  Type 2 is therefore taken to be largely identical to M. 
limbata subsp. Tjernvik, but it is suspected that Tjernvik 
accommodated the broad type 3 in M. lim bata subsp. as well. 

Tjernvik ( 1 980, p. 1 92)  listed a Megistaspis (M.) sp. 3 from 
the M. simon Zone. In the absence of a description this 
species and its occurrence cannot be discussed. 

Megistaspis (Megistaspis) limbata type 3 
Figs. 86-88 

Synonymy. - Dcf. 1980 Megistaspis (Megistaspis) limbata 
(Boeck) n.subsp. [partim?] - Tjernvik, pp. 1 9 1 ,  192, 200; 
Figs. 7D, 9G-H (diagnosis, occurrence, drawings and photo
graphs of cranidium and pygidium) .  

Material. - Two cephala, 3 1  cranidia, 8 librigenae, and 70 
pygidia. 

List of material. - DCephala A 42b (t), A 809 (im) with four thoracic 
segments [MGUH 22.430 J .  DCranidia A 92 (c) , A 8 1 6b (im) , A 8 1 6c (im) , 
A 8 16d (pim), A 8 1 7  (im), A 828b (im), A 8431 (im), A 8691 (im), A 891 
( im),  A 897 (t), A 923 (im) , A 937c (im) , A 938 (im),  A 939 (im),  A 948a 
(im), A 948b (im), A 962 (t) [MGUH 22.429 J ,  A 965b (im) [MGUH 
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22.43 1 ] ,  A 9751 (im),  A 9821 (im), A 99 l ?  (im), A lOSSa (pim),  A 1063b 
(pim), A 1077 (pim) .  DJuvenile cranidia A 23 (im), A 882 (im), A 933a 
(pim), A 965f (im) , A  966b (im),  A 967b (im), A 970a (im) .  DLibrigenae A 
37b (im), A 78bl (im),  A 1 2 1  (im), A 792 (im), A 795 (im),  A 847b (im), A 
964b (pim) [MGUH 22.432] ,  A 980 (im) .  DPygidia A 33a (im) [MGUH 
22.435] , A 33b (im) , A 36b? (im),  A 36d (pim), A 37a (im) ,  A 53? (c) ,  A 60 
(im) , A 6 1  (pim), A 63? (im) , A 68a (pim) , A 72 (pim), A 86a (im) [MGUH 
22.433 ] ,  A 98c (c) ,  A 99? (pim) , A  1 02? (im), A 107 (im), A 1 09 (c) ,  A 128? 
(im) , A 791 (im) , A 797 (im) , A 813 (im) , A 8 16a (im),  A 820 (im),  A 824 
(im) , A 825 (im) , A 827 (im), A 828a (im) , A  831 (im) [MGUH 22.437] , A 
845 (im), A 847a (im),  A 848 (pim) [MGUH 22.436] ,  A 857a (im), A 858 
(im) , A 866 (im) , A 87 1  (pim), A 872a (im) , A 872b (t) , A 879a (im) , A 879b 
(im), A 879d (im) , A 884? (im), A 885 (pim), A 889a (im), A 902 (im),  A 904 
(im), A 908a (pim),  A 908b (im),  A 908c? (im), A 9 19  (im),  A 924 (im),  A 
933b (im) , A 933c (im), A 933d? (im) , A 945? (im),  A 954 (im),  A 955a (im), 
A 955b (im),  A 961a (im), A 96 1c  (pim),  A 962a (im),  A 962b (pim) 
[MGUH 22.434 ] ,  A 964c (im),  A 964d (im), A 989 (im), A 1 0 1  l? (im), A 
lOBb (im) , A 1025 (im) , 1 0281 (im), A 1056b (im), A 1 065a (im/em).  

Occurrence. - M. (M. )  lim bata type 3 occurs frequently in bed 
interval M -7 to M - 1 0  and, sparsely, in bed interval M - I l  to 
A-5 at Slemmestad, i.e. through the lower half of the M. 
limbata Zone. 

Cranidia collected from the uppermost part of the Horns 
Udde Formation (see van Wamel 197 4) and the lower part of 
the Lepidurus Limestone of northern Oland are for all prac
tical purposes similar to M. (M.)  limbata type 3. Both occur
rences are within the M. limbata Zone. 

Description. - Largest cranidium 45 mm long, largest py
gidium 53 mm long. Cephalon parabolic in outline, L:W 
ratio about 0.6 (excl. of genal spines) .  Cranidium wide 
(Table 8 ) ;  the smallest FW:L value is in a cranidium 1 7  mm 
long, the lowest adult value is 1 .28 (cf. Table 8 ) .  GlabeIla 
moderately convex, gently forwards-expanding and, there
fore, slightly pyriform in outline. Lateral glabellar furrows 
shallow. Median depression in frontal area fairly distinct on 
internal moulds. Occipital furrow well-impressed, distinctly 
deeper laterally, shallower mesially. Palpebral area wide, 
sloping moderately in adaxial direction. Bacculae distinct. 
Anterior branches of facial suture diverge in front of eyes at 
an angle of about 150  to sagittal line, then turn inwards and 
converge at an angle of about 1200 to sagittal line. 

Librigena has low eye socle with a shallow furrow at the 

base in the largest specimens. Genal spine comparatively 
slender. 

Pygidium generally broad, especially the larger specimens 
(Table 10; Fig. 88) .  The terrace lines on the doublure appear 
coarse, and a total of only 15-16  lines has been counted at 
midline across pygidium in a couple of specimens. A large 
specimen shows more wavy and discontinuous terrace lines 
on the steep part of the doublure. 

Affinities. - The broad M. limbata type 3 is superficially 
somewhat like M. polyphemus. By comparison, the cephalon 
of type 3 is more elongate, has a narrower and slightly more 
arched glabeIla, a better impressed occipital furrow, larger 
eyes, and more stout genal spines. The pygidia of the two 
species have different axial outlines. 
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Fig. 86. Megistaspis (M.) limbata type 3 .  DA. Large, somewhat corroded cranidium, stereo-pair, xl .  MGUH 22.429 (A 962) ,  bed M-9,  Slemmestad. DB. 
Internal mouId of damaged cephalothorax, x 1 .5 .  MGUH 22.430 (A 809) ,  bed M-7, Slemmestad. DC Partly exfoliated small cranidium, x4. MGUH 22.43 1 
(A 965b) ,  bed M- lO, Slemmestad. OD. Partly exfoliated small librigena, x4. MGUH 22.432 (A 964b) ,  bed M-lO, Slemmestad. DE. Internal mould of 
pygidium, x 1 .5. The speeimen is from the same sample as Fig. 9 1B, and illustrates the pygidial W:L range ofvariation shown by M. (M.) limbata. MGUH 
22.433 (A 86a) , bed A-3, Slemmestad. OF. Partly exfoliated pygidium, x l. MGUH 22.434 (A 962b) ,  bed M -9, Slemmestad. OG. Internal mould of pygidium, 
x 1 .5. MGUH 22.435 (A 33a), bed M-9, Slemmestad. 

Compared to M. (M.) limbata type 5, type 3 has a markedly 
wider cranidium with a less inflated and broader, forward
expanding glabella, less raised palpebral lobes (which, how
ever, to some extent may relate to size differences) ,  shallower 
lateral glabellar furrows and more distinctly inflated bac
culae. Furthermore, the occipital furrow is typically laterally 
pinched, whereas type 5 has a well-impressed occipital fur
row throughout. M. (M.)  limbata type 4 cranidia are inter
mediate between types 3 and 5. 

Remarks. - The distinctions between types 3-4 and 4-5 are 
tentative and based mainly on cephalic L:W ratios; in most 
cases the respective pygidia cannot be distinguished. For this 
reason the pygidia from bed interval M- lO to A-6 are arbi
trarily divided into large specimens, assigned to type 3, and 
smaller specimens, assigned to type 5. The three limbata 
types undoubtedly represent biological variation, and it is 
stressed that no formal taxonomic distinction should be 
made. 
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Fig. 87. Tuvenile pygidia of Megistaspis (M.) 
limbata type 3,  both showing a comparatively 
strongly upturned postaxial border. DA. Internal 
mould showing axis and forwards stretching 
concave border, x3 .  MGUH 22.436 (A 848) ,  bed 
M-7, Slemmestad. DB. Internal mould, x2.  
MGUH 22.437 (A 83 1 ) ,  bed M-7, Slemmestad. 
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Fig. 88. Pygidia of Megistaspis (M.)  limbata types 3 (e) and 4 (O) .  M. 
limbata type 4 corresponds to 'var. mirlOr'. Ratio between length (sag. ) and 
maximum width plotted against pygidial length. 

Megistaspis (M.) limbata type 3 is dose to but seems to be 
slightly broader than M. (M.) limbata n.subsp. sensu Tjern
vik ( 1 980) , reported from the M. simon Zone and the lower 
part of the M. limbata Zone. It is believed that M. limbata 
subsp. Tjernvik encompasses type 2 as weU as type 3 as 
defined here. 

Megistaspis (Megistaspis) limbata type 4 
( 'minor' Brogger, 1 882) 
Figs. 88-89 

Synonymy. - Dv 1 882 Meg. lim bata, Boeck, var. minor 
Brogger, p. 77; Pl. 2 :2 (short diagnosis, occurrence, illustrac 
tion of pygidium) .  Dnon 1906 Megalaspis polyphemus var. 
minor m. - Schmidt, pp. 25-27; Pl. 1 :5 .  [= M. (M.) polyphe
mus Brogger, 1 882] . Dnon 1907 Megalaspis minor, new spe
eies - WeUer, p. 563. O? 1980 Megistaspis minor (Brogger) 
Tjernvik, p. 192 (listed) . 

Iower Ordovician trilobites from Scandinavia 1 1 7  

Lectotype of M. MINOR Brogger, 1 882. - Here designated, 
pygidium figured by Brogger 1 882, Pl. 2 :2 .  The speeimen is 
from the Hukodden Limestone (most likelythe upper part of 
the member) of Vestfossen, Oslo area. 

Material. - Twenty-eight cranidia, 4 librigenae, 3 hypo
stomes, and 9 pygidia. The majority of pygidia match ing 
the cranidia, referred to as type 4, cannot be distinguished 
from M. (M.) limbata types 3 and 5, and is described 
jointly with those. 

List ofmaterial. - DCranidia A 39 (im/em) ,  A 40? (im),  A 42a (im) [MGUH 
22.438 ] ,  A 899 (im),  A 903 (im) , A  937a (t) , A  950 (im) , A  957? (im),  A 960a 
(im) [MGUH 22.440 ] ,  A 962c (pim), A 962d? (im), A 964a (im),  A 967a? 
(im) , A 978 (im), A 1009? (im) , A  10 12b (im) , A  10 13g (im) ,A  lO l 3h? (im),  
A 1014  (im) , A 1033 (im) [MGUH 22.439 ] ,  A 1038 ( im),  A 1046b? (im), A 
1063c (im) . DTuvenilecranidia A 47 (im) , A  106? (im) , A 837 (im) [MGUH 
22.443] ,  A 880? (im) .  A 1027a (im).  DLibrigenae A 1O l3e? (im) , A 1 0 l 3d 
(im),  A 10 16b (im), A 1065b (im) . DHypostomata A 78? (im), A 963b (c) 
[MGUH 22.442] ,  A 995b? (im) . DPygidia A 36a (im) [MGUH 22.444 ] ,  A 
22 1a? (im), A 896 (c) [MGUH 22.445 ] ,  A 925? (im), A 935? (pim), A 937b 
(pim) [MGUH 22.44 1 ] ,  A 960b? (im) ,  A 968? (im), A 1078? (pim).  

Occurrence. - M. (M.)  limbata type 4 cranidia occur in bed 
interval M-9 to M- 12  at Slemmestad, which belongs to the 
lower part of the M. lim bata Zone. For other occurrences, see 
remarks below. 

Megistaspis 'minaf pygidia occurs sporadically in bed in
terval M -9 to M - 1 4; a poorly preserved pygidiurn from bed 
A- l I  is tentatively assigned. 

Description. - Largest cranidium 45 mm long, largest py
gidium 33 mm long, but most pygidia are smaller. Cranidia 
resemble M. limbata type 3, but are somewhat narrower 
(Table 8) ;  cranidia more than 20 mm long show FW:L ratios 
between 1 .25 and 1 .35 (mean 1 . 30; N = 8) .  Glabella is 
narrower (tr. ) than in type 3, and the palpebral lobes are 
elevated slightly higher above glabeUa, perhaps owing to the 
generally smaller average size of the speeimens. Facial sutures 
diverge in front of eyes at an angle of about 5-10° to sagittal 
line, then turn inwards, converging at an angle of about 125° 
to sagittal line. 

Hypostome A 963 (Fig. 89E) , 1 6.6 mm long, is from bed 
M-9, and presumably matches the type 4 cranidia; various 
ratios are listed in Table 9. Posterior margin shows a wide, 
convex emargination. Premacular pits united across sagittal 
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Fig. 89. Megistaspis (M.)  limbata type 4 ( 'minor' ) .  DA. Damaged cephalon, x 1 .5. MGUH 22.438 (A 42a) ,  bed M-14, Slemmestad. DB. Internal mould of 
cranidium, x l .S .  MGUH 22.439 (A 1033) ,  bed M- l l , Slemmestad. De. Internal mould of cranidium, x l .S .  MGUH 22.440 (A 960a), bed M-9,  Slemmestad. 
OD. Comparatively broad pygidium, x 1 .5. MGUH 22.441  (A 937b) ,  bed M-9, Slemmestad. DE. Corroded hypostome, stereo-pair, x2. MGUH 22.442 (A 
963b), bed M-9, Slemmestad. OF. Internal mould of small cranidium, x3. MGUH 22.443 (A 837), bed M-7, Slemmestad. OG. Internal mould of pygidium, 
x l .S .  MGUH 22.444 (A 36a) , Bed M -9, Slemmestad. OH. Corroded pygidium, x l .S .  MGUH 22.445 (A 896), bed M -9, Slemmestad. 

line by a very shallow furrow, which presumably would be 
more distinct on an internal mould. A wide, very shallow 
furrow separates anterior wing from median body. Entire 
border fairly raised (ventral view) , the degree of elevation 
may be classified as intermediate between the hypostomes of 
M. limbata types 2 and 6. Posterolateral depressions of bor
der furrow less prominent than in type 2. 

Hypostome A 995, ca. 1 7-18  mm long, from bed M - 10  is 
similar to specimen A 963, but the median body is possibly 
more elongate, and the specimen may belong to M. limbata 
type 5; the apparent elongation may, however, be caused by 
lateral compression. 

Hypostome A 78, 6.5 mm long, from bed A -3 is tentatively 
assigned to type 4 (Table 9) ;  it looks more like type 6 in many 
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respects, notably regarding lateral and posterior borders, 
induding mesial incurvature of posterior margin, stretching 
for about O. l of the maximum hypostomal length, but no 
type 6 cranidia have been found in bed A-3. Some of the 
differences from the hypostome described above may, 
though, be size related. 

Pygidium broad (Table 10) ;  axis long, tapering compara
tively little rearwards, axial constriction indistinct. Posterior 
border very narrow, present only in hindmost part. 

Remarks. - Megalaspis limbata var. minor Brogger, 1 882, 
ranked as an individual species by Jaanusson ( 1956a), was 
listed from the M. lim bata Zone of Sweden by Tjernvik 
( 1980). The variant was not recognized by Schmidt ( 1 906). 
M. minorwas originally distinguished from M. lim bata 'typi
ca' by its smaller size (pygidial length typically about 26 mm 
or less) ,  by being relatively wider (pygidial L:W ratio about 
2 :3) ,  and by almost lacking a pygidial border (Brogger 1 882, 
p .  77); the cranidium was not described. Variant minor 
imperceptibly intergrades with the 'typical' M. limbata ac
cording to Brogger ( 1 882, p. 1 6 1 ) .  

The lectotype of  M. minor (figured by Brogger 1 882, Pl. 
1 :2) has been reexamined. The edge of the pygidium is 
damaged from the first rib pair and rearwards, so the narrow 
paradoublural area indicated by Brogger is an artefact, the 
distinctness of the ribs is also exaggerated in the drawing, and 
the axial width is slightly smaller in reality. The pygidium is 
kept together with a cranidium of M. limbata type 4. 

The few, generally poorly preserved pygidia from Slem
mestad described above are similar to the lectotype py
gidium; most of them are from beds M -9 and M - 1 0  of the 
Hukodden Limestone. As stated by Brogger ( 1 882) , there is 
a continuous variation range from M. minor to M. lim bata 
types 3-5, and M. minordefinitely cannot be maintained as a 
separate species, nor as a discrete subspecies. The 'minor' 
pygidia with an ill-defined concave border and indistinct 
axial constriction are just slightly atypical M. limbata pygidia. 

Specimens intermediate between the broad M. limbata n. 
subsp. sensu Tjernvik ( 1 980, p. 200) and M. limbata 's.str. ' 
was by Tjernvik claimed to occur at Lanna; such specimens 
may in part or entirely correspond to the type 4 cranidia. The 
distinction between types 3 and 4 is tentative, and no formal 
taxonomic distinction should be made. It is unknown what 
M. minor sensu Tjernvik ( 1980) refers to. 

Megistaspis (Megistaspis) limbata type 5 
Figs. 90---92 

Synonymy. - Ov 1882 Megalaspis limbata, Boeck, form. 
typica [partim] - Brogger, pp. 77-79; Pl. 9:2 [= lectotype of 
M. (M.)  limbata] ; non Pl. 9: 1 [= M. (M.)  elongata] , non Pl. 
9:3-4 [= M. (M.)  limbata type 6] (description, occurrence, 
illustration of pygidium) . Ov 1941 Megalaspis limbata 
(Boeck) - Størmer, p. 141  (designation of lectotype) . Ov 
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1956a Megistaspis (Megistaspis) limbata (Boeck, 1 838) - Jaa
nusson, pp. 60-71 ;  Pl. 1 : 1-3 (discussion oftaxonomy, illus
trations of lectotype) .  0 1972 Megistaspis (Megistaspis) lim
bata (Boeck, 1 838) - Tjernvik, pp. 303-309; Textfig. 2A 
(discussion of stratigraphical distribution, drawing of cra
nidium) .  0 1 980 Megistaspis (Megistaspis) limbata (Boeck) 
Tjernvik, pp. 192, 200; Figs. 7E, 9E-F (short description, 
occurrence, drawings and illustrations of cephala, cranidium 
and pygidia) . 

Material. - One complete specimen, 1 5  cranidia, 2 librigena, 
and 56 pygidia. 

List of material. - DComplete specimen A 1 16 1  (im) [MGUH 22.446] . 
DCranidia A 68b (pim), A 97b (em), A 222 (im), A 932 (pim) [MGUH 
22.447] , A 974 (im), A 990 (pim),  A 994a (pim),  A 995a (im) [MGUH 
22.448] ,  A 1 0 1 5  ( im), A 10 16a ( im),  A 10 16d (pim).  DJuvenile eranidia A 
87 (pim), A 1 78 (im), A 965d (im) ,  A 10 12a (im).  DLibrigenae A 980b? 
(im), A 10 12e? (im). DPygidia A 43 (im), A 45 (im), A 48 (im), A 49 (pim), 
A 5 1  (im), A 62 (im), A 65 (im), A 67 (im), A 74 (im) , A 75 (t) ,  A 77 (im), 
A 80 (im), A 8 1  (im) [MGUH 22.450 ] ,  A 85 (pim), A 86b (pim) [MGUH 
22.454 ] ,  A 88 (im) [MGUH 22.449 ] ,  A 97a ( im), A 98a (pim), A 98b? (im), 
A 108 (im), A 1 12 (im) [MGUH 22.45 1 ] ,  A 1 1 3 (im) [MGUH 22.453 ] ,  A 
1 34? (im), A I SO? (im), A 1 52 (im), A 965a (im), A 965e (im), A 965g (pim), 
A 966a (im) [MGUH 22.455 ] ,  A 966e (im), A 970b? (im), A 971a  (im), A 
971b (im), A 971e? (im), A 972 (im),  A 980c? (im), A 985 (im),  A 994b (t) , 
A lO 13a (im), A 1 0 1 3e? (im), A lO 13 i  (im), A 10 16e (pim),  A 1 0 1 7  (im), A 
102 1 a  (im), A 1021b (im), A 1023a? (im), A 1023b (im),  A 1027b (im), A 
1037 (im) , A  1045a (im) , A  1045b (im),  A 1046a (im) , A  1 056a ( im), A 1 069 
(im) [MGUH 22.452 ] ,  A 1072 (im),  A 1076 (pim) .  

Occurrence. - Megistaspis (M. )  limbata type 5 occurs in bed 
interval M- lO  to A-3 at Slemmestad; isolated cranidia from 
beds M-9 and A- l l  are also identified with type 5. Bed 
interval M -9 to A -3 belongs to the lower subzone of the M. 
limbata Zone, while bed A - I l  is within the upper subzone of 
the M. lim bata Zone. The assignment of pygidia from beds 
A-4 to A-6 is uncertain as no cranidia are found; they are 
tentatively assigned to type 5 .  

M. limbatatype 5 corresponds to  limbata 's. str. ' ofTjernvik 
( 1 980), the eponymous index fossil of the M. limbata Zone of 
Sweden; see discussion below. 

Description. - (See also Tjernvik 1980) . Medium-sized, nar
row form (Table 8) ;  largest cranidium 30 mm long, largest 
pygidium 42 mm long, but most pygidia are less than 35 
mm long. Cephalon triangular in outline; cephalic L:W 
ratio about 0.7 (excl. of genal spines) .  GlabeIla markedly 
vaulted with comparatively deep lateral glabellar 'furrows', 
which appears as rounded impressions (best seen on inter
nal moulds) .  Glabellar tuberde immediately in front of oc
cipital furrow indistinct, but better defined than in the other 
types of M. (M.) lim bata. Mesial depression in frontal area 
normally indistinct. Bacculae small, but fairly inflated. Pal
pebral area steeply sloping in adaxial direction. Anterior 
branches of facial suture approximately parallel in front of 
eyes, then turn inwards, converging at an angle of about 
1 300 to sagittal line. 

Librigena with prominent, rather long genal spine. 
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Fig. 90. Megistaspis (M.) limbata type 5. DA. Partly exfoliated cephalothorax of complete speeimen, stereo-pair, x l .  MGUH 22.446 (A 1 1 6 1 ) ,  Lysaker Member, 
Slemmestad. DB. Slightly distorted, partly exfoliated cranidium, showing glabellar muscle insertion sites, x2. MGUH 22.447 (A 932),  bed M-9, Slemmestad. 
OC Partly exfoliated cranidium, x2. MGUH 22.448 (A 995a) , bed M- lO, Slemmestad. OD. Internal mould of pygidium showing axis and upturned posterior 
border, x2. MGUH 22.449 (A 88) ,  bed A-3, Slemmestad. DE. Internal mould of small pygidium, x2.5. MGUH 22.450 (A 8 1 ) ,  bed M-9, Slemmestad. OF. 
Internal mould of pygidium showing axis, x l .5. MGUH 22.45 1 (A l l2) ,  bed A-4, Slemmestad. OG. Internal mould of juvenile pygidium showing well
developed border, x3.  MGUH 22.452 (A 1069), bed M-14, Slemmestad. OH. Internal mould ofjuvenile pygidium showing lateral border, x4. MGUH 22.453 
(A 1 1 3 ) ,  bed A-4, Slemmestad. 

Pygidium subtriangular in outline, narrow (Fig. 92; Table 
10) .  Border very strongly concave postaxially, somewhat 
upturned, which is a characteristic fea ture of type 5. How
ever, large pygidia do not show this 'upturning'. Doublure 
with 16-18 terrace lines, counted at pygidial midline. 

Remarks. - M. (M.) limbata type 5 is similar to the lectotype 
of M. (M.) limbata, designated by Størmer ( 194 1 ) ,  and, 

accordingly, corresponds to M. (M.) lim bata 's.str. ' in the 
sense of Tjernvik ( 1980) .  The lectotype specimen probably 
originates from the lowermost part of the Lysaker Member, 
but in contradiction to the belief of Brogger ( 1 882) ,  the 
'typical' M. limbata also occurs in the Hukodden Limestone. 

Much confusion has prevailed concerning the identifica
tion and taxonomic limits of the 'true' M. (M.)  limbata, 
partly because of the general scarcity of cephalic material. 
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Fig. 91.  Megistaspis (M.) limbata type 5 ( 's.str. ') . DA. Internal mould of 
pygidium showing doublure, x 1 .5. PMO 3 1 78, Lysaker Member, Huk, 
Bygdøy, Oslo Region. DB. Very narrow pygidium, x 1 .5. The speeimen is 
from the same sample as Fig. 86E. MGUH 22.454 (A 86b) ,  bed A-3, 
Slemmestad. De. Internal mould ofpygidium showing axis and segmenta
tion ofpleural fields, x 1 .5. MGUH 22.455 (A 966),  bed M-lO, Slemmestad. 
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Fig. 92. Pygidia of Megistaspis (M.) limbata type 5. Ratio between length 
(sag. ) and maximum width plotted against pygidial length. 

Ninety-seven more or less fragmentary cranidia and cephala 
from Slemmestad are here identified with M. limbata (5.1. ) ,  
and i t  appears that the narrow definition of  M. (M. )  lim bata, 
advocated by Jaanusson ( 1 956a) and Tjernvik ( 1 972, 1980) , 
is unwarranted. The variability of the Norwegian material is 
highlighted by the distinetion of various morphotypes, but 
the limits ofthese types are arbitrarilydefined, and at least the 
differentiation oftypes l to 5 is pigeonholing. The same may 
be said for limbata types 7-9 of the Komstad Limestone. A 
continued recognition of a narrow M. limbata (s.str. ) seems, 
accordingly, to be artificial, hence the designation is best 
avoided. The changed definition of M. limbata extends the 
range outside the M. limbata Zone. 

The length of the pygidial axis is more variable in the 
Norwegian material than stated by Tjernvik ( 1980) (short in 
M. limbata subsp ./long in M. lim bata 's.str. ') . Tjernvik ( 1 980) 
emphasized the upturned postaxial border of M. limbata 
pygidia, and it appears that the M. lim bata types occurring in 
the M. lim bata Zone actually tend to show a more upturned 
postaxial border, compared to the older types, but early, 
smaller pygidia may possess an equally upturned border 
which late, large pygidia generally do not have. 

M. limbata from the M. limbata Zone ofSweden is gener
ally slightly broader than type 5 as here defined, and may be 
classified as intermediate between types 4 and 5 (unpub
lished data) . 
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Megistaspis (Megistaspis) limbata type 6 
Figs. 93-94 

Synonymy. - Dv 1882 Megalaspis lim bata, Boeck, form. 
typica [partim] - Brogger, pp. 77-79; Pl. 9:3-4; non Pl. 9:2 
[=  M. (M.) limbata type 5 ] ;  non Pl. 9: 1 [= M. (M.) elongata] 
(description, occurrence, illustrations of cephalon and py
gidium) .  D 1956a Megistaspis (Megistaspis) n.sp. - Jaanus
son, p. 70 (listed) . 

Material. - One cephalon with hypostome, 1 3  cranidia, 10  
librigenae, l hypostoma and 41 pygidia. 

List of material. - OCephalon PMO 643 15  (fragmentary but with well
preserved hypostome) (t) .  OCranidia A 154? (pim), A 185 (pim) [MGUH 
22.460 ] ,  A 1 88? (im), A 194? (im), A 204 (pim), A 2 1 1  (pim), A 221c? 
(im), A 230? (pim), A 233 (im), A 302b (pim) [MGUH 22.456] , A 3 1 3  
(im), A 322 (pim) [MGUH 22.46 1 ] ,  A 3 3 5  (pim).  OLibrigenae A 167b 
(im), A 186 (im), A 198 (pim), A 220b (pim) [MGUH 22.459 ] ,  A 241 
(pim) [MGUH 22.458] ,  A 271  (im), A 303b (im) , A 3 1 8a (pim), A 324a 
(im), A 355 (im). OHypostoma A 309 (im) [MGUH 22.457] . OPygidia A 
1 56 (pim), A 167a (im), A 207 (im) , A 2 1 3  (pim), A 2 1 5  (pim),  A 220a (t), 
A 221b (pim), A 228a (im), A 228b (pim), A 23 1 a  (im), A 231b (im) , A 
236 (im), A 243? (im), A 248 (pim), A 249 (im) , A 259 (pim), A 266 (im) 
[MGUH 22.466 ] ,  A 273 (im), A 276 (im), A 283 (pim), A 284 (pim), A 
306 (t) ,  A 308 (t) ,  A 3 1 5a (im) [MGUH 22.465 ] ,  A 3 1 5b (im),  A 3 1 7  (im) 
[MGUH 22.462 ] ,  A 3 1 8b (pim) [MGUH 22.463 ] ,  A 3 1 8c (im),  A 320a 
(im), A 320b (im), A 320c (im), A 320e (pim), A 321 (im), A 328 (im), A 
330 (pim), A 33 1  (im) [MGUH 22.464 ] ,  A 332 (im) , A 348 (c) ,  A 398 
(im), A 1093 (im), A 1096 (im).  

Occurrence. - M. limbata type 6 has been found in bed 
interval A -7 to A -28 at Slemmestad, representing the upper 
part of the M. limbata Zone. The identification of pygidia 
from beds A -5 and A -6 is uncertain, and those specimens are 
tentatively assigned to type 5. A stratigraphically important 
pygidium from bed A-28 is a typical, narrow representative 
of M. limbata with upturned postaxial border. 

Description. - Large, relatively broad form (Table 8) ,  largest 
cranidium 43 mm long, largest pygidium 44 mm long. 
Cephalon almost twice as broad as long (excl. genal spines) .  
Sagittal cranidial relief moderate. Glabella fairly vaulted. 
Mesial depression in frontal area faint. Lateral glabellar fur
rows and bacculae as in type 5. Shallow border furrow on 
posterior fixigena is most distinctly impressed on internal 
moulds; the feature is unusual for Scandinavian representa
tives of M. limbata. Palpebral lobes comparatively well el
evated above glabella. Anterior branches of facial suture 
diverge from the eyes at an angle of about 100 to sagittal line, 
then turn inwards, converging at an angle of about 1250 to 
sagittal line. 

The most characteristic feature of the librigena is the 
presence of a fairly deep furrow at the base of the eye socle 
(best defined on internal moulds) .  Genal spine slender. 

The hypostomes, 12 .6 mm and 1 5.0 mm long, differ 
somewhat from the remaining hypostomes assigned to M. 
limbata (Table 9) .  Anterior wings narrow (exsag. ) ,  and not 
separated by shallow furrow from median body; lateral bor
der widens comparatively strongly backwards. A wide mesial 
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incurvature is present in posterior margin; depth of 'notch' 
equivalent to 0.05-0. 1 1 of the maximum hypostomal length. 

Pygidium typically broadly parabolic in outline with L:W 
ratios about 0.7, but more narrow, subtriangular pygidia 
with L:W ratios about 0.8 also occur (Table 10 ) .  Internal 
moulds show up to 5-6 fully developed axial rings. Pleural 
fields with comparatively well-developed ribs. The postaxial 
border is evenly concave in broad pygidia, whereas narrower 
specimens show the characteristic strongly concave, up
turned ' lim bata-border' . It is inconclusively indicated that 
the terrace lines on the doublure of type 6 are coarser than in 
type 5; the total number cannot be verified. 

Affinities. - M. (M.) limbata type 6 resembles type 5 with 
regard to the almost parallei course of the facial sutures and 
the glabellar outline, but type 6 is distinctly broader and 
normally shows a shallow cephalic posterior border furrow. 
The pygidia of type 6 are also typically broader, parabolie in 
outline and with a narrower and less concave border, but 
some of the narrower specimens are indistinguishable from 
type 5.  

The type 6 hypostome deviates from the remaining Nor
wegian hypostomes assigned to M. limbata by having a more 
rounded median body, less inflated, flatter lateral and poste
rior borders, and by showing a shallow mesial incurvature in 
the posterior margin. Type 6 hypostomes in these respects 
resemble the fragmentary hypostome assigned to limbata 
type 9. 

Remarks. - M. (M.) limbata type 6 is identical to Brogger's 
( 1 882) broad M. lim bata forma typica, which was included in 
M. limbata baltica by Balashova ( 1976, pp. 80-8 l ) .  Type 6 
differs, however, from the somewhat older M. limbata baltica 
by having, for example, much longer (tr.) posterior 
fixigenae. The broad form is here interpreted as an eco
phenotype of M. limbata, and it may conveniently be ranked 

Fig. 93. Megistaspis (M.)  limbata type 6. DA. Partly exfoliated cranidium 
showing faint posterior border furrow, stereo-pair, x l .  l .  MGUH 22.456 (A 
302b) ,  bed A- 19, Slemmestad. DB. Hypostome with well-preserved cutiele 
showing terrace ridge sculpture, stereo-pair, x3 .  PMO 64 3 1 5, Lysaker 
Member, Slemmestad. OC Largely exfoliated hypostome, stereo-pair, x3 .  
MGUH 22.457 (A 309), bed A- 19,  Slemmestad. OD. Partly exfoliated small 
librigena, x3 .  MGUH 22.458 (A 24 1 ) ,  bed A- 13 ,  Slemmestad. DE. Partly 
exfoliated librigena, showing well-developed furrow at base of eye soele, 
x2. MGUH 22.459 (A 220b) ,  bed A- l l , Slemmestad. OF. Fragmentary 
cranidium, x l .5. MGUH 22.460 (A 1 85) ,  bed A-8, Slemmestad. OG. Partly 
exfoliated cranidium, x2. MGUH 22.46 1 (A 322) ,  bed A- 19,  Slemmestad. 
OH. Internal mould of pygidium, x2. MGUH 22.462 (A 3 1 7) ,  bed A- 19 ,  
Slemmestad. DI .  Partly exfoliated small pygidium showing fairly strongly 
upturned border, x2. MGUH 22.463 (A 3 1 8b) ,  bed A- 19, Slemmestad. OJ. 
Internal mould of pygidium, x l .  MGUH 22.464 (A 33 1 ) ,  bed A-20, 
Slemmestad. DK. Exfoliated fragment ofjuvenile pygidium showing well
defined anterolateral concave border, x4. MGUH 22.465 (A 3 1 5a),  bed A-
19, Slemmestad. DL. Partly exfoliated juvenile pygidium showing well
defined concave border all the way; it is strongly upturned postaxially, x4. 
MGUH 22.466 (A 266), bed A- 14, Slemmestad. 
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Fig. 94. Pygidia of Megistaspis (M.)  limbata type 6. Ratio between length 
(sag. ) and maximum width plotted against pygidial length. 

as a variant, or, alternatively, as a subspecies, although a 
formal distinetion at the subspecies level probably is unwar
ranted, as type 6 appears to become gradually rather narrow 
again in the interval above bed A-20 in the Slemmestad 
section. 

The specimens figured by Brogger ( 1 882, Pl. 9:3--4) 
illustrate M. limbata type 6 fairly well, although the shown 
cephalon appears to have a higher sagittal relief than typical 
for the majority of the available cranidia. It should be noted 
that the cephalic posterior furrow and the occipital furrow 
have been accentuated in the drawing, and the lateral cepha
lie border is not indicated at all. The unusually short genal 
spines are an artefact, as the original speeimen is slightly 
worn, and appears to have been collected from the beach. 

Megistaspis (Megistaspis) limbata type 7 
Fig. 95 

Synonymy. - Ov 1936 Megalaspis limbata Sars & Boeck 
[partim ] - C. Poulsen, pp. 48, 50 (listed) . Ov 1 952 Megalaspis 
limbata (Boeck) [partim] - Skjeseth, p. 1 6 1 ;  Pl. 1 :7; non Pl. 
1 : 3  [Megistaspis cf. sp. C] (occurrence, illustration of py
gidium) .  Ov 1965 Megistaspis (Megistaspis) cf. lata (Torn
quist, 1 884) - V. Poulsen, pp. 66-67; Pl. 1 : 7  (description, 
occurrence, illustration of pygidium) . 0 1 980 Megistaspis 
(Megistaspis) n.sp. no. 1 - Tjernvik, pp. 1 9 1 ,  197-198; Fig. 7B 
(description, occurrence, drawings of cranidium and py
gidium) .  Ov 1980 Megistaspis (Megistaspis) lata (Tornquist) 
[partim] - Tjernvik, Fig. 4 (occurrence) .  

Material. - Three cranidia, l hypostoma, and 16  pygidia. 

FOSSILS AND STRATA 38 ( 1 995) 

List of material. - DCranidia 5 189 ( im),  5 28 1 (c), GM 1 888.326 ( ��) 
[MGUH 22.467] . DHypostoma IK P-4b (im) [MGUH 22.468 ] .  DPygldm 
5 200 (im) [MGUH 22.474 ] ,  5 205 (im),  5 2 1 0  (im), 5 286 (im) [MGUH 
22.47 l ] ,  5 299 (im), 5 307 (im) [MGUH 22.470 ] ,  5 345 (im),  5 35 1  (im), 5 
1679 (im) [MGUH 22.472 ] ,  5 168 1b? (im), 5 1 760 (im), GM 1 885.42 (im) 
[MGUH 22.473 ] ,  GM 1951 .41  (pim), GM 1988.2 1  with two thoracic 
segments ( im), IK P-4a (im) [MGUH 22.469 ] ,  IK P- 19? (im) .  

Occurrence. - M. (M. )  limbata type 7 is characteristic of the 
lower part of the M. polyphemus Zone at Skeibro, where it is 
more abundant than M. polyphemus itself; it has been found 
only in beds -2 1 and -20. The GM and IK samples most 
likely originate from these beds as well; the level of hypo
stome IK P-4b can be fixed to 1.5 cm above the base ofbed 
-20. The well-preserved cranidium GM 1 888.326 from Skel
bro is from bed -2 1 or -20, most likely bed -20. Pygidium 
GM 1 885.42 is from 1--4.5 cm below the top ofbed -2 1 .  

M. limbata typ e  7 is probably identical to Megistaspis (M.) 
sp .  I sensu Tjernvik, 1980, characteristic of the lower half of 
the M. polyphemus Zone ofSweden, and type 7 is  presumably 
also present in the lower part of the Stein Limestone at 
Herramb, southern Norway (see discussion below) . 

Description. - Largest cranidium (GM 1888.326) 32 mm 
long, largest pygidium 42 mm long. The description of the 
cranidium refers to the exfoliated speeimen GM 1888.326 
(Fig. 95A) , if not otherwise stated. Cranidium rather narrow 
(Table 8) ,  in particularly across posterior fixigena, with a 
fairly high sagittal relief. Mesial depression in frontal area 
comparatively distinet. Glabella slightly pyriform in outline; 
lateral glabellar furrows very shallow; occipital furrow deep
est laterally and almost effaced mesially. Glabellar tubercle 
indistinct. Bacculae gently inflated, comparatively small, 
oval. Palpebral lobes pronouncedly elevated above glabella 
(speeimens S 1 89, S 28 1 ) ,  most strongly so in the smallest 
cranidia. Outer third of posterior fixigena bent somewhat 
backwards, gently downwards; no posterior border furrow. 
Anterior branches of facial suture diverge forwards in front 
of eyes at an angle of 1 5° to sagittal line, then curve evenly 
inwards to converge at an angle of about 1 25° to sagittal line. 

The exfoliated hypostome (Fig. 95B) is estimated to have 
been about 17 mm long; because of its fragmentary state all 
ratios are estimates (Table 9) .  Basic outline like the hypo
stomes of M. lim bata types l and 2, but the speeimen is 
relatively narrower. Median body only moderately inflated 
(less than in M. limbata types l and 2, approximately as in M. 
geminus n.sp. ) ,  and appears comparatively slender with a 
W:L ratio in the size order of 1 :2 .  The weakiy impressed 
premacular pits are united across sagittal line by a shallow 
furrow. A wide, shallow furrow separates median body from 
anterior wing. Posterior margin as described for limbata type 
2, but the mesial part appears to be even more emarginate. 

Pygidium subtriangular in outline, and very similar to 
narrow types of M. limbata (Table 10) .  Axis comparatively 
short; axial constriction most obvious in the smaller pygidia. 
Doublure of pygidium comparatively wide posteriorly, but 
poorly exposed in the available material. Compared to M. 
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Fig. 95. Megistaspis (M)  limbata type 7. DA. Internal mould of  eranidium, x2 .  MG UH 22.467 (GM 1888.326), Skeibro. DB .  Latex east of  fragmentary 
hypostome, x4. MGUH 22.468 (IK P-4b) ,  Skeibro. De. Internal mould of pygidium, x l .S .  MGUH 22.469 (IK P-4a) , Skeibro. OD. Internal mould of 
pygidium, x l .  MGUH 22.470 (S 307), bed -20, SkeIbro. DE. Internal mould of pygidium, x l .  MGUH 22.47 1 (S 286),  bed -20, Skeibro. OF. Internal mould 
of pygidium, x l. MGUH 22.472 (S 1679), bed -20, SkeIbro. OG. Internal mould of small pygidium showing narrow lateral border, x l .S .  MGUH 22.473 (GM 
1 885.42) ,  Duegård, Bornholm. OH. Partly exfoliated juvenile pygidium showing well-developed anterolateral border, x6. MGUH 22.474 (S 200), bed -2 1 ,  
SkeIbro. 

limbata, the inner half of doublure is possibly more convex, 
so the 'flattened' strip along inner margin appears slightly 
wider. 

The juvenile pygidia S 200 (Fig. 95H) and S 205, 6 and 10 
mm long, differ from adult pygidia by the same characters as 

described for juveniles of M. limbata in general; L:W ratios 
0.62-0.64. 

Affinities. - The material is exceedingly similar to M. limbata 
(see also remarks by Tjernvik 1980, p. 197) ,  and is considered 
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Fig. 96. Pygidia of Megistaspis (M.) limbata types 7 (e) and 8 (o) .  Ratio 
between length (sag.) and maximum width plotted against pygidial length. 

an early ecophenotype of this species. Type 7 resembles type 
1, from which it is separated by showing a slightly higher 
adult cranidial relief, a broader, more pyriform glabella, 
highly elevated palpebral lobes, a mesially shallower occipital 
furrow, a narrower hypostome, a shorter pygidial axis and a 
correspondingly longer postaxial border. 

Megistaspis (M. )  limbata type 7 very much resembles 
Megistaspis (M. )  sp. no. 1 Tjernvik, 1980, and the two forms 
are believed identical. The cranidia of type 7 and sp. 1 
Tjernvik are both narrow (tr. ) ,  the anterior fixigenae are 
laterally bent comparatively strongly downwards, the occipi
tal furrows are deep laterally and rather shallow mesially, the 
palpebral lobes are raised considerably above the surface of 
glabella, even in adults, no posterior border furrow is devel
oped and the posterior fixigenae are relatively short (tr.) and 
directed backwards distally. The pygidia of type 7 generally 
have a relatively shorter axis than sp. 1 Tjernvik, but this 
difference is not regarded significant. 

Compared to the associated M. polyphemus, the pygidia of 
type 7 differ by being relatively narrower (tr. ) and by having 
a narrower axis (tr.) with a faint constriction. Furthermore, 
the axis of type 7 is shorter and, consequently, the postaxial 
border and the posterior part of the doublure are broader. 
The juvenile pygidia of type 7 differ from juvenile pygidia of 
M. polyphemus by being more triangular in outline, relatively 
narrower (albeit being quite broad), the axis is shorter and 
with a distinct constriction, and the postaxial border is 
broader. 

Remarks. - The pygidium identified with M. lim bata by 
Skjeseth ( 1 952) may represent M. limbata type 7. According 
to the label, the specimen is from the basal part of the Stein 
Limestone ( '3ca') .  The associated small cranidium (Fig. 
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126) ,  also assigned to M. limbata by Skjeseth ( 1 952) ,  has a 
distinct preglabellar furrow, a gently inflated paradoublural 
crest in front of glabella, a shallow posterior border furrow, 
and the posterior margin offixigenae is raised. These charac
ters, which cannot be explained as due to the small size of the 
specimen, suggest an affinityto Megistaspis spp. B and C (see 
remarks on M. sp. C).  

A pygidium from level 56.4 m in the Finngrundet core, 
assigned to M. lata by Tjernvik ( 1 980), rather belongs to M. 
lim bata type 7 [sp. 1 sensu Tjernvikl (the specimen has been 
examined) . 

Megistaspis (Megistaspis) limbata type 8 
Figs. 96-97 

Synonymy. - D? 1980 Megistaspis (M.) n.sp. no. 2 - Tjernvik, 
pp. 1 9 1 ,  199 (short description, occurrence) .  

Material. - Five pygidia. 

List of material. - DPygidia S 302 (im) [MGUH 22.476 ] ,  S 704 (c) ,  S 771  
(im) [MGUH 22.475 ] ,  S 772a (c) ,  S 776b (im) .  

Occurrence. - Megistaspis (M. )  lim bata type 8 occurs in bed 
interval -20 to -13  at Skelbro, Zone of M. polyphemus; four 
of the five pygidia are from bed interval -16  to -13 .  Type 8 is 
perhaps identical to M. (Megistaspis) sp. 2 Tjernvik, 1980, 
which occurs in the upper half of the M. polyphemus Zone of 
Sweden. 

Description. - Largest specimen 40 mm long. Pygidium tri
angular in outline and rather narrow (tr. ) (Table 10) .  Axis 
appears narrow, short, terminal part gently, but clearly ex
panded, so axis has a well-defined constriction; minimum 
axial width equivalent to 0.20--0.2 1 of the pygidial length as 
typical for M. lim bata. It is characteristic that the middle one 
third of the axis is below the level of adjacent pleural fields, 
which are more vaulted than usual for M. limbata. Doublure 
comparatively wide, but not exposed in the material. Inter
nal moulds show indistinct paradoublural furrow. 

Affinities. - Compared to M. lim bata type 7, the pygidia 
called type 8 differ by showing a more pronounced axial 
constriction, and the middle axial portion is below the level 
of the more vaulted pleural fields. It also looks as if the axis is 
tapering for a longer distance, and hence appears slightly 
narrower in type 8, but the ratio axial width:pygidial length 
is, however, of usual size order. 

Compared to pygidia of the coeval M. (M.) polyphemus, 
Megistaspis limbata type 8 is narrower (tr. ) ,  with a more 
triangular outline, and a shorter and narrower, distinctly 
constricted axis, and the posterior border is correspondingly 
longer. 

Remarks. -Tjernvik ( 1980, p. 199) briefly described a Megi
staspis n. sp. 2, stated to be characteristic of the upper part of 
the M. polyphemus Zone at Lanna, central Sweden. The 
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Fig. 97. Megistaspis (M.) limbata type 8. DA. Fragmentary intern al mould 
ofpygidium, x l .  MGVH 22.475 (S 77 1 ) ,  bed -13,  Skeibro. DB. Fragmen
tary internal mould of pygidium, x l .  MGVH 22.476 (S 302), bed -20, 
SkeIbro. 

pygidium of sp. 2 was separated from sp. 1 sensu Tjernvik by 
having a short and low pygidial axis and a correspondingly 
longer postaxial border, and it is therefore possible that 
Megistaspis sp. 2 corresponds to M. lim bata type 8. The 
unusually low axis of type 8 seerns, however, to be even more 
subsided than described for sp. 2 .  

The two pygidia from the middle part of the M. polyphe
mus Zone of the Finngrundet core, referred to as 'Megistaspis 
(M.) n.sp. '  by Tjernvik ( 1 980, Fig. 4) ,  have been examined, 
and they presurnably belong to M. polyphemus. 

Cranidia collected from the top of the Bruddesta Forma
tion on northern Oland most likely represent Megistaspis sp. 
2 Tjernvik; the material is from the upper part of the M. 
polyphemus Zone. The specimens are narrow, with PW:L 
ratio about O.75, and FW:L ratio about 1 . 13 .  Glabella moder
ately vaulted, narrow; front truncate; mesial impression in 
frontal area fairly distinct; bacculae indistinct. Occipital fur
row narrow (sag. ) ,  entire, even on testaceous specimens. 
Palpebral lobes well raised above glabella (adults) .  Extreme 
distal part of fixigenae flexed backwards, less so than in M. 
limbata type 7. The cranidia are rather similar to those of M. 
limbata type l ,  but are slightly broader, show shallower 
lateral glabellar furrows, a slightly more arched glabella, 
shorter occipital furrow (sag. ) ,  and a slightly truncate glabel
lar front. These cranidia, which most likely represent Megi
staspis sp. 2 Tjernvik, definitely belong to M. limbata. 

Megistaspis (Megistaspis) limbata type 9 
Figs. 98-100 

Synonymy. - Dv 19 19  Megalaspis limbata Sars & Boeck 
[partim] - Funkquist, pp. 2 1 ,  39 (occurrence) .  Dv 1936 
Megalaspis limbata Sars & Boeck [partim ] - C. Poulsen, pp. 
48, 50 (listed) . 

Material. - Twenty-four cranidia, 6 librigenae, 1 hypostoma 
and 124 pygidia. 
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List of material. - DCranidia S 1 765a (im), S 1 765b? (im), S 1 765c (em) , K 
44 (t), 75 (t), K 90 (t) [MGVH 22.479 ] ,  K 1 89 (im) , K 208 (c) ,  K 609b (im), 
K 61 7b (c), K 6 19  (t), K 665 (im), K 678 (pim) [MGVH 22.478 ] ,  K 714 (c), 
K 727a (pim), K 727b (c), K 773 (pim), GM 1984. 1 803 (pim) [MGVH 
22.477] ,  LV 1 8c ( im),  LV 23b (im),  LV 27 (im/em), LV 47 (c), LV 92b 
(em), LV 1 56d? (t). DLibrigenae K 506 (c) [MGVH 22.480] ,  K 668 (im), K 
697a (im), K 697b? (im), LV 1 8  (im), LV 97 (c) .  DHypostoma LV 16b (im) 
[LO 707 1 ) .  DPygidia S 860? (im), S 865? (c), S 876? (c), S 880 (pim), S 888? 
(im), S 908 (pim) ,  S 933 (im), S 968? (c) ,  S 1070 (c), S 1 077 (t), S 1081  (c), 
S 1083 (t) [MGVH 22.482 ) ,  S 1084 (pim) [MGVH 22.483 ] ,  S 1085 (t), S 
1086 (im), S 1088 (pim), S 1 089 (im),  S l l 55 (im), S 1 168 (em), S 1 2 1 3  (im) , 
S 12 1 8? (c) ,  S 1226 (im), S l 308? (c) ,  S 1 337 (im), S 1 348 (pim) [MGVH 
22.488 ] ,  S l656? (c), S 1658 (c), S 1 766 (c), K 14  (im),  K 30 (c), K 31 (c), K 
38 (c) ,  K 5 1  (t), K 64 (c) ,  K 8 1  (c) ,  K 93? (c) ,  K I I I  (c) ,  K l l7 (pim) , K 140? 
(c), K 1 66b (c), K 1 72 (c), K 2 1 3? (c), K 2 1 7  (c), K 233 (pim), K 384 (t), K 
385 (pim), K 406 (c), K 407 (c) ,  K 408 (c) ,  K 4 10  (c) ,  K 4 1 3  (c), K 433 (im),  
K 470 ( im),  K 505 (c), K 507 (c) ,  K 509 ( im),  K 510 (c) ,  K 535 (c) ,  K 609a? 
(c), K 6 1 7a (t) with one thoracic segment, K 6 1 8  (c), K 629 (c), K 630 (im/ 
c), K 643 (c) [MGVH 22.486 ] ,  K 655 (c) ,  K 657 (c) ,  K 67 1 (c) ,  K 677 (pim), 
K 687 (c) , K 694 (im), K 698 (em+pim) [MGVH 22.485 ] ,  K 7 1 0  (c) , K 7 1 5a 
(c) , K 71 Sb (c), K 7 1 5c? (c), K 718  (c) ,  K 722 (pim) [MGVH 22.484] , K 728b 
(c), K 74 1  (c), K 742 (im), K 743a (c), K 743b (pim), K 745 (pim), K 747 (c) ,  
K 763 (c) ,  K 765 (c) ,  K 770 (c), K 774 (c), K 1 343 (c) ,  F 299 (im) [MGVH 
22.487) , DGV 4 (im) [MGVH 22.48 1 ] ,  IK P-6 (im),  IK P-7 (c), LV 9 (im), 
LV 16a (c), LV l6c (pim), LV 18d (im), LV 22 (im), LV 23a (im) [LO 
7078 ] ,  LV 23c (im), LV 32c (im), LV 32d (c) , LV 32e (im) , LV 32f? (im), LV 
32g? (im), LV 34 (im), LV 43a (c) ,  LV 45 (t), LV 48a (c) ,  LV 48c? (c) ,  LV 
48d? (c), LV 49a? (im) , LV 50a (t), LV 50b? (c) ,  LV S l e? (c) ,  LV 52b (im), 
LV 53 a? (im), LV 53b (im), LV 55 (im), LV 76 (c) ,  LV 79 (im), LV 92a (c), 
LV 1 56a? (im), LV 1 56b? (im).  

Occurrence. - Megistaspis (M.)  limbata type 9 is the most 
frequent megistaspid in the Komstad Limestone of SE Scania 
and Bornholm, where it occurs in the M. simon Zone and in 
the lower subzone of the M. limbata Zone. Type 9 has been 
found in bed interval -6 to + 7 at Skelbro; a poorly preserved 
pygidium from bed -7 is tentatively assigned. Pygidium IK 
P-6 from Skelbro most likely comes from bed -4, judging 
from the lithology as well as the adjoining fossils (Rhomb
ampyx sp. and Nileus orbiculatoides) . Pygidium IK P-7, also 
from Skeibro, derives from bed interval + 1 to + 7. Pygidium 
DGU-4 (from Skelbro) is from bed interval -4 to -7. No 
cranidia have been found in situ at Skeibro, but sample S 
1 765 contains three specimens, and a fourth specimen (GM 
1984. 1 803) is kept at the Geological Museum, Copenhagen. 
All four cranidia originate from bed interval O to +7, as 
shown by the lithology. 

M. limbata type 9 has been found in SE Scania at Gårdlosa-
1 (beds N-M),  Gårdlosa-4a (beds 2 to 12) ,  and Killerod (beds 
-7 to + 7). A large collection in the University of Lund comes 
from Komstad, Tommarp, Smedstorp and Andrarum. Most 
of the samples cannot be assigned to precise level; the bulk of 
the material from Komstad originates from an interval 
equivalent to beds -2 to -9 at Killerod. 

A single pygidium was found at Fågelsång in bed 1, which 
is within the M. limbata Zone (lower subzone) . 

Description. - Largest cranidium 45 mm long, largest py
gidium 52.5 mm long. Cranidium appears broad, but PW:L 
ratios are not high (Table 8) .  The available material does not 
indicate any stratigraphically controlled variation of the 
PW:L ratio (see remarks below) . Sagittal relief of cranidium 
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moderate, strongest in smaller specimens. GlabeIla moder
ately to fairlyvaulted. Mesial impression in frontal area faint. 
Elongate lateral glabellar furrows weakly impressed. Two 
pairs of rather indistinct, lateral, comma-shaped glabellar 
muscle insertion sites are occasionally seen in front of the 
lateral furrows on internal moulds. Mesial glabellar tubercle 
mostly absent. Occipital furrow deepest laterally. Bacculae 
indistinct. Anterior branches of facial suture diverge in front 
ofeyes at an angle of lO  to 15° to sagittal line, then gentlyturn 
inwards, converging at an angle of about 125-130° to sagittal 
line. 

All librigenae poorly preserved. Internal moulds show a 
shallow furrow at the base of eye socle. A fragmentary hypo
stome (Fig. 99A) is quite similar to M. (M.) limbata type 6, 
but is more elongate (Table 9) .  

Pygidia from the upper part of the M. simon Zone are 
narrower than pygidia from the M. limbata Zone, showing, 
respectively, L:W ratios ofO.68-0.75 (mean O.7 1 ; N= 16) and 
0.64-0.72 (mean 0.68; N = 24) (see also Table 10) .  Pleural 
ribs usually defined also on testaceous specimens, but by 
comparison to types 1-6 from Slemmestad this may relate to 
preservational differences. Concave border postaxial border 
is not turned upwards, except in small pygidia. Most speci
mens have 18 lines across the doublure at pygidial midline, a 
few specimens show only 16-17  lines. 

Affinities. -By comparison to the material of M. (M.)  limbata 
from Slemmestad, the cranidia of type 9 are quite similar to 
type 4, although they mostly are but slightly narrower (tr. ) ;  
the border of  smaller type 9 pygidia is less distinctly upturned 
than seen in types 3 and 5. It is stressed that type 9 should be 
treated only as an ecophenotype of M. (M.)  limbata, there is 
no basis for a formal separation. 

The pygidia of M. limbata type 9 are distinguished from M. 
(M. )  simon by having a narrower axis, but within the Kom
stad Limestone the M. limbata pygidia from the M. simon 
Zone are also markedly narrower than the associated pygidia 
of M. simon. The type 9 cranidia have a longer and more 
prominent glabeIla, a significantly smaller preocular width 

Fig. 98 (opposite page) .  Megistaspis (M.) limbata type 9. DA. Cranidium, 
x l .5. MGUH 22.477 (GM 1984. 1803) ,  SkeIbro. DB. Slightly damaged, 
partly exfoliated eranidium, x l .5. MGUH 22.478 (K 678), bed 8, Gårdliisa-
4a. De. Smaller eranidium, x2. MGUH 22.479 (K 90), bed -5, Killeriid. 
OD. Flattened internal mould of large librigena, x l .5. MGUH 22.480 (K 
506) ,  bed 2, Gårdliisa-4a. DE. Internal mould of comparatively narrow 
pygidium showing axis and segmentation of pleural fields, x l .5. MGVH 
22.48 1 (DGV 4), SkeIbro. OF. Pygidium with intaet test showing segmen
tation of pleural fields, x l .  MGVH 22.482 (S 1083) ,  bed 0, Skeibro. OG. 
Internal mould of comparatively broad pygidium, x l .  MGVH 22.483 (S 
1 084), bed O, Skeibro. OH. Fragmentary juvenile pygidium showing lateral 
border, x4. MGUH 22.484 (K 722) ,  bed 9, Gårdliisa-4a. DI. Latex east of 
juvenile pygidium showing well-developed border, x4. MGUH 22.485 (K 
698), bed 9, Gårdliisa-4a. DI. Small pygidium showing strongly upturned 
postaxial border, x2. MGVH 22.486 (K 643) ,  bed 7, Gårdliisa-4a. 
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Fig. 99. Megistaspis (M.) limbata type 9. DA. Fragmentary internal mould 
ofhypostome, stereo-pair, x2. LO 707 1 (LV 16b) ,  Andrarum. DB. Internal 
mould of pygidium showing doublure, x l .5. LO 7078 (LU 23) ,  Andrarum. 
De. Internal mould of small pygidium showing axis, x2. MGUH 22.487 (F 
299), bed l, Fågelsång. OD. Partly exfoliated, eomparatively broad py
gidium, x l .  MGUH 22.488 (S 1 348), bed +7, SkeIbro. 
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Fig. 1 00. Pygidia of Megistaspis (M.) limbata type 9. Ratio between length 
(sag. ) and maximum width plotted against pygidial length. 

and larger eyes, compared to the material of M. simon from 
Slemmestad. 

Remarks. - Pygidia of type 9 from inferred shallow-water 
facies are relatively narrower than pygidia from deep-water 
intervals of the Komstad Limestone (Fig. 52) . A matching 
systematic variation cannot be demonstrated for the sparse 
material of cranidia at hand, but it should be noted that the 
majority of cranidia assigned to type 9 and sampled in situ 
originates from the upper part of the M. simon Zone. A 
variation oflibrigenae width cannot be demonstrated either, 
as the few librigenae found in situ also are from the M. simon 
Zone. 

The bulk of the material, assigned to Megalaspis limbata by 
Funkquist ( 19 19) ,  belongs to M. limbata type 9, as do some 
of the pygidia listed as M. limbata by C. Poulsen ( 1 936) .  

Megistaspis (Megistaspis) elongata 
(Schmidt, 1 906) 
Figs. 1 0 1-103 

Synonymy. - Dv 1882 Megalaspis limbata, Boeck, form. 
typica [partim] - Brogger, pp. 77-79; Pl. 9: 1 a-b; non Pl. 9:2 
[=  M. (M.) lim bata type 5 ]  and Pl. 9:3 [=  M. (M.) limbata 
type 6] (description, occurrence, illustrations of enrolled 
specimen) . Dv 1886 Megalaspis limbata, Boeck. [partim] -
Brogger, p. 42, Pl. 2:22 (brief description and illustration of 
hypostome) .  Def. 1 890 Megalaspis lim bata var. elongata m. 
Pompecki, pp. 83-84; Pl. 4: 1 5  (brief diagnosis, illustration of 
pygidium) .  D 1 906 Megalaspis limbata var. elongata m. -
Schmidt, pp. 18-19;  Pl. 1 : 12a-b (short description, illustra
tions of entire specimen) . Def. 1906 Megalaspis limbata 
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Boeck [partim] - Schmidt, pp. 1 8-19;  Pl. 1 :9 (description, 
illustration of cephalon [holotype of M. pseudolimbata Bala
shova, 1976] ) .  Dv 1907 Megalaspis limbata S. et B. - Wiman, 
pp. 9 1-92; Pl. 5 : 1 1-12 (occurrence, illustrations of cranidi
um, pygidium) . Dv 1907 Megalaspis limbata v. elongata Fr. 
Schmidt -Wiman, p. 9 1 ;  Pl. 5 : 1-2 (occurrence, illustrations 
of enrolled specimen) .  Dv 1 956a Megistaspis (Megistaspis) ef. 
elongata (Schmidt, 1906) [partim] - Jaanusson, pp. 69-7 1 ;  
Textfig. lA; non lB  [=  M. (M. )  geminus n.sp . ]  (discussion of 
Megistaspis, drawing ofcephalon) .  D 1972 Megistaspis (Megi
staspis) elongata (Fr. Schmidt, 1906) [partim ] - Tjernvik, pp. 
307-309; Figs. 2B, 4C; non Fig. 3A [= M. (M.) geminus n.sp . ]  
(discussion of Megistaspis distribution, drawings of cra
nidia) . D 1 976 Megistaspis (Megistaspis) elongata (F. 
Schmidt, 1906) - Balashova, pp. 84-85;  PIs. 20:7; 29:5; 33:4 
(description of holotype; frontal and side view of cephalon, 
dose up of librigena, illustration of pygidium) .  Def. 1976 
Megistaspis (Megistaspis) pseudolimbata sp.n. [partim] -
Balashova, pp. 82-84; Pls. 20:8; 30:2; ?non Pl. 2 1 :3-5 [? = M. 
limbata baltica Balashova] (description; illustrations of 
cephalon and hypostome) . 

Holotype. -By monotypy, complete specimen 255/42- 18425 
from the Lysaker Member of the Oslo region, probably from 
the A. expansus Zone. The specimen is figured and described 
by Schmidt ( 190 1 )  and Balashova ( 1 976) .  

Material. - Seven complete specimens, 4 cephala, l hypo
stoma, 1 cranidium (badly preserved) , and 10 pygidia. 

List of material. - DComplete speeimens A 468 (pim),  A 482 (pim) 
[MGUH 22.49 1 ] ,  A 1 162 (im) [MGUH 22.489 ] ,  GM 1 909. 1 0 1  (pim) 
[MGUH 22.490 ] ,  PMO 143.5 12  (pim), PMO 2448 (im), PMO H 2615  
(pim) [= Brogger 1 882, Pl. 9: 1 ] .  DCephalaA 454 (pim, fragmentary), PMO 
2244 with hypostome (pim), PMO 2262 (im),  PMO 2277 (t) .  DCranidium 
A 405c (c) .  DPygidia K 1 252 (im) , A 405a? (im), A 409a (im) [MGUH 
22.492 ] , A 409b (t), A 4 1 8  (im) , A 43 1 ?  (im) , A 462? (im) , A 463 (im) , A 566 
(im), A 1 10 1  (pim) [MGUH 22.493] . 

Occurrence. - M. (M. )  elongata occurs in bed interval A -29 to 
A-40 at Slemmestad, representing the lower part of the A. 
expansus Zone. Complete specimen A 1 162 and the material 
listed from the Paleontological Museum, Oslo, are from the 
Lysaker Member, but cannot be assigned to exact level. A 
single pygidium is from bed I l  at Killerod site b, i.e. upper
most part of the A. expansus Zone. An additional megistaspid 
pygidium (Megistaspis sp.) is from bed 20 at Killerod site b 
and possibly belongs to M. elongata, but the very poor 
preservation prevents an assignment to species. 

Description. - (See also Balashova 1976) . M. elongata is rather 
similar to M. limbata, and the description focuses primarily 
on the differences. Medium-sized species, largest measur
able cranidium 30.5 mm long, largest pygidium 40 mm long; 
largest complete specimen is ca. 1 1 5-l20 mm long. 
Cranidium A 405c is fragmentary, but may have had an 
original length of about 40 mm. Cephalon pronouncedly 
triangular in outline, L:W ratio varies between 2:3 and 3 :4. 
Cranidium narrow, PW:L ratio 0.58-0.61 (mean 0.59; N = 
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Fig. 101 .  Megistaspis ( M. )  elongata (Schmidt, 1 906) .  DA-C. Cephalothorax, dorsal, frontal and side views, x 1 .5. B 1 1 3, Trasta, Hafvero, Baltic Sea. Previously 
figured by Wiman ( 1 907, Pl. 5: 1 1 )  and Jaanusson ( 1956a, Textfig. lA).  OD. Largely exfoliated complete specimen, x l .  MGUH 22.489 (A 1 162), Lysaker 
Member, Slemmestad. DE, G. Cephalon (stereo-pair) and pygidium ofpartly exfoliated complete specimen, x l .  PMO H26 15 ,  Lysaker Member, Tøyen, Oslo. 
Previously figured by Brogger ( 1 882, Pl. 9: 1 ) .  OF. Cephalon, x l .5. PMO 2277, Lysaker Member, Håkavik, Asker, Oslo region. OH-I. Small complete 
specimen, x2. The well-developed pygidial border reflects the small size of the specimen. B 105, Trasta, Hafvero, Baltic Sea. Previously figured by Wiman 
( 1 907, Pl. 5: 1-2) .  OJ. Partly exfoliated hypostome, stereo-pair, x4. Cephalon PMO 2244, Lysaker Member, Gjeitungholmen, Slemmestad. 
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Fig. 1 02. Megistaspis (M.) elongata (Schmidt, 1906) . DA.  Partly exfoliated pygidium, x l .5.  
Complete specimen MGUH 22.490 (GM 1909. 1 0 1 ) ,  Lysaker Member, Slemmestad. DB. 
Pygidium, x2. Complete specimen MGUH 22.49 1 (A 482) ,  bed A-40, Slemmestad. DC 
Unusually narrow pygidium, x2. MGUH 22.492 (A 409a) , bed A-29, Slemmestad. DD-E. 
LargeJy exfoliated juvenile pygidia showing broad, distinctively upturned postaxial border, 

'.( , and a concave lateral border. DD. X 1 .5, PMO 142.596, Lysaker Member, Grunvik, Oslo 
Region. DE. x4, MGUH 22.493 (A 1 10 1 ) ,  bed A-32, Slemmestad. 

6);  FW:L ratio is usually between l . l 3  and l . l 8  (N = 4),  but 
a single specimen shows a ratio of 1 .07. Sagittal cephalic relief 
fairly strong. Glabella comparatively strongly arched; it is 
delimited by shallow, wide furrows, which though are aug
mented by the change of slope. Glabella appears long, promi
nent, but is, nevertheless, relatively short, stretching for only 
0.62-0.70 ofthe cranidial length (mean O.66; N= 6) ,  which is 
due to the course of the facial suture. Mesial impression in 
frontal area vestigial or absent. Lateral glabellar furrows 
weakly to moderately impressed. Occipital furrow rather 
shallow, deepest laterally, but augmented by the inflated 
occipital ring. Bacculae indistinct, almost effaced, only a 
single cephalon shows fairly defined bacculae. Posterior fixi
gena with wide, deep border furrow. Palpebral area of fixi
genae sloping quite strongly in adaxial direction. Palpebral 
lobes appear large, but the material is fragmentary; palpebral 
length (exsag.) presumably equivalent to about 0.2 or slightly 
less of the cranidial length and the distance to posterior 
margin is about 1 .2 to 1 .5 times the lobe length (tentative 
measurements, N = 4) .  Anterior branches of facial suture 
subparallel in front of eyes, diverging only slightly forwards, 

then, level with glabellar front, turn inwards, converging at 
an angle of about 135-140° to sagittal line, to bend forwards 
dose to sagittal line, meeting at a very pointed angle. The 
anterior snout extends the cranidium, hence the prominent 
glabella becomes relatively short. When exfoliated the libri
gena shows a fairly deep furrow at base of eye sode. It is 
probably characteristic that well-preserved internal moulds 
show a 'punctate' pattern, fine so on glabella and librigenae, 
more coarse on frontal area (see discussion below) . 

Cephalic doublure narrow, strongly concave, provided 
with fine, continuous terrace lines, laterally running sub
parallei to outer margin; level with eye was counted 19 lines 
(N = 2) .  The line pattern is interrupted by the median suture, 
and large, round panderian openings are present near genal 
angles. Terrace lines irregular below genal angle; no lines on 
doublure below genal spine. Inner margin of doublure 
curves gently upwards medially, forming a socket for the 
hypostome. 

Hypostome largely similar to M. (M.) limbata type 6, but 
differs by having a less inflated median body, and posterolat -
eral borders are narrower (tr. ) and with a slightly different 
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Fig. 1 03. Pygidia of Megistaspis (M.) elongata. DA. Ratio between length 
(sag. ) and maximum width plotted against pygidial length. DB. Ratio 
between minimum axial width and pygidial length, plotted against length 
of pygidium. 

outline, attaining maximwn width level with beginning of 
premacular pits, whereas M. limbata type 6 have posterolat
eral borders, widening backwards for a longer stretch, attain
ing maximum width (tr. ) level with base of maculae. Avail
able hypostome 12 .9 mm long, sagittal length 12.3 mm. 
Width across anterior wings equal to sagittal length, width 
across posterolateral borders 0.88 of maximum length. Me
dian body stretches for 0.80 of maximum length, body W:L 
ratio 2:3. Distance (exsag.) from anterior margin to lateral 
border 0.34 of maximum hypostomal length. 

Pygidium narrow parabolic in outline, adult L:W ratio 
rather variable, showingvalues between 0 .71 and 0.93 (mean 
0.78; N = 12,  see Fig. 103A) . Even if limited, the material 
shows a clear trend from very narrow pygidia in bed A-29 
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(L:W ratios 0.92-0.93) to broader pygidia in the succeeding 
beds, with a minimum pygidial L:W ratio of 0.76 in bed A-40 
(Fig. 53) .  Axis narrow, minimum axial width at constriction 
equivalent to 0. 1 7-0.21  of the pygidial length (mean 0. 19; N 
= 1 5; Fig. 103B) .  Axis exceeds level of pleural fields all the 
way, but especially so anteriorly (see Balashova 1976). Axial 
segmentation comparatively distinct except posteriorly and 
visible also when the test is intact; number of segments as in 
M. limbata. Pleural fields show eight pairs ofbifurcate ribs, of 
which the posterior pair is very faint, and some pygidia only 
show seven pairs. Concave border wide postaxially and 
stretches forwards in some specimens, so only the antero
lateral portions of the pygidium are convex, while other 
specimens show a border only posteriorly. Because of the 
long postaxial border, the axis appears short. 

Pygidial doublure as described for M. limbata, but the lines 
are slightly coarser; 1 3-15  lines were counted across the 
doublure at pygidial midlength. 

A juvenile pygidium, 6.8 mm long (Fig. 1 02E) , is distinctly 
triangular in outline, and shows a L:W ratio of 0.68. Axis 
pronouncedly arched and weU raised above pleural fields; 
pygidial segmentation distinct. Concave border is very wide 
and slightly upturned postaxially, and then stretches for
wards, so a narrow, weU-defined border is present also 
anterolaterally. A couple of pygidia, 2 1-25 mm long, are still 
rather triangular in outline and with a slightly upturned 
postaxial border, but otherwise resemble the larger adult 
specimens. Note that the holotype has a pygidium ca. 20 mm 
long (see Schmidt 1906; Balashova 1976) .  

Affinities. -M. (M.) elongata i s  distinguished from M. (M.) 
lim bata type 5 by usually be ing more elongate, so the cra
nidial PW:L and FW:L ratios are smaller, the posterior fixi
genae show well-impressed border furrows, the palpebral 
lobes are slightly larger, the pygidial border has a different 
outline, and the pygidial segmentation (axis and pleural 
fields) is more distinct. The relative length of glabella is 
affected by the different course of the facial suture, produ
cing a short anterior snout in M. elongata. As the differences 
overall are rather minimal, a separation at the subspecies 
level appears more appropriate, and I am most inclined to 
regard M. elongata merely as a shallow-water ecophenotype 
of M. limbata. Nevertheless, pending investigations oflarger 
collections, including East Baltic material, a separation at the 
species level is maintained, following established practice. 
That M. elongata actually was affected by environment is 
shown by the pygidial width, which changes markedly in the 
interval from bed A-29 to A-40, during which the pygidial 
length:width ratio decreases from about 0.92-0.93 to 0.76. 
This trend, although admittedly based on limited material, 
almost certainly mirrors environmental changes (inferred 
deepening) . 

The relations to M. (M.) pseudolimbata Balashova, 1976 
are discussed below. 
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Remarks. - It has been overlooked that the name M. limbata 
var. elongata was preoccupied by M. lim bata var. elongata 
Pompecki, 1890 (see Pompecki 1 890, pp. 83-84; Pl. 4: 1 5 ) .  
Var. elongata Pompecki may, incidentally, very well turn out 
to be identical to var. elongata sensu Schmidt, but the original 
description and figuring is inadequate for a confident identi
fication. Considering that the name M. limbata var. elongata 
Pompecki is a nomen dubium, based on 'geschiebe' material 
of unknown provenance, and that the whereabouts of the 
type material is unknown, while M. elongata (Schmidt) is a 
well-defined taxon, there is little point in changing the con
cept of M. elongata. Besides, var. elongata Pompecki never 
has been referred to by any other authors. It is therefore 
suggested to suppress the name M. limbata var. elongata 
Pompecki, 1890, and, accordingly, all references to M. 
elongata in the present work apply to M. (M. )  elongata 
(Schmidt, 1906) . 

Jaanusson ( 1956a, p. 7 1 )  considered it quite likely that the 
traditional M. limbataofSweden mayprove within the limits 
of M. elongat{4 rather than within the range of M. limbata as 
fixed by Størmer' s designation of a lectotype in 1 94 1 .  J aanus
son' s conception was based on the belief that the M. limbat{4 
characterizing the Swedish ' Limbata Limestone' , possesses a 
cephalic posterior border furrow, like the eastern Baltic 
material identified with M. limbata by Schmidt ( 1 906), and 
like the specimens identified with M. limbata by Brogger 
( 1 882) and Wiman ( 1 907) , but unlike the lectotype of M. 
limbata, which lacks such a furrow. Jaanusson's interpreta
tion was refuted by Tjernvik ( 1972) , who emphasized that 
the representatives of Megistaspis (Megistaspis) in the Volk
hov Stage ofSweden lack a posterior border furrow, and that 
types possessing such a furrow are confined to the A. expan
sus Zone (Kunda Stage) .  The available new material of M. 
limbata and M. elongata is basically in accordance with 
Tjernvik's statements of 1972. 

Megistaspis (Megistaspis) species showing a well-defined 
cephalic posterior border furrow occur already in the BIla 
Zone of the East Baltic area (cf. Schmidt 1906; Balashova 
1976), and also the earlier species of the Paramegistaspis 
group show variable development of the much-debated fea
ture (compare M. (P. )  planilimbata vs. M. (P.) estonica) . It is 
inferred that the outline of the border furrow was governed 
by the environment; in a general way the presence appears 
associated with shallow-water habitats (see section on aute
cology) . It follows that the misleading term M. elongata 
'group', used for representatives of M. (Megistaspis) with a 
cephalic posterior border furrow, should be avoided. 

Tjernvik ( 1 972, pp. 307-308) mentioned that two species 
of ' elongata-type' occur in the A. expansus Zone at Lanna, of 
which one is similar to M. l. var. elongata as figured by 
Schmidt ( 1 906) and Wiman ( 1 907), whereas the other type 
was said to be similar to M. limbata sensu Wiman ( 1907) 
(= the cephalon of M. (M. )  cf. elongata drawn by Jaanusson 
1956a, Textfig. lA) .  Wiman's material has been examined 
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(see Fig. 10 1A-C, H-I) ,  and it appears that M. limbata as well 
as M. 1. var. elongata sensu Wiman belong to M. (M.)  
elongata. There are no important differences between the 
figured specimens, except for the size; the pygidium (Pl. 5:2 
in Wiman 1907) is only ca. 17 mm long, and shows a 
relatively wide, rather upturned postaxial border (Fig. 1 0  l l ) .  
It  is  therefore uncertain what Tjernvik aimed at; the entire 
specimen N 92 1 ,  referred to by Tjernvik ( 1972, p. 308) ,  could 
not be located in the collections of the University of Uppsala. 

The cranidium of M. limbata sensu Schmidt ( 1 906, Pl. 
l :  1 0, later redrawn by Tjernvik ( 1 972, Fig. 2C) ) is from BIla, 
and not from BIly, as indicated by Tjernvik ( 1 972) ,  while 
another cranidium, very similar to that of M. elongat{4 is 
from BIly according to Schmidt ( 1 906, Pl. 1 :9 ) .  The latter 
cephalon is the holotype of M. (M.)  pseudolimbata Bala
shova, 1976; material from the upper part of BIla was 
suggested to represent the matching pygidium (Balashova 
1976), but this is hardlyso ifthe pygidia are from BIlyand the 
cephalon from BIla. M. elongata is, according to Balashova 
( 1976, p. 85) ,  separated from M. pseudolimbata by having a 
more elongate cephalon, a wider occipital furrow, a strongly 
forwards bent occipital ring, more posteriorly situated eyes, 
and the librigena slopes down immediately from the eye. The 
holotype of M. pseudolimbata is damaged, so the relative 
proportions are uncertain, but it appears that glabella occu
pies about 2/3 of the cranidial length (cf. Schmidt 1906, Pl. 
1 :9 ) ,  so the difference in elongation indicated by Balashova 
( 1976, pp. 82, 85) ,  stating the length of the frontal area in M. 
pseudolimbata to be only about 0.27-0.29 of the cranidial 
length, is not convincing. The eyes are situated 1 .6  times the 
palpebral lobe length (exsag.) from posterior margin in M. 
pseudolimbat{4 which is slightly more advanced than appar
ent from the available material of M. elongata, but the range 
for variation remains to be documented by better material, 
and the difference is not considered significant (compare 
growth related changes in M. limbata) . The librigena does 
not slope down immediately from the eye in M. elongat{4 this 
is a distortion of the holotype (cf. Balashova 1 976, Pl. 20:7a) . 
The hypostome of M. pseudolimbata (see Balashova 1976, p. 
83; Pl. 30:2) is very similar to that of M. elongata. It is 
therefore the impression that M. pseudo lim bata either is very 
closely related to or identical with M. elongata. 

Balashova ( 1 976, p. 82) included the narrow variety of M. 
limbata forma typica sensu Brogger ( 1 882) in the list of 
synonyms for M. pseudolimbata. The narrow variety of M. 
limbat{4 figured by Brogger ( 1 882, Pl. 9: 1 ) ,  dearly belongs 
to M. (M.)  elongat{4 as shown, e.g., by the presence of 
distinct cephalic posterior border furrows; the specimen is 
included in the present study (Fig. 1 0 1E) .  The frontal area is 
slightly longer in reality than evident form the drawing 
published by Brogger. Furthermore, the inferred genal 
spines are drawn too slender and short, as indicated by 
available additional material (see also Schmidt 1906, Pl. 
1 : 1 2a; Balashova 1 976, p. 84) .  
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Megistaspis (Megistaspis) geminus n.sp. 
Figs. 104-107 

Synonymy. - Oy 1 85 1  Megalaspis limbata. S-s & B-k. [partim l 
- Angelin, p. 18 ,  Pl. 16:3 (occurrence, illustration of py
gidium) .  ov 1886 Megalaspis limbata, Boeck [partim] -
Bri:igger, p. 42; Pl. 2:23 (brief description of hypostome, 
illustration of hypostome [the same speeimen is later refig
ured by Lindstri:im ( 190 1 ) ,  Jaanusson ( 1956a) and Tjernvik 
( 1 972) ] .  ov 1901 Megalaspis limbata Boeck - Lindstri:im, p. 
61;  Pl .  5 :7 (illustration of hypostome) . ov 1936 Megalaspis 
limbata Sars & Boeck [partim ] - C. Poulsen, p. 48 (listed) . ov 
1937 Megalaspis limbata Sars and Boeck [partim ] - Ekstri:im, 
pp. 1 5  (not line l ! ) ,  42, 49 (not line 37 ! ) ;  Textfig. 8 (occur
rence, illustration of pygidium [not seen] ) .  Ov 1 956a Megi
staspis (Megistaspis) elongata (Schmidt, 1906) [partim] -
Jaanusson, Textfig. lB (drawing of hypostome) .  ov 1972 
Megistaspis (Megistaspis) elongata (Fr. Schmidt, 1906) 
[partim] -Tjernvik, Fig. 3A (drawing ofhypostome) .  

Derivation of name. - Latin geminus = twin ,  alluding to  the 
circumstance that the speeies previously was mixed with M. 
(M.) elongata. 

Holotype. - Cranidium MGUH 22.498 (S 1 702) (Fig. 105A) 
from the uppermost part of bed + 13 at Skeibro, basal A. 
expansus Zone. 

Paratypes. - Cranidium MGUH 22.495 (S 1 7 10) (Fig. 104D) ,  
horizon and locality like the holotype; pygidium Ar 24126 
(Fig. 106D) from Fågelsång, which most likely is from the 
upper part of the M. limbata Zone. The paratype pygidium is 
surmised to be the original of Angelin ( 1 85 1 ,  Pl. 1 6:3) .  

Additional material. - Three cranidia, 5 librigenae, 4 hypo
stomata, and 79 pygidia, plus 2 complete speeimens, tenta
tively assigned to the species. 

List of additional material. - DComplete specimens [referred to as M. (M.) 
cf. geminus n.sp. ]  A 429 (pim) [MGUH 22.497] , PMO S 1614  (im). 
DCranidia S 1 7 1 3  (im), F 42 (im) [MGUH 22.496 ] ,  GM 1 869.873 (im) 
[MGUH 22.494 ] .  DLibrigenae F 1 96 (im) [MGUH 22.499 ] ,  LU l (em), LU 
26a (im) [LO 7084] , LU 6 1  (pim) [LO 7088] ,  LU 63b (pim). DHypo
stomata S 1 587 (im), S 1593 (im) [MGUH 22.500 ] ,  LU nb (im), Ar 24 1 13 
(im). DPygidia S 1 3651 (c), S 1427 (im), S 1442 (im), S 149 1  (im), S 1494 
(im), S 1503 (im) , S 1 5 1 5  (im), S 1 5 19  (im), S 15291 (im), S 1591  (im) , S 
1 620 (im) , S  1621 (im), S 1683 (im) , S  1684 (im) , S  1695 (pim) , S 1 769 (im), 
K 249 (c) ,  K 26 1 1  (c), K 289 (c), K 3961 (im),  K 916 (c) ,  K 94 1 1  (im), K 9631 
(c) ,  K 984 (c) ,  K 990 (c) ,  K 99 1 1  (c), K 992 (c), K 100 1 1  (c) ,  F 28 (im), F 361 
(c), F 44 (im), F 46 (im), F 50 (im), F 51 (im), F 52 (im), F 57 (im), F 58 
(pim) [MGUH 22.50 1 ] ,  F 59 (im), F 60 (im), F 61  (c), F 293 (im), GM 
1 88 1 . 1 820 (im), GM 1888.30 1 (im) , GM 1984. 1 802 (im) [MGUH 22.502 ] ,  
G M  1934.242 (im), L U  3 (im) [LO 7062 ] ,  L U  251 (c), L U  26b (im) [LO 
7085 ] ,  LU 26c (im), LU 29bl (c), LU 30a (im) [LO 7088 ] ,  LU 30b (im), LU 
30c (im), LU 3 1 a  (im), LU 40 (im), LU 46 (im), LU 52a (im),  LU 56 (im), 
LU 58b (im), LU 58c? (c), LU 59a (c), LU 59bl (c), LU 59c (c), LU 5gel 
(pim), LU 60 (c), LU 63a (im), LU 66al (im), LU 66bl (im), LU 71 (im) [LO 
7103 ] ,  LU na (c), LU ne (c) , LU nd (im), LU 74a (c), LU 74b (c), LU 74c? 
(im), LU 74d (im) , LU 85 (em), LU 1 301 (c), LU 1 56cl (im) .  

Occurrence. - M. (M. )  geminus n.sp. charaeterises the upper 
subzone of the M. limbata Zone in the Komstad Limestone, 
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but ranges into the very basal part of  the A. expansus Zone. It 
has been found in bed interval +9 to + 14 at Skeibro, bed 
interval +9 to + 18 (+ 19?)  at Killeri:id, and in beds 7, 8, 9 and 
20 at Fågelsång. 

Pygidia GM 1984. 1 802 and GM 188 1 . 1 820 from Skelbro 
and Duegård, Bornholm, are from the upper 6 cm ofbed + 1 3  
(base of  the A.  expansus Zone) , while GM 1888.30 l comes 
from bed interval +9 to + 12 ofSkelbro, most likely bed +9 or 
the basal part of bed + 10 .  Material collected by Funkquist 
and Ekstri:im at Fågelsång (Univ. of Lund coll . )  derives from 
bed interval 5 to 9 (= beds g-m of Ekstri:im 1937, p. 15 ) ;  
additional LU material i s  from bed interval 2-1 O, (exact beds 
UnknOWll; M. lim bata Zone) and bed interval 1 8-22 (base of 
the A. expansus Zone); cranidium GM 1869.873 is also from 
beds 1 8-22 (most likely 1 8-20) .  Pygidium LU 46 (coll. 
Funkquist) from the upper part of the limestone at Tom
marp is probably from the A. expansus Zone (the sample 
contains a juvenile cranidium identified with Nileus cf. ar
madillo) . A couple of poorly preserved pygidia, also from 
Tommarp, are from a slightly lower leve!, presurnably the 
upper part of the M. limbataZone. Pygidium LU 40, sampled 
at Andrarum, is from a loose boulder; the sample possibly 
represents the A. expansus Zone. 

An impaired entire speeimen is from bed A -3 1  (A 429) at 
Slemmestad, i.e. basal part of the A. expansus Zone. An 
additional entire specimen (PMO S 16 14) is from an un
knOWll level within the Lysaker Member of Slemmestad; 
both Norwegian speeimens are referred to as M. (M.)  cf. 
geminus n.sp. 

Diagnosis. - Glabella strongly inflated, slightly pyriform, 
comparatively long in adults, well set off from unusually flat 
frontal area; posterior fixigenae long (tr.) and with deep 
border furrow; eyes large. Segmentation of pygidium dis
tinet, showing 8 pairs of ribs and 15 axial rings; no concave 
border; pygidial doublure covered with comparatively fine 
and dense terrace lines. 

Description. - Fairly large species, largest cranidium ca. 46 
mm long, largest pygidium 60 mm long. Cranidium appears 
broad, but the PW:L ratio is only about 0.70; FW:L ratio is 1 .5 
in one speeimen (ca. 43 mm long), the two Norwegian 
speeimens (22 and 23.5 mm long) show 1 .27-1 .34; this 
variation is presurnably size-related (cf. Fig. 8 1C) .  Sagittal 
cranidial relief very strong. Glabella unusually prominent, 
strongly inflated, slightly pyriform, delimited by shallow 
dorsal and preglabellar furrows, but the indistinct furrows 
are augmented by the pronounced change of slope. Glabella 
comparatively long, stretching for 0.72-0.77 of the cranidial 
length; the limited material indicates that it is perhaps rela
tively shorter in smaller speeimens, as glabella accounts for 
only 0.66 of the sagittal length in the smallest Norwegian 
specimen, ca. 22 mm long (Fig. 104H-I) ,  and for 0.74 in the 
other Norwegian specimen, 24 mm long (Fig. 104F) . Lateral 
margins of anterior fixigenae bent insignificantly dOWll
wards in large cranidia, slightly more so in smaller speci-
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mens. As a who le, anterior fixigenae and frontal area are 
unusually flat and well set off from the steeply rising glabella. 
Mesial impression in frontal area nebulous. Lateral glabellar 
furrows moderately impressed, most so in small cranidia. It 
seems to be characteristic that internal moulds have a wide, 
rounded, very shallow mesial impression on the upper part 
of the glabellar front. Occipital furrow shallow, deepest later
ally, more strongly impressed in smaller cranidia, but the 
relatively indistinct occipital furrow is accentuated by the 
raised, prominent occipital ring. Characteristically, the oc
cipital ring is expanded mesially, bulging forwards. Bacculae 
very indistinct, almost effaced. Posterior border furrow 
wide, deep. Palpebral area offixigenae convex, sloping adaxi
ally, distinctly stronger so in smaller cranidia (less than 25 
mm long) ; palpebral lobes are positioned below the level of 
glabellar crest in large cranidia (Fig. 104C), and distinctly 
raised above in the smallest cranidium (Fig. 104E) . Lobes 
appear to be comparatively large (material fragmentary) , 
exsagittal length corresponds to more than 0.2 of the cra
nidial length in the smallest specimen, while a larger cranidi
um seems to have lobes with an exsagittal length equivalent 
to slightly less than 0.2 of the cranidial length. Distance from 
lobe to posterior margin approximately equal to the lobe 
length (exsag. ) .  Anterior branches of facial suture subparallel 
in front of eyes, diverging very gently forwards, then, level 
with glabellar front, turn inwards and converge at an angle of 
about 120-125° to sagittal line to meet in an angulate junc
tion. 

Librigena strongly vaulted; internal moulds show a deep 
furrow at the base of eye sode and a wide, shallow paradoub
lural furrow; anterior continuation of librigena flat and of 
equal width all the way, in posterior direction continuing 
into a narrow lateral border which narrows rearwards, but 
almost reaches genal angle. Posterior border furrow just 
enters the librigena and then shallows up. Genal spines fairly 
long. Doublure narrow, very steep, almost vertical laterally; 
inner margin descends markedly in front of eye level, form
ing a socket to the hypostome. 

Hypostome fairly large-sized, largest specimen ca. 24 mm 
long (posterior border damaged) ;  gross outline roughly rect
angular, W:L ratio across posterior borders varies between 

Fig. 1 04. OA-E. Megistaspis (M.) geminus n.sp. DA-C. Internal mould of 
medium-sized cranidium, showing proportionallyshort glabeIla. A stereo
pair, X l .S, B side view, x l .S ,  and C, frontal view, x2, the latter showing that 
the palpebral lobes level with glabeIla. MGUH 22.494 (GM 1869.873) ,  
Fågelsång. OD.  Paratype. Partly exfoliated fragmentary cranidium, stereo
pair, x l .  MGUH 22.495 (S l 7 10) ,  bed + 1 3, Skelbro. DE. Small cranidium, 
frontal view, x2. The palpebral lobes are highly elevated above glabelia (cf. 
C) .  MGUH 22.496 (F 42), bed 9, Fågelsång. OF-I. Megistaspis (M.) cf. 
geminus n.sp. OF-G. Largely exfoliated complete specimen; pygidium 
showing part of the doublure, x2. MGUH 22.497 (A 429), bed A-3 1 ,  
Slemmestad. OH-I. Cephalothorax o f  small speeimen showing propor
tionaliy short glabeIla, dorsal and oblique side views, x2. The speeimen is 
slightly distorted by compaction. PMO S 16 14, Lysaker Member, Gjeitung
holmen, Slemmestad. 
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0 .8  and 0 .9  (mean 0.84; N = 3 ) .  Greatest width, which is 
across anterior wings, equivalent to 0.92-0.97 of the hypo
stomal length (sag.) (mean 0.94; N = 3) .  Central part of 
anterior margin almost straight, distal parts curve back
wards. Median body oval, fairly vaulted, but distinctly less so 
than in M. limbata, reaching hypostomal margin anteriorly. 
A pair of weakly impressed premacular pits present dose to 
posterior end of median body, indistinctly dividing the me
dian body into a long, prominent anterior lobe and a short 
posterior lobe. W:L ratio of median body 0.58-0.62 (mean 
0.59; N = 4); the body occupies 0.8 1-0.84 of the hypostomal 
maximum length (mean 0.82; N = 3) ,  corresponding to 
0.83-0.88 of the sagittal length. Maculae very narrow, elon
gate, with smooth surfaces; they are most distinct in small er 
specimens and almost indistinct in larger hypostomes. Ante
rior wings ascend strongly in dorsal direction; anterolateral 
corner bent in ventral direction, defining a short (both ways) 
anterior border. Anterior wing goes all the way to furrow 
delimiting the median body. Lateral border starts 0.34-0.38 
of the hypostomal maximum length from anterior margin 
(mean 0.36; N= 3) .  Border widens to attain maximum width 
level with maculae; lateral border confluent with posterior 
border. Posterior mesial notch wide, so posterior border is 
slightly bilobate; depth of notch equivalent to 0.03-0.06 of 
maximum hypostomal length (mean 0.05; N = 3) .  Entire 
lateral and posterior border rather flat, and slopes towards 
the border furrow. Median body separated by a wide border 
furrow, running rearwards from anterior wing, joining the 
indistinct premacular pit, thence continues into a wide, fairly 
deep posterolateral depression. Here the posterolateral bor
der is steepest, sloping rather strongly towards the dep res
sion. Border furrow continues from the depression inwards
backwards around posterior end of median body. The four 
hypostomes at hand are exfoliated, but patches of intact test 
and impressions on the mould surfaces show that terrace 
ridges are crowded on the posterolateral border, laterally on 
median body, and less dense across anterior wing. The bor
der furrow, at least, lacks terrace ridges, but it is unknown if 
the central part of the median body also is smooth. 

Pygidium may approach a triangular outline, but is gener
ally parabolic, or even subsemicircular in outline. L:W ratio 
varies between 0.66 and 0.74 in specimens more than 1 5  mm 
long (mean 0.70; N = 40; Fig. 107 A) . In gross outline the 
pygidium of the new species is sirnilar to M. limbata, but M. 
geminus n.sp. has a slightly narrower axis, a more distinct 
segmentation ofaxis and pleural fields with a higher number 
of segments, and adult pygidia lack a border. Minimum axial 
width (tr. ) at constriction corresponds to 0. 1 8-0.22 of the 
pygidial length (mean 0. 19; N = 24) .  There are 1 5  axial rings 
in addition to the terminal piece and anterior half-ring; eight 
pairs ofbifurcate pleural ribs are defined in most specimens, 
but the posterior very short ribs may be effaced when the test 
is intact. Nine pairs can, actually, be counted on a few 
internal moulds, but the posterior pair is then veryindistinct. 
Internal moulds show a longitudinal mesial keel on axis, 
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Fig. 1 06. Megistaspis (M.) geminus n.sp. DA-O. Internal moulds of  pygidia showing distinet segmentation of axis and pleuraI fields. Note the absenee of  a 
concave border. DA. x l .  MGVH 22.501 (F 58) ,  bed 9, Fågelsång. DB. x 1 .5. LO 7103 (LV 7 1 ) ,  Fågelsång area. De. x 1 .5. MGVH 22.502 (GM 1984. 1 802), 
SkeIbro. DO. Paratype, xl. Ar 24 1 26, Fågelsång. Probably the original of Angelin ( 1851 ,  Pl .  16:3) .  

Fig. 1 05. Megistaspis (M. )  geminus n.sp. DA. Holotype. Largely exfoliated 
cranidium, x 1 .5. MGVH 22.498 (S 1 702) ,  bed + 1 3, SkeIbro. DB. Partly 
exfoliated librigena showing comparatively deep furrow at base of eye 
socle, x2. LO 7088 (LV 6 1 ) ,  Fågelsång area. De. Internal mould of libri
gena, x2. LO 7084 (LV 26a), Fågelsång area. DO. Internal mould of 
librigena showing doublure, x l. MGVH 22.499 (F 196) ,  bed 20, Fågelsång. 
DE. Internal mould of pygidium showing doublure, x l .s. LO 7088 (LV 
30a), Fågelsång. OF. Internal mould of small pygidium showing well
developed border, x2. LO 7062 (LV 3) ,  Fågelsångarea. OG. Jnternal mould 
of juvenile pygidium showing well-developed border all the way, and 
which is upturned postaxially, x6. LO 7085 (LV 26b) ,  Fågelsång. OH. 
Jnternal mould of hypostome, stereo-pair, x2.5. Ar 24 1 1 3, Fågelsång. 
Previously figured by Brogger ( 1 886, Pl. 2 :23) ,  Lindstrom ( 190 1 ,  Pl. 5:7) 
and Jaanusson ( l956a, Textfig. lB).  DI. Jnternal mould of large hypo
stome, stereo-pair, 2 .5 .  MGVH 22.500 (S 1 593) ,  bed +13 ,  SkeIbro. 

connecting all posterior axial rings from ring no. 4 and 
rearwards. No border, although the margin may have a steep, 
very slight concavity postaxially, seen primarily on internal 
moulds. A very narrow flattened strip is defined postaxially 
in a few, smaller pygidia. A juvenile pygidium, 8.5 mm long, 
is moderately broad, with a L:W ratio slightly below 2:3; the 
axis is highly convex, raised above pleural fields, and a 
concave border extends all the way to articulating facets (Fig. 
10SG). A concave border is still seen in pygidia up to 20 mm 
long, and speeimens 20-30 mm long occasionally show a 
moderately steep border postaxially. Doublure similar to M. 
limbata, but the terrace lines are finer and there are 1 7-20 
lines at midline across pygidium; furthermore, the axial 
embayment is smaller and affects the postaxial terrace lines 
less, so these lines are openly U-shaped, not sharply V
shaped in dorsal view. 
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Fig. 107. Pygidia of Megistaspis (M.) geminus n.sp. DA. Ratio between 
length (sag. ) and maximum width plotted against pygidial length. DB. 
Ratio between minimum axial width and pygidial length, plotted against 
pygidial length. 

Affinities. - The relations to the other species of M. (Megi
staspis) are obscure. M. (M. )  geminus n.sp. is separated from 
M. (M. )  limbata by the much more inflated and prominent 
glabella, by the flat, almost horizontal frontal area, by the 
well-developed cephalic posterior border furrows, and by 
the elongate hypostome, showing a less inflated, usually 
more elongate median body, less raised [ventral view] lateral 
and posterior borders, and a more distinct notch in the 
posterior margin. Pygidial differences are mentioned above. 

Compared to M. (M.) elongata, M. (M.) geminus n.sp. has 
a more convex and prominent glabella, the sagittal cranidial 
reliefis stronger, with an almost flat frontal area and a steeply 
ris ing glabellar front; the glabellar outline is more pyriform, 
and the lateral glabellar furrows and the occipital furrow are 
better impressed. The hypostome has a less arched, more 
elongate median body. 
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M. (R. )  gibba (Schmidt, 1 898) also shows a distinctly 
inflated glabella, but is otherwise quite different from M. 
geminus n.sp., as its facial sutures diverge strongly in front of 
the eyes, the frontal area is rather short, the lateral glabellar 
furrows are quite deep, the posterior fixigenae are short (tr.) 
and the pygidium has a wide, concave border. 

Remarks. - Specimen A 429 (Fig. 104F-G) from the A. 
expansus Zone at Slemmestad shows a similar prominent 
glabella, an unusually flat frontal area, and a pygidial doub
lure with fine terrace lines and a minimal axial incision, and 
the specimen either belongs to M. geminus n.sp. or a very 
dose subspecies. However, a small patch of intact border 
attests to the presence of a concave border, and a well
developed postaxial border may be assumed. Another Nor
wegian specimen (Fig. 104H-I) also resembles M. (M.) gemi
nus n.sp. by showing a flat frontal area and a steeply rising 
glabella; the glabella is unusually short, but this may size
related. Also this specimen shows a well-developed pygidial 
border. Both Norwegian specimens probably belong to M. 
(M.) geminus n.sp. ,  and the presence of a pygidial border is 
surmised to relate to environment. Future studies may ascer
tain whether different ecophenotypes of M. (M.) geminus 
n.sp. can be distinguished . 

Three fragmentary pygidia (A 324b, A 379, A 40 1 )  from 
the upper part of the M. limbata Zone at Slemmestad (beds 
A-20 to A-28) probably represent M. cf. geminus n.sp., but 
the poor preservation hinders a confident identification, and 
the material is treated as indeterminable. 

Hypostome Ar 24 1 1 3 from Fågelsång (Fig. 1 05H), firstly 
described by Brogger ( 1 886) and later refigured by 
Lindstrom ( 190 1 ) ,  Jaanusson ( 1 956a) , and Tjernvik ( 1972), 
has lately been identified with M. elongata (Jaanusson 1 956a 
and Tjernvik 1972) .  However, by comparison to M. (M.) 
geminus n.sp. the hypostome of M. elongata has a less elon
gate, more inflated median body, the maculae are more 
distinct, the posterior mesial incision is slightly shallower, 
and the maximum width across posterolateral borders is 
attained relatively more forwards (compare Fig. 10 1J ) .  The 
repeatedly figured specimen is 1 5  mm long, so the maculae 
are more distinct than in larger specimens. 

Megistaspis (Megistaspis) polyphemus 
(Brogger, 1 882) 
Figs. 108- 1 1 0  

Synonymy. - Ov 1882 Megalaspis polyphemus, n.sp. - Brog
ger, pp. 73-75; Textfigs. 2-3 (description, illustrations of 
complete holotype specimen [refigured by Skjeseth 1 952] ) .  
0 1 884 Megalaspis limbata Boeck forma lata- Tornquist, pp. 
93, 97; Pl. 3 : 12  (description, occurrence, illustration of cra
nidium [refigured by Tjernvik 1980] ) .  0 1906 Megalaspis 
polyphemusvar. Tornquistim. - Schmidt, pp. 23-25; Textfig. 
6; Pl. 2:6 [ refigured by Balashova 1976, Pl. 2 1 : 10 ]  (descrip-
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tion, occurrence, illustrations of cephalon and pygidium) .  
0 1 906 Megalaspis polyphemus var. minor m. - Schmidt, pp. 
25-27; Textfig. 7; Pl. 1 : 5-7 (description of juvenile speci
mens, occurrence, illustrations of complete specimen, 
cephala and thorax with pygidium) .  Ov 1936 Megalaspis 
limbata Sars & Boeck [partim] - C. Poulsen, pp. 48, 50 
(listed) . Ov 1952 Megalaspis polyphemus Brogger, 1 882 
[partim] - Skjeseth, pp. 162-164; Pl. 1 :2, 5, 6; non Pl. 1 : 1 ,  I I  
[ indet. ] (description, occurrence, illustrations of holotype). 
Ov non 1956 Megistaspis limbata lata [partim] - Tjernvik, p. 
1 55 (pygidium listed from the Boda Hamn core) .  0 1956a 
Megistaspis (Megistaspis) lepikuensis n. nom. - Jaanusson, 
pp. 69-70 ( change of name, M. minorpreoccupied) . Ov 1965 
Megistaspis (Megistaspis) sp. no. 2 - V. Poulsen, p .  68; Pl. 2 : 1  
(description, occurrence, illustration of  pygidium) .  0 1 976 
Megistaspis (Megistaspis) lata (Tornquist, 1 884) - Balashova, 
p. 82; Pl. 2 1 :9 (description of pygidium, occurrence, illustra
tion of pygidium) .  01976 Megistaspis (Megistaspinus) poly
phemus (Brogger) tOrnquisti (F. Schmidt, 1906) emend. -
Balashova, pp. 85-87; PIs. 20:2-3; 2 1 :  10 (description, occur
rence, illustrations of pygidia, side-view of cephalon) .  O 1976 
Megistaspis (Megistaspinus) lepikuensis (Jaanusson, 1956) -
Balashova, pp. 87-88; PIs. 3 1 :8; 32:3; 33:7 (redescription of 
original material, occurrence, illustrations of cephalic, tho
racic and pygidial doublure) .  Ov 1980 Megistaspis (Megi
staspis) lata (Tornquist) [partim] -Tjernvik, pp. 1 88, 1 89, 
1 9 1 , 197; Figs. 7A, 8J-L, 9A (description, occurrence, illus
trations of complete specimen, cephalon, cranidium, py
gidia). 

Holotype. - By monotypy, complete specimen PMO 66 398. 
Figured by Brogger ( 1 882, Textfigs. 2-3) and Skjeseth ( 1 952, 
Pl. 1 :2, 5, 6) ;  herein refigured on Fig. 108A-B. 

Material. - Four complete specimens including the holo
type, 4 fragmentary cranidia and 38 pygidia. 

List of material. - OComplete speeimens PMO 66398 (im) [holotype] , 
PMO 94538 (c) , Ar 16 169 (t), GM 1883.802 (c) [MGUH 22.503 ] .  DCra
nidia PMO 604 (t), S 129 (im), S 1678 (im), S 297 (im) [MGUH 22.505 ] .  
DPygidia S 6 0  (im) [MGUH 22.507 ] ,  S 7 0  (im) [MGUH 22.5 1 1 ] ,  S 295 (t) 
[MGUH 22.506 ] ,  S 388 (im), S 554 (c) , S 600 (im) , S 64 1 (c) , S 657 (c) , S 665 
(c) , S 666 (c) , S 667 (c), S 68 1 1  (c), S 688 (c) , S 693 (im), S 694 (pim), S 696 
(c) , S 70 1 ?  (c) , S 708 (c) , S 709 (c) , S 7 10  (c) , S 7 15  (c) [MGUH 22.509 ] ,  S 
722 (c) [MGUH 22.508 ] ,  S 756 (c) , S 758 (c) , S 764? (im/em) , S 770? (c) , S 
776 (c) , S 1673a (im),  S 1673b (im) , S 1680 (c) , S 1681a  (im) [MGUH 
22.504 ] ,  S 1 773 (im) [MGUH 22.5 10 ] ,  GM 187 1 . 1 003 (im) [MGUH 
22.5 1 2 ] ,  GM 1874.32 (im), GM 1 875. 1484 (c) , GM 1889.220 (im) , MGUH 
9425 (im), IK P-3 (c) .  

Occurrence. - M. polyphemus is quite frequent in beds -2 1 to 
-13  (lower part) at Skelbro; the range defines the M. polyphe
mus Zone. The listed GM and IK sarnples are from bed 
interval -19 to -14 of Bornholm, except for pygidium GM 
1 874.32, which is from bed -20; complete specimen GM 
1 883.802 most likely derives from bed interval -17  to -14. A 
poor pygidium, possibly representing M. polyphemus, was 
found in the basal limestone bed at Gislovshammar (not 
numbered) . 
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PMO 94538 was collected from the uppermost limestone 
nodule level of the Tøyen Shale, 3-5 cm belowthe Hukodden 
Limestone in the 'Graptolite Valley' at Slemmestad (Bruton 
coll. ) .  Cranidium PMO 604 is from the basal bed of the 
Hukodden Limestone at Bjerkåsholmen, 3-5 cm above the 
base (Tjernvik coll. ) .  The holotype, PMO 66398, is from an 
unknown locality of the Oslo Region (Brogger 1 882); the 
very characteristic lithology of the sizeable sample leaves no 
doubt that the specimen is from 4 to 9 cm above the base of 
bed M - l ,  most likely from a locality in the central Oslo-Asker 
area. 

Complete specimen Ar 16 169 is from Ostergotland, cen
tral Sweden. 

M. polyphemusis characteristic of the M. polyphemus Zone 
of Sweden (cf. Tjernvik 1980) , and it most likely occurs also 
in Zone BIla of the eastern Baltic area (cf. Balashova 1976) .  

Description. - See also Brogger ( 1882), Tornquist ( 1 884), 
Schmidt ( 1 906) , and Tjernvik ( 1 980).  Very large, broad 
species, outstretched length of holotype ca. 200-2 10  mm; 
original length of largest isolated cranidium about 45 mm 
(holotype ca. 62 mm) , length oflargest isolated pygidium 66 
mm (holotype damaged, but pygidium was about 70-72 mm 
long). Cephalon broadly parabolic in outline, L:W ratio 
slightly below 0.6. Cranidium pronouncedly wide (tL) ,  
PW:L ratio about 0.8-0.85 in a specimen from the Komstad 
Limestone and in complete specimen Ar 16 169, 0.9-0.95 in 
the Norwegian specimens; FW:L ratio estimated at about 1 .4 
in a fragmentary cranidium from the Komstad Limestone, 
1 .34 in the Swedish specimen and 1 .45 in the holotype. 
Sagittal cranidial relief moderate to low. GlabeIla broad, 
usually somewhat forward-expanding and, consequently, 
slightly pyriform in outline, most pronouncedly so in the 
Bornholm-Norwegian material; glabellar front gently 
rounded, separated from frontal area by a fairly defined 
preglabellar furrow. GlabeIla comparatively little inflated, 
and stretches (including occipital ring) for about 0.7 of the 
cranidial length. Lateral parts of anterior fixigenae gently 
depressed; mesial impression in frontal area distinct. Lateral 
glabellar furrows very shallow, even on internal moulds; 
occipital furrow deepest laterally; occipital ring wide (sag. ) ,  
rather prominent, raised above rear part of  glabeIla. Bacculae 
slightly to moderately inflated, best defined on internal 
moulds. No border furrow on posterior fixigena. Length of 
palpebral lobes (exsag.) estimated to equal about 0. 1 5  of the 
cranidial length in the Bornholm-Norwegian material, 
slightly less in the Swedish specimen; the lobes are barely 
elevated above glabeIla. Distance from posterior cranidial 
margin to hind corner of palpebral lobe seems to be from 
about 1 .2 times the lobe length in smaller cranidia (about 40 
mm long) to 1 .8  in the holotype; the Swedish specimen has 
very small iobes, so the distance to posterior margin is almost 
2 times the lobe length. Anterior branches of facial suture 
diverge in front of eyes at an angle of about 300 to sagittal line, 
then converge at an angle of about 120° to sagittal line, to 
meet angularly. Posterior branches of facial suture curve 
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Fig. 1 09. Megistaspis (M. )  polyphemus Brogger, 1 882. DA. Fragmentary eephalon, x 1 .5. PMO 604, bed M- l ,  Bjerkåsholmen, Slemmestad (coll. T. Tjernvik). 
DB. Latex east of fragmentary eranidium, x l .S .  MGUH 22.505 (S 297), bed -20, SkeIbro. De. Small pygidium showing lateral border, x l . S .  MGUH 22.506 
(S 295), bed -20, SkeIbro. OD. Internal mould of juvenile pygidium showing well-defined lateral border, x6. MGUH 22.507 (S 60), bed -2 1 ,  SkeIbro. 
DE-F. Pygidia attaeked by bio-erosion, x l .  MGUH 22.508 (S 722 [E] ) ,  MGUH 22.509 (S 7 15  [F] ) ,  bed -IS,  SkeIbro. OG. Internal mould of pygidium, x l .  
MGUH 22.5 10  ( S  1 773) ,  bed-2 1 , Skelbro. OH. Internal mould ofpygidium, x l .  MGUH 22.51 1 ( S  70), bed-2 1 ,  SkeIbro. Dl. Internal mould ofsmall pygidium 
showing posterolateral border, x2.5. MGUH 22.5 12  (GM 187 1 . 1003) ,  bed 2 1 ,  SkeIbro. 

Fig. 1 08 (opposite page).  Megistaspis (M.) polyphemus Brogger, 1 882. DA-B. Holotype, eomplete speeimen, eephalon x l ,  pygidium xO.75. PMO 66 398, bed 
M-1 ,  unknown locality, Oslo area. Previously figured by Brogger ( 1 882, Textfigs. 2-3) and Skjeseth ( 1 952, Pl. 1 :2, 5, 6) .  De. Complete speeimen, xO.75. 
MGUH 22.503 (GM 1 883.802), loeality unknown, Bornholm. OD. Complete speeimen, x l .  Ar 16 169, Berg, Ostergotland. Previously figured by Tjernvik & 
Johansson ( 1 980, Fig. 8L). DE. Internal mould ofpygidium, x l .  MGUH 22.504 (S 1681a) ,  bed -2 l ,  SkeIbro. 
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Fig. 1 1 0. Pygidia of Megistaspis (M.) polyphemus . •  = holotype, T = Ar 
16 169 from Ostergotland. DA. Ratio between length (sag. ) and maximum 
width plotted against pygidial length. DB. Ratio between minimum axial 
width and pygidial length, plotted against pygidial length. 

outwards from palpebral lobe, run almost straight outwards
backwards at an angle of ca. 1 10° to sagittal line, then bend 
sharply backwards and intersect posterior margin. 

Librigena broad, sloping rather gently outwards; eye socle 
weU-developed. Lateral border narrow, tapers rearwards, 
but almost reaches genal angle. Genal angle continues into a 
comparatively gracile, short spine, directed obliquely back
wards-outwards (Fig. lO8D) .  

Pygidium parabolic in  outline, L:W ratio varies between 
0.66 and 0.74 for pygidia more than 20 mm long (mean 0.70; 
N = 29, see Fig. l lOA). Axis delimited by deeply impressed 
axial furrows; anterior half tapers gently in posterior direc
tion, posterior half approximately parallel-sided, but the 
terminal portion may be very slightly expanded; because of 
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the comparatively inconspicuous axial constriction, the axis 
appears broad, but minimum axial width varies between 
0. 19  and 0.23 of the pygidial length (mean 0.2 1 ;  N = 27) like 
in M. limbata. The ratio is slightly growth related (Fig. 1 1  OB) . 
Axial segmentation indicated by paired low lateral sweUings, 
the sagittal axial area is smooth, even on internal moulds; 
only the anterior one or two axial rings are fully developed. 
Number ofaxial and pleural segments and outline of pleural 
fields as described for M. limbata. Border outline variable 
(see description of juveniles below) ; large pygidia typically 
show a rather narrow concave border only postaxially, 
whereas lateral parts of pygidium are confluent with pleural 
fields. Doublure poorly exposed in the available material. 

Juveniles. - Two tiny juvenile pygidia (S 60 and S 388) ,  4.7 
and 5.7 mm long, differ from the adult pygidia by being more 
strongly vaulted and relatively broader, L:W ratios are 0.57-
0.59 (Fig. l lOA), axis is more prominent and significantly 
raised above pleural fields, axial and pleural segmentation is 
more distinct, and a well-defined concave border extends all 
the way to articulating facets (Fig. 1 09D); anterolateral part 
of border is, however, rather steep. A 14.5 mm long py
gidium shows a L:W ratio of 0.66; axis is still fairly vaulted, 
and the pleural segmentation is slightly better marked than 
in adult specimens (Fig. lO9I) . Anterolateral corners dam
aged, but a concave border extends forwards to the limit of 
the preserved parts, but rather likely extended further for
wards. Three out of four pygidia, 22-26.5 mm long, have a 
narrow, rather steep concave border extending forwards to 
about midlength of pygidium (Fig. 1 09C) . 

Affinities. -The large-sized M. polyphemus is separated from 
other species of M. (Megistaspis) by its size, comparatively 
pronounced broadness, little inflated glabeUa, small eyes, 
lack of posterior border furrow, gracile genal spines, incon
spicuous axial constriction of pygidium and rather narrow 
postaxial border. The phylogenetic relations of the M. (Megi
staspis) group are uncertain, but M. polyphemus appears 
closest to M. limbata and M. simon. 

Remarks. -The stratigraphic provenance of the holotype has 
been the object of some discussion (cf. Brogger 1 882; Skje
seth 1 952) .  The specimen is embedded in a fine-grained, 
compact, light grey limestone, containing common small 
pyrite nodules, and the sample undoubtedly represents the 
basal limestone bed of the Hukodden Limestone. The char
acteristic lithology is distinctly different from the remaining 
limestone beds of the Hukodden Limestone, as weU as from 
the limestone nodules of the Herramb Member (cf. Skjeseth 
1952) .  Two additional specimens of M. polyphemus have 
been found in the Slemmestad area at the same level (PMO 
94538 and PMO 604 (Fig. 109A) ) .  

The sparse material from Herramb, identified with M. 
polyphemus by Skjeseth ( 1952), is too poorly preserved to be 
confidently assigned to species, but the original assignment is 
questioned. The librigena has a prominent genal spine, quite 
unlike M. polyphemus, and is overall very similar to M. (P. )  
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estonica. However, the librigena of M. ringsakerensis is un
known, and it cannot be exduded that the specimen in 
question represents that species. The associated fragmentary 
pygidial doublure is considerably broader than M. rings
akerensis, and reminds strongly of M. (P. )  estonica. 

M. polyphemus (Brogger, 1 882) is considered a senior 
synonym of M. lata (Tornquist, 1 884); the likeness of these 
species is obvious from Fig. 1 08. The only established differ
ence between the southern Norwegian-Bornholm M. poly
phemus and the Swedish M. 'lata' is the size of the eyes. The 
significance and variability of this features is uncertain, but it 
hardly justifies a separation at the species level. 

Schmidt ( 1 906) regarded M. lim bata var. lata Tornquist, 
1 884 as a variant of M. polyphemus, and to which he intro
duced the name var. Tornquisti. Brogger ( 1 882) ,  Tornquist 
( 1 884) ,  Schmidt ( 1881  et seq.) and other contemporaneous 
authors used the designations lata, elongata, minor, major, 
maxima, typica etc. as informal descriptive designations, 
which explains the introduction of a proper ( ! )  name to M. 
limbata var. lata by Schmidt ( 1 906) . However, in a modern 
taxonomic interpretation var. Tornquisti Schmidt must be 
treated as a subjective synonym of var. lata Tornquist (see 
Jaanusson 1956a) . 

Schmidt ( 1 906) also attributed a var. min or, a var. Laman
skii and a var. Knyrkoi to M. polyphemus, all of which were 
later renamed by Jaanusson ( 1956a) ( = M. (M.) lepikuensis, 
M. (M) ingeriensis and M. (M.) laine) . According to Schmidt 
( 1 906, p. 23) the M. polyphemus group is characterized by a 
highly arched thoracic axis, an elongate mesial impression in 
the frontal area, a very narrow lateral cephalic border, ab
sence of a posterior cephalic border furrow ( = occipital 
furrow sensu Schmidt) , and by having an evenly vaulted 
glabella without protuberance and generally without a tu
berde. In Schmidt's interpretation the main character sepa
rating the M. polyphemus group from M. limbata is the 
absence of a cephalic posterior border furrow. The M. poly
phemus group, occurring in BIla-BIly, was regarded as the 
forerunner of the M. hyorrhina gro up (Schmidt 1 906, p. 23) .  
These ideas were adopted by Balashova ( 1 976), who erected 
M. (Megistaspinus) to accommodate M. polyphemus (Brog

ger), M. lepikuensis Jaanusson, M. ingeriensis Jaanusson, M. 
laine Jaanusson and M. lawae (Schmidt) . However, the 'M. 
polyphemus group' comprises a medley of not dosely related 
species in my interpretation. M. lepikuensis Jaanusson ap
pears based on juvenile specimens of M. polyphemus, as, in 
fact, suspected also by Schmidt ( 1 906, pp. 25-27) .  The 
daimed diagnostic characters, small size, marked elevation 
of the palpebral lobes, strong sagittal cephalic relief, distinct 
and well-defined lateral cephalic border, and presence of a 
well-developed pygidial border are all typical juvenile fea
tures. M. (M. )  ingeriensis Jaanusson is dose or identical to M. 
simon, but the original material is probably mixed (see intro
ductory discussion, and remarks on M. simon) .  M. laine 
Jaanusson is younger and much different from the remain
ing 'variants' assigned to M. polyphemus, it resembles the 
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early members of M. (Megistaspidella) . The original assign
ment of laine [M. p. var. Knyrkoi Schmidt l to polyphemuswas 
based on the presence of a longitudinal depression in the 
frontal area - the name 'polyphemus' alludes to the presence 
of a depression in the frontal area (Brogger 1 882) - but this 
plesiomorphic feature, which seems to reflect the ventrai 
median suture, is present in several megistaspid species, and 
is of no diagnostic value. 

M. lawae (Schmidt), assigned to M. (Megistaspinus) by 
Balashova ( 1976) - not induded in the M. polyphemus group 
by Schmidt ( 1906) - was originally established to contain a 
single, rather small entire specimen (see Schmidt 1906); 
Balashova ( 1976) listed an additional cranidium. M. lawae is 
very similar to M. limbata, except that the glabella is unusu
ally short; the species is certainly a member of M. (Megi
staspis) Jaanusson, but hardly dose to M. polyphemus. 

The variable border morphology of M. polyphemus, noted 
already by Tornquist ( 1 884, p. 93) ,  may cause identification 
problems. Balashova ( 1976) actually stated that M. (Megi
staspis) lata differs from M. (Megistaspinus) polyphemus by 
exhibiting a pygidial border extending all the way forwards, 
but this is not so. Smaller pygidia occasionally has a concave 
border extending to just behind articulating facets, but the 
border is steeper and narrower than in representatives of the 
preceding M. (Paramegistaspis) group. The largest pygidia 
seen with a forwards extending concave border are about 30 
mm long (sampled from the lower part of the M. polyphemus 
Zone on southern Oland) . 

The fragmentary megistaspid material from the Finn
grundet drill-core, determined by Tjernvik ( 1 980), has been 
reexamined. The earliest specimen of M. polyphemus, which 
in my opinion can be confidently identified, is a cranidium 
from level 56.6 m in the core (cf. Tjernvik 1980, Fig. 4) .  A 
pygidium from 56.4 m most likely belongs to M. limbata type 
7. The pygidium found at 57.7 m (cf. Tjernvik 1980, Fig. 4) 
has a broad and well-defined anterolateral border and be
longs to M. (P. )  estonica; the specimen definitely cannot 
represent M. polyphemus. The tiny anterior fragment of a 
megistaspid pygidium from level 57.9-58.0 m is impossible 
to identify even at the subgenus level (cf. Tjernvik 1 980, Fig. 

4), and cannot be taken as biostratigraphical evidence. It 
follows that the boundary between the M. estonica and M. 
polyphemus Zones is at 56.6-56.7 m in the Finngrundet co re, 
lithologically indicated by a series ofyellow-stained disconti
nuity surfaces. 

A pygidium, tentatively assigned to M. limbata by Bohlin 
( 1 955, Textfig. 3; Pl. 5 : 1 ) ,  was later referred to as M. limbata 
lata by Tjernvik ( 1 956, p. 155 ) .  This specimen, however, 
belongs to M. estonica. It is misplaced in Textfig. 3 0fBohlin 
1955; the correct level is 37.4 m (also apparent from the text 
to Bohlin 1955, Pl. 5 : 1 ) .  The changed identification suggests 
that the supposed 'bloody layer' in the Boda Hamn core at 
36.85-36.95 m (cf. Bohlin 1955, p. 1 l 7 and Textfig. 2) corre
sponds instead to the 'flowery sheet' i.e. the base of the 
Volkhov Stage. 
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Megistaspis (Megistaspis) simon 
Tjernvik, 1 980 
Figs. I 1 1- I 1 3  

Synonymy. - Dcf. 1906 Megalaspis polyphemus var. Laman
skii m. [partim] -Schmidt, pp. 27-29; ?Textfig. 8; Pl. 2:8; non 
Pl. 2:7 [unnamed] (description, occurrence, illustrations of 
cephalon [holotype of M. (M.) ingeriensis Jaanusson] and 
hypostome) .  Dv 1936 Megalaspis limbata Sars & Boeck 
[partim] - C. Poulsen, pp. 48, 50 (listed) . Dcf. 1956a Megi
staspis (Megistaspis) ingeriensisn.nom. [partim ] - Jaanusson, 
pp. 69-70 (renaming of M. polyphemus var. Lamanskii 
Schmidt, 1906; designation oflectotype). 0 1 980 Megistaspis 
(Megistaspis) simon n.sp. - Tjernvik, pp. 1 89, 1 9 1 ,  192, 199; 
Figs. 7C, 9B--D (diagnosis, occurrence, photographs and 
drawings of cranidium and pygidium) .  

Holotype. - Exfoliated small cranidium, SGU Ac 5; a cast is 
figured by Tjernvik ( 1980, Fig. 9B--C.) .  

Material. - One cephalon (juvenile) ,  4 cranidia, 3 librigenae 
and 38 pygidia, plus l cranidium and 4 pygidia, referred to as 
M. (M.) cf. simon. 

List of material. - DCephalon A 10 (im) (juvenile) [MGUH 22.5 14J . 
DCranidia A 70S? (pim), A 709 (im), A 7 15  (im) [MGUH 22.5 1 3 ] ,  A 746 
(im) . DLibrigenae (All tentatively identified) A 666 (t), A 7 1 1  (im), A 778 
(im). DPygidia S 776b (c) , S 805 (pim) [MGUH 22.52 1 ] , S 930 (c), K 88 (c) ,  
K 382 (c), K 390 (c) [MGUH 22.525J , K 4 1 1  (c) [MGUH 22.520 ] ,  K 543 (c) ,  
K 604 (c) ,  K 610 (c) [MGUH 22.5 16 ] ,  K 728a (c) ,  K 1 349 (c) ,  GM 1988.22 
(t) [MGUH 22.523 ] ,  GM 1888.300 (im) [MGUH 22.5 15 ] ,  LU 1 8b? (im) , 
LU 32a (c), LU 32b (c) ,  LU 4 1 ?  (im), LU 43b (c), LU 48b (im) , LU 49b (im), 
LV Sla (c) ,  LU 51b (c) ,  LU 69? (im) , LU 73 (im), LU 77 (im) , A 3 (em), A 
6? (im) [MGUH 22.5 1 7 ] ,  A 8 (im),  A 20 (pim) [MGUH 22.5 1 8 ] ,  A 700 
(im), A 707a (pim), A 707b (im) [MGUH 22.524 ] ,  A 7 10  (im), A 72 1 (im) , 
A 724 (im) [MGUH 22.5 19 ] ,  A 732? (im) , A 747 (im) .  

Additional material. - ['Extra-zonal' M. (M.)  cf. simonJ DCranidium A 
1024 (im). DPygidia S 1671  (pim) [MGUH 22.522 ] ,  A 96 1b (im), A 976 
(pim), A 1055b (c) [MGUH 22.526) . 

Occurrence. - M. (M. )  simon is uncommon in the Komstad 
Limestone at Skeibro, and onIy a few pygidia have been 
found in bed interval -13  (upper part) to -5, forming the 
main part of the M. simon Zone. Pygidia GM 1988.22 and 
GM 1888.300 are from Skeibro, probably bed interval -l O to 
-13 (most likely bed -10 or -12) .  A poorly preserved py
gidium (S 1671 )  from bed -IS  at Skelbro is referred to as M. 
(M.) cf. simon; this bed is within the M. polyphemus Zone. 

M. (M.)  simon is more frequent in the M. simon Zone ofSE 
Scania, where it has been found at Gårdlosa- l (bed M), 
Gårdlosa-4a (bed interval 3 to 10)  and Killerod (beds nos. 
-7 and -6) .  The listed museum specimens (LU nos.) come 
from Andrarum, Smedstorp and Komstad. The materials 
from Andrarum and Smedstorp were collected from loose 
blocks and cannot be assigned to level, whereas the speci
mens from Komstad derive from an interval corresponding 
to beds -10 to -1 at Killerod, as shown by the lithology. A 
single pygidium from Gislovshammar originate according 
to the label from the basal bed of the Komstad Limestone. 
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M. (M.) simon is fairly frequent in bed interval M-2 to 
M -6 at Slemmestad, i.e. M. simon Zone. Furthermore, three 
'simon-type' pygidia have been found in beds M -9, M - 1 0  and 
M - 1 3, and a fragmentary cranidium from bed M - 1 1  may 
also be of M. 'simon-type'. Beds M-9 to M- 13  belong to the 
lower part of the M. limbata Zone. The late specimens are 
treated as M. (M. )  cf. simon. Additional extra-zonal simon
type pygidia are described as Megistaspis sp. A. 

Description. - The observations are complementary to the 
description published by Tjernvik ( 1 980, p. 199) .  Medium
sized to large species, largest cranidium ca. 40 mm long, 
largest pygidium 57 mm long. A 12 mm long cephalon has a 
stronger sagittal relief, a flatter, almost horizontal frontal 
area, a better defined lateral border and higher elevated 
palpebral lobes than adults (Fig. I l lE) .  

L:W ratio of adult pygidia from the Komstad Limestone 
varies between 0.64 and 0.82 (mean 0.70; N = 24), while 
pygidia from the Hukodden Limestone are narrower, show
ing L:W ratios between 0.64 and 0.77 (mean 0.72; N = 8) (Fig. 
1 1 3A) . Minimum width of axis, approximately at axial ring 
nos. 8-9, is equivalent to 0.2 1-0.26 of the pygidial length in 
pygidia from the Komstad Limestone (mean 0.23; N = 24) , 
and to 0.20-0.26 of the pygidial length (mean 0.23; N = 14) ,  
in pygidia from Slemmestad. Pygidial doublure basically as 
in M. lim bata (Fig. 1 1 1  C), but the terrace lines are less 
densely spaced and more delicate, though still distinctly 
impressed; there seem to be about 1 5  lines across the doub
lure at pygidial midlength. Behind axis the lines are U
shaped in dorsal view, turned sharply backwards only dose 
to sagittal line. 

A juvenile pygidium, 9.7 mm long, has a L:W ratio of 0.67, 
and shows a strongly inflated axis, distinctly raised above 
pleural fields, a fairly pronounced segmentation of the pleu
ral fields, and a gently concave border extending all the way 
to just behind articulating facets (Fig. l I IF) .  

Affinities. -Isolated pygidia of M. simon may occasionally be 
difficult to distinguish from M. limbata, but are, at least in the 
Komstad Limestone, typically broader, besides generally 
having a broader axis (compare Figs. 1 1 1-1 12  with Fig. 98) .  

Fig. 1 1 1 . DA-H, J-K. Megistaspis (M.) simon Tjernvik, 1980. DA. Latex east 
offragmentary cranidium, x2. MGUH 22.5 1 3  (A 7 15) ,  bed M-5, Slemme
stad. DB. Juvenile cephalon, x3. MGUH 22.5 14  (A 10) ,  bed M-3, Slemmes
tad. DC-D. Internal mould of pygidium showing doublure. C x l, D close
up of postaxial area, x2. MGUH 22.5 1 5  (GM 1888.300) ,  SkeIbro. DE. 
Corroded pygidium, x l .  MGUH 22.5 1 6  (K 6 10) ,  bed 1 1 ,  Gårdkisa-4a. OF. 
Internal mould of juvenile pygidium showing lateral border all the way, 
x2.5. MGUH 22.5 1 7  (A 6) ,  bed M-3, Slemmestad. OG. Fragmentary 
internal mould of pygidium, x l .  MGUH 22.5 1 8  (A 20), bed M-6, Slem
mestad. OH. Internal mould of small pygidium, x2. MGUH 22.5 19  (A 
724), bed M-5, Slemmestad. DI. Corroded pygidium, x l .  MGUH 22.520 
(K 4 1 1 ) , bed M, Gårdliisa- l .  DK. Corroded pygidium, x l .  MGUH 22.52 1 
(S 805) ,  bed -1 1 ,  Skeibro. DI. Megistaspis (M.) aff. simon Tjernvik, 1980. 
Somewhat corroded pygidium, x l .  MGUH 22.522 (S 167 1 ) ,  bed -15,  
SkeIbro. 
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Fig. 1 12. DA-C. Megistaspis (M.) simon Tjernvik, 1980. DA. Partly exfoliated pygidium, x 1 .2. MGUH 22.523 (GM 1988.22),  Vasegård, Bornholm. DB. 
Fragmentary internal mould of small pygidium, x2.5.  MGUH 22.524 (A 707b),  bed M-4,  Slemmestad. oc. Corroded, comparatively narrow pygidium, x l .2. 
MGUH 22.525 (K 390), bed -7, Killer6d. OD. Megistaspis (M.) aff. simon Tjernvik, 1980. Corroded, fragmentary pygidium, x l .2. MGUH 22.526 (A 1055), 
bed M-13, Slemmestad. 

M. lawae has a very short glabeIla, stretching for about 0.6 
of the cranidial length, and its cranidium is in gross outline 
rather 'simon-like' although being slightly more elongate. 
The M. lawae pygidium is certainly not of 'simon-type', 
showing a narrow axis, and it resembles M. lim bata. The 
relations between M. lawae, M. simon and M. lim bata are 
obscure. 

Remarks. - M. (M.) simon is diagnosed by the short, rather 
broad glabella, and by the broad pygidial axis, which, how
ever, appears less prominent in the rather bro ad pygidia here 
assigned to M. simon, than in the relatively narrow pygidia 
figured by Tjernvik ( 1 980, Figs. 7e and 9D), showing L:W 
ratios of about 0.75. Because of the variable pygidial width, 
the ratio axial width vs. length of pygidium is found to be a 
more stable measure. In the material at hand this ratio 
averages 0.23, which is in accordance with the simon pygidia 
illustrated by Tjernvik ( 1 980). 

Tjernvik ( 1980, p. 1 9 1 )  mentioned that pygidia with a 
broad axis occur already in the lower half of the M. lata 
[polyphemus] Zone; I have found rare 'simon-type' pygidia in 
the upper part of the M. polyphemus Zone, throughout the 
M. limbata Zone, and in the basal part of the A. expansus 
Zone (see Megistaspis (M.) sp. A) . Stratigraphical interpreta
tions should, accordingly, not be based on isolated pygidia of 
M. simon (s. l. ) ,  although the species certainly is most com
mon in the M. simon Zone. 'Extra-zonal' M. simon cranidia 
are UnknOWll, except for a damaged specimen from bed M-
1 1  at Slemmestad, tentatively identified with M. (M.) cf. 
simon, because of its short and relatively broad glabeIla. 

A complete specimen from BIla, identified with M. (M.) 
ingeriensis by Balashova ( 1 976, pp.  88-89, Pl. 20:4a-b) ,  has a 
pygidium with a seemingly very broad axis; the minimum 
axial width is approximately equivalent to about 0.28 of the 
pygidial length (cf. Balashova 1 976, Pl. 20:4a-b) .  The cepha-
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Fig. 1 13. Pygidia of Megistaspis (M.) simon. DA. Ratio between length (sag.) 
and maximum width plotted against pygidial length. DB. Ratio between 
minimum axial width and pygidial length plotted against pygidial length. 

lon is a little tilted on Balashova' s illustration, so it cannot be 
measured exactly, but glabella appears longer than typical for 
M. simon (the associated description does not include di
mensions) . The entire specimen appears to represent an 
'extrazonal' M. simon type. 

One of the cephala from the BIl� Zone, identified with M. 
polyphemusvar. lamanskiiby Schmidt ( 1 906, Pl. 2 :8) ,  is very 
like M. simon (compare Tjernvik 1980, Fig. 9B). Measured 
on the figure, glabella (including occipital region) stretches 
for about 0.64 of the cranidial length in the East Baltic 
specimen, the FW:L ratio is 1 . 13 ,  estimated length of the 
palpebral lobes (exsag.) is equivalent to about 0. 1 5  of the 
cranidial length, the facial sutures diverge in front of the eyes 
at an angle of25-30° to sagittal line, and are, besides, rather 
straight, then converge at an angle of about 1 20-125° to 
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sagittal line (i.e. the angle between facial sutures is about 
1 1 5°, see Tjernvik 1980) . All of these features are shared by M. 
simon. The East Baltic cephalon is slightly narrower (tr. ) in 
front of the eyes, compared to the Swedish specimen illus
trated by Tjernvik (PW:L ratio 0.74 vs 0.78),  but this minimal 
difference is unimportant (see variation displayed by M. 
limbata) . The discussed specimen was chosen as lectotype of 
M. ingeriensis by Jaanusson ( 1956a, p. 70), presumably be
cause it is better preserved than the second specimen identi
fied with M. polyphemus var. Lamanskii by Schmidt. The 
latter cranidium is from BIla (Schmidt 1 906, p. 28) ,  and 
differs in having, among other things, a distinctly longer 
glabella. Is rather unfortunate if the lectotype of M. ingeri
ensis belongs to M. simon, since the M. simon Zone therefore 
ought to be renamed. I have decided to preserve the name M. 
simon for the time being, pen ding an investigation of the 
original material. 

Megistaspis (Megistaspis) Sp. A (aff. 
simon Tjernvik, 1 980) 
Fig. 1 1 3-1 14  

Synonymy. - Dv 1937 Megalaspis limbata Sars and Boeck 
[partim] - Ekstrom, p. 15 (listed) . 

Material. - Six pygidia. 

List of material. - DPygidia S 1535 (im) [MGUH 22.529 ] ,  S 1 599? (im), S 
1682 (im) [MGUH 22.528 ] ,  K 412  (c) [MGUH 22.527 J ,  K 988? (c) ,  LU 59d 
(pim) . 

Occurrence. - Megistaspis (M. )  Sp. A has been found in the 
upper 6 cm ofbed + 1 3  at Skelbro, which belong to the very 
base of the A. expansus Zone, and in bed + 1 3  at Killerod, 
which is within the upper subzone of the M. limbata Zone. A 
second, poorly preserved pygidium, tentatively assigned to 
sp. A, is from Killerod bed + 1 7; this bed is also within the 
upper part of the M. limbata Zone. LU 59d is from a similar 
level; it was sampled from bed I:h [= bed 3] at Fågelsång by 
Ekstrom (see Ekstrom 1 937) .  

Description. - Largest measurable pygidium ca. 47 mm long, 
but the fragmentary specimen S 1 599 may originally have 
measured 50-55 mm. Pygidium parabolic in outline. Axis 
unusually broad, minimum axial width at constriction 
equivalent to 0.24 of the pygidial length (N = 2) .  Axial 
constriction comparatively distinct in the specimens from 
Bornholm, and slightly less so in the material from Killerod, 
which, however, is poorly preserved. The pygidia match M. 
(M. )  geminusn.sp. in all other respects, e.g., the axial furrows 
are quite well-impressed, the segmentation ofaxis and pleu
ral fields is comparatively distinct, there are fifteen axial rings 
and eight pairs of pleural ribs (of which the posterior pair is 
indistinct) ,  and no concave border. 

Remarks. - The pygidia referred to as sp. A are rather similar 
to M. (M.) simon as described and figured by Tjernvik 



1 50 Arne Thorshøj Nielsen 

Fig. 1 14. Megistaspis (M.) sp. A. DA. Corroded pygidium, x 1 .2 .  MGUH 
22.527 (K 412 ) ,  bed +13 ,  Killeriid. DB. Internal mould ofpygidium, x 1 .2 .  
MGUH 22.528 (5 1682),  bed + 13 ,  Skeibro. DC Fragmentary internal 
mould of pygidium, x 1 .2 .  MGUH 22.529 (5 1 535) ,  bed + 13 ,  SkeIbro. 

( 1 980), except for the lack of a concave border. Sp. A in fact 
more dosely resemble M. (M.)  simon sensu Tjernvik than the 
pygidia of M. (M.) simon from the M. simon Zone of the 
Komstad Limestone, because of the circumstance that the 
latter specimens are relatively broad, hence the axis appears 
less prominent. 

The long range of M. simon (s. I. )  (see remarks on M. 
simon) may be taken to indicate that a M. simon branch 
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existed as a sister group to the M. limbata line, but it is for 
instance very puzzling that sp. A has no concave border and 
shows the same high number ofaxial rings and pleural ribs as 
the associated M. geminus n.sp. Speculations on a mutual 
cause remain purely notional, but either some kind of envi
ronmental affect on skeletal morphology may be inferred -
or the broad-axed 'simon-types' just represent a special 
morph of the 'standard' species (M. limbata s. l. and M. 
geminus n.sp) .  It seems unlikely, however, that the narrow/ 
broad axed types represent sexual dimorphs, as M. simon 
generally is rare except in the M. simon Zone. M. simon types 
(s. I. )  seem fairly consistently to be linked to shallow-water 
habitats. 

Megistaspis (Rhinoferus) Balashova, 1 976 
pro Rhinaspis RemeIe, 1 885; non Rhinaspis Perty, 1 830 

Type species. - (OD) Asaphus hyorrhinus Leuchtenberg, 
1 843. 

Megistaspis (Rhinoferus) cf. hyorrhina 
(Leuchtenberg, 1 843 ) 
Fig. 1 1 5  

Synonymy. - (Key papers only, see Schmidt 1 906 and Bala
shova 1976 for further references) Def. 1 906 Megalaspis 
hyorhina [sic] Herz. v. Lencht. - Schmidt, pp. 3 1-36; Textfig. 
12a-b; PIs. 2 : 10; 3 : 1-3, 5-8 (description, occurrence, illus
trations of complete specimens, hypostome, cephala, cra
nidium, pygidia). Def. 1976 Rhinoferus (Rhinoferus) hyor
rhinus (Leuchtenberg, 1 843) - Balashova, pp. 107-108; Pl. 
28:5 (description, occurrence, illustration of pygidium) .  

Lectotype. - Specimen figured by Leuchtenberg ( 1 843, Pl. 
1 :4-5) ,  listed as type by Balashova ( 1 976) . 

Material. - One pygidium (A 1 8 1  (pim) [MGUH 22.530] ) .  

Occurrence. - The specimen is  from bed A-8 of the Lysaker 
Member, Slemmestad, which is dose to the base of the upper 
subzone of the M. limbata Zone. M. hyorrhina occurs fre
quently in the BIl)' zone of the eastern Baltic Region, but 
ranges from BIlØ (Balashova 1976) ;  the species is also com
mon in the Lepidurus Limestone of northern Oland (Tjern
vik 1972), and occurs scattered in the M. lim bata Zone of 
mainland Sweden (Tjernvik 1980) . The species or a dosely 
similar one also occurs in the M. simon Zone of northern 
Oland (unpublished) . 

Description. - The pygidium is about 77 mm long, parabolic 
in outline, L:W ratio slightly below 5:6. Axis gently arched, 
stretching for slightly less than 0.9 of the pygidial length, and 
anteriorly occupying about 0.25 of the pygidial width (tr. ) .  
Specimen gently compacted, but axis appears to  be  slightly 
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Fig. 1 15. Megistaspis (Rhinoferus) cf. hyorrhina (Leuchtenberg, 1 843) .  
Largely exfoliated pygidium, xO.9. MGUH 22.530 (A 181 ) ,  bed A-8, 
Slemmestad. 

raised above pleural fields anteriorly and posteriorly, and 
level with the adjacent pleural fields for the greater, middle 
part. Anterior 2/3 of axis tapers, then it becomes roughly 
parallel-sided; terminal portion slightly expanded; segmen
tation vestigial. Minimum axial width, 2/3 the length from 
front, equivalent to 0. 1 7  of axial length, corresponding to 
slightly more than half of the axial width at anterior margin. 
Axis delimited bywide, moderately deep furrows. Segmenta
tion of pleural fields rather faint, and indicated by raised 
double lines, of which the anterior line generally is more 
distinct than the posterior line; a total of 10 pairs is present, 
although the shortest posterior pair is rather effaced and 
visible only on the left exfoliated side of the pygidium. The 
lines stop at paradoublural line. A concave border is present 
all the way, but anterolateral parts are not preserved in the 
specimen. Border possibly steeper anteriorly to flatten rear
wards; greatest width probably attained postaxially. 

Remarks. - The pygidium corresponds in all preserved fea
tures to M. hyorrhina as described by Schmidt ( 1 906) and 
Balashova ( 1 976) ,  but the isolated Norwegian specimen is 
treated as M. (R.) cf. hyorrhina in the absence of cephalic 
material. M. hyorrhina is a typical eastern Baltic species, 
which hitherto has been considered absent in the Oslo region 
(Tjernvik 1980, p. 1 89) .  The collection of the Paleontological 
Museum, Oslo, does, however, contain two more pygidia of 
M. cf. hyorrhina from the Lysaker Member. 
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Megistaspis (Rhinoferus? ) cf. explanata 
Angelin, 1 85 1  
Fig. 1 16 

Synonymy. - Dcf. 1 85 1  Megalaspis explanata. n.sp. -Angelin, 
p. 1 7; Pl. 1 5 :3 (brief diagnosis, occurrence, illustration of 
pygidium) .  D? 1 882 Meg. explanatæ, Ang. aff. - Brogger, p. 
77 (occurrence) .  Dv 1936 Megalaspis cfr. explanataAng. - c. 
Poulsen, p. 48 (listed) .  

Type material. - Not designated. 

Material. - One pygidium (GM 1984. 1 800 (pim) [MGUH 
22.53 1 ] ) . 

Occurrence. - The museum specimen is from Skelbro. A 
provenance from bed interval O to +9 seems most probable, 
and, tentatively, the pygidium may be assumed to originate 
from the lower part of the M. lim bata Zone. 

The rare species perhaps also occurs in the Lysaker Mem
ber of the Oslo region (Brogger 1 882), i.e. M. lim bata or A. 
expansus Zone, and Angelin ( 1 85 1 )  reported it from Kinne
kulle, Vestergotland (exact level unknown) .  

Description. - Pygidium 63 mm long, parabolic in outline; 
L:W ratio 3 :4. Axis long and narrow, stretching for 5/6 of the 
pygidial length, and anteriorly occupying about 0.2 of the 
pygidial width (tr. ) ;  it is slightly raised above the pleural 
fields, except for the central posterior portion, which is at 
level with the adjacent pleural fields. Axis tapers gently to 
axial ring no. 9 and then maintains a nearly constant width; 
axial width at midpoint is 0.7 of the anterior axial width. 
Axial segmentation fairly distinct (test intact),  comprising at 
least 1 3  axial rings in addition to the terminal piece and 
anterior half-ring, but the true number of rings is presum
ably 14 or, less likely, 15 .  Axis delimited by wide, rather deep 
furrows. Ten pairs ofwell-defined pleural ribs (visible also in 
areas with preserved test) inside paradoublural line; each rib 
bifurcated by a shallow interpleural furrow. Concave border 
present all the way, except immediately behind articulating 
facets; it is steep anterolaterally to flatten rearwards; greatest 
width attained postaxially. Test surface of border region 
carries short, undulating, fine terrace lines with a density of 
6-7 lines per 5 mm (Fig. 1 16B) .  

Remarks. - M. explanata Angelin i s  a nomen dubium. The 
rare species has, so far, been reported only from the western 
part of the Baltoscandian area, but the pygidium resembles 
that of the eastern Baltic M. hyorrhina group, and M. expla
nata is here tentatively assigned to M. (Rhinoferus) . 

The pygidium at hand is similar to the pygidium figured by 
Angelin ( 185 1 ,  Pl. 1 5:3 ) ,  but apparently has fewer axial rings 
and pleural ribs. Brogger ( 1 882, p. 77) also noted the differ
ent number of pleural ribs between a fragmentary pygidium 
investigated by him, and the diagnosis stated by Angelin. 
This may indicate that the species is variable, or that the 
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Fig. 1 1 6. Megistaspis (Rhinoferus?) cf. explanata (Angelin, 1 85 1 ) .  DA. Pygidium, xl .  MGUH 22.53 1 (GM 1984. 1 800), SkeIbro. DB. Same pygidium, dose-up 
of border region, showing fine terrace lines, x2. 

reconstruction presented by Angelin is inaccurate, or that 
the sparse Scanian-Norwegian material does not belong to 
M. explanata (s.str. ) 

Megistaspis (Megistaspidella) 
Jaanusson, 1 956 
Type speeies. - (OD) Entomostracites extenuatus Wahlenberg, 
1 82 1 .  

Megistaspis (Megistaspidella) extenuata 
(Wahlenberg, 1 82 1 )  
Fig. 1 1 7 

Synonymy. - 0185 1  Megalaspis extenuata. Wahl. - Angelin, 
p. 1 7; Pl. 15 : 1-1a (briefdiagnosis, occurrence, illustrations of 
entire specimen and pygidium) .  0 1 882 Megalaspis extenu
ata, Wahlenberg - Brogger, p. 80 (occurrence) . 0 1 906 
Megalaspis extenuata Dalman - Schmidt, pp. 49-5 1 ;  Textfig. 
28; Pl. 7: 1-3 (description, occurrence, illustrations of three 
complete specimens) .  Dy 1936 Megalaspis acuticaudaAng. 
C. Poulsen, p. 48 (listed) . Dy 1956a Megistaspis (Megistaspi
della) extenuata (Wahlenberg, 182 1 ) - Jaanusson, pp. 7 l-73; 
Textfig. 2; Pl. 1 :4-6 (discussion of subgenus, photographs 
and drawings of complete specimen [lectotype l ,  cephalon, 
hypostomes) .  Dy 1976 Megistaspis (Megistaspidella) extenu
ata (Wahlenberg) - Reyment, Fig. 26a-b (illustrations of 
complete specimen [Iectotype] ) .  01976 Megistaspidella 
(Megistaspidella) extenuata (Wahlenberg, 1 82 1 )  - Bala
shoya, pp. 9 1-92; PIs. 22:3; 23:4; 26: 1-3; 27:5-6; 30:5 (de
scription, occurrence, illustrations of complete specimen, 
cephalon, Iibrigena, hypostome, pygidia) . 

Lectotype. - Complete specimen Og l ,  figured by Wahlen
berg 1 82 1  (Pl. 7:4), designated and refigured by Jaanusson 
( 1956a, Pl. 1 :6) ;  also figured by Reyment ( 1 976, Fig. 26a-b) .  

Material. - One hypostoma, 5 pygidia (two of which are 
badly preserved) . 

List of material. - DHypostoma LU I I I  (pim) .  DPygidia F 306 (im) 
[MGUH 22.532 ] ,  F 30l? (c), LU 29a (c), GM 1984. 1 805 (im/c) ,  GM 
1869.881  (im).  

Occurrence. - M. (M.)  extenuata has not been found in situ 
during the present study. Hypostome LV I I I  and pygidium 
GM 1869.88 1 are from Fågelsång, and the lithology clearly 
points to a proyenance from bed interval 1 8-22, i.e. the Zone 
of A. expansus. Pygidia F 306 (Fig. 1 1 7) and F 307 were 
collected from loose slabs at Fågelsång; the former is associ
ated with Asaphus (A. ) acuminatus, proving an origin from 
the lower part of the A. expansus Zone, and the sample almost 
certainly represents bed 19. Pygidium LV 29a is from the 
upper part of the Komstad Limestone at Tommarp (coll. 
Funkquist) ,  i.e. probablythe A. expansusZone. As a matter of 
fact the specimen is presurnably from the topmost O. l m of 
the limestone (cf. Funkquist 1 9 19, p. 22) . A rather poorly 
preserved specimen from Vasegård, GM 1984. 1 805, listed as 
M. acuticauda by C. Poulsen ( 1 936) ,  is undoubtedly from 
bed + 13 ,  and most likely from the uppermost part (A. 
expansus Zone) .  

Brogger ( 1 882) stated that M. extenuata occurs infre
quently in the upper part of the Lysaker Member of the Oslo 
area, i.e. A. expansus Zone; no new material of the species was 
found at Slemmestad. 

M. (Megistaspidella) extenuata is known from the A. ex
pansus Zone of Sweden (Jaanusson 1956a) and the East 
Baltic area (Schmidt 1906; Balashoya 1976) .  
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Fig. 1 1 7. Megistaspis (Megistaspidella) extenuata (Wahlenberg, 1 82 1 ) .  Exfo
liated, partly corroded pygidium, X l .  MGUH 22.532 (F 306) ,  Fågelsång. 

Description. - The hypostome, 1 1 .3 mm long induding pos
terior projection, is fragmentary. Median body rounded, 
strongly inflated, body W:L ratio about 0.7-0.75. Weakly 
impressed premacular pits situated very dose to rear end of 
median body; macular surfaces small, narrow, distinctly set 
off. Median body stretches for almost 0.9 of the hypostomal 
length, reaching hypostomal margin anteriorly. Anterior 
hypostomal margin rather straight in the main central part, 
then distally turns backwards almost at a right angle. Antero
lateral margin flexed in ventraI direction, forming an ante
rior border. Anterior wings ascend very strongly in dorsal 
direction, so the width across anterior wings is only about 
0.8-0.85 of the hypostomal length. Lateral border starts ca. 
0.4 of the hypostomal length from anterior margin, but is not 
preserved. Border furrow well-defined throughout, also be
hind median body. Posterior border narrow, consisting of a 
somewhat raised (ventral view) strip along posterior margin. 
Posterior hypostomal margin convex with a small mesial 
projection. Terrace ridges present anterolaterally on median 
body, whereas central and posterior part of the body as well 
as border furrows are smooth; remaining part ofhypostome 
exfoliated. The specimen is not suited for illustration. 

The limited new material of pygidia is in accordance with 
the descriptions published by Schmidt ( 1 906) and Balashova 
( 1976) .  Specimen F 306 (Fig. 1 1 7) is 61 mm long and about 
67 mm wide. 

Megistaspis (Megistaspidella) acuticauda 
(Angelin, 1 854) 
Fig. 1 1 8-1 19 

Synonymy. - 0 1854 Megalaspis acuticauda. n.sp. - Angelin, 
p. 50; Pl. 27:4 (brief diagnosis, occurrence, illustration of 
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pygidium) .  Ov 1882 Megalaspis limbata, Boeck [partimJ -
Brogger, p. 79; Pl. 9:5 (brief description and illustration of 
hypostome in situ) . 0 1 882 Megalaspis acuticauda, Ang. -
Brogger, pp. 82-85; Textfig. 5; Pls. 2 : 1 ,  l a; 6: 1 ,  la (descrip
tion, occurrence, illustrations of complete specimens and 
pygidia) .  Ov non 19 19  Megalaspis acuticauda Ang. - Funk
quist, pp. 22, 39 [= M. (M.) cf. spinulataJ . Ov non 1936 
Megalaspis acuticauda Ang. - C. Poulsen, p. 48 [=  M. (M.) 
e.xtenuataJ . 0 1 960 Megistaspis (Megistaspidella) acuticauda 
(Angelin, 1 854) - Bohlin, pp. 1 8 1-186; Textfigs. 1 7-20; Pl. 
8 : 1-7 (description, occurrence, drawings and figures of 
cephalon, cranidium, librigenae, hypostome, pygidia) . 
01976 Megistaspidella (Spinopyge) acuticauda (Angelin, 
1 854) - Balashova, p. 1 04; PIs. 19:7; 23: 1-2; 28:7; 29:2 (de
scription of pygidium, occurrence, illustrations of complete 
specimen, hypostome and pygidia) . 

Neotype. -Pygidium Ar 2 1 763, chosen and figured by Bohlin 
( 1 960, Pl. 8:6) . 

Material. - Four complete specimens, 5 cranidia, 2 librigenae 
and 16 pygidia. 

List ojmaterial. - DComplete specimens A 45 1  (pim) , A 457 (pim),  A I l l4 
(t) [MGUH 22.534] , A  1 163 (im/em) [MGUH 22.533 J . DCranidia K 1 1 331 
(t) [MGUH 22.537] , A 153 (pim), A 1 84 (pim), A 299 (t), A 302a (t) 
[MGUH 22.535 J .  DLibrigenae A 1 74 (im/c) ,  A 303a (im/em) .  DPygidia K 
l l 341 (im), K 1 1 561 (t) [MGUH 22.538 ] ,  K 1209 (im),  A l l61 (t), A 1 7 1  
(im), A 320 (im) , A 378 (im) , A 405 (t) [MGUH 22.536] , A 423 (pim), A 427 
(im), A 430 (em),  A 506 (im), A 545 (im), A 1088 (pim) ,  A l l 3 1  (im), A 
l l 59 (im). 

Occurrence. - M. (Megistaspidella) acuticauda (5. 1. )  ranges 
from the upper part of the M. limbata Zone and through the 
A. expansus Zone at Slemmestad. It has been found in beds 
A-4 to A-8, A- 19,  A-26 (Zone of M. lim bata) and in beds A-
29 to A-55 (Zone of A. expansus) . The specimens from beds 
A-4 to A-8 are referred to as M. cf. acuticauda (see discussion 
below) , whereas the remaining material is identified with M. 
acuticauda (s.str. ) 

M. acuticauda is rare in the Komstad Limestone, and has 
been found onlyat Killerod site b in beds 7-8, which is within 
the lower part of the A. 'raniceps' Zone; this is an unusually 
late occurrence of the species. However, the material is 
poorly preserved, and is therefore referred to as M. cf. acuti
cauda. The species has previously been reported from the 
Komstad Limestone at Tommarp, Komstad (Funkquist 
19 19)  and Vasegård (C. Poulsen 1936) .  The latter occurrence 
was based on a single poorly preserved pygidium, which 
belongs to M. e.xtenuata, and M. acuticauda sensu Funkquist 
is here assigned to M. cf. spinulata. 

M. acuticauda is known from the A. expansus Zone of 
Sweden (Tjernvik & Johansson 1980, p. 194) ,  and is, accord
ing to Anderberg & Johansson ( 1 98 1 ) ,  especially frequent in 
the lower part of the zone which they actually separated as the 
Acuticauda Limestone; the same distribution is seen at Slem
mestad. A form called M. aff. acuticauda was listed by Tjern
vik & Johansson ( 1 980, p. 1 92)  from the M. limbata Zone of 
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Fig. 1 1 8. DA-O, F. M. (Megistaspidella) acuticauda (Angelin, 1 854). DA. Latex east of complete speeimen showing anterolateral pygidial border, x l .  MGUH 
22.533 (A 1 163) ,  Lysaker Member (probably lower part) ,  Slemmestad. DB. Small eomplete speeimen, x2. MGUH 22.534 (A 1 1 14) ,  bed A-46, Slemmestad. 
DC As B, stereo-pair of eephalon showing upturned anterior snout and raised eyes, x 1 .5. DO. Large eranidium, x l .  MGUH 22.535 (A 302a), bed A- 19, 
Slemmestad. DE. M. (M.) cf. acuticauda (Angelin, 1 854). Oamaged cranidium, x l .  MGUH 22.537 (K 1 133) ,  bed 7, Killerod site b. OF. Partly exfoliated 
pygidium, x l .  MGUH 22.536 (A 405), Bed A-29, Slemmestad. 

Sweden. The occurrence and status of other variants are 
discussed below. 

Description. - See Brogger ( 1 882), Balashova ( 1 976) and 
especially Bohlin ( 1 960) . However, these authors do not to 
any degree of detail describe the pygidial doublure, which 
may prove important for distinetion between speeies of M. 
(Megistaspidella) (cf. Balashova 1976) . It is strongly concave 

and covered with rather openly spaced terrace lines. On the 
shorter, upturned inner part, the lines descend backwards 
from the inner margin, while they on the larger, flat outer 
part run subparallel with outer margin; the inner and outer 
terrace lines meet discordantly in the doublural flexure. A 
total of 1 8  lines was counted across the doublure in three 
speeimens, whereas two less well-preserved pygidia may 
have only 16 or 1 7  lines. Axial embayment small; the poste-
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rior terrace lines, descending backwardly from the inner 
margin, are connected across sagittal line. 

The material at hand demonstrates that smaller pygidia, 
up to 30 mm long, may have a concave border the whole way, 
unlike adults (see also Bohlin 1960). 

Remarks. - Schmidt ( 1 906) separated several so-called vari
ants of M. acuticauda, viz. var. Lamanskii, var. triangularis 
and var. obtusa, in addition to var. typica. All of these have 
been treated as separate species bysubsequent authors (Boh
lin 1960; Balashova 1976) .  Schmidt ( 1 906) also ranked 'Asa
phus' centron Leuchtenberg, 1 843 as a variant of M. acuti
cauda, but later synonymized it with var. typica (see Schmidt 
1 907). The affinities of the poorly known 'A.' cen tron has 
been a vexed question, Lamansky ( 1 905) included it in M. 
leuchtenbergi, Bohlin ( 1 960, pp. 1 85-186) suggested that it 
might be ofM. heroicatype [= M. (Heraspis) Wandås, 1984 ] ,  
while Balashova ( 1976, p. 1 14) in  part assimilated i t  within 
Rhinoferus (Ropshiaspis) petrowtschinensis. Further discus
sion should await a redescription of the type material; until 
then the inadequately known taxon must be considered a 
nomen dubium. 

Bohlin ( 1 960) adopted a very narrow interpretation of M. 
acuticauda, and actually temporarily excluded all non
Oelandian material from the species; M. acuticauda var. 
typica Schmidt ( 1 906) was separated as M. (M.)  spinulata 
(see below) . A narrow interpretation of M. acuticauda was 
maintained by Balashova ( 1976) (who distinguished M. tri
angularis, M. lamanskii, M. obtusa, M. acuticauda, M. spinu
lata and M. isvosica, all of which, broadly speaking, are of 
acuticauda-type) , and is also largely upheld in the present 
paper, owing to the lack of material for a more thorough 
revision. However, all authors treating M. (M. )  acuticauda 
have mentioned that it is quite variable (e.g., Brogger 1 882, p. 
82; Bohlin 1960, p. 1 84), and in order to establish a biologi
cally based species concept it appears necessary to undertake 
a detailed biometric analysis of extensive material. The high 
intra-specific variability may alternatively lead to taxonomic 
'oversplitting' , and it is for instance possible that M. spinulata 
merely represents an ecophenotype of M. acuticauda, and as 
such should be classified only at the subspecies or variant 
level. The sparse presenee of M. cf. spinulata in the upper part 
of the Komstad Limestone supports this conjecture, and 
most of the differences separating spinulata from acuticauda 
are actually analogous to the differences separating the as
sumed shallower-deeper-water ecophenotypes of M. lim
bata (compare Table 5 ) .  

The status of  M. obtusa i s  also suspect; introducing the 
variant, Schmidt ( 1 906, p. 47) mentioned that it perhaps 
simply comprises rare pathological specimens of acuticauda 
in which the snout is injured. This seems to be a plausible 
inference, judging from the figures and description of M. 
obtusa presented by Balashova ( 1976), and the species(?)  is 
assumed to just represent impaired specimens of M. acuti
cauda/ spinulata. 
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Fig. 1 1 9. M. (Megistaspidella) cf. acuticauda (Angelin, 1 854). Juvenile 
pygidium showing well-developed concave border all the way and pro
nounced segmentation of pleural fields, x6. MGUH 22.538 (K 1 1 56) ,  bed 
7, Killertid site b. 

The bulk of the available material comes from Slemme
stad. The earlY representatives from bed interval A-4 to A-8 
are poorly preserved, but have a stronglyvaulted glabella and 
pygidial axis (which furthermore appears proportionally 
broader), compared to the later specimens, and perhaps a 
lateral cephalic border extends all the way to the genal spine. 
It is tempting to regard these specimens as slightly transi
tional towards M. spinulata, although they by far most 
closely resemble M. acuticauda. Thus the cranidia have a 
smooth glabella without segmentation and are similar in 
other preserved features to M. acuticauda (s.str. ) ,  the pygidia 
do not show an especially distinct segmentation and their 
doublure is similar to M. acuticauda from higher levels; it is 
uncertain whether a pygidial border continues all the way 
forwards. Because of the poor preservation and the possible 
minor differences, the early specimens are treated as M. (M. )  
cf. acuticauda. 

Brogger' s ( 1 882) distinction of a narrow and a broad form 
of M. acuticauda, mainly depending up on whether or not the 
pygidial L:W ratio exceeds 1 : 1 ,  is not evident in the material 
at hand. Tentative measurements of the rather fragmentary 
pygidia indicate a continuous variation range of L:W ratios 
from around 0.75 to 1 .0 (N = 12; length includes posterior 
spine) ;  judging from the measures reported by Brogger 
( 1 882, p. 83) ,  the pygidial L:W variation range even goes to 
about 1 .2 (all in adult specimens) . The present material is 
much too limited to estimate whether or not there is a 
relation between environment and skeietal width similar to 
the one displayed by M. (Megistaspis) limbata (Fig. 53) .  

A few poorly preserved specimens from the lower part of 
the A. 'raniceps' Zone at Killerod site b probably belong to M. 
(M.) acuticauda. Except for a juvenile specimen (Fig. 1 19) ,  all 
of the pygidia from this locality are fragmentary, so the 
distinctness of the pleurai segmentation and the border 
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outline are unknown. The pygidial doublure is covered with 
1 8  terrace lines, like the Norwegian material. The juvenile 
pygidium, I l  mm long, shows distinct pleural ribs, a fairly 
pronounced axial segmentation, a markedly arched, raised 
axis, and a concave border all the way (Fig. 1 19) ,  but these 
features are typically juvenile. The cranidium (Fig. 1 1 8E) has 
a very low, entirely smooth glabeila, and is very similar to the 
Norwegian material, except that the preocular width seems 
slightly smaller (which, however, hardly is a significant dif
ference) . Compared to the coeval M. (H.) heros, the Scanian 
specimen is more elongate, narrower (tr. ) ,  and the sagittal 
relief is much lower. Compared to M. (M.)  convexa, also 
known from the A. 'raniceps' Zone (Bohlin 1960) , the sagittal 
cranidial relief is markedly lower, and the cranidium is 
distinguished from M. (M.) curvispina by the lack of a mesial 
depression in front of glabeila, the glabeila is less inflated, and 
the anterior branches of facial suture are less forward diverg
ing. The fragmentary material from the Komstad Limestone 
is treated as M. (M.)  ef. acuticauda, but it most likely does 
represent M. (M.)  acuticauda (s.str. ) ,  which therefore seems 
to enter the base of the A. 'raniceps' Zone. 

Megistaspis (Megistaspidella) cf. spinulata 
Bohlin, 1 960 
Fig. 120 

Synonymy. - (Key papers only, see Bohlin 1960 for addi
tional references) Dv 19 19  Megalaspis acuticauda Ang. -
Funkquist, pp. 22, 39 (occurrence) .  Def. 1960 Megistaspis 
(Megistaspidella) spinulata n.sp. - Bohlin, p. 186 (diagno
sis) .  Def. 1976 Megistaspidella (Spinopyge) spinulata (Boh
lin, 1960) - Balashova, pp. 104-105; Pls. 3 1 :7; 33: 1 (descrip
tion, occurrence, illustration of thoracic doublure and dose 
up of librigena) . 

Holotype. - Complete specimen, figured by Schmidt ( 190 1 ,  
Pl. 5: 1 ) .  

Material. - One pygidium (LV 2 8  ( im) [LO 7087] ) .  

Occurrence. - The specimen i s  from the uppermost part of 
the Komstad Limestone at Tommarp (coil. Funkquist) ,  i.e. 
A. expansus Zone. M. (M.) spinulata is characteristic of the 
EIIla Zone of the eastern Baltic area (Schmidt 1906; Bohlin 
1960; Balashova 1976) . 

Description. - The exfoliated pygidium is 84 mm long, in
duding posterior spine. Pygidium moderately strongly 
vaulted; L:W ratio, induding spine, 0.82, and about 0.75 
exduding the spine. Axis gently arched, delimited by wide 
and moderately deep furrows. Middle part of axis approxi
mately level with adjacent pleural fields, while the anterior 
and posterior portions rise above the pleural fields. Axial 
segmentation vestigial, and only 6 to 7 anterior rings can be 
distinguished. Pleural fields exhibit fairly distinct segmenta
tion; 12 pairs ofbifurcate ribs present inside paradoublural 
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Fig. 120. Megistaspis (Megistaspidella) cf. spinulata Bohlin, 1960. Internal 
mould of large pygidium, xO.9. LO 7087 (LU 28) ,  Tommarp. 

line, of which the posterior pair is almost effaced. Anterior 
crest of each rib more distinct than crest behind the inter
pleural furrow. Paradoublural line indicated by a low, wide 
crest, and by the termination of pleural ribs. Concave border 
continues all the way to anterolateral corner, interrupted 
only by the crest delimiting articulating facet to the rear; 
border widest posteriorly. Axis continues into a low crest 
which is projected backwards into a short, slightly upwards 
directed spine. 

Remarks. -Bohlin ( 1960) separated M. acuticauda var. typica 
sensu Schmidt ( 1 906) as a new species, M. (M.)  spinulata, 
distinguished from M. (M.)  acuticauda by having a more 
convex and distinctly segmented glabeila, a weil-defined 
border along cephalon as weil as pygidium, stronger ribs on 
the pleurai fields of pygidium and perhaps also a different 
hypostome (Bohlin 1960, p. 1 85 ) .  Balashova ( 1 976) de
scribed both M. spinulata and M. acuticauda from the east
ern Baltic area. 

Pygidium LV 28 agrees weil with M. spinulata, but the 
relationship between M. spinulata and M. acuticauda is un
certain. The border outline and presumably also the distinct
ness of the pleural ribs were very likely affected by the 
environment (compare resembling variation displayed by 
representatives of Megistaspis (Megistaspis) , notably M. lim
bata) , and M. spinulata / M. acuticauda may turn out to 
represent ecophenotypes of the same species. lf so, they 
should be separated only as subspecies or variants. 

Pending investigation of more material, and especiaily 
findings of matching cranidia, the pygidium at hand may 
conveniently be treated as M. (M. )  ef. spinulata. It is rather 
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like the pygidia from Fågelsång assigned to M. (M.) ef. 
triangularis, but differs by having a narrower axis with a 
lowered central part and a more effaced segmentation, a 
comparatively distinct anterior crest of the bifurcated pleural 
ribs, and by being relatively slightly longer. Compared to M. 
(M.)  acuticauda, the described pygidium has more conspicu
ous pleural ribs, a concave border all the way, a proportion
ally broader axis and a less prominent postaxial spine, which, 
furthermore, is less distinctly upturned. 

Megistaspis (Megistaspidella) cf. 
triangularis (Schmidt, 1 906) 
Fig. 1 2 1  

Synonymy. - Def. 1906 Megalaspis acuticauda Ang. var. 
triangularis - Schmidt, pp. 42-49; Pl. 6:3-6 (short descrip
tion, occurrence, illustrations of complete specimen, cepha
lon, pygidia) .  Def. 1976 Megistaspidella (Spinopyge) triangu
laris (F. Schmidt, 1906) - Balashova, pp. 98-100; Pls. 
23:3a-v; 26:6a-g; 27:3; 29:3; 30:4; 32: 1 ,  2a-v; 33:5 (descrip
tion, occurrence, illustrations of complete specimens and 
pygidial doublure) .  

Lectotype. - Enrolled specimen 250/52- 1 8478, figured by 
Schmidt ( 1 906, Pl. 6:4, 4a) , listed as type by Balashova 
( 1976) .  

Material. - One cranidium and 3 pygidia. 

List of material. - DCranidium LU 108 (pim) [LO 7 1 1 5 ] .  DPygidia GM 
1 950. 134 (im) [MGUH 22.539 ] ,  LU 3 1b  (im) [LO 7089 ] ,  LU 3 1 c  (im) [LO 
7090 ] .  

Occurrence. - The material comprises museum specimens 
only. Samples LU 3 1  and LU 108 from Fågelsång undoubt
edly originate from bed interval 1 8-22 (most likely beds 1 8-
20), which corresponds to the lower part of the A. expansus 
Zone. Pygidium MGUH 22.539 is from Skelbro, and prob
ably derives from bed + 10 or, less likely, from the lower part 
of bed + 13 ;  both beds are within the upper part of the M. 
limbata Zone. 

M. (Megistaspidella) triangularis (Schmidt, 1 906) has been 
reported from the A. lepidurus Zone (BlIy) of the East Baltic 
area (Balashova 1976) . 

Description. - Available cranidium 63.5 mm long, largest 
pygidium approximately 60-65 mm long. Cranidium rather 
elongate, PW:L ratio dose to 2:3; sagittal relief moderately 
strong. Glabella subcylindrical, fairly arched and stretches 
for 0.6 (induding occipital region) of the cranidial length; it 
has a slight constriction between the eyes, minimum width 
equals about 0.45 of the glabellar length (ind. occipital 
region) ,  maximum glabellar width (anteriorly) corresponds 
to 0.60 of the glabellar length. Lateral glabellar furrows and 
occipital furrow effaced; occipital ring barely raised, flat, 
virtually not set off from glabella. Two pairs of very indistinct 
lateral musde insertion sites present on posterior part of 
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frontal glabellar lobe (internal mould) ;  small mesial tuberde 
situated on posterior part of glabella, level with inner poste
rior corner of palpebral lobes. Axial furrows shallow, wide, 
but augmented by the change of slope between genae and 
glabella; preglabellar furrow even more shallow. Frontal area 
gently concave with two diffuse rounded wide impressions 
on sagittal line; a nebulous mesial keel stretches from glabel
lar front to tip of cranidium. Lateral part of anterior fixigenae 
bent gently downwards. Anterior branches of facial suture 
diverge strongly forwards in front of eyes at an angle of about 
300 to sagittal line, then, level with glabellar front, begin to 
turn gently inwards, converging at an angle of about 1 300 to 
sagittal line, to bend a little forwards immediately before 
meeting in an angulate junction. Palpebral lobes presumably 
small, positioned below level of glabellar crest. J udging from 
the preserved inner base oflobe, distance between posterior 
cranidial margin and posterior inner corner oflobe is equiva
lent to about 1 .3 times the lobe length (exsag. ) .  The preserved 
proximal part of right posterior fixigena shows a wide, shal
low and indistinct border furrow, which seems to run gently 
obliquely backwards from anterior level of occipital ring. A 
narrow strip along posterior margin is slanting backwards. 

A vailable pygidia damaged, but width dearly exceeds 
length; estimated L:W ratios, exdusive of the posterior spine, 
are about 0.70-0.75. Pygidia broadly triangular in outline 
and fairly strongly vaulted. Axis moderately narrow, fairly 
convex and slightly raised above pleural fields for the whole 
length; it consists of 1 5  axial rings in addition to the terminal 
piece and anterior half-ring, but the rather indistinct seg
mentation fades rearwards, and may be difficult to recognize 
posteriorly; the available pygidia are all internal moulds. Axis 
delimited bywide and fairly deep axial furrows. Pleural fields 
show I l  pairs of well-defined, bifurcate ribs, of which the 
posterior pair, though, is short and almost effaced. A concave 
border is present the whole way, but is presumably widest 
posteriorly (rear part of all specimens damaged) . Posterior 
spine not preserved. Doublure strongly concave, main outer 
part flattened, subhorizontal; very small axial incision. Ter
race lines most dense on inner part, descending backward
downward from inner margin; lines on outer part less dense 
and run subparallel with outer margin. The inner and outer 
lines meet discordantly on outer side of the sharp doublural 
bend. A total of 20-2 1 lines was counted across the middle 
lateral part of doublure in two pygidia. 

Affinities. - The cranidium differs from M. (M.)  acuticauda 
by lacking an anterior snout and by having a more strongly 
inflated glabella with a better defined mesial tuberde, while 
the pygidia are more broadly triangular in outline, show 
well-marked pleural ribs, a forwardly extending concave 
border, a relatively slightly broader and stronger inflated axis 
and a doublure with more densely spaced terrace lines. 

Judging from the description presented by Balashova 
( 1 976) ,  the pygidium of M. lamanskii differs from the mate
rial at hand by being less vaulted, the axis is less elevated 



1 58 Arne Thorshøj Nielsen FOSSILS AND STRATA 38 ( 1995) 

relative to the pleural fields and exhibits a more indistinct 
segmentation, the axial furrows are shallower, and the doub
lure is less concave and carries about 30 terrace lines. 

M. laine [= M. polyphemus var. Knyrkoi Schmidt, 1906] 
also has a short frontal area and a mesial depression in front 
of glabella, but the cranidium described here shows a more 
distinctly vaulted and broader glabella (compare Balashova 
1976, p. 90; Pl. 20: 1 ) ,  and the palpebral lobes are positioned 
well below the sagittal level of glabella (since this fea ture may 
be assumed to be influenced by growth it is remarked that the 
holotype of M. laine, described by Balashova 1976, is ap
proximately of the same size as the specimen under discus
sion) .  The cranidium at hand may be described as interme
diate between M. laine and M. triangularis. 

Remarks. - Cranidium LU 108 is dearly of acuticauda type 
(5. 1. ) , and is tentatively taken to match the only two acuti
cauda-like pygidia presently known from Fågelsång. The 
pygidium from SkeIbro is similar in all features to those from 
Fågelsång. The cranidium is stored together with a fragmen
taryptychopygid pygidium, and perhaps the specimens were 
originally from the same sample. According to an adjoining 
label, the material was studied by Schmidt in April 1906, and 
although he noted the resemblance of the cranidium to M. 
acuticauda, the specimens were identified with Ptychopyge 
lata Angelin. This assignment of the cranidium is evidently 
wrong, and Schmidt's identification must refer to the py
gidium. 

Cranidium LU 108 is quite similar to M. triangularis, as 
described by Balashova ( 1976, pp. 98-100) ,  e.g., with regard 
to the lack of an anterior snout, the gently concave frontal 
area, showing an indistinct longitudinal keel and mesial 
depressions, the comparatively wide glabella, the diffuse 
posterior border furrow, situated slightly behind the anterior 
level of the occipital ring, the presence of a mesial tuberde, 
and the relatively large eyes. In comparison to Balashova's 
description of M. triangularis, the available cranidium has a 
shorter frontal area, and the facial suture diverge less strongly 
in front of the eyes. The pygidia also matches the description 
of M. triangularis (see Balashova 1976, pp. 99-100) ,  for 
example with regard to the triangular outline, the degree of 
convexity, the height of axis above the pleuraI fields, the 
number and distinctness of pleural ribs, the concavity of the 
doublure and the doublural terrace-line density (the number 
oflines stated by Balashova is dose to axis, whereas the above 
stated total num ber oflines were counted laterally, as the rear 
part of all pygidia are damaged) .  The only obvious difference 

Fig. 121 .  Megistaspis (Megistaspidella) cf. triangularis (Schmidt, 1906) . DA. 
Partly exfoliated large cranidium, x l .  LO 7 1 1 5  (LU 108) ,  Fågelsång. DB. 
Internal mould of pygidium showing part of doublure, x 1 .5 .  LO 7089 (LU 
3 1b) ,  Fågelsång. De. Internal mould of pygidium showing doublure, x l .  
LO 7090 (LU 3 1 c) ,  Fågelsång. OD. Internal mould of pygidium, x l .5 .  
MGUH 22.539 (GM 1950. 134) ,  Skeibro. 
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is the number of axial rings, stated to be about 20 by Bala
shova, but this number may indude the terminal piece and 
the anterior half-ring. 

As no reference material has been available, and as there 
might be minor differences between M. triangularis and the 
material at hand, the latter is referred to as M. (M. )  ef. 
triangularis. Furthermore, it is disturbing that the cranidium 
was not identified by Schmidt, the author of M. triangularis. 

Megistaspis (Megistaspidella) Sp. I 
Fig. 122 

Material. - One fragmentary cranidium (K 166a, corroded 
[MGUH 22.540 ] ) .  

Oeeurrence. - The specimen was found in bed + l at Killerod, 
belonging to the lowermost part of the M. limbata Zone. 

Description. - Fragment of a very large cranidium showing a 
ca. 45 mm long glabella, so the original length of cranidium 
presumably exceeded 65-70 mm, and may have been up to 
about 80-90 mm, depending on the size order of the snout. 
Cranidium rather effaced; overall relief very low. Glabella 
weakly inflated, broad, with gentle constriction level with the 
eyes; minimum width equivalent to slightly more than half of 
the glabellar length (ind. occipital region) .  Axial furrows 
shallow, preglabellar furrow almost effaced. Occipital and 
lateral glabellar furrows not defined; occipital ring insignifi
cantly inflated (visible only in oblique light) ;  bacculae barely 
outlined. The preserved proximal parts ofposterior fixigenae 
incondusively indicate the presence of a wide and shallow 
border furrow. Eye most likely small, not raised above gla
bella; judging from the inner base of palpebral lobe, the 
distance to posterior cranidial margin is presumably about 
l .S times the palpebral length (exsag. ) .  Facial suture diverge 
in front of eye at an angle of about 35° to sagittal line. 

Fig. 122. DA. Megistaspis 
(Megistaspidella) sp. L Fragment 
of large cranidium, x l .  MGUH 
22.540 (K 166) ,  bed + l, Killer6d. 
DB. Megistaspis (Heraspis) cf. 
hero iea Bohlin, 1960. Fragmentary 
internal mould of cranidium, x6. 
MGUH 22.541 (K 1 164) ,  bed 8, 
Killeriid site b. 
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Remarks. - The specimen is an early representative of M. 
(Megistaspidella) . The preserved parts quite well match the 
rather effaced cranidium of M. lamanskii (compared de
scription by Balashova 1976), also showing strongly diverg
ing anterior facial sutures in front of the eyes (note that the 
70° stated by Balashova ( 1 976, p. 1 00) is the angle between 
the branches) .  The distance between the eyes and the poste
rior margin seems to be slightly higher in the Scanian speci
men than in M. lamanskii, but the difference cannot be 
verified as the lobes are not preserved. Besides, Schmidt 
( 1 906, p. 47) wrote that the distance between posterior 
cranidial margin and the lobes of var. lamanskii is equivalent 
to 1 . 5-2 times their length, which, as far as can be established, 
is in agreement with specimen K 166a. Accordingly, the 
isolated specimen seems dose to and may even represent this 
species, reported from the A. lepidurus Zone (Blly) of the 
eastern Baltic area (Balashova 1976). 

Megistaspis (Heraspis) Wandås, 1 984 
Type speeies. - (OD) Megistaspis heroiea Bohlin, 1960. 

Megistaspis (Heraspis) cf. heroiea 
Bohlin, 1 960 
Fig. 1 22B 

Synonymy. - (Keypapers only; see Bohlin 1960 for additional 
references) Dcf. 1960 Megistaspis heroica n.sp. - Bohlin, pp. 
1 74-179; Textfigs. 1 5, 16; Pl. 7: 1-8 (description, occurrence, 
illustrations of cranidia, librigenae, pygidium, drawings of 
cephalon and pygidial relief) . Def. 1976 Megistaspidella 
(Spinopyge) heroiea (Bohlin, 1 960) - Balashova, pp. 102-104, 
Pl. 34:6 (description, occurrence, illustration of cranidium) .  
Def. 1984 Megistaspis (Heraspis) heroiea Bohlin, 1960 -
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Wandås, pp. 223-224; PIs. 5C, E, G; 6A, C (occurrence, 
illustrations of cranidia, librigena, pygidia) . 

Holotype. - Almost complete specimen figured by Schmidt 
( 1 906, Pl. 7:4, 4a) . 

Material. - One fragmentary cranidium, K l l64 (t) [MGUH 
22.54 1 ) .  

Oeeurrence. - The cranidium was found in bed 8 at Killerod 
site b, i.e. within the basal part of the A. 'raniceps' Zone. M. 
(H.) hero iea is characteristic of the A. 'raniceps' Zone of 
Baltoscandia (Bohlin 1 960; Balashova 1976) .  

Remarks. - The specimen is toa fragmentary to  be  confi
dently identified, but it resembles M. (H.) heroica in all 
preserved features. 

Species not assigned to subgenus 

Megistaspis cf. knyrkoi (Schmidt, 1 906) 
Fig. 123 

Synonymy. - Def. 1906 Megalaspis Knyrkoi m. - Schmidt, pp. 
37-38, Textfig. 16 (description, occurrence, illustration of 
pygidium) .  Dnon 1906 Megalaspis polyphemus var. Knyrkoi 
m. - Schmidt, pp. 29-3 1 ,  Textfig. 10, Pl. 2:9. [= M. laine 
Jaanusson, 1956 ) . Dv 1936 Megalaspis stenorhaehisAng. - C. 
Poulsen, pp. 48-49 (listed, stratigraphical distribution dis
cussed) .  Dv 1965 Megistaspis (Megistaspis) sp. no. 1 - V. 
Poulsen, pp. 67-68; Pl. 1 :8  (description, occurrence, illustra
tion of pygidium) .  Def. 1976 Rhinoferus (Lawiaspis) knyrkoi 
(F. Schmidt, 1906) - Balashova, pp. l l2-l l3  (description, 
occurrence) .  

Holotype. - By monotypy, pygidium 250/78- 1 8448, de
scribed and figured by Schmidt ( 1 90 1 ,  Textfig. 16) .  

Material. - Two pygidia (internal moulds) ,  comprising 
MGUH 22.542 (S 1771 ,  donated by Mr. Niels Mogensen, 
Rønne) ,  and MGUH 9423, previously figured by V. Poulsen 
( 1965, Pl. 1 :8 ) .  

Oeeurrence. - S 1771  i s  from Skelbro and MGUH 9423 is 
from the Duegård quarry of Bornholm. They originate either 
from bed -2 1 or -20, i.e. the lower part of the M. polyphemus 
Zone. 

Description. - By comparison to the smaller pygidium (Fig. 
123B),  described by V. Poulsen ( 1 965, pp. 67--68), the larger 
specimen, 43 mm long, is less fragmentary (Fig. 123A) ; both 
specimens are exfoliated. The present account is comple
mentary to Poulsen' s description. Pygidium broad parabolic 
in outline, L:W ratio 3 :4. Axis narrow, delimited by narrow, 
well-impressed furrows. Axis tapers backwards to axial ring 
nos. 9-10; posterior part insignificantly expanded; mini
mum axial width equivalent to 0. 16  of the pygidial length. 
Axis slightly elevated above pleural fields all the way; there are 
at least 14, but probably 1 5  axial rings in addition to terminal 
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Fig. 123. Megistaspis cf. knyrkoi (Schmidt, 1906). DA. InternaJ mould of 
pygidium, x 1 .4. MG UH 22.542 (S 177 1 ) ,  SkeIbro. DB. InternaJ mould of 
small pygidium showing doublure, x2. MG UH 9423, SkeIbro. Previously 
figured by V. Poulsen ( 1 965, Pl. 1 :8 ) .  

piece and anterior half-ring. Axis stretches for slightly less 
than 0.8 of the pygidial length. A narrow, indistinct postaxial 
ridge continues across the border. Pleural fields show I l  
pairs of ribs, of which the posterior pair is very faint, and 
most likely not visible on testaceous material. A well-defined 
concave border continues to anterolateral co mers. The exfo
liated state possibly amplifies the concavity of the border, but 
it must be defined anterolaterally also when the test is intact. 

Remarks. - The two specimens strongly resemble the some
what younger M. knyrko� reported from the BIla Zone of 
the Leningrad area (Schmidt 1906), and of which only two 
isolated pygidia are known (Balashova 1976) . M. knyrkoi has 
a narrow axis, 10 to I l  pairs of moderately distinct pleurai 
ribs, a gently concave border extending forwards, and a 
rather sigmoidal doublure (ef. Schmidt 1906, pp. 37-38, 
Textfig. 16). The pleural fields of the Russian pygidium, ca. 
38 mm long, are possibly slightly more conspicuously seg
mented than in the large speeimen at hand (cf. Schmidt 1 906, 
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Textfig. 16) ,  but the available smaller pygidium seemingly 
has a comparable distinct segmentation. No other differ
ences can be pointed out. 

M. cf. knyrkoi somewhat resembles M. ringsakerensis, re
ported from the upper part of the Tøyen Shale at Herramb, 
Zones 3By-<> (Skjeseth, 1952) ,  but the exact levels in the 
section are unknown. The bulk of the material of M. rings
akerensis is sampled from small limestone nodules, probably 
from the upper part of the M. estonica Zone, but a M. 
polyphemus Zone age cannot be exduded. The two pygidia 
from Bornholm are thus approximately contemporaneous 
with M. ringsakerensis; they differ by being slightly more 
convex (tr. ) and relatively narrower, by having an extra 
pleural rib, by showing a more strongly concave doublure, 
and, most importantly, by having a concave anterolateral 
border. It also appears that the largest specimen has an extra 
axial segment, compared to M. ringsakerensis; when Skjeseth 
( 1 952) stated the number ofaxial rings to be 16, he induded 
the terminal piece and the anterior half-ring. 

In the absence of cephalic material it is impossible to verify 
the affinities of M. knyrkoi and M. ringsakerensis, but they are 
believed related to the forms informally referred to as Megi
staspis spp. B and C. All of these poorly known species may 
belong to a new subgenus, possibly doser related to M. 
(Paramegistaspis) than to M. (Megistaspis) (see discussion of 
Megistaspis sp. B) .  

Megistaspis Sp. B ? aff. ringsakerensis 
Fig. 1 24 

Synonymy. - D? 1 883b Megalaspis planilimbata Ang. - Tull
berg, p. 245 (listed) . 

Material. - One cranidium, 8 pygidia. 

List of material. - DCranidium K 18 (im) [MGUH 22.543 ] .  DPygidia K 2 1  
(im) [MGUH 22.545 ] ,  K 3 4  (im), K 3 7  (pim) [MGUH 22.544 ] ,  K 4 2  (im), 
K 471 (doublure) [MGUH 22.546 ] ,  K 472 (t), K 473 (im), K 475? (im). 

Occurrence. - Megistaspissp. B has been found onlyin beds C, 
D and E at Gårdlosa- l .  These beds are believed to represent 
the top of the M. polyphemus Chronozone, but the correla
tion is tentative and the interval may alternatively represent 
the lower part of the M. simon Zone. 

Megistaspis sp. B is dose to sp. C, described from the top of 
the M. polyphemus Zone in the Oslo region. 

Description. - Small to medium-sized megistaspid, available 
cranidium 27.5 mm long, largest pygidium ca. 40 mm long. 
The rather poorly preserved cranidium (Fig. 124A) is exfoli
ated; it appears narrow, but the PW:L ratio is 0.8, whereas the 
FW:L ratio is about 1 . 1 5; sagittal relief moderate. Mesial 
depression in frontal area distinct; frontal area dominated by 
periglabellar crest, from which the remaining frontal area 
concavely slopes downwards-outwards. Glabella gently 
vaulted, narrow (tr. ) ,  only slightly expanding forwards, ante
rior margin rounded; it is delimited bywell-impressed dorsal 
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Fig. 124. Megistaspis sp. B .  DA. Internal mould o f  damaged cranidium, x2. 
MGUH 22.543 (K 18),  bed C, Gårdliisa- l .  DB. Largely exfoliated py
gidium, x 1 .5. MGUH 22.544 (K 37) ,  bed C, Gårdliisa- l .  De. Fragmentary 
internal mould of pygidium showing doublure, x l .S .  MGUH 22.545 (K 
2 1 ) ,  bed E, Gårdliisa- l .  OD. Fragment of pygidium showing posterior part 
of doublure, x 1 .5. MGUH 22.546 (K 47 1 ) ,  bed E, Gårdliisa- l .  
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and preglabellar furrows. Especially the preglabellar furrow 
is unusually well-defined. Glabella (induding occipital ring) 
stretches for 0.66 of the cranidial length. Lateral glabellar 
furrows shallow, elongate, converging backwards. Occipital 
furrow deep laterally, shallow mesially. Occipital ring short 
(sag. ) ,  slightly raised above rear part of glabella. Faint, 
minute mesial tuberde indicated in front of occipital furrow. 
Bacculae fairly inflated. Palpebral lobes not preserved. Poste
rior fixigenae with wide, shallow border furrow; posterior 
margin seems raised (poorly preserved) . Anterior branches 
of facial suture diverge in front of the eyes at an angle of about 
35° to sagittal line, then turn sharply inwards to converge at 
an angle of 120° to sagittal line, meeting at a pointed angle. 

Pygidium gently vaulted, rather broad and parabolic to 
almost semicircular in outline. L:W ratio 0.72 in two pygidia 
from bed H, ca. 0.65 in a pygidium from bed G, and presum
ably about 0.62 in a pygidium from bed F. Axis unusually 
narrow (tr. ) ,  tapering very gently backwards for 2/3 of the 
axial length, then becomes approximately parallel-sided; 
terminal portion may be slightly expanded. Minimum axial 
width at the more or less imaginary constriction is 0. 1 7-0. 18  
of  the pygidial length (N = 2) .  Axial segmentation faint, even 
on internal moulds, fades out in posterior direction and is 
effaced behind axial ring nos. 6-8, hence the number of 
segments cannot be verified, but there is a likely total in the 
range of 1 2-16 rings. They appear to be more simple than in 
Megistaspis (Megistaspis) (see Tjernvik 1980, p. 197) and are 
mostly indicated only as lateral, paired knobs. Axis approxi
mately level with pleural fields; it is delimited by wide fur
rows, which shallow up posteriorly at intersection with para
doublural line, which is also marked by a wide, shallow 
furrow. Pleural fields gentlyvaulted, and carries 8 to 9 pairs of 
low ribs inside paradoublural line; segmentation also visible 
on testaceous material. Each rib is bifurcated by a shallow 
longitudinal pleural furrow as typical for Megistaspis. A 
moderately wide, gently sloping concave border is developed 
posteriorly, but lateral parts of pygidium are actually slightly 
concave the whole way, except dose to anterolateral corners; 
the gentle concavity is best defined on internal moulds. Crest 
behind articulating facet narrow, but slightly more raised 
than in species of M. (Megistaspis) ; articulating facet has a 
very moderate anterior slope. 

Doublure appears rather wide in dorsal view because of 
the low convexity of the pygidia, but its relative width is of 
common size-order; an equal width is approximately main
tained the whole way. It is pronouncedly sigmoidal in cross
section with a flattened main outer part and a narrower inner 
part, separated by a fairly steep middle part. Axial incision 
small, inner margin insignificantly upturned around the tip 
of axis. There is apparently no upturning of the outer post
axial part. Terrace lines sparse, especially on the flattened 
outer part and in the flexure between steep part and inner 
flattened part; the line density is higher dose to inner margin 
and in the basal flexure between steep middle part and outer 
flattened part. The lines run subparallel with inner and outer 
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margins anterolaterally; posterolaterally they run obliquely 
backwards-outwards from inner margin; mesial portion 
poorly preserved in all specimens at hand showing the doub
lure. The material incondusively indicates the presence of 
about 1 7-18 terrace lines anterolaterally, while there seem to 
be a few more lines posterolaterally ( ? 19-20) .  

Affinities. - M. ringsakerensis (Skjeseth, 1952) also has a 
narrow axis and a similar large number of ribs on the pleural 
fields; the matching cranidium is unknown. Skjeseth ( 1952, 
p. 162) stated the number of pleurai ribs to be 12, but the 
material of M. ringsakerensis has been reexamined, and no 
more than 9 or at the most 10 rib pairs in addition to the 
anterior half rib can be counted (cf. Skjeseth 1952, Pl. 2 :2) .  
The pygidia of M. ringsakerensis, figured by Skjeseth ( 1952, 
Pl. 2: 1-4),  are all very bro ad, the holotype has a L:W ratio of 
about 0.6. However, pygidia of sp. B from the lowermost 
levels of the Komstad Limestone are presumably equally 
broad. The pygidia of M. ringsakerensis differ from sp. B by 
being markedly less vaulted, and the doublure is dearly 
narrower and less pronouncedly sigmoidal; only 1 1-12 lines 
are present at pygidial midlength across the doublure. 

Megistaspis spp. B and C may also be compared to the 
slightlyyounger M. knyrkoi (Schmidt, 1906) [ non Megalaspis 
polyhemus var. Knyrkoi Schmidt, 1906 = M. laine Jaanusson, 
1956] , but of which only two pygidia are known (Schmidt 
1906, pp. 37-38; Balashova 1976, pp. l l2-l l3 ) .  In the ab
sence of a cranidium the affinities of the species cannot be 
confidently established. Like the eastern Baltic material, the 
two somewhat older pygidia from Bornholm, referred to as 
M. cf. knyrkoi, share with sp. B a narrow axis, posteriorly 
parallel-sided, and a forwards-extending concave border. 
However, by comparison M. cf. knyrkoi se ems to have a 
higher number of pleural ribs and the border is better de
fined anterolaterally than in sp. B. 

The cranidia of Megistaspis spp. B and C in some respects 
resemble M. (Paramegistaspis) Balashova, 1976, especially 
with regard to the course of the facial suture and the develop
ment of a periglabellar crest, while the presence of an occipi
tal furrow and weakly impressed lateral glabellar furrows 
brings members of M. (Megistaspis) Jaanusson, 1956 to 
mind. The fairly steep, concave anterolateral pygidial border 
is intermediate between the two subgenera; the axial seg
mentation of the pygidium is of Paramegistaspis type. If the 
hypostome of M. ringsakerensis is correctly identified (see 
Skjeseth 1952, pp. 16 1-162, P1. 2 :6) ,  it suggests an affinity to 
M. (Paramegistaspis) , but the isolated specimen (which has 
been examined) may alternatively belong to M. (P. )  estonica. 

Remarks. - Megistaspis spp. B-C represent a new species, 
which, however, is treated in open nomendature until better 
preserved material becomes available. Spp. B-C are consid
ered conspecific, and they should be separated as no more 
than subspecies, but a separation may eventually prove un
warranted altogether. Compared to sp. C, the cranidium of 
sp. B is broader, the sagittal relief is lower (perhaps owing to 



FOSSILS AND STRATA 38 ( 1 995) 

size differenee of the studied speeimens ) ,  glabeIla is shorter , 
and the facial sutures diverge more strongly in front of the 
eyes. The eranidia of spp. B and C both have a periglabellar 
crest on the frontal area, strongly impressed preglabellar 
furrow, a narrow and slightly vaulted glabeIla, facial sutures 
of ' Paramegistaspis outline', mesially indistinet oeeipital fur
row, and eomparatively strongly inflated baeeulae. The py
gidia of sp. B are less triangular in outline, eompared to sp. C, 
but the pygidial L:W ratio of megistaspids is normally quite 
variable, and the differenee is probably unimportant. The 
axis of sp. B is slightly wider, but pygidia ofboth species are 
eharaeterized by an unusually slender axis, 8-9 pairs of 
moderately distinet pleural ribs, and a markedly sigmoidal 
doublure with a eomparatively broad inner flat part. 

Tullberg ( 1883b) listed M. planilimbata from SE Seania. 
This erroneous report may be based on findings of'planilim
bata-like' M. sp. B pygidia; M. limbata was on the other hand 
not listed, and the Tullberg eolleetion from SE Seania (Uni
versity of Lund) eontains no sp. B pygidia, but several speci
mens of M. limbata type 9. 

Megistaspis Sp. C (cf. Sp. B) 
Figs. 1 25-126 

Synonymy. - O? 1 882 Megalaspis planilimbata, Ang.? - Brog
ger, pp. 76-77 (oeeurrenee) .  Ov cf. 1952 Megalaspis limbata 
(Boeek) [partim] - Skjeseth, p. 1 6 1 ;  Pl. 1 :3 ;  non Pl. 1 :7 
[Megistaspis limbata type 7] (oecurrenee, illustration of 
eranidium) .  

Material. - One eranidium, l fragmentary librigena and 7 
pygidia. 

List ofmaterial. - DCranidium A 629a (pim) [MGUH 22.547 ) .  DLibrigena 
A 580? (im) . DPygidia A 587 (im) [MGUH 22.548 ] ,  A 588 (im) , A 597 (im) 
[MGUH 22.549 ] ,  A 604 (im), A 629b (im), A 63 1 (im), A 640 (im). 
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Occurrence. - Megistaspis sp. C has been found solely at 
Slemmestad in bed M- l ,  whieh is correlated with the M. 
polyphemusZone. M. limbata sensu Skjeseth ( 1952) from the 
M. estonica or M. polyphemus Zone of Herramb, southern 
Norway, eovers a mixed material, including sp. C or a closely 
related form. 

Megistaspis sp. C is considered closely related to M. sp. B, 
oeeurring at the base ofthe Komstad Limestone of SE Seania. 

Description. - Available eranidium l 3.5  mm long, largest 
pygidium 28.5 mm long. The fragmentary small eranidium 
is poorly preserved (Fig. 125A) ; it is narrow, PW:L ratio 
about 2:3,  and has a moderately strong sagittal relief, but 
whieh presumably refleets the small size. Preserved parts 
resemble the eranidium of sp. B, exeept that the mesial 
impression in preglabellar area is faint (preservational arte
faet?) ,  a mesial keel is presumably present immediately in 
front of glabeIla, and glabeIla is relatively longer, stretehing 
(including oeeipital region) for slightly more than 0.7 of the 
eranidial length. Oeeipital furrow impressed only laterally 
and faintly so, effaeed mesially. Median glabellar tubercle 
eannot be seen, but this may relate to poor preservation. 
Palpebral lobes damaged, but presumably only slightly to 
moderately raised above glabeIla. Anterior branehes of faeial 
suture diverge in front of eyes at an angle of about 25° to 
sagittal line, then turn inwards and eonverge strongly for
wards at an angle of about 120° to sagittal line; mesial part 
damaged. 

Librigena too fragmentary to serve as basis for a deserip
tion; it appears broad and at least the inner part is only gently 
vaulted. 

Pygidium slightly to moderately eonvex, more or less 
triangular in outline. L:W ratio range from 0.65 to 0.82, most 
specimens show 0.65-0.69 (N = 5) .  Exeept for the deviating 
L:W ratio the pygidia are like deseribed for sp. B; minimum 
axial width at eonstrietion equivalent to 0. 1 5-0. 1 7  of the 

Fig. 125. Megistaspis sp. e. DA. Fragment of poorly preserved, exfoliated small cranidium, x4. MGUH 22.547 (A 629a), bed M- l ,  Slemmestad. DB. Internal 
mould ofpygidium, x l .S .  MGUH 22.548 (A 587), bed M - 1 ,  Slemmestad. De. Internal mould ofjuvenile pygidium showingwell-defined anterolateral border, 
x4. MGUH 22.549 (A 597), bed M-l ,  Slemmestad. 
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Fig. 126. Megistaspis sp. C. Small, well-preserved cranidium, x5.  PMO 66 
330, Herramb. Previously figured by Skjeseth ( 1 952, Pl. 1 : 3 ) .  

pygidial length (mean 0. 16; N = 5) .  Regarding the forwards 
extending border it should be noted that the test apparently 
is thickened in the bending zone towards the border, so the 
border concavity is better defined on internal moulds. A 
juvenile pygidium also shows a better defined border (Fig. 
125C).  It is inconclusively indicated by the material that the 
inner flat part of the doublure is narrower than in sp. B. 
Postaxial outer part of doublure very slightly upturned. No 
details of the terrace-line pattern are revealed. 

Remarks. - The material clearly resembles Megistaspis sp. B 
(see remarks on that species for details and enumeration of 
differences) , and spp. B-C should most likely be separated 
only at the subspecies level or not at all. The small cranidium 
of M. limbata reported from Herramb by Skjeseth ( 1 952, Pl. 
1 :3 ;  refigured Fig. 126) is verysimilar to the cranidium of sp. 
B and must represent a closely related or identical form. The 
preglabellar furrow is well-impressed, there is a gently in
flated paradoublural crest in front of glabella, the posterior 
fixigenae show a shallow border furrow and the posterior 
margin of the fixigenae is slightly raised. The matching 
pygidium was apparently not found by Skjeseth - or the 
cranidium may be speculated to represent a juvenile M. 
ringsakerensis. 

Brogger ( 1 882, pp. 76-77) wrote that M. planilimbata 
probably occurs in the Hukodden Limestone, a statement 
which may have been based on findings of Megistaspis sp. C. 

For comments on the possible affinities to M. ringsaker
ensis (Skjeseth, 1952) and M. knyrkoi (Schmidt, 1906), see 
Megistaspis sp. B. 
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Subfamily Niobinae Jaanusson, 1 959 
Niobinid material. -Eight complete specimens, 4 cephala, 60 
cranidia, 27 librigenae, 45 hypostomata and 233 pygidia, of 
which 1 cranidium, 1 hypostoma and 3 pygidia are indeter
minable at the species level. 

Remarks on Baltoscandian genera 

Tjernvik ( 1956) divided the Scandinavian species till then 
attributed to Niobe Angelin, 1 85 1  among Niobe (s.str. ) ,  Nio
bella Reed, 193 1 ,  and a third group, holding only Niobe 
explanataAngelin, 1 85 1 ,  which was stated to be in an uncer
tain taxonomic position. The latter was transferred to Gogby 
Fortey ( 1975a) . The distinction at generic level between 
Niobe and Niobella was adopted by Jaanusson ( 1 959) ,  when 
he defined the niobinids as a subfamily. Balashova ( 1976, pp. 
1 22-123)  elevated Niobinae Jaanusson, 1 959 to family rank, 
comprising Niobininae Balashova, 1 976, accommodating a 
medley of genera, and a modified Niobinae Jaanusson, 1 959, 
including only Niobe and Niobella Reed, 193 1 .  The latter two 
genera are undoubtedly closely related, whereas the Niobi
ninae hardly encompasses a monophyletic group, and the 
diagnostic characters enumerated by Balashova ( 1976, pp. 
1 30-13 1 )  cannot be taken as synapomorphies. It is, accord
ingly, suggested to abandon Niobininae Balashova, 1976. 

Niobella was originally distinguished from Niobe by hypo
stomal differences (Reed 193 1 ,  p. 462) ,  but the hypostome of 
Niobella changes considerably during evolution (cf. Lake 
1942, p. 330; Tjernvik 1956, p. 228; Sdzuy 1958, p. 266) ,  and 
similar transformations are seen within Niobe (cf. Lake 1942; 
Tjernvik 1956, 1980) . Hypostomes of Niobe and Niobella 
species from approximately the same stratigraphic level are 
actually most often very alike, and exhibit no consistent 
features to serve the distinction between the two taxa. Tjern
vik ( 1 956, p. 228) emended the diagnosis of Niobella to focus 
on pygidial features, and it appears that these characters are 
the only consistent separating characters, valid throughout 
the ranges of Niobe and Niobella. Tjernvik ( 1 956) moreover 
pointed out that the doublure of early Niobella species is 
narrow, whereas Niobe always has a wide doublure (see also 
Tjernvik 1980, pp. 200-201 ) .  Also Balashova ( 1976) empha
sized the difference in doublure width, but it is not a consis
tent feature, as late species of Niobella have a wide doublure 
equal to that of Niobe (e.g., N. lindstroemi, N. imparilimbata, 
N. cf. plana, and, presumably, N. laeviceps) . The cephala 
exhibit no features of proven use to separate Niobella from 
Niobe. The idea ofWhittington ( 1965) that poorly developed 
bacculae possibly characterizes Niobella is disproved by sev
eral late species such as N. imparilimbata and N. plana. 

I prefer to rank Niobella as a subgenus of Niobe, in accor
dance with Lake ( 1 942) ,  Sdzuy ( 1958) ,  Whittington ( 1 965) ,  
and Lisogor ( in Zhuravleva & Rozova 1977) ; for a different 
opinion, see Shergold & Sdzuy ( 1 984, pp. 104-106) .  It is 
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pointed out that the names Niobe (Niobellina) Petrunina, 
1 966 and Niobe (Paraniobe) Petrunina, 1966 are nomina 
nuda. Niobe (Niobe) (s.str. ) is rare outside Baltoscandia (oc
curring in France, Turkey, s. China) and the bulk of the 
species hitherto attributed to Niobe belong to N (Niobella) 
(see list of non-Baltoscandian species below) . 

Discussion of Baltoscandian speeies 

With a few exceptions, the subgenus Niobe (Niobella) char
acterizes the Billingen-Volkhov Stages and N (Niobe) the 
Hunneberg and Kunda Stages (Fig. 127) .  Gog is an infre
quent member of the Komstad Limestone fauna; it ranges 
through the M. simon to A. expansus Zones. 
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Baltoscandian representatives of Niobe and Gog are listed 
in Fig. 127 (exclusive of Cambrian and early Tremadocian 
taxa). Non-Baltoscandian species of Niobe at least includes 
N (Niobella) asiatica Ivshin, 1 956, N (NiobelIa) baikonur
ensis (Ergaliev, 1 983) ,  N (Niobella) bajkadamica Lisogor in 
Zhuravleva & Rozova, 1977, N (Niobella) beila Peng, 1 984, 
N (Niobella?) brevicauda Poulsen, 1937, N (Niobella) chui 
(Sheng, 1934), N (Niobella) ciliensis Liu in Zhou et al. ,  1977, 
N (Niobella?) ellipticaudata (Burskij, 1 970) , N (Niobella?) 
feitleri Holliday, 1942, N (Niobella) flabellifera Fortey, 1 975, 
N (Niobella) fourneti Thoral, 1 946, N (Niobella?) groen
landica Poulsen, 1937, N (Niobella) homfrayi homfrayi Sal
ter, 1 866, N (Niobella) homfrayi preciosa Lu & Zhou, 198 1 ,  
N (Niobella) homfrayi smithi Stubblefield, 1 933, N (Nio-
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Fig. 127. Stratigraphical distribution ofBaltoscandian species of Niobeand Gog(includes data from Bohlin 1955; Balashova 1 976; Tjernvik & Johansson 1980).  
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beila) innotata (Barrande, 1 868) [various synonyms dis
cussed by Sdzuy 1955] , N. (Niobe) lignieresi (Bergeron, 1 895) 
sensu Thoral ( 1 935) ,  N. (Niobella) minor Liu in Zhou et al. ,  
1977, N. (Niobella) morrisi (Billings, 1 865) ,  N. (NiobelIa) 
oblonga Lu & Lin, 1984, N. (NiobelIa) occultaFortey, 1975, N. 
(NiobelIa?) ornata (Reed, 1945), N. (NiobelIa) pamirica Bala
shova, 1966, N. (NiobelIa) parvula (Burskij, 1970), N. (Nio
beila?) quadraticaudata (Billings, 1 865) ,  N. (NiobelIa) sandu
ensis Chien, 196 1 ,  N. ( Niobella) saryarkensis Ivshin, 1956, N. 
(NiobelIa) shenjiawamemsis Peng, 1990, N. (Niobe) sobovana 
Dean, 1973, N. (Niobella) subinsignis Thoral, 1935, N. (Nio
beila) taojiangensis Liu, 1982, N. (NiobelIa) tianjiapingensis 
Liu, 1982, N. (NiobelIa) yangjiawanensis Chien, 196 1 ,  N. 
(Niobe) yangtzeensis Lu, 1975, and N. (NiobelIa) ziyangensis 
Zhou in Zhou et al. , 1982. However, the list is not likely to be 
complete. Some of the Chinese and Russian species are 
difficult to evaluate from the published descriptions and 
figures. Lisogor ( in Zhuravleva & Rozova 1977) also attrib
uted Ogygia peltata Salter, 1866 and Ogygia discreta Bar
rande, 1 872, to Niobe; both species are now transferred to 
Bohemopyge (see Morris 1988 and Horny & Bastl 1 970) . For 
remarks on NiobelIa kozhuchensis Petrunina, 1973, see Sher
gold & Sdzuy ( 1 984, p. 104) .  O. lignieresi Bergeron, 1 895 was 
assigned to NiobelIa by Dean ( 1 966) and Berard ( 1 986), but 
the material illustrated by Thoral ( 1935, Pl. 24:2--4) certainly 
resembles N. (Niobe) , and so does the specimen referred to in 
open nomenclature (Thoral 1935, Pl. 24:6) . Niobe tenui
stria ta Chugaeva, 1958 is here attributed to Gog. 

Some of the non-Baltoscandian species listed above show 
a comparatively very broad doublure, e.g., N. quadraticau
data (Billings, 1 865) ,  N. ellipticaudata Burskij, 1970, and N. 
groenlandiea Poulsen, 1937, and these taxa may not belong to 
Niobella (s.str.) However, this issue is a Pandora's box, and 
will not be addressed; whatever the circumstances, these 
species do not belong to Niobe (Niobe) (s.str.) 

NIOBE (NIOBE) Angelin, 1 851 
Niobe frontalis (Dalman, 1 827) was for long a collective 
name of Lower Ordovician niobinids; the species was re
described by Bohlin ( 1 955, pp. 143-148),  and he empha
sized that it occurs only in the M. gigasZone. Wandås ( 1 984) 
described and figured N. (Niobe) frontalisfrom the Killingen 
Member of the Oslo Region. The species is not present in the 
East Baltic region according to Balashova ( 1 976), who as
signed N. frontalis sensu Schmidt ( 1 90 1 )  to the new species 
N. (Niobe) schmidti and N. (Niobe) karneevae. Bohlin ( 1 955, 
pp. 146--148) discussed a form from the 'Expansus' Lime
stone of Sweden, resembling N. frontalis sensu Schmidt 
( 190 1 ) .  It presumably belongs to a new species according to 
Bohlin (the relationship to N. schmidti Balashova is un
known). The material of N. frontalis reported from the 
Komstad Limestone of Bornholm by Johnstrup ( 1 89 1 ) ,  
GronwaU ( 1 9 16) ,  Funkquist ( 1 9 19) ,  C .  Poulsen ( 1 936) , and 
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others is here identified witb N. (NiobelIa) imparilimbata 
BohIin, 1955. N. frontalis listed by Angelin ( 1 85 1 )  from the 
Komstad Limestone of Fågelsång probably covers N. 
(Niobe) tjernviki n.sp. 

N. emarginulaAngelin ( 1 85 1 )  is another former collective 
name for various niobinids. A modern description was pub
lished by Tjernvik ( 1956); the species is characteristic of the 
P. planilimbata Zone. Brogger ( 1 882, pp. 66--7 1 )  reported N. 
emarginula from the Hukodden Limestone and Lysaker 
Member of the Oslo area, but subsequently changed the 
identification to N. frontalis (see Brogger 1 886, p. 5 1 ) .  N. 
emarginula/ frontalis sensu Brogger is here identified with N. 
(Niobe) schmidti Balashova and N. (Niobella) cf. plana 
Balashova. 

Niobe volborthi (see Schmidt 1907, pp. 76--77, 102-103) 
was chosen as type species of Pogrebovites by Balashova 
( 1976) . Pogrebovites largely covers the species group assigned 
to Ottenbyaspis by Bruton ( 1968) (see discussion of Otten
byaspis and Panderia) . 

NIOBE (NIOBELLA) Reed, 1 93 1  
N. (NiobelIa) laeviceps (Dalman, 1 827) was for long a waste
basket designation for a variety offorms (see Hisinger 1 837; 
Brogger 1 882; Holm 1882; Tornquist 1 884; Wiman 1 905; 
Moberg & Segerberg 1906, etc. ) ;  it was brietly redescribed by 
Bohlin ( 1 955) and Tjernvik ( 1956), and the latter author 
emphasized that it is typical of the A. expansus Zone. A 
neotype was designated by Balashova ( 1 976) ,  but, still, N. 
laeviceps is a poorly known species. N. laeviceps sensu Brogger 
( 1 882, pp. 66--7 1 )  is presumably identical to N. (NiobelIa) 
bohlini (see Tjernvik 1956) .  N. laeviceps sensu Schmidt ( 1 898, 
190 l) was divided among N. laeviceps, N. imparilimbata and 
N. plana by Balashova ( 1 976) ;  N. laeviceps (s.str.) does not 
occur in the eastern Baltic area according to her. N. laeviceps 
sensu Moberg & Segerberg ( 1 906, pp. 94-96) represents 
NiobelIa bohlini and Platypeltoides serus (see Tjernvik 1 956) .  
The material from the ' Umbonata' Limestone of Bornholm 
[ = Skelbro beds] , listed as Niobe laeviceps by C. Poulsen 
( 1 936, p. 49) ,  is here identified with N. imparilimbata Bohlin 
(see also V. Poulsen 1965) .  N. laeviceps sensu Skjeseth ( 1952, 
pp. 1 69-1 70) ,  described from Herramb, Norway, was trans
ferred to N. imparilimbata by V. Poulsen ( 1 965) .  

Bohlin ( 1 955, pp.  149-1 5 1 )  defined Niobe imparilimbata, 
based on a pygidium from the Boda Hamn core, northern 
Oland. The holotype specimen was assumed to originate 
from the lower part of the 'Limbata' Limestone, but it actu
aUy seems to be derived from the upper part of the M. estonica 
Zone (see remarks on M. polyphemus for stratigraphic de
tails) .  N. (NiobelIa) imparilimbata has been subjected to 
much discussion (cf. Tjernvik 1956, 1980; V. Poulsen 1965; 
this study) ; it is here concluded that the range of variation 
displayed by N. imparilimbata is considerable, but even so, 
N. imparilimbata (s. l. )  comprises two species. 
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Burskij ( 1 970) described Niobella parvula (A. serratus 
Zone) and N. ellipticaudata (Billingen -Volkhov equivalent) 
from Paj-Choj, northern Urals, i.e. still the Baltic-Russian 
plate. N. parvulu has an unusually wide border and short 
axis, and is probably dosest to N. bohlini. N. ellipticaudata 
has a very broad axis and is not a typical representative of 
Niobella. It may be compared to the North American species 
N. quadraticaudata (Billings, 1 865) (see Whittington 1965) .  

Sexual dimorphism 

It has occasionally been suggested that different niobinid 
taxa possibly just represent sexual dimorphs, see, e.g., Niobe 
quadraticaudata (Billings) vs. N. morrisi (Billings) (Whit
tington 1965, p. 353) and Niobe flabellifera Fortey vs. N. 
occulta Fortey (Fortey 1975a, p. 30) .  (See also discussion of 
'Niobe' menapiensis and 'N. ' solvensis by Whittard 1964 and 
Bates 1969, p. 20) .  Dimorphism seems to be present within 
the dosely related species Niobe (Niobella) imparilimbata 
Bohlin and N. (N.) cf. plana (Balashova), each embracing a 
short and a long morph. The short form of N. cf. plana (Fig. 
1 38C, E) has a broad glabeUa, emarginate at front, the ante
rior glabeUar lobe is trapezoidal, the anterior branches of the 
facial suture meet at a very blunt angle, the paradoublural 
crest is narrow and its surface is covered with coarse, densely 
spaced pits, and the pygidium is short with only 6 axial rings 
and 4 pairs of ribs (Fig. 140F) . The long form has an evenly 
rounded frontal glabeUar lobe (Fig. 138A-B) ,  the anterior 
branches of the facial suture meet at a slightly less blunt angle, 
the paradoublural crest is wider and exhibits a smooth sur
face, the pygidium is longer and shows 7 axial rings and 5 
pairs of ribs (Fig. 140G) . 

The dimorphism displayed by N. imparilimbata is similar, 
but less pronounced (Fig. 1 33A vs. B) .  The pygidia of N. 
imparilimbata contain a short type with 7 axial rings and 5 
pairs of ribs (e.g., Fig. 1 36D), and a long type with 8 axial 
rings and 6 pairs of ribs (e.g., Fig. 1 36A) . 

It appears most straightforward to interpret the short/long 
types of N. cf. plana and N. imparilimbata as sexual di
morphs; the differences do not relate to growth, environ

ment or evolution. The dimorphism of N. cf. plana and N. 
imparilimbata resembles N. flabellifera vs. N. occulta, and I 
share Fortey's ( 1975a) suspicion that these 'species' repre
sent sexual dimorphs. The differences between N. morrisi 
and N. quadraticaudata, as discussed by Whittington ( 1965) ,  
are much greater, and these taxa are not believed to represent 
dimorphs. However, N. morrisi, which basically is similar to 
N. imparilimbata, seems to contain a long and a short type of 
pygidium (cf. Whittington 1965, Pl. 27: 10  vs. Pl. 27: 12) ,  
differing not only in relative length, but also with regard to 
the number of pleural ribs (four or five, see also Whittington 
1965, p. 353) .  The figures incondusively indicate that the 
number ofaxial rings may be different as weU. 

The analogous differences between N. schmidti Balashova 
and N. tjernviki n.sp. cannot be another case of dimorphism, 
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as these species never occur together, even when being 
present at the same locality. In general, theyare characteristic 
of separate geographical regions. 

The fairly strong variation displayed byvarious Scandina
vian niobinids, e.g., Niobe insignis (see Linnarsson 1869, p. 
75; Brogger 1 882, p. 66; Moberg & Segerberg 1906, p. 94; 
Tjernvik 1956, p. 225) ,  N. emarginula Angelin, N. obsoleta 
Linnarsson, and N. bohlini (see Tjernvik 1 956), perhaps 
reflects an unrecognized dimorphism, but much larger ma
terials than hitherto studied are needed to check this notion. 

Niobe (Niobe) Angelin, 1 85 1  
Type speeies. - Asaphus frontalis Dalman, 1827 (SD Vogdes 
1 890). 

Niobe (Niobe) tjernviki n.sp. 
Figs. 1 28-130 

Synonymy. - O 1851  Niobefrontalis Dalm. [partim ] - Ange
lin, p. 14 (occurrence) .  Dv 1886 Niobe explanata Ang. 
[partim] - Brogger, Pl. 2:35 (illustration ofhypostome).  Dv 
? 190 1 Niobe frontalis Ang. - Lindstrom, p. 63; Pl. 5 : 19-2 1 
(brief comments on hypostome, illustrations of hypo
stome) .  

Derivation of name. - In  honour of  the late Dr. Torsten 
Tjernvik, who has made an outstanding contribution to the 
investigation of the Lower Ordovician of Sweden. 

Holotype. - Cranidium LO 7 1 12  (LU 105) (Fig. 129C) from 
Fågelsång, bed interval 1 8-23 (basal part of the A. expansus 
Zone) .  

Paratypes. - Cranidium MGUH 22.551  (F 162a) (Fig. 129B) 
with disarticulated librigena MGUH 22.550 (F 162b) (Fig. 
129A) ;  pygidium LO 7 1 1 1  (LU 102) (Fig. 1 30A) , both from 
the basal part of the A. expansus Zone, Fågelsång. The former 
sample is from bed 19, the latter originates from bed interval 
1 8-23 .  

Other material. - Nine cranidia, 6 hypostomata and 31  
pygidia. 

List o! additional material. -DCranidia S 16 10  (im), K 1 005 (pim), K l l 1 7  
(pim), K 1 2 l l  (t) ,  F 76 (im), F 108 (im), F 301  (im),  LD 6 (im), LD 129 (im) 
[L0 7l l9 ] . DHypostomata S 1 506 (im) [MGUH 22.552 ] ,  K 1 2 1 2  (im),  F 86 
(im), F 103 (im), LU 144b (im) [LO 7 1 23 ] ,  LD 144c (im) .  DPygidia S 1 703 
(im), S 1 727 (im),  K 297 (c), K 827 (t), K 877 (im), K 883? (im), K 885? (im), 
K 1010 (t) [MGUH 22.553 ] ,  K 1 098 (im), K l l09 (em),  K I l l 5 (is), K l l26? 
(t), K 1 128 (t), K l l29 (pim), K l l 36 (t), K l l 95 (im), F 39 (c), F 431 ( im), 
F 84 (im) [MGUH 22.554 ] ,  F 90 (im) [MGUH 22.555 ] ,  F l l4 (em), F 127 
( im) ,  F 160 (im) , F 163 (im/is) , F 1 79 (im),  F 182 (im) , LD 3 ( im) ,  LD 67 (t), 
LD 87 (em), LD 136 (im), LD 158 (im) [LO 7 126] . 

Occurrence. -Niobe (N.) tjernviki n.sp. ranges from the upper 
part of the M. limbata Zone (bed 9) and into the A. expansus 
Zone (bed 20) at Fågelsång, but is rare below bed 18 (base of 
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the A. expansus Zone) .  The species first appears at the base of 
the A. expansus Zone at SkeIbro (bed + 13 )  and Killerod (bed 
+22) .  N. (N.) tjernviki n.sp. is rather frequent at Killerod site 
b in bed interval O to 9 (upper part) ,  which is correlated with 
the A. 'raniceps' Zone. 

The new species is currently unknown outside the Kom
stad Limestone domain (but see remarks below) . 

Diagnosis. - Large for a Niobe, and with extensive dorsal 
terrace lines (cephalon and pygidium) . Facial sutures unite 
in an ogive at front; cephalic axial furrows show outwards 
flare between palpebral lobes; occipital furrow straight; pos
terior fixigena pronouncedly broad (exsag. ) ,  with large, 
elongate baccula, pointing obliquely forwards-inwards. Py
gidium with sixpairs ofpleural ribs showing no, or just a faint 
backwards deflection outside paradoublural line, no infla
tion of distal rib ends; test surface with minute pits arranged 
at random and in rows adjacent to the terrace lines. 

Description. - Rather large for a Niobe, largest cranidium 
(holotype) about 32 mm long, largest pygidium 36 mm long. 
The specimens from the A. 'raniceps' Zone are generally 
smaller than those from the base of the A. expansus Zone. 
Cranidium of low convexity, FW:L ratio about 0.7, PW:L 
ratio slightly below 1 .2 .  Glabella rather broad (tr. ) ,  and 
stretches (induding occipital ring) for about 0.9 of the total 
cranidial length. Glabella only slightly expanding forwards, 
maximum width is just in front of the eyes, about 0.3 of the 
glabella length (induding occ. ring) from glabellar front, 
minimum width, shortly in front of occipital furrow, is about 
0.75 of the maximum glabellar width. Glabella moderately 
vaulted, delimited by fairly deep axial furrows confluent with 
preglabellar furrow. Axial furrow makes a slight, but charac
teristic outward bulge at level with anterior half of the palpe
bral lobe; the flare is most distinct on internal moulds. 
Glabellar front truncate with a faint mesial impression, most 
distinct on internal moulds; frontal lobe of glabella assurnes 
a trapezoidal outline owing to the truncate front. Four pairs 
of faint lateral glabellar furrows visible on internal moulds 
(Figs. 128, 129C) . F4 most distinct, situated immediately in 
front of anterior corner of palpebral lobe, running trans
versely almost from axial furrow to a point near sagittal line, 
then shallows up, not joining across glabella. F3 slightly less 
impressed, situated level with the midline of palpebral lobes, 
dose to sagittal line; this pair appears as fairly wide, shallow, 
rounded impressions. F2 very faintly impressed, situated 
about level with the mesial tuberde, resembling F3 in outline 
and relative position, but situated slightly lower on glabella. 
F l  situated level with minimum glabellar width, running 
transversely from axial furrows, fading out short off sagittal 
line. F l  is, compared to F4, somewhat less impressed, sub
triangular in outline, with a straight posterior margin. 
Minute mesial tuberde situated at the imaginary transverse 
line connecting posterior corners of palpebral lobes; a single 
specimen indicates that the tuberde appears relatively larger 
when the test is intact. Occipital furrow fairly well-im-
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Fig. 128. Reconstruetion of eranidium of Niobe (N.) tjernviki n.sp., left half 
exfoliated. Based on speeimens LO 7 1 12  (LU 1 05) ,  MGUH 22.55 1 (F 162) 
and K 1 2 1 1 ,  supplemented by K lOOS, F 108 and F 301 .  

pressed, narrowest mesially; dose to axial furrows it  widens 
markedly, forming shallow triangular depressions at the 
junctions with the axial furrows. Occipital furrow almost 
straight with only a gentle and even backwards curvature, 
and, accordingly, the occipital ring is but slightly narrower 
mesially, as the posterior cranidial margin is straight. Occipi
tal ring comparatively wide (sag. ) ,  sagitally occupying 
slightly less than 0. 1 5  of cranidial length; it is flat and level 
with the rear part of glabella. Frontal area entirely occupied 
by flat border, sloping in lateral directions away from sagittal 
line. Anterior area of fixigena tapers out in posterior direc
tion and stops immediately in front of eye. Palpebral area of 
fixigena almost flat, very gently downsloping in abaxial di
rection; it is narrow (tr. ) ,  corresponding to only about 0.25 
times the width of the adjacent part of glabella. Palpebral 
lobes small, length (exsag.) equivalent to about 0.2 of the 
cranidial length; posterior corner situated about 0.4 of the 

Fig. 129. Niobe (Niobe) tjernviki n.sp. DA. Paratype. Fragmentary, partly 
exfoliated librigena showing terraee-line sculpture; x2.5. MGUH 22.550 (F 
162b), bed 19,  Fågelsång. DB. Paratype. Fragmentary eranidium with 
partially preserved cutide showing delieate terraee-line seulpture (cf. Fig. 
128) ,  x2.5. MGUH 22.55 1 (F 1 62a) , bed 19,  Fågelsång. De. Holotype. 
Internal mould of eranidium, x 1 .5 .  LO 7 1 12  (LU 105) ,  Fågelsång. OD. 
Internal mould of detaehed eephalie doublure (ventraI view), x 1 .5 .  LO 
7 1 1 9  (LU 129) ,  Fågelsång, Ioc. E2 1b. DE. Exfoliated hypostome showing 
imprints of eutide terraee-line seulpture, x2. Ar 24 082, Fågelsång. The 
specimen has previously been figured by Brogger ( 1 886, Pl. 2 :35) .  OF. 
Fragmentary exfoliated hypostome, x3 .  LO 7 1 23 (LU 144b) ,  Fågelsång, 
Ioc. E2 1b. OG. Exfoliated hypostome, stereo-pair, x3. MGUH 22.552 (S 
1 506), bed +13 ,  Skeibro. OH. Small pygidium, x5. MGUH 22.553 (K 
10 10) ,  bed O, Killerod site b. DI. Internal mould of large pygidium, x 1 .5. 
MGUH 22.554 (F 84), bed 18 ,  Fågelsång. OJ. Latex east of pygidium 
showing euticle terraee-line seulpture, x2. LO 7 1 08 (LU 98) ,  Fågelsång. 
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cranidial length from posterior margin. Posterior area of 
fixigena slopes outwards; it is comparatively broad (exsag.) 
and short (tr. ) ,  stretching for about 0.25 (middle of fixigena) 
of the total cranidial length, and transversal width corre
sponds to less than 0.6 times the width of the occipital ring. 
Posterior margin runs straight out from axial furrow, then, at 
one third of the genal length (tr. ) from axial furrow, turns 
very slightly backwards. Posterior border virtually flat and 
shows the same slope as the remaining part of posterior 
fixigena; greatest border width is attained distally. Posterior 
border furrow wide, moderately impressed, straight, run
ning outwards, very slightly oblique-backwards; the furrow 
is not continuous with occipital furrow, but join axial furrow 
behind the baccula. Bacculae elongate, pointing obliquely 
forward-inward (strike ca. 165°) . Anterior sections of facial 
suture diverge forwards in front of the eyes, then curve 
uniformly inward-forwards, to meet in an ogive forming a 
short V -shaped snout. Posterior section of facial suture runs 
almost straight forward from posterior margin, then turns 
sharply inwards, describing a very flat curve, running to 
posterior inner corner of palpebral lobe. 

The cranidial terrace-line pattern is comparatively exten
sive (Fig. 128) ;  the terrace lines are short, butwell-impressed, 
and can also be seen on well-preserved internal moulds. The 
sagittal area between F4 and the occipital furrow is presurn
ably also covered with terrace lines, but this area is exfoliated 
in all specimens available. The entire cranidium, except axial 
and posterior border furrows, is covered with densely spaced 
small pits, which are not impressed on internal moulds. The 
pits on glabella and bacculae tend to form rows immediately 
adjacent to the terrace lines at their inner side, but pits are 
also randomly distributed. 

The librigena at hand is impaired (Fig. 129A) . Lateral 
border flat, delimited by a shallow, wide border furrow. The 
lateral border changes slope posteriorly and the border fur
row shallows up, so no border is defined posterolaterally. 
Genal angle obtusely rounded. Doublure broad; paradoub
lural furrow shallow, wide, and connects with posterior 
border furrow of the fixigena; paradoublural ridge only 
gently inflated and comparatively wide. Well-defined, small 
eye sode present. Test surface covered with densely spaced 
terrace lines in the genal angle region, arranged subparallel to 
outer margin, but dose to the edge the lines bend steeply 
forwards and intersect margin. Paradoublural ridge with 
short, moderately spaced lines. Densely spaeed, short lines, 
running obliquely forwards-outwards, present on the poste
rior part inside paradoublural crest; almost no lines occur in 
front of the eye. The surface is also covered with densely 
spaeed, well-impressed pits, more dense and better im
pressed than on the cranidium. 

A detached cephalic doublure (Fig. 1 29D) most likely 
belongs to N. �ernviki n.sp. It is strongly concave antero
laterally, inner part subvertical, outer part alm ost horizontal. 
luner margin flexed down mesially, forming a flattened sode 
for the hypostome; sode bounded anteriorly by a wide, fairly 
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deep furrow. The doublure extends inwards for a short 
stretch along posterior margin; inner limit of doublure ap
pears here to coincide with posterior border furrow of 
cephalon. Doublure covered with coarse, continuous terrace 
lines, also impressed on the surface of internal moulds. 
Rearmost lines are finer, bending inwards. A total of 1 8-19 
lines were counted across the doublure anterolaterally; 8 
lines are present sagitally. 

Hypostome rather large, largest speeimen about 1 7  mm 
long. Outline roughly rectangular, W:ML ratio dose to 3:4; 
greatest width is across posterolateral borders. Median body 
subrectangular in outline, reaching the rather strongly 
curved anterior margin; deep, triangular premacular pits 
situated dose to posterior end. Anterior lobe of median body 
gentlyvaulted, long, and constitutes main part of the median 
body; W:L ratio of anterior lobe is about 7: 10.  The conspicu
ous premacular pits form a marked constriction of the me
dian body, thereby delimiting the much shorter posterior 
lobe ( = consoles sensu Lindstrom 190 1 ;  maculae sensu Bala
shova 1976) . Posterior slope of premacular pits smooth, 
elongate, flat surfaces, interpreted as maculae following 
Lindstrom ( 190 1 ) ;  they are strongly indined in anterior 
direction, with an oblique-backwards strike of about 1 10° to 
sagittal line. Anterior wings, ascending steeply in dorsal 
direction, merge with median body anteriorly. Lateral bor
der commences at a point about 0.4 the length of the anterior 
lobe of median body from anterior margin. Anterior part of 
lateral border is a narrow (tr. ) crest, raised (ventral view) 
considerably above the lateral furrow, it widens slightly back
wards and descends level with the maculae and merges with 
the posterior border. The wide, flat posterior border is bilo
bate, as posterior margin is provided with a rather deep 
mesial notch stretching inwards for about O. l of maximum 
hypostomal length. Lateral border furrows shallow anteri
orly, but deepen considerably backwards and are confluent 
with premacular pits. Posterior border furrow wide and 
shallow, deepest mesially. The test is not preserved in any of 
the speeimens available, but internal moulds show imprints 
of external terrace lines. Entire hypostome covered with 
dosely spaeed, continuous terrace lines, except (apparently) 
in the furrows, in the premacular pits, and on the macular 
surfaces; line configuration is apparent from Fig. 1 29E-G. 
Speeimen K 12 12  has minute patches of test preserved in the 
lateral furrows, and it appears that terrace lines actually are 
present, but more weakly impressed than on the remaining 
part of the hypostome. These lines seem to be quite densely 
spaeed, running along the furrows, with irregularities dose 
to the premacular pits. 

Pygidium parabolie in outline, L:W ratio about 0.6. Axis 
prominent and distinetly vaulted, except posteriorly; axial 
width at anterior margin averages 0.3 of the total pygidial 
width. Axis tapers evenly all the way back to terminal piece, 
axial ramp then tapers more strongly and descends to the 
border. Axial rings separated by undulating furrows, which 
are moderately impressed anteriorly, but progressively fade 
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Fig. 130. Niobe (Niobe) tjernviki n.sp. DA. Para type. Partly exfoliated 
pygidium showing cuticle terrace-line sculpture, x l .S .  LO 7 1 1 1  (LU 1 02 ) , 
Fågelsång. DB. Internal mould of pygidium, x l .S .  MGUH 22.5SS (F 90), 
bed 18 ,  Fågelsång. DC InternaI mould of pygidium showing part of 
doublure, x l .S .  LO 7126 (LU l S8) ,  Tommarp. 

rearwards, particularly in the mesial part, which is smooth 
behind axial rings nos. 5-6. Anterior ring furrow, delimiting 
anterior half-ring, is straight, successive furrows undulate 
(e.g., Fig. 1291); there is a total of 8 rings in addition to the 
anterior articulating half-ring and the terminal piece. The 
rings are swollen into a low knob immediately above the 
axial furrows. Axial segmentation rather effaced on testa
ceous material. Terminal piece shaped as a very small, 
cuesta-like platform, with a convex posterior edge vertically 
descending to the axial ramp. Axial furrows wide and shal
low, but the axis is well set offby a marked change of slope. 
Pleural fields show 6 pairs of conspicuous ribs, separated by 
wide interpleural furrows; a well-defined anterior half rib is 
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bounded by a wide, moderately impressed furrow. The 
pleural ribs are almost straight, but some specimens show a 
very slight backwards deflection outside the intersection 
with paradoublural line (Fig. 1 30B). Anterior pair of pleural 
ribs almost transverse, successive pairs point more steeply 
backwards, and the very short posterior pair is almost paral
lel to sagittal line. Wide, flat, alm ost horizontal border set off 
by a change of slope and the terminating pleural ribs; a 
border furrow is practically absent. The boundary between 
pleural fields and border is gently scalloped as the lobed ends 
of the pleural ribs bulge slightly onto the border; the 
interpleural furrows are basically confluent with the border. 
It appears that the interpleural furrows, particularly the 
anterior two pairs, occasionally have an extremely faint 
strongly backward deflected continuation on the border, 
outlined by the lack of surface ornamentation. Maximum 
border width attained at midline across pygidium, level with 
the end of second and third rib pair, occupying about 0.3 of 
the transverse pygidial width at that level. Mirlimum border 
width is postaxially. Anterolateral parts of border show a 
slight increase in outwards slope. Articulating facets long 
(tr. ) ,  slanting only moderately forwards, inclined at an angle 
of about 30°. 

U-shaped terrace lines, opening backwards, occur on the 
sagittal part of the axis, even continuing across the transverse 
furrows. Short terrace lines are present in narrow bands on 
the anterior lateral flanks of each axial ring (Fig. 1 29J) .  
Roughly transverse lines are densely spaced on the axial 
ramp; slightly concave terrace lines run across the pleural 
ribs. The border is covered with dense lines, shorter on the 
inner part, more continuous and more abundant along the 
outer margirl. The lines are subparallel to the margin of the 
pygidium, the inner ones with a slight inward direction. The 
pygidial surface is also provided with numerous small pits, 
except in the axial furrows. The pits are randomly dispersed 
where terrace lines are absent, i.e. laterally on axis and in the 
interpleural furrows; where terrace lines are present, and 
particularly on the pleural ribs and the border, the pits are 
arranged in rows on the outer side of, but immediately 
adjacent to each terrace line. The terrace lines, but not the 
pits, are impressed on internal moulds. 

Doublure concave, very wide, anteriorly occupying about 
half of the pygidial width, presumably with a deep V -shaped 
notch in the axial region. Paradoublural line is indicated 
dorsally by a very faint constriction of the pleural ribs (e.g., 
Fig. 1291) .  The doublure is covered with 1 8-20 coarse, con
tinuous terrace lines. 

Affinities. - Niobe (Niobe) tjemviki n.sp. is readily separated 
from the smaller N (N) schmidti Balashova by being more 
elongate, the facial sutures are less strongly diverging in front 
of the eyes, and meet in an ogive anteriorly, the palpebral lobe 
is less arcuate, the occipital furrow is basically straight, not 
gently undulating, the baccula is less prominent and more 
elongate, the posterior fixigena is broader (exsag. ) ,  the para-
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doublural ridge on librigena is wider and less inflated, the eye 
sode is smaller and the cephalic terrace-line pattern is much 
more extensive. The hypostome of N. tjernviki n.sp. ,  com
pared to N. schmidti, is smaller and less elongate, which is 
peculiar, as the species overall is more elongate and larger. 
Furthermore, it has larger premacular pits, less backward 
striking maculae, the terrace lines are finer, the posterior lobe 
of the median body is less pronouncedly bilobate, and the 
posterior border lobes are wider (tr. ) ,  and so overall, the 
hypostome appears wider. N. tjernviki n.sp. has a downflexed 
socket for the hypostome, whereas N. schmidti has a lunate 
incision in the cephalic doublure. The pygidium has 6 pairs 
of ribs, instead of 5 as in N. schmidti; the ribs show almost no 
backward deflection outside the paradoublural line and no 
distal swelling, and the pygidial surface ornamentation is 
much more extensive. The pygidial doublure of N. tjernviki 
n.sp. is also wider and not quite as concave. 

N. (Niobe) karneevaeBalashova is rather similar to N. (N.) 
schmidti, and is  therefore distinguished from N. tjernviki 
n.sp. mainly on the same characters. Furthermore, N. kar
neevae has up to 27 terrace lines on the pygidial doublure, 
compared to about 20 in N. tjernviki n.sp . .  

N. tjernviki n.sp. is separated from Niobe cf. frontalis sensu 
Bohlin ( 1 955) by the more distinctly trapezoidal anterior 
glabella lobe, the slightly different outline of the facial suture 
anterior to the eyes (no minute incision) and at front 
('nose' ) ;  the elongate bacculae strike obliquely forward-in
ward, not forward-outward as in N. cf. frontalis, the distal 
end of posterior fixigena is slightly pointed rearwards, and 
the external terrace-line pattern is more extensive. The py
gidium of N. tjernviki n.sp. is more elongate, compared to N. 
cf. frontalis, the axis and the border are comparatively nar
rower (tr. ) ,  and the external terrace lines are finer and much 
more abundant, particularly on the pleural fields. It should, 
however, be noted that the pygidium figured by Bohlin 
( 1 955, Pl. 6: 10) is tiny (about 6 mm long), and juvenile 
pygidia are often relatively broader and with more restricted 
terrace-line ornamentation than adults. 

The cranidium of N. tjernviki n.sp. is distinguished from 
N. (Niobe) frontalis (Dalman) by the comparatively smaller 
palpebral lobes, the smaller mesial tuberde, the less distinct 
glabellar musde scars (well-impressed in N. frontalis) , the 
straight occipital furrow (mesial 'loop' in N. frontalis) , the 
less inflated bacculae, the distinctly broader (exsag.) poste
rior fixigena with less impressed border furrow and less 
raised posterior border, and the somewhat different and 
slightly more extensive external terrace-line pattern. Judging 
from the figures of the N. frontalis hypostome in Angelin 
( 1 85 1 ,  Pl. 1 1 :2b) ,  Brogger ( 1 886, Pl. 2 :37) ,  and Wandås 
( 1 984, Pl. lOD), the hypostome of N. tjernviki n.sp. is dis
tinctly less elongate, broader, with less partitioned posterior 
lobe of median body (dearly bilobate in N. frontalis, divided 
by a mesial depression) , the posterior border is shorter 
(exsag.) , and the median notch in the posterior margin is 
likewise shorter (sag. ) .  The pygidium of N. tjernviki n.sp. is 
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dearly more elongate than the pygidium of N. frontalis, 
which is the most obvious difference. Furthermore, the 
pleural ribs are marginally less inflated, compared to N. 
frontalis, there are 8 axial rings (7 in N. frontalis) , and they are 
but slightly less well-defined. The border is slightly wider in 
N. frontalis. The terrace-line patterns are basically similar, 
but more dense in N. tjernviki n.sp. Niobe tjernviki n.sp. is 
dearly of 'frontalis type', and is believed to be doser to this 
species, than to N. schmidti and N. karneevae. 

Exfoliated cranidia of N. tjernviki n.sp. strongly resemble 
those of the Turkish species N. sobovana Dean, 1973, but the 
Scandinavian species shows less strongly forward-diverging 
facial sutures in front of eyes, and F4 appears to be more 
transverse, whereas it goes obliquely forward-inwards in N. 
sobovana (cf. Dean 1973, Pl. 10: 10) .  However, the best distin
guishing character between cephala is the more extensive 
terrace-line sculpture on the Scandinavian species (cf. Dean 
1973, PIs. 10: 1  and 1 1 : 1 ) .  The pygidium of the Turkish 
species is on the other hand rather different from that of N. 
tjernviki n.sp., as it has dearly backward-deflected lobes 
outside paradoublural line, and the border is rather poorly 
set off from the pleural fields. 

The pygidia called N. (Niobe) yangtzeensis by Lu ( 1 975) 
(upper Arenig, s. China) are distinguished from those of N. 
tjernviki n.sp. by showing a more distinct axial segmentation 
and the border is broader. 

Remarks. - The hypostome from Ostergotland, central Swe
den, assigned to Niobefrontalis by Lindstrom ( 190 1 ,  Pl. 5: 19 )  
i s  remarkably similar to N. tjernviki n.sp. ,  the only difference 
regards a slightly smaller backward strike of the maculae than 
typical for N. tjernviki n.sp. The specimen cannot belong to 
Niobefrontalis (s.str. ) ,  as it is much broader (tI.) , the anterior 
margin is more strongly curved, and the posterior marginal 
notch is shallower (cf. Angelin 1 85 1 ,  Pl. 1 l :2b; Brogger 1 886, 
Pl. 2 :37) .  The hypostome of Niobe sp. (cf. frontalis) sensu 
Bohlin ( 1955) is unknown, and the hypostome in question 
perhaps represents that form. The specimen has been exam
ined, but the small preserved part of the dorsal exoskeleton 
does not permit a confident identification. 

One of the hypostomes from Fågelsång, identified with N. 
explanata by Brogger ( 1 886, Pl. 2 :35) ,  belongs to N. tjernviki 
n.sp. The specimen was drawn too narrow by Brogger; it is 
refigured on Fig. 129E. 

Niobe (Niobe) schmidti Balashova, 1 976 
Fig. 131  

Synonymy. - Ov 1882 Niobe emarginula, Ang. [partim] -
Brogger, pp. 68-71 ;  PIs. 7:7-7a; 8:7; 12 : 1 3  (description, oc
currence, illustrations of cephalon, pygidia, doublure) .  
0 190 1 Niobe frontalis Dalm. sp. [partim] - Schmidt, pp. 
107-1 10; Textfigs. 61-64; non Pl. 9: 1 1 ; non Pl. 1 0:8 [=  Niobe 
karneevae Balashova] (description, occurrence, illustrations 
of enrolled specimen, cephalon, pygidia) . 0 1 976 Niobe 
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schmidti sp.n. - Balashova, pp. 127-129; Pls. 38:8; 39: 1-2 
(description, occurrence, illustrations of complete speci
men, cephalon, hypostome, pygidium) .  

Holotype. - Enrolled speeimen figured by Schmidt ( 190 1 ,  
Textfigs. 6 1--63) .  

Material. - Four complete specimens, l cephalon, 1 hypo
stoma, and 5 pygidia. 

List of material. - DComplete specimens F 294 (flattened (c)) ,  A 448 
(thorax missing (pim))  [MGUH 22.556 ) ,  A 469 (fragmentary (pim)) ,  A 
1 160 (c) .  DCephalon PMO 8332 1 (t). DHypostoma A 452 (pim) [MGUH 
22.557 ) .  DPygidia K 356 (t), F 292 (pim) [MGUH 22.559 ] ,  A 437 (im) ,  A 
561  (pim),  GM 19 19.51  (pim) with thoracic segments [MGUH 22.558 ) .  

Occurrence. -N schmidti occurs sparsely in bed interval A -31  
to  A-37 at Slemmestad; a single speeimen i s  from bed A-S l .  
These beds belong to the A. expansus Zone. A pygidium was 
found at Fågelsång in bed l ,  which represents the top of the 
lower subzone of the M. limbata Zone. Complete specimen F 
294 is from a lo ose slab (Fågelsång, E2 1a) .  The lithology 
shows that the sample is from the M. limbata Zone, perhaps 
bed 6 (in case the upper subzone of the M. limbata Zone) .  
Pygidium K 356 is from bed +27, Killerod, which belongs to 
the lower part of the A. expansus Zone. 

The presenee in the M. limbata Zone of western Scania is 
unusual, as Niobe (Niobe) has been reported from the 
Volkhov Stage nowhere else in Baltoscandia (cf. Tjernvik 
1 980, p. 202) .  N (N) schmidti is characteristic of the BIIIa 
Zone of the eastern Baltie area, but also ranges into the BIII� 
Zone (Balashova 1976) . The species may have a wide distri
bution in the A. expansus Zone of Scandinavia (cf. Tjernvik 
1 980, p. 202) .  

Description. -The new material i s  insufficient for a redescrip
tion; the reader is referred to Brogger ( 1 882, pp. 68-70) ,  
Schmidt ( 1901 ,  pp. 107-1 10)  and Balashova ( 1976, pp. 127-
129) .  For comparative purposes the most important charac
teristics of the species may be summarized as follows. Niobe 
schmidti is relatively broad (tr. ) ,  cephalon and pygidium are 
up to twice as wide as long. Cephalon short with wide 
glabella, faintly emarginate at front; palpebral lobes strongly 
arcuate, wide (tr. ) ;  eye sode well-developed; anterior 
branches of facial suture diverge very strongly in front of the 
eyes, then turn inwards and merge smoothly in front of 
glabella. Bacculae conspicuous, oval; mesial glabellar tu
berde comparatively prominent, albeit small; occipital fur
row gently undulating; paradoublural ridge narrow, quite 
well-defined; cephalic terrace lines sparse, present only on 
anterior lobe of glabella and on librigenae. Hypostome nar
row ( tr. ) ,  elongate, large; anterior lobe of median body rather 
rectangular, posterior lobe deflected slightly backwards lat
erally, maculae with a pronounced lateral-backward strike; 
anterior wings flexed moderately in dorsal direction; poste
rior border well-developed with a deep central notch; terrace 
lines coarse. Pygidium transverse with only 5 pairs of pleural 
ribs, which show a slight, but characteristic constriction at 
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paradoublural line followed by a gentle backward deflection 
outside the line. Distal part ofpleural ribs, outside paradoub
lural line, are gently inflated. Surface of test with few, widely 
spaced terrace lines, in addition to small pits. Pygidial doub
lure pronouncedly concave and rather narrow, stretching for 
about one third of the pygidial width at anterior margin; 
inner doublural edge faintly scalloped with impressions of 
pleural furrows; total number of terrace lines on doublure 
less than 20. 

Affinities. - N (Niobe) schmidti Balashova is distinguished 
from N (N) frontalis (Dalman) by being relatively shorter 
and broader, the anterior branches of the facial sutures do 
not meet in an ogive in front of glabella, hence the frontal 
area is shorter (sag. ) ,  the anterior fixigena is wider (tr. ) ,  the 
anterior lobe of glabella is more strongly trapezoidal, the 
palpebral lobes are wider (tr. ) and more arcuate, the distri
bution of dorsal terrace lines on cephalon is much more 
restricted, and the glabellar musde areas are less impressed. 
The pygidium of N schmidti, compared to N frontalis, has 
only five pairs of pleural ribs instead of six, and the distal 
ends, outside the paradoublural line, are gently inflated and 
backwards deflected. Furthermore, the axis of N schmidti is 
less funnel-shaped. 

N schmidti is distinguished from the contemporaneous 
Niobe sp. (cf. frontalis) sensu Bohlin ( 1 955) by the different 
outline of the facial suture, particularly with regard to the 
posterior parts of anterior branches, the palpebral lobes are 
larger, the posterior fixigenae are longer (tr. ) ,  the cephalic 
terrace lines are more restricted; the pygidium has a more 
slender axis (tr. ) and only 5 pairs of pleural ribs with back
ward deflected distal ends, and the terrace lines on the border 
are presumably less abundant (the juvenile state of the py
gidium figured by Bohlin ( 1 955,  Pl. 6 : 10)  exdudes confident 
condusions regarding the terrace-line pattern) .  

The differences from N (Niobe) karneevae are discussed 
by Balashova ( 1 976, p. 1 30) and from N (Niobe) tjernviki 
n.sp. in the section on that species (pp. 1 7 1-172) .  

Remarks. - Brogger ( 1 882) assigned the niobinid material 
from the Huk Formation [ '3c' ] of Oslo to Niobe emarginula 
Angelin; later the identification was changed to Niobe fron
talis Dalman (Brogger 1 886, p. 5 1 ) .  N ' emarginula' was 
stated to occur at least in subunits 3ca and 3c�, being most 
common in the latter. Brogger's description of Niobe 'emar
ginula' refers chieflyto material of Niobe (Niobe) schmidti; all 
speeimens illustrated represent this speeies. The material 
listed from 3ca belongs largely or entirely to Niobe (Niobella ) 
cf. plana (Balashova), but maytheoretically have induded N 
(NiobelIa) lindstroemi Schmidt as well (see remarks on that 
speeies below) . Brogger's distinetion of a relatively shorter 
and a relatively longer form of N ' emarginula' may reflect the 
mixed state ofhis material. 

The enrolled speeimen figured by Brogger ( 1 882, Pl. 
12 :  1 3 )  is drawn incorrectly with regard to the median suture. 
The 'suture' is an artefact, caused by a crack (Fig. BIA-C) .  
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N schmidti has nowhere been found together with the 
coeval N tjernviki n.sp. This circumstance seems to exclude 
the possibility that these species merely represent sexual 
dimorphs, although the features separating them essentially 
are similar to the character set separating the dimorphs of, 
respectively, N (Niobella ) cf. plana and N (Niobella ) impari
limbata. 

Niobe (Niobella) Reed, 1 93 1  
Type species. - (OD) Niobe homfrayi Salter, 1 866. 

Niobe (Niobella) lindstroemi 
Schmidt, 1 90 1  
Fig. 1 32A-I 

Synonymy. - 0 1 898 Niobe laeviceps Dalm. - Schmidt, p. 35 
(listed) . 0 1901 Niobe Lindstromi n.sp. - Schmidt, pp.  105-
107; Pis. 9: 1 2; 1 0: 1-4, 7; 12 : 1 ,  ?non Pl. 12:2 (description, 
occurrence, illustrations of complete specimens, cephala, 
hypostome, pygidia) .  O 1905 Niobe LindstromiF.S. - Laman
sky, pp. 54, 169 (occurrence) .  Ov non 1936 Niobe lindstromi 
Schm. - C. Poulsen, p. 49 (listed) . [= Niobe (NiobelIa) impa
rilimbata Bohlin 1955] . 0 1976 NiobelIa lindstromi (F. 
Schmidt, 190 1 )  - Balashova, pp. 124-125; Pl. 37: 1-5, 7-10  
(description, designation of lectotype, occurrence, illustra
tions of cephala, hypostome, pygidia) .  0 1 980 NiobelIa lind
stroemi- Tjernvik, pp. 1 9 1 ,  192, 202, Figs. l Ol-J ( occurrence, 
illustrations of cranidium with fixigena, pygidium) .  

Lectotype. - Complete specimen, figured by Schmidt ( 190 1 ,  
Pl. 10: 1-2) ,  designated by Balashova ( 1 976). 

Material. - Two cephala including one with hypostome, l 
cranidium with thoracic segments, 5 cranidia, l librigena, l 
hypostoma and 16 pygidia. Five additional pygidia are re
ferred to as N cf. lindstroemi. 

Fig. 131 .  Niobe (Niobe) schmidti Balashova, 1976. DA-C. Exfoliated en
rolled specimen, dorsal views of cephalon and pygidium, x2.  The mesial 
crack in the cephalic doublure (dose-up in C, x4) was drawn as a median 
suture by Brogger ( 1 882, Pl. 12 : 1 3 ) .  PMO 2702, Lysaker Member, Oslo. 
OD-E. Fragmentary, largely exfoliated enrolled specimen, dorsal views of 
cephalon and pygidium, x2. MGUH 22.556 (A 448) ,  bed A-34, Slemme
stad. OF-H. Cephalon slightly distorted by compaction, X l .S. G, dose-up 
ofparadoublural ridge, showing punctate cutide, x6. H, dose-up offrontal 
area, showing cutide terrace-line sculpture, x6. PMO 8332 1 ,  Lysaker 
Member, Huk, Bygdøy, Oslo (Størmer coll. ) .  DI. Internal mould ofhypo
stome, stereo-pair, x 1 .5. MGUH 22.557 (A 452) ,  bed A-35, Slemmestad. 
OJ. Partly exfoliated pygidium with thoracic segments, x2. MGUH 22.558 
(GM 19 19.5 1 ) ,  Lysaker Member, Huk, Bygdøy, Oslo. DK. Internal mould 
of pygidium, x2. MGUH 22.559 (F 292) ,  bed I, Fågelsång. 
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List of material. - OCephala A 660a (t) (fragmentary) [MGUH 22.562 ] ,  A 
672b (fragmentary, (t) ) with hypostoma (pim) [MGUH 22.560) . OCra
nidia A 9 (im) with thoracic segments, A 624 (pim), A 662 (t), A 688 (pim), 
A 689 (im) [MGUH 22.56 1 ] ,  A 709a (im).  OLibrigena A 652a (t). OHypo
stoma A 658 (im) . OPygidia A 6 1 3  (t), A 647 (t) [MGUH 22.563 ] ,  A 652b 
(t), A 654 (t) , A 660b (t), A 661 (t), A 672a (pim), A 673 (t), A 680 (im) 
[MGUH 22.564 ] ,  A 683 (t) A 709b (im), A 7 10  (im), A 722a (pim),  A 735 
(t), A 739 (im), A 761 (t). 

Additional material. - [NiobelIa cf. lindstroemi) OPygidia K 27 (t), K 1 88 (t) 
[MGUH 22.567] , K 226 (t) [MGUH 22.565 ] ,  K 442? (pim), K 458 (t) 
[MGUH 22.566) . 

Occurrence. - The species is frequent at Slemmestad in beds 
M-2 to M-5, single specimens have been found in bed M-6. 
This interval constitutes the M. simon Zone. 

The material listed as N cf. lindstroemi are from Gårdlosa -
l (beds H and K), Gårdlosa -2 (bed L) and Killerod (beds -3 
and + 7) .  The latter occurrence is surprising, as it is within the 
lower part of the M. limbata Zone; the remaining specimens 
are from the M. simon Zone (for further remarks, see below) . 

N (NiobelIa) lindstroemi Schmidt is a stratigraphically 
important and very frequent member of the fauna in the M. 
simon Zone of Sweden and Bnp of the eastern Baltic area 
(Lamansky 1 905, p. 169; Tjernvik 1980, pp. 1 78-1 79, 192) ;  
the species possibly ranges from the upper part of the M. 
polyphemus Zone (Tjernvik 1980, p. 1 9 1 ) .  

Description. - See also Schmidt ( 190 l ) .  Small for a NiobelIa, 
largest cranidium 16 mm long, largest pygidium 1 3  mm 
long. Cranidium almost as long as wide and oflow convexity. 
Glabella rather elongate, narrow (tr. ) ,  and stretches (includ
ing occipital ring) for about 0.9 of the cranidial length. 
Glabella only slightly expanding forwards, maximum width 
attained shortly in front of the eyes, about 0.3 of the glabellar 
length from front; minimum width, halfway between the 
eyes and occipital furrow, is about 2/3 of maximum glabellar 
width. Glabella gently vaulted, front truncate and may show 
a very faint mesial impression. Only one pair of weakly 
indicated lateral glabellar furrows on internal moulds, situ
ated at the narrowest part of glabella behind the eyes; the 
lateral furrows run from axial furrows, but fade out and are 
not joined across glabella. A small mesial tubercle, visible also 
on testaceous specimens, is situated level with posterior 
inner corners of palpebral lobes. Internal moulds show an 
indistinct mesialkeel running from a point just in front of the 
palpebral lobes almost to occipital furrow. Occipital furrow 
shallow, best defined on internal moulds, sagitally showing a 
gentle backwards curve; abaxially it shallows up and does not 
join axial furrows. Occipital ring occupies slightly more than 
O. l of the cranidial length; it is flat and not raised above the 
rear of glabella. No preglabellar field; frontal area entirely 
occupied by the flat border, sloping very gently away from 
sagittal line. Anterior area of fixigena tapers out immediately 
in front of eye. Palpebral area of fixigena relativelywide (tr. ) ,  
corresponding to about 0.35-0.40 of the width of the adja
cent portion of glabella. Palpebral lobe length (exsag. ) 
equivalent to or slightly less than 0.25 of the cranidial length, 
inner posterior corner situated about 0.4 of the cranidial 
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Fig. 132. DA-F. Niobe (Niobe/la) lindstroemi Schmidt, 190 1 .  DA. Latex cast of largely exfoliated fragmentary cephalon, x3.  MGUH 22.560 (A 672) ,  bed M-
4, Slemmestad. DB. Damaged internal mould of cranidium, x4. MGUH 22.56 1 (A 689), bed M-4, Slemmestad. DC Fragmentary cephalon showing most of 
librigena, x4. MGUH 22.562 (A 660a), bed M-4, Slemmestad. DO. Partly exfoliated hypostome, x4. MGUH 22.560 (A 672), bed M-4, Slemmestad. DE. 
Pygidium with intact cutide showing sparse terrace-line sculpture, x4. MGUH 22.563 (A 647), bed M-2, Slemmestad. OF. Internal mould of pygidium 
showing doublure, x3.  MGUH 22.564 (A 680), bed M -4, Slemmestad. OG-I. Niobe (NiobelIa) cf. lindstroemi Schmidt, 1 90 1 .  OG. Partly exfoliated pygidium, 
x2.5. MGUH 22.565 (K 226), bed +7, Killerod. OH. Fragmentary pygidium, x2.5. MGUH 22.566 (K 458) ,  bed H, Gårdlosa- 1 .  DI. Fragmentary pygidium, 
x2.5. MGUH 22.567 (K 188) ,  bed -3, Killerod. DJ-K. Niobe (Niobe/la) aff. lindstroemi. DI. Fragmentary internal mould of pygidium, x3. MGUH 22.568 (A 
602) ,  bed M- l ,  Slemmestad. DK. Latex cast of fragmentary internal mould of pygidium showing the doublure, x3.  MGUH 22.569 (A 599), bed M- l ,  
Slemmestad. 
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length from posterior margin. Posterior area of fixigena 
fairly short (exsag. ) ,  equivalent to about 0.2 (middle of 
fixigenae) or slightly less of the total cranidial length, the 
width (tr. ) corresponds to % the width of the occipital ring. 
Bacculae slender, elongate, pointing obliquely forward-in
ward (strike in the size order of 1 70°) . Posterior border barely 
convex, sloping gently in anterior direction; abaxially the 
border widens slightly. Border delimited by an alm ost 
straight, wide and moderately impressed furrow, which join 
the axial furrow behind the baccula. Anterior sections of 
facial suture diverge strongly forwards, then curve inward
forwards, meeting at an angle of about 145° in front of 
glabella. Posterior section of facial suture runs almost 
straight forward from posterior margin for a short way 
(generating a truncate appearance of the posterior fixigena) ,  
then turns in adaxial direction, describing a gentle curve all 
the way to the posterior corner of palpebral lobe. A few 
longitudinal terrace lines occur laterally on frontal glabellar 
lobe, and transverse lines are present on the anterior border; 
terrace lines are otherwise absent. The cranidial surface is 
covered with densely spaeed, moderately impressed small 
pits. 

Librigena quite wide (tr. ) ,  lateral margin almost straight 
from genal angle to a position just in front of the eye, then 
curves evenly inwards. Flat anterolateral border delimited by 
shallow furrow; the border tapers rearwards, and disappears 
posterolaterally. No posterior border. Genal angle obtusely 
rounded. Eye sode narrow. Paradoublural ridge narrow, 
only gently inflated, anteriorly reaching eye sode. Paradoub
lural furrow shallow, wide, and runs to the posterior border 
furrow of the fixigena, but becomes indistinct posteriorly. 
Terrace lines occur only near outer margin, but the entire 
surface is covered with densely spaeed, moderately im
pressed pits. 

A hypostome, 1 0.8 mm long, was found inside cephalon A 
672b (Fig. 1 32D), another hypostome is 8 mm long. General 
hypostomal outline as described for Niobe tjernviki n.sp.; 
W:L ratio about 9: 1 0; greatest width is across posterolateral 
borders. Median body subrectangular in outline, reaching 
the anterior, gently curved and very faintly pointed margin, 

no anterior border. Anterior lobe occupies main part of the 
median body, and shows W:L ratio of 7: 1O; anterior lobe is 
separated from the short posterior lobe by small, but very 
deep premacular pits. Maculae slope moderately forwards, 
and strike obliquely backwards-outwards at an angle of 
about 1 10°. Posterior lobe divided into two moderately in
flated swellings by a weakly impressed mesial depression; the 
swellings are sloping backwards from the maculae. Anterior 
wings appear to be narrow (tr. ) ,  but are defective in the 
speeimens. Lateral and posterior border and furrows as in N. 
(Niobe) tjernviki n.sp. Mesial notch in posterior margin 
deep, stretching for 0. 10-0. 1 5  of the maximum hypostomal 
length. Terrace-line pattern generally as in N. tjernviki n.sp . .  
The lines are comparatively coarse, and somewhat irregular 
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posteriorly on anterior lobe of median body, anastomosing. 
About 20 lines per 5 mm were counted on the anterior lobe 
of median body in the largest specimen. 

Pygidium transverse elliptical in outline, posterior margin 
occasionally slightly truneate, L:W ratio averages 0.55 (N = 

7) .  Axis fairly prominent, distinetly vaulted and well-ele
vated above pleural fields; axial width at anterior margin 
occupies about 0.25-0.30 of the pygidial width. Axis tapers 
evenly all the way back to paradoublural line, thenee the 
postaxial ramp tapers more strongly, and descends rapidly to 
the border, thereby generating a somewhat funnel-shaped 
axial appearance. Well-preserved pygidia, and in particular 
juveniles, may posses a faint postaxial ridge (Balashova 1976, 
p. 125; Tjernvik 1980, p. 192) ;  such a ridge has not been seen 
in the speeimens at hand. Axial segments usually nebulous 
on testaceous material, a single internal mould shows the 
presenee of at least 6 axial rings in addition to the anterior 
articulating half-ring and terminal piece, but the true num
ber of axial rings is presumably 7 or 8 (8 according to 
Schmidt 190 1 ,  p. 1 06, and Balashova 1 976, p. 125,  but this 
number may indude the anterior half-ring, cf. Schmidt 
190 1 ,  Pl. 1 0:2) .  Axial furrows wide and shallow, but axis is 
well set off by a marked change of slope. Axial furrows 
posteriorly confluent with lateral border furrows; hence 
there is no postaxial border furrow, and the postaxial ramp 
merges imperceptibly with border. Pleural fields gently con
vex, sloping slightly in lateral direction; they are typically 
smooth, but a few speeimens exhibit vague traces of ribs in 
the anterior part. Internal moulds show one to three pairs of 
low ribs inside paradoublural line. Anterior half rib well
defined, bounded by a moderately impressed, rather wide 
furrow; the half rib is somewhat elevated above pleural fields, 
except dose to axis. Border almost flat, virtually horizontal, 
delimited by a shallow, wide, but relatively well-defined 
border furrow, which stops at the intersection with the axial 
furrows, and no border furrow is present postaxially. Maxi
mum border width attained anterolaterally, level with inter
pleural furrow between first and second pair of pleural ribs; 
border width decreases gradually rearwards. Anterolateral 
margins of pygidium flexed slightly downwards. Articulat

ing facets long (tr. ) ,  triangular, indined about 45°. Terrace 
lines occur only dose to the outer pygidial margin, but the 
test surface is covered with densely spaeed, moderately im
pressed small pits. Doublure moderately wide, stretching 
inwards for about one third of the pygidial width at anterior 
margin; it is strongly concave, with a steeply indined inner 
part and a flat, horizontal outer part, and provided with a 
deep V -shaped axial notch. Paradoublural line is indicated 
on internal moulds by the termination of the faint pleural 
ribs. The doublure is covered with 1 8-20 coarse terrace lines. 

Affinities. - Niobe (NiobelIa) lindstroemi is readily separated 
from most other speeies of NiobelIa as it is relatively small, the 
glabella is elongate and shows only one pair of faint lateral 
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furrows, the occipital furrow is weak, the bacculae are slen
der, the eyes are positioned relatively rearwards and the 
posterior fixigenae are narrow (exsag. ) ;  the pygidium has a 
highlyvaulted axis with obsolescent segmentation, the pleu
ral fields are nearly smooth, and the postaxial border furrow 
is effaced. Besides, the external surface ornamentation con
sists of densely spaced small pits with only local presence of 
terrace lines. 

N. laeviceps (Dalman) resembles N. lindstroemi with re
gard to the general lack of terrace lines and also shares a 
rather smooth, unsegmented pygidium, but laevicepsis char
acterized by a markedly broader (tr. ) ,  comparatively short 
glabella, larger palpebral lobes situated more anteriorly, a 
more forwards position of the mesial glabellar tuberde (situ
ated slightly in front of transverse line connecting the poste
rior corners of the palpebral lobes) ,  broader (exsag.) poste
rior fixigenae, and a pygidium showing a less distinctly 
vaulted axis, a less marked boundary between the pleural 
fields and border, and a well-defined axial termination with
out axial ramp. N. laeviceps has a surface ornamentation 
consisting of alternating small and large pits (Tjernvik 1956, 
p. 234), whereas the pits are ofuniform size in N. lindstroemi. 

N. bohlini (Tjernvik) is distinguished from N. lindstroemi 
by havinglarger eyes, glabella fails to reach the facial suture in 
front of the eyes, the bacculae are ill-defined, the pygidium 
shows four pairs of ribs (albeit faint on the external side of 
test), and the greatest border width of pygidium is attained 
posterolaterally. However, the two species have many fea
tures in common, such as an elongate glabella, short (exsag. ) 
posterior fixigenae and weakly developed occipital furrow, 
the cephalic surface ornamentation mainly consists of pits 
with only subordinate terrace lines (present on the borders 
and frontal glabellar lobe) , and the pygidia are almost simi
lar. It is reasonable to assume a dose relationship, and N. 
bohlini is a possible ancestor to N. lindstroemi. 

Remarks. - Five pygidia from SE Scania probably belong to 
N. lindstroemi, as indicated especially by the axial termina
tion with a postaxial ramp (Fig. 132G-I) ,  but the specimens, 
up to 17 mm long, are somewhat larger than typical for N. 
lindstroemi (this study, see also Schmidt 190 1 ,  p. 107) .  In the 
absence of matching cephalic material the specimens are 
referred to as N. cf. lindstroemi. 

Niobe (N.) lindstroemi has not previously been reported 
from Norway, but it was possibly induded in Niobe 'emar
ginula' by Brogger ( 1 882, p. 70) .  However, only one py
gidium of N. lindstroemi was noted in the collections of the 
Paleontological Museum, Oslo, and it appeared to have been 
collected recently. 

The peculiar 'Lichas-like' furrows on the glabella, de
scribed by Schmidt ( 190 1 ,  p. 105, Pl. 12 :2) ,  have not been 
seen in any of the available specimens. Balashova ( 1976, p. 
124, vide synonymy list) exduded this and another speci
men (Schmidt 190 1 ,  Pl. 12: 1 )  from N. lindstroem� but she 
did not explain why. These specimens, however, are cer
tainly niobinids. 
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Niobe (Niobella) Sp. aff. lindstroemi 
Fig. 1 32J-K 

Material. - Pygidia A 599 [MGUH 22.569 ] ,  A 602 [MGUH 
22.568 ] ,  and A 606?, which all are very poorly preserved 
internal moulds. 

Occurrence. - The material is from bed M - 1  at Slemmestad 
(M. polyphemus Zone). Tjernvik ( 1980, p. 1 9 1 )  listed N. 
lindstroemi from the top of the M. polyphemus Zone of 
Sweden. 

Remarks. - The pygidia have a smooth axis and nearly 
smooth pleural fields, and thereby resemble N. (NiobelIa) 
lindstroemi. One of the specimens also shows a faint, very 
narrow postaxial ridge, a feature which is unusual among 
Scandinavian species of Niobe, and has been reported only 
from small pygidia of N. lindstroemi (Balashova 1976, p. 125; 
Tjernvik 1980, p. 192) .  However, maximum border width of 
the discussed pygidia is attained posterolaterally, thence the 
border tapers markedly forwards, and the well-developed 
anterior half rib is raised considerably above the pleural 
fields. This combination is distinctive of Niobe (NiobelIa) 
bohlini (see Tjernvik 1956, p. 23 1 ) .  Settlement of the taxo
nomic status must await collection ofbetter preserved speci
mens. 

Niobe (NiobelIa) imparilimbata 
Bohlin, 1 955  
Figs. 133-137 

Synonymy. - O? 1901  Niobe laeviceps Dalm. [partim] -
Schmidt, p. 103, Textfig. 60 (occurrence, illustration of py
gidium) .  Ov 1936 Niobe explanata Ang. [partim ] - c. Poul
sen, pp. 49, 50 (listed) . Ov 1936 Niobe frontalis (Dalm.) 
[partim] - C. Poulsen, pp.  49,  50 (listed) .  Ov 1 936 Niobe 
laeviceps (Dalm.) - C. Poulsen, pp. 49, 50 (listed) . Ov 1936 
Niobe lindstromi Schm. - C. Poulsen, pp. 49, 52 (listed) .  Ov 
1936 Niobe sp. - C. Poulsen, p. 49 (listed) . Ov 1936 Niobe 
n.sp. - C. Poulsen, p. 49 (listed) . Ov cf. 1952 Niobe læviceps 
(Dalman) 1827 - Skjeseth, pp. 169-1 70; Pl. 2 :5, 12 , 1 3  (de
scription, occurrence, illustrations of cranidium and py
gidia) . Ov 1955 Niobe imparilimbata nov. sp. - Bohlin, pp. 
149- 15 1 ,  Pl. 6: 1 1-12 (description, occurrence, illustrations 
of librigena and pygidium) .  0 1956 NiobelIa imparilimbata 
(Bohlin, 1955) - Tjernvik, p. 232, Pl. 5 : 1 0  (short description, 
occurrence, illustration of pygidium) .  O? 1956 NiobelIa sp. 
aff. imparilimbata (Bohlin) [partim?] -Tjernvik, p. 233, non 
Textfig. 37C; non Pl. 5 : 1 1-14 (description, occurrence) .  Ov 
1965 NiobelIa imparilimbata (Bohlin, 1955) -V. Poulsen, pp. 
69-72; Pls. 2:2-5; 3 : 1-2 (description, discussion of species, 
occurrence, illustrations of cranidia, hypostome and py
gidia). 0 1976 NiobelIa imparilimbata (Bohlin, 1955) 
[partim] - Balashova, pp. 123-124; non Pl. 37:6 [= ? Niobe 
lindstroemi Schmidt) ] (short description, occurrence) .  
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0 1 980 Niobella imparilimbata sensu stricto- Tjernvik, p. 1 9 1  
( oeeurrenee) . Ov  1 980 Niobella imparilimbata sensu lato 
[partim] - Tjernvik, pp. 1 87, 1 88, 1 9 1  (oeeurrenee) .  

. Holotype. - Pygidiurn Ar  4230, figured by Bohlin ( 1 955, Pl. 
6: 12 ) .  See remarks below for eomments on the stratigraphi
eal level of the type speeimen. 

Material. - Twenty-seven eranidia, 22 librigenae, 23 hypo
stomata, l detaehed eephalie doublure, 2 thoraeie segments, 
and 1 1 5 pygidia. 

List of material. - DCephalic doublure S 186 (im) [MGUH 22.578 J .  
DCranidia S 6 3  (im) [MGUH 22.572 J ,  S 7 8  (im) [MGUH 22.570 ] ,  S 9 1  
(im) ,  S 108 (em), 1 10 (im) , S 1 1 3  (im) , S 1 17? (im),  S 1 19? (im), S 1 32 (t, 
fragmentary), S 1 35a (im), S 145 (im), S 1 57 (t), S 1 84a (im), S 205 (em), S 
208a? (im), S 3 1 9  (im),  S 436a (im) [MGUH 22.57 1 ] ,  S 436b (im), S 520a 
(pim), S 762? (im) fragment, S 839 (pim),  S 857? (t), S 1 1 15?  (im) , K 6 14  
( c ) ,  K 768  ( t )  [MGUH 22.576 ] ,  GM 1 884. 1626 ( t )  [MGUH 22.573 J ,  LV 
88b (pim).  DLibrigenae S 98 (im) , S 1 35b (im), S 1 39a (im) , S 1 39b (im) , S 
185  (im),  S 2 14  (im), S 241 (im) , S 250 (pim), S 298 (im),  S 368 (pim) 
[MGUH 22.575 ] ,  S 371b (im), S 520c (pim),  S 534 (im) [MGUH 22.574 ] ,  
S 607 (im), S 639 (im) , S 697 (c), S 709 (im), S 697 ( c ) ,  S 844 (im), S 857  (c), 
S 1681 (c) ,  LV 52 (pim) .  DHypostomata S 48 (im), S 82 (im),  S 90 (im) , S 
146 (im), S 195 (im) [MGUH 22.579] , S 2 1 0  (im),  S 230 (im) , S 256a (im), 
S 256b (em), S 281b (im), S 296 (im) , S 300a (im),  S 341 (pim) [MGUH 
22.577] , S 374 (im) , S 595 (im) , S 6 1 1  (im) ,  S 1681d (im),  K 87 (t), GM 
1 95 1 .4 1  (im) [MGUH 22.580 ] ,  DGU-6 (im) , LV 21 (em), LU 43b (t) [LO 
7092 J ,  LU 50- 10  (c) .  DThoracic segments S 80 (t) [MGUH 22.58 1 ] ,  S 647 
(im) .  DPygidia S 3 (im),  S 1 8  (im) , S 25 (pim) [MGUH 22.590 ] ,  S 37 (im) 
[MGUH 22.592 ] ,  S 45 (im), S 55a (im) [MGUH 22.588] ,  S 55b (im),  S 69 
(pim), S 93 (pim), S 96 (im), S 109 (im), S 1 33a (im) [MGUH 22.585 ] ,  S 
1 33b (em), S 14 1  (im) [MGUH 22.589 ] ,  S 152 (im) , S 1 72a (pim), S 1 72b 
(t), S 1 75? (pim) [MGUH 22.593 J ,  S 1 84b (im), S 187 (im) , S 196 (im), S 
1 98 (c), S 208b (em) [MGUH 22.583 J ,  S 2 1 0a (pim) [MGUH 22.582 ] ,  S 
254 (im) , S 255 (im), S 281a  (im), S 282? (c), S 294 (im),  S 297a (im),  S 
297b (im) , S 299 (im) , S 300b (im), S 306a (im) , S 306b (im) , S 308 (im), S 
352 (pim),  S 354 (im) ,  S 371a  (im), S 372? (im), S 373? (im),  S 376 (im) , S 
403 (im) , S 4 14? (im), S 43 1 (im), S 446 ( im),  S 454 (t), S 493 (im) , S 520b 
(im), S 532 (im), S 555 (c), S 6 1 5  (im), S 654 (t), S 657 (c) ,  S 660 (im), S 674 
(im), S 679 (c) , S 708 (im) , S 7 1 1  (c) [MGUH 22.586] , S 7 1 2a (pim), S 7 1 2b 
(pim),  S 7 1 2c (pim), S 721 (im), S 736 (im), S 739? (im) , S 746 (c) ,  S 757 
(im/em), S 787 (c), S 795 (c), S 799 (t, fragmentary) , S 803 (t, dissolved), S 
804? (pim), S 83 1  (t), S 851 ?  (em), S 857 (pim),  S 875 (c) ,  S 943? (c), S 1247? 
(c) ,  S 1678 (im) , S 168 1a  (pim), S 168 1b? (im) , K 12? (im), K 43 (c), K 48 
(t), K 66 (im), K 230 (im) (c) ,  K 441 (im) ,  K 679 (t), K 735 (t) [MGUH 
22.587 ] ,  K 744 (c) ,  MGUH 23.080A (im) , GM 1 869. 1429 (im), GM 
1874.32 (im) , GM 1874.69 (im) [MGUH 22.59 1 ] ,  GM 1 874.70 (t), GM 
1 875 . 1488 (im), GM 1 877. 1942 (t) [MGUH 22.584 ] ,  GM 1885.660a (im),  
GM 1 885.660b (im), GM 1938.44 (c) ,  GM 1987.34 19  (im), GM 1988. 1 3  
(im), DGU 2 - 1  (im),  DGU 2 - 2  (em), DGU 2 - 3  (c) ,  DGU 2 - 5  (im), L V  9 
(em), LU 88a (im), LU 25 (t) , LV 43a (c), LU 43c (pim), LU 50-3? (im) , LU 
50- 16  (t), LV 95? (im),  LV 96 (im).  

Occurrence. -N imparilimbatais frequent in the lower half of 
the M. polyphemus Zone at Skelbro, but ranges through at 
least half of the sueeeeding M. simon Zone (beds nos. -2 1 to 
-6) .  Three poorly preserved speeimens from beds -4, +2 and 
+5 may also represent N imparilimbata, in ease extending 
the range into the lower subzone of the M. limbata Zone. 

The speeies also oeeurs in the M. simon Zone at Killerod 
and Gårdlosa- 1  and -4a, ranging from the base of the zone 
(beds nos. K to -6) .  A poorly preserved, tentatively assigned 
pygidium was found in bed + 7 at Killerod (lower subzone of 
M. limbata Zone) . 
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N imparilimbata seems to be restricted largely to the lower 
half of the M. polyphemusZone in mainland Sweden (Tjern
vik 1980), but is present also in the uppermost part of the M. 
estonica Zone at least on northern Oland and in the Finn
grundet eore (see diseussion below) . N imparilimbata has 
been reported from the eastern Baltie BIla-BIl P Zones by 
Balashova ( 1 976) . 

Diagnosis. -Large for a Niobella; doublure wide. Faeial suture 
meet in an ogive at front, so frontal area is long (sag. ) ;  
baeeulae weU defined; posterior fixigenae broad (exsag. ) .  
Paradoublural ridge wide, moderately inflated. Pygidium 
shows variable L:W ratio, seven to eight axial rings, weU 
defined postaxial ramp, five to six pairs of pleural ribs, 
generally with extremely faint, or no pleural furrows; broad, 
flat border tapers baekwards. External terraee lines of era-

Fig. 1 33. Cranidia of Niobe (NiobelIa) imparilimbata. DA. Broad form. 
Distribution of terrace lines on exterior surface. DB. Narrow form. The 
reconstructed exfoliated speeimen shows the configuration of muscle scars 
on glabeIla. 
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nidium and pygidium fine, associated with densely spaced, 
weakly impressed small pits; lines always present antero
laterally on glabella, and on anterior two pairs of pleural ribs 
of pygidium. [Emended from Bohlin 1955. ]  

Description. - The description is complementary to the ac
count of N. imparilimbata published by V. Poulsen ( 1 965, 
pp. 70-71 ) .  Large for a Niobella, largest cranidium about 40 
mm long, largest pygidium 35 mm long. Glabella front 
evenly rounded (Fig. 1 34A) or with gende mesial impres
sion, generating a more truncate appearance (Fig. 1 34B) .  
Frontal area relatively long, sagitally occupying about 0 . 1 4  of 
the cranidial length. Posterior fixigena comparatively broad 
(exsag. ) ,  medial width corresponds to about 0.2 of the cra
nidial length, length (tr.) equal to about 0.8 times the width 
of occipital ring. Bacculae fairly inflated, elongate, pointing 
forwards, slighdy inwards (strike in the size order of 1 70-
1 75°) .  Posterior border furrow moderately impressed, de
limiting very gendy convex border, widest distally, showing 
almost the same slope as the remainder of posterior fixigena. 
Anterior sections offacial suture meet (sag. ) at an angle dose 
to 140° (N = 4) or about 1 50° (N = 2) (Fig. 133A, B) ,  see 
remarks below on dimorphism. Fine, openly spaced terrace 
lines are usually present on various parts of cranidium, 
notably on frontal area and laterally on frontal glabellar lobe 
(Fig. 133A); one small specimen have more abundant lines 
on glabella (Fig. 1 34G) , and a very large specimen shows 
terrace lines only laterally on frontal lobe (Fig. 1 34D) . Entire 
cranidial surface covered with moderately impressed, 
densely spaced small pits. 

Librigena with flat lateral border anteriorly and antero
laterally, delimited by a wide and shallow furrow. Border 
tapers gendy in posterior direction; border furrow shallows 
up level with anterior edge of posterior fixigena, and coinci
dendy the margin turns convex, so no lateral border is 
defined posterolaterally. Genal angle obtusely rounded. Eye 
sode narrow; a shallow paradoublural furrow extends from 
anterior margin of eye sode to posterior border furrow. 

Fig. 1 34. Niobe (NiobelIa) imparilimbata Bohlin, 1955. DA. Internal mould 
of small cranidium, x5.  Long form, see also Fig. 1 33B. MGUH 22.570 (S 
78) ,  bed -2 1 ,  SkeIbro. DB. Internal mould of cranidium, x4. Short form, 
see also Fig. 1 33A. MGUH 22.57 1 (S 436a), bed -19, SkeIbro. De. Internal 
mould of small cranidium, x8. MGUH 22.572 (S 63) ,  bed -2 1 ,  SkeIbro. 
OD. Fragmentary, partly exfoliated large cranidium, x l .S .  MGUH 22.573 
(GM 1 884. 1626), Skeibro. DE. Exfoliated librigena, x2. MGUH 22.574 (S 
534), bed -18,  SkeIbro. OF. Partly exfoliated librigena showing cutide 
terrace-line sculpture, x2. MGUH 22.575 (S 368), bed -20, Skeibro. OG. 
Fragment of small cranidium showing comparatively extensive glabellar 
terrace lines and cutide punctation, x 1 0. MGUH 22.576 (K 768) ,  bed 12 ,  
Gårdliisa-4a. OH. Partly corroded hypostome showing fine terrace lines 
within the premacular pit (see dose-up in K),  x3. LO 7092 (LU 43b), 
Komstad. Dl. Partly exfoliated hypostome, x3. MGUH 22.577 (S 34 1 ) ,  bed 
-20, Skeibro. DI. Pygidium, dose-up of axis showing terrace-line sculp
ture, x8. Same speeimen as 1 35D. DK. Hypostome, dose-up ofpremacular 
plt, showmg fine cutide terrace-line sculpture, x6. Same speeimen as 
shown in H. DL. Internal mould of detached cephalic doublure, ventraI 
Vlew, x3.  MGUH 22.578 (S 1 86) ,  bed -21 ,  SkeIbro. 
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Paradoublural furrow and border furrow delimit a gendy 
�urved, moderately inflated paradoublural ridge. Terrace 
�es �ccur on the border, arranged paralleI to outer margin 
Wlth mcreased density towards the margin (Fig. 1 34F) . The 
test surface is covered with small, densely spaced, moderately 
impressed pits. 

Doublure rather wide (Fig. 1 34L) , and very similar to the 
doublure of N. (Niobe) tjemviki n.sp.; 20-22 (N = 3) con
tinuous, rather coarse terrace lines were counted across the 
doublure just anterior to eye level. 

Hypostome large, length of largest specimen 28.5 mm 
(Fig. 1 35B) . General oudine as described for Niobe (Niobe) 
tjemviki n.sp. (q.v. ) .  Hypostomal W:L ratio varies between 
0.8 and 0.9 (mean 0.86; N = 1 1 ) .  Greatest width is typically 
across posterior border (this measure is used in the stated 
W:L ratio) , but about 30% of the measurable specimens 
show a slighdy greater width across anterior wings. Median 
body subrectangular, nearly reaching the curved anterior 
margin, separated only by an extremely narrow, forward 
sloping concave border of equal width all the way. Two 
specimens have a very subde, inconspicuous median point 
on anterior margin. Anterior lobe of median body has a W:L 
ratio equal to hypostome. Premacular pits deeply impressed. 
�osterior lob� of median body short, divided into two gendy 
mflated swellings by a shallow medial depression. Maculae 
slanting strongly forwards, with an oblique-backward strike 
averaging 100° (range 95°-109°, N = 18 )  to sagittal line. 
Anterior wings quite broad (tr. ) ,  and strongly ascend in 
dorsal direction. Lateral and posterior borders with furrows 
as in N. tjemvikin.sp. Posterior border wide (tr. ) ,  with a deep 
mesial notch, stretching for about 0. 1 0-0. 1 3  of maximum 
hypostomal length (mean 0. 1 2; N= 9) .  Hypostomal surface, 
except maculae and anterior border, is covered with fine 
terrace lines, impressed also on internal moulds. The line 
configuration is apparent from Figs. 1 34H-l and 1 35A-B. 
The terrace lines within the furrows are very fine and gener
ally oriented along the furrow (Fig. 1 34K) ; they are not 
impressed on internal moulds. A triangular band with 
sparse, very fine, irregular lines is seen anterior to macula. 
Fine, second-order terrace lines are present at the crests of the 
first-order lines on the median body and on the borders; 
these lines are not impressed on internal moulds. Density of 
first-order lines sagitally on frontal lobe was counted to 1 2  
lines per 5 mm in a specimen 28.5 mm long, 1 9  lines per 5 
mm in a specimen 16.5 mm long, and 27 lines per 5 mm in a 
specimen 12 mm long. 

A couple of disarticulated thoracic segments must belong 
to N. imparilimbata (Fig. 1 35C) . Axis occupies 0.3 of the 
segmental width (tr. ) ,  set off by shallow, but distinct axial 
furrows. Pleural field convex, slopes outward, only the inner 
one third is approximately flat. Articulating facet well-devel
oped, but slants just gendy forward; it is delimited to the rear 
by a crest. A deeply impressed pleural furrow extends from 
the axial articulating furrow to midlength of this crest. Ter
race-line pattern apparendyvariable. A specimen with intact 
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Fig. 1 35. Niobe (NiobelIa) imparilimbata Bohlin, 1955. DA. Internal mould of hypostome, stereo-pair, x3.  MGUH 22.579 (S 195) ,  bed -2 1 ,  SkeIbro. DB. 
Internal mould ofvery large hypostome, x2. MGUH 22.580 (GM 195 1 .4 1 ) ,  SkeIbro. DC Fragment of thoracic pleura, x7. MGUH 22.58 1 (S 80),  bed -2 1 ,  
Skeibro. O D .  Partly exfoliated pygidium showing cuticle terrace-line sculpture on  axis (see 1 34)), x4. MGUH 22.582 (S 2 l 0a) ,  bed -2 1 ,  SkeIbro. DE .  Internal 
mould of small pygidium showing doublure, x6. MGUH 23.080A, SkeIbro beds, Skeibro. OF. Latex east oftransitory pygidium, x8. MGUH 22.583 (S 208b), 
bed -2 1 ,  Skeibro. 

test has a few, very short transverse lines on inner part of the 
pleura, in addition to the lines on articulating facet; the entire 
surface is densely and finely pitted. An exfoliated specimen 
shows imprints of fairly densely spaced terrace lines on the 
axis, curving around a median point at posterior margin, on 
inner part of the pleura, running roughly across the pleura, 
and on the articulating facet. 

Pygidium normally semicircular in outline, but relatively 
broad specimens, and in particular juveniles, occasionally 
show a truncate posterior margin. L:W ratio varies between 
0.47 and 0.65 (mean 0.56; N = 64; see Fig. 137A) ;  pygidia 
longer than 4 mm show ratios between 0.50 and 0.63 (N = 

55) .  Axis stretches for 0.60-0.74 of the pygidial length (mean 
0.69; N = 49; Fig. 1 37B) ,  and accounts for 0.23--0.29 of the 
width at anterior margin (mean 0.26; N = 44) , see Fig. 1 37C. 
Axial width (tr.) at terminal piece averages 0.5 of the anterior 
axial width (N = 28) .  The number ofaxial rings is, as a rule, 
difficult to verify on testaceous material, as the posterior 
segments are effaced. Internal moulds indicate that relatively 

longer pygidia generally have 8 axial rings, whereas shorter 
pygidia have only 7 axial rings, in addition to the terminal 
piece and the anterior half-ring; the variation is not strati
graphically or size controlled. In all specimens the postaxial 
ramp descends rapidly behind terminal piece, which is a 

Fig. 136. Pygidia of Niobe (NiobelIa) imparilimbata Bohlin, 1955. DA. Long 
morph with six pairs of pleurai ribs (cf. D),  showing terraee-line seulpture 
on anterior pleural ribs, x3.  MGUH 22.584 (GM 1 874. 1 942),  Vasegård, 
Bornholm. DB. Internal mould showing terraee-line seulpture of border, 
and part of the doublure, x 1 .5 .  MGUH 22.585 (S 1 33a), bed -2 1 ,  SkeIbro. 
DC Somewhat corroded, large specimen, x l .  MGUH 22.586 (S 7 1 1 ) ,  bed 
-16,  SkeIbro. OD. Short morph showing five pairs of pleural ribs, x3 .  
MGUH 22.587 (K 735),  bed 10,  Gårdliisa-4a. DE. Internal mould, x2.  
MGUH 22.588 (S 55a) ,  bed -2 1 ,  SkeIbro. OF. Internal mould, x2.  MGUH 
22.589 (S 14 1 ) ,  bed -2 1 ,  Skeibro. OG. Internal mould showing doublure, 
x l .S .  MGUH 22.590 (S 25) ,  bed -2 1 ,  SkeIbro. OH. Internal mould showing 
doublure, x2. MGUH 22.59 1 (GM 1 874.69) ,  Vasegård, Bornholm. DI. 
Internal mould, x2. MGUH 22.592 (S 37) ,  bed -2 1 ,  Skeibro. DI. Partly 
exfoliated small pygidium, x5. MGUH 22.593 (S 1 75) ,  bed -2 1 ,  Skeibro. 
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Fig. 137. Pygidia of Niobe (NiobelIal irnparilirnbata. DA. Ratio between 
length (sag. l and maximum width plotted against pygidial length. The tiny 
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small knob of varying prominence. The postaxial ramp is 
rather acuminate in some specimens and only reaches the 
border, whereas other specimens show a less acuminate 
ramp, continuing onto the inner part of border, and the 
termination is ill-defined. Five to six pairs of pleural ribs, 
which vary from being almost effaced to well defined, but are 
distinguishable in most specimens inside paradoublural line, 
also when the test is intact. The posterior one or two ribs, 
situated largely above the doublure, are usually rather indis
tinct. Later specimens tend to have more distinct ribs, but 
there are several exceptions. In more strongly ribbed speci
mens the anterior two rib pairs interfere with the border 
furrow, which then undulates (Fig. 1 36A) . Internal moulds 
have faint to extremely faint pleural furrows on the crests of 
pleural ribs inside paradoublural line. There is a strong 
correlation between 5 pairs of ribs and 7 axial rings (N = 13 )  
and 6 pairs of  ribs and 8 axial rings (N = 12) ,  but i t  appears, 
however, that two pygidia show mixed relations. Border 
width (sag. ) 0.09-0. 1 9  of the pygidial length (mean O . 12; N= 
36; Fig. 1 37D) .  Terrace lines are present on the pygidial 
border, with an increased density towards the outer margin; 
roughly U-shaped lines opening backwards are present on 
the crests of the axial rings, and terrace lines also occur on the 
pleural ribs. Sparse, widely spaced, and short terrace lines 
may be limited to the anterior edge of the rib, or the lines may 
be moderately densely spaced and run obliquely across the 
rib. All pygidia with intact test studied show terrace lines on 
the anterior two pairs of ribs, but lines occasionally occur on 
the succeeding ribs as well, and a few pygidia actually have 
terrace lines on all ribs. Some pygidia show terrace lines 
across the postaxial ramp, others do not. The described 
variation in line-coverage is not linked to stratigraphy. The 
dorsal surface of pygidium is covered with moderately im
pressed, densely spaced small pits, which on the border often 
are arranged in rows adjacent to the terrace lines. 

Doublure wide, stretching for about one third of the 
pygidial width at anterior margin. The inner margin shows a 
deep mesial incision with upwards-turned edge. The doub
lure is covered with coarse continuous terrace lines; 22 lines, 
including the lines on the upturned inner edge, are present 
behind axis. The inner postaxial lines are somewhat dis
turbed, V-shaped in dorsal view. 

Juveniles. - Juvenile cranidia are slightly more vaulted and 
have a relatively narrower glabella (Fig. 1 34C) compared to 
large specimens. The relative position of the mesial glabellar 
tubercle changes during growth; in a 6 mm long cranidium, 
the tubercle is situated slightly in front of the imaginary 
transverse line ( itl. ) ,  connecting inner posterior corners of 
palpebral lobes, at the itl. in a cranidium I l  mm long, slightly 
behind the itl. in a cranidium about 25 mm long, and clearly 
behind the itl. in a cranidium 40 mm long. The relative length 
of palpebral lobes does not change during growth, but juve
niles have much wider lobes. 
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Small hypostomes exhibit a slightly more inflated median 
body, particularlywith regard to the posterior lobe, and also 
better impressed furrows. 

Smaller pygidia tend to be relatively broader (Fig. 137  A), 
and have a relatively shorter axis; the ratio axial:pygidial 
lengths usually varies between 0.60 and 0.66 in specimens 
shorter than 1 1  mm, and between 0.66 and 0.74 in pygidia 
longer than I l  mm long (Fig. 1 37B) .  The border tends to be 
relatively wider in small pygidia (Fig. 1 37D) .  Pygidia less 
than 5 mm long show a postaxial furrow in the doublure, 
stretching from the axial tip and almost to posterior margin. 
The external expression of this furrow, if any, is unknown 
(see, however, Fig. 1 35F) . The material suggests that juvenile 
pygidia of the short morph possibly have a truncate posterior 
margin, while juvenile pygidia of the long morph are semi
circular. 

Affinities. - Niobe (Niobe/la) imparilimbata is very similar to 
N. (NiobelIa) cf. plana (Balashova), and these taxa should 
probably be separated only at the subspecies level. An enu
meration of the distinguishing characters can be found in the 
section on N. cf. plana. 

Niobe (NiobelIa) lindstroemi Schmidt and N. (NiobelIa) 
bohlini (Tjernvik) are both markedly smaller than N. (Nio
beila) imparilimbata, with elongate, narrow (tr. ) glabellas, no 
or only faint segmentation of the pleural fields, and a differ
ent surface sculpture with only a few terrace lines. 

Niobe (NiobelIa) laeviceps (Dalman) has a broader glabella 
with a more advanced mesial tubercle, larger eyes, a distinctly 
narrower paradoublural ridge, and a pygidium with a less 
vaulted, relatively wider axis and no segmentation of the 
pleural fields. The pygidial border is of equal width all the 
way. Besides, the surface sculpture is probably different (cf. 
Tjernvik 1956, p. 233) .  

Hypostome MGUH 22.580, 28.5 mm long, has a truly 
remarkable size (Fig. 1 35B); it originates from Skelbro, prob
ably from a level just below the M. simon / M. limbata Zonal 
boundary. V. Poulsen ( 1 965, Pl. 2 :5)  also described an un
usually large hypostome of N. imparilimbata, ca. 22 mm 
long. Such large specimens are distinguished from the equal
sized hypostomes of Gog explanatus by being relatively 
broader ( tr. ) ,  by having a very narrow anterior border, by the 
less forward sloping maculae, which also are less obliquely 
backward striking, by the but slightly less inflated posterior 
lobe of median body, by the centrally less impressed poste
rior border furrow, and by the deeper notch in the posterior 
margin. 

N. (NiobelIa) imparilimbata may be compared to the 
North American species N. (NiobelIa) morrisi (Billings, 
1 865) (see Whittington 1965 ) ,  from which it is distinguished 
by showing shorter (tr. ) posterior fixigenae, a wider and 
more strongly inflated paradoublural ridge on librigenae, an 
acute genal angle (more rounded in N. marrisi) , a shallower 
but wider posterior mesial notch in hypostomes, and a 
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slightly narrower pygidial axis, and a much more restricted 
pygidial surface ornamentation. 

Remarks. -The type specirnen of N. imparilimbata is a rather 
transverse pygidium from the Boda Hamn core of northern 
Oland (Bohlin 1955, pp. 149-15 1 ,  Pl. 6: 12 ) .  It seems to be 
derived from the upper part of the M. estonica Zone, 0.5 m 
below the M. estonica / M. polyphemus Zonal boundary, and 
not from the ' Limbata limestone' as previously assumed (see 
remarks on M. polyphemus, p. 145) .  

According to Tjernvik ( 1 956, p. 232; Pl .  5 :  10; see also 1980, 
p. 1 9 1 )  a species similar to the holotype, i.e. showing pygidial 
L:W ratios dose to 1 :2, is characteristic for the lower half of 
the M. polyphemus Zone of Sweden, whereas a resembling 
species with relatively longer pygidia occurs throughout the 
Billingen Stage as well as associated with N. imparilimbata 
(s.str. ) .  Some of Tjernvik's material, stored at the Uppsala 
University, Sweden, has been examined; it contains two 
species, which, however, cannot be differentiated by their 
pygidial L:W ratios. Pygidia of the old form ( 'aff. impari
limbata') have virtually no indication of pleural ribs, terrace 
lines are absent on the pleural fields, and occur only on the 
border along outer margin, the axis is strongly vaulted and 
with a different outline of segments, the postaxial ramp is 
poorly developed and does not reach the border, the axial 
furrows shallow up immediately behind the axis, and do not 
unite with the border furrow, which, therefore, continues 
behind the axis (see Tjernvik 1956, Pl. 5 : 1 3) .  Onlythree ofthe 
pygidia described by Tjernvik ( 1956: N 394, N 477, 01 258) 
were available for study, and they are all relatively long, as 
stated by Tjernvik; nevertheless, their W:L ratios are within 
the range of N. imparilimbata. The cranidium of the old form 
is more strongly vaulted, with posterior fixigenae indined 
somewhat downwards, and the palpebral lobes are smaller 
than in N. imparilimbata (s.str. ) ;  the hypostome appears to 
have quite coarse terrace lines, somewhat resembling N. cf. 
plana (ef. Tjernvik 1956, Pl. 5 :2) .  The older as yet unnamed 
species is characteristic of the M. dalecarlicus and M. estonica 
Zones, but just enters the base of the M. polyphemus Zone, 
while N. imparilimbata ranges from the upper part of the M. 
estonica Zone and into the lower part of the M. limbata Zone. 
N. imparilimbata 's. l. ', reported from the Finngrundet core 
(Tjernvik 1980, Textfigs. 5-6),  comprises both species; note 
that a specimen (actually a N. n.sp. aff. imparilimbata) is 
missing in Tjernvik's range chart at 56.54 m (I define the M. 
estonica / M. polyphemus boundary at 56.6 m; for details, see 
remarks on M. polyphemus, p. 145) .  

The material from the Komstad Limestone exdusively 
represents N. imparilimbata (s.str. ) .  Transverse pygidia, like 
the holotype specimen, are not restricted to the M. poly
phemus Zone (ef. Tjernvik 1956) . The material furnish evi
dence for a distinction of a long form, characterized by L:W 
ratios between 0.53 and 0.63, 8 axial rings and 6 pairs of ribs, 
and a short form, characterized by L:W ratios between 0.50 
and 0.58, 7 axial rings and 5 pairs of pleural ribs (Fig. 1 37E) . 
The described variation in axial termination is not linked to 
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morphotype. A division of the cranidia into matching short 
and long forms is not obvious because of the fragmentary 
state of the material, but a few specimens indicate that two 
morphs actually can be discerned (Fig. l33A-B) .  The long 
form is characterized by a narrow glabella with rounded 
front and a slightly longer frontal area, as the facial sutures 
meet anteriorly at an angle of 1 50°, while the short form has 
a broader glabella with truncate front, a shorter (sag. )  frontal 
area, and the facial sutures meet anteriorly at an angle of 140°. 
No bimodal difference are recognized for hypostomes or 
librigenae. 

Skjeseth ( 1 952, Pl. 2 : 1 2-l3)  figured a couple of pygidia 
from Herramb, which almost certainly belong to N. (Nio
bella) imparilimbata (the material has been examined) . 
However, the specimens differ from the above described 
pygidia by lacking terrace lines on the pleural ribs, in this 
single aspect resembling N. n.sp. aff. imparilimbata. 

Niobe (Niobella) cf. plana 
(Balashova, 1 976) 
Figs. 138-141  

Synonymy. - Dv 1882 Niobe emarginula Ang. [partim] -
Brogger, pp. 68-7 1 (description, occurrence) .  Def. 1901  
Niobe laeviceps Dalm. [partim] - Schmidt, pp. 1 03-105, Pl. 
10 :5-6, non Textfigs. 59-60 (description, occurrence, illus
trations of cephalon and pygidium) . Def. 1 976 Niobella 
plana sp.n. - Balashova, pp. 1 25-126, Pls. 34:8; 38:4-7 (de
scription, occurrence, illustrations of cranidia, hypostome, 
pygidia.) 0 1980 Niobella n.sp. - Tjernvik, pp. 192, 1 93, 202 
(occurrence, short comments on morphology) . 

Holotype. - Pygidium 269a/9243, figured by Balashova 
( 1 976, Pl. 38 :5) .  
Material. - Four complete specimens, 3 cephala induding l 
with hypostome, 1 3  cranidia, 2 librigenae, 4 hypostomata 
and 43 pygidia. The available material is mostly in a bad state 
of preservation. 

List of material. - DComplete specimens A 42 (t) [MGUH 22.594 ] ,  A 1 0 1 9  
(pim) [MGUH 22.608 ] ,  A 1 044 (pim) [MGUH 22.595 ] ,  A 1 067 (pim) 
[MGUH 22.598 ] .  DCephala A 1054 (pim) [MGUH 22.596 ] ,  A 1066 with 
thoracic segments (pim) [MGUH 22.597 ] ,  MGUH 22.605 with hypostome 
(pim).  DCranidia A 82 (im), A 232 (im), A 796 (im) [MGUH 22.602 ] ,  A 
8 1 6-2b (t), A 874 (im), A 880 (im), A 892b (im), A 920 (pim) [MGUH 
22.603 ] ,  A 979 (im), A 9951 (im), A 10 14  (im),  A 1 0 1 8b (im),  A 1 04 1  (im) .  
DLibrigenae A 760 (im) [MGUH 22.604 ] ,  A 878 (t) .  DHypostomata A 879 
(im) , A 9 121 (em), A 952 (im), A 963 (im) [MGUH 22.599] . DPygidia A 34 
(pim), A  70 (pim) , A  7 l ?  (im), A 1 00 (pim) , A  103 (im), A 143 (im) , A  1 721 
(t), A 219 (im) [MGUH 22.609 ] ,  A 286 (im) [MGUH 22.606 ] ,  A 712 (im) 
[MGUH 22.600 ] ,  A 722b (im) [MGUH 22.60 1 ] ,  A 793 with thoracic 
segments (im) , A 807 (im) , A 808 (im), A 8 1 2  (im) , A 8 16a (pim) , A 863 (t), 
A 872 (im), A 875 (t), A 887 (pim), A 892a (pim), A 901 (pim),  A 903 (im), 
A9 14 (t), A 929 (im) , A 942 (im) , A 958 (im) , A 964 (im) , A 965 (im) , A 967? 
(im), A 974 (pim), A 976a (im) , A 976b? (pim),  A 995 (t), A 1000 (im),  A 
1003a (im),  A 1003b (im),  A 1 0 1 8a (im),  A 1 025 (im), A 1 032 (im), A 1 057 
(t) [MGUH 22.607] , A 1 062 (t), A 1075 (im). 
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Occurrence. - N. (N.) cf. plana is fairly abundant in bed 
interval M-7 to A-3 at Slemmestad, which makes up the 
lower subzone of the M. limbata Zone. The species is less 
common in beds M -5 and M -6 of the Hukodden Limestone 
(M. simon Zone) , and in beds A-6 to A- 18  of the Lysaker 
Member (upper subzone of the M. limbata Zone) . Very 
poorly preserved material from the lower part of the M. 
simon Zone, referred to as Niobe (NiobelIa) sp. (aff. impari
limbata) , is dealt with separately below, but may represent N. 
cf. plana. 

N. cf. plana or a dosely similar form occurs sparsely in the 
M. lim bata Zone ofSweden (NiobelIa n.sp. ofTjernvik 1980, 
pp. 192, 193) ,  and the supposedlyidentical N. planaoccurs in 
the BlIy Zone of the East Baltic area (Balashova 1976) . 

Description. - Medium-sized to large for a NiobelIa, largest 
cranidium 29 mm long, largest pygidium 28 mm long. The 
form is very like N. imparilimbata Bohlin; distinguishing 
features are enumerated below. The material contains a 
short and a long morphotype, which probably represent 
sexual dimorphs (see introductory remarks on this issue) .  
Short cephala are roughly rectangular in  outline with L:W 
ratios in the range of about 0.55--0.6 (Fig. 1 38C); long 
cephala are semicircular and show L:W ratios around 0.7 
(Fig. 138A-B) .  Short form has a wide glabella, emarginate at 
the truncate front, and the anterior branches of facial suture 
go directly outwards in front of the eyes for a short distance, 
then straight sections diverge forwards to a level roughly in 
line with front of glabella, where they turn sharply inward, 
converge strongly, and meet at a very blunt angle of about 
1 50°. Long form has a relatively longer glabella with an 
evenly rounded glabellar front, and the anterior branches of 
facial sutures diverge outwards-forwards, but gradually 
turn inwards, and, in front of glabella, run obliquely to
wards sagittal line, meeting at a blunt, but sharper angle of 
about 140°. Bacculae of the short form appear more promi
nent, wider, with an oblique-inward strike in the order of 
30° to sagittal line; bacculae of the long form are attenuate 
and strike 1 5-20° relative to sagittal line. Lateral margin of 
librigena straight to a point just in front of the eyes in the 
short form; lateral margin of long form curved, being 
straight only posterolaterally. Paradoublural ridge of short 
form broad, curving backwards from the eye (Fig. 1 38E); it 
is narrower and therefore appears stronger inflated in the 
long form, and runs more straight backward-outwards 
from the eye (Fig. 1 38D) .  

External ornamentation not fully known. Both morphs 
have longitudinal terrace lines laterally on frontal glabellar 
lobe, diverging slightly outwards (3 lines/mm were counted 
on the frontal glabellar lobe in a cranidium 22 mm long 
[short form] ) ,  and transverse lines on anterior and antero
lateral border. A fairly preserved short cephalon also shows a 
few short terrace lines on the outer part of bacculae and 
abundant lines on the border near genal angle; it is unknown 
whether the long form has similar lines. Densely spaced, 
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weakly impressed small pits are randomly distributed all 
over the patches of preserved test on glabella and inside 
paradoublural crest. There is at least one difference in orna
mentation between the two morphotypes: the short form has 
coarse, densely spaced pits on the paradoublural ridge, 
which are not present in the long form. 

No dimorphism recognized for hypostomes. 
Pygidial L:W ratio varies about 20% (Fig. 14 1 ) ;  specimens 

with ratios below 0.6 are referred to as short, those with ratios 
above 0.6 are referred to as long. Pygidium typically subsemi
circular in outline, but some short specimens are transverse, 
and long specimens may have rather straight anterolateral 
margins. Short form has a shorter axis, which tends to appear 
more vaulted, prominent, compared to the seemingly more 
slender, less prominent axis of the longer type, but this 
impression relates to the gross outline of the respective 
pygidia. Short pygidia have only 6 axial rings, the longer 
pygidia 7, in addition to the anterior half-ring and terminal 
piece. Specimens from the lower half of Lysaker Member 
show better defined axial rings than the remaining material, 
but this may relate to preservational differences. Outline of 
postaxial ramp varies, as described for N. imparilimbata, but 
not between morphotypes. Distinctness of pleurai ribs 
ranges from obscure to well-defined, but most specimens 
show fairly developed ribs; segmentation best defined on 
internal moulds, and tends to be more pronounced in late 
specimens. Posterior rib pairs, situated above the doublure, 
are rather indistinct, and the number of ribs may therefore 
occasionally be difficult to verify. It appears, however, that 
long pygidia possesses 5 pairs of ribs, and short specimens 
only 4 pairs of ribs. No differences in the dorsal surface 
ornamentation have been ascertained between the two mor
photypes. Test surface of axis and pleural fields is covered 
with densely spaced small pits; they are much less abound 
and less impressed on the border, being most abundant 
anterolaterally between the terrace lines. 

Affinities. - Niobe (NiobelIa) cf. plana (Balashova) is very 
similar to N. (Niobella ) imparilimbata Bohlin, and these taxa 
should presurnably be separated only at the subspecies level; 
because of the strong resemblance the distinguishing charac
ters are discussed at some length. N. (NiobelIa) cf. plana has 
a shorter frontal area, accounting for only about 0. 1 2--0. 10  of 
the cranidial length, the terrace lines on the frontal glabellar 
lobe are coarser and less dose and diverge but slightly more 
outwards; moreover, terrace lines are present only on the 
forepart of the anterior cephalic border, and they are coarser, 
more continuous and more densely spaced than in N. im
parilimbata. The paradoublural ridge of the long morph of 
N. cf. plana (Fig. 1 38D) is narrower and straighter than in N. 
imparilimbata, which is a useful separating character; the 
paradoublural ridge in the short morph of N. cf. plana (Fig. 
1 38E) resembles that of N. imparilimbata, but the librigena 
of the latter is overall longer. The librigena of N. impari
limbata has fine terrace lines scattered on the lateral border; 
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N. cf. plana shows more coarse terrace lines only along 
margin, and the coarse punctation of the paradoublural 
ridge in the short form of N. cf. plana is not present in N. 
imparilimbata. The cephalic doublure is more strongly con
cave in N. cf. plana and the terrace lines are coarser; 15 lines 
were counted in front of the eye in one specimen, which 
compare to 20-22 in N. imparilimbata. 

The hypostomes of the diseussed speeies are readily sep a -
rated, albeit being grossly similar. N. cf. plana hypostomes 
have an anterior margin with a vague mesial point; anterior 
border virtually absent, anterior wings comparatively nar
rower (tr. ) and less steeply inclined in dorsal direction; 
greatest width is across posterior border; the flat maculae are 
less strongly slanting; premacular pits comparatively small
er, but deeper; posterior lobe of median body rather ill
defined, negligibly inflated and not raised (ventral view) 
above posterior border, separated from this by a wide, very 
shallow furrow. Terrace-line ornamentation unusually 
coarse and is a salient distinguishing feature; 9 lines per 5 mm 
were counted on anterior lobe of median body in a speeimen 
2 1  mm long. 

The best distinguishing character of the pygidia is the 
doublure, which is more concave in N. cf. plana compared to 
N. imparilimbata, and with fewer (and undisturbed) post
axial terrace lines. The different number ofaxial rings (six to 
seven versus seven to eight in N. imparilimbata) is oflimited 
practical value as separating character as the segments gener
ally are indistinct, except on well-preserved internal moulds. 
The pleural ribs of N. cf. plana mostly show pleural furrows 
on the inner part, whereas the ribs of N. imparilimbata have 
broad, flat crests. Both speeies exhibit terrace lines on the axis 
and on the border, but N. imparilimbata also carries lines on 
the anterior two to three pairs of pleural ribs, and the lines on 
the border are finer and seem to be slightly more extensive. 

N. cf. plana is separated from other speeies of Niobella by 
the same characters as stated for N. imparilimbata vs. these 
speeies. 

Remarks. - N. (Niobella) cf. plana, which is quite frequent in 
the M. limbata Zone of the Hukodden Limestone at Slem-

Fig. 138 (opposite page) .  Niobe (NiobelIa) cf. plana Balashova, 1 976. DA. 
Slightly compacted complete speeimen showing external terrace-line pat
tern, x3 (dose-ups shown in 139A-B) .  MGUH 22.594 (A 42) ,  bed M-14, 
Slemmestad. DB. Internal mould of large cephalon, long morph, x2. 
Complete specimen MGUH 22.595 (A 1044), bed M- 1 1 , Slemmestad. De. 
Slightly compacted, partly exfoliated cephalon (short morph), showing 
cutide terrace-line sculpture, x2. MGUH 22.596 (A 1054), bed M-13 ,  
Slemmestad. OD. Fragmentary cephalothorax (long morph), showing 
librigena, x2. MGUH 22.597 (A 1066), bed M- 14, Slemmestad. DE. Partly 
exfoliated cephalon of short morph, showing librigena, x2. Complete 
specimen MGUH 22.598 (A 1067), bed M- 14, Slemmestad. OF. Largely 
exfoliated hypostome, stereo-pair, x2. MGUH 22.599 (A 963) ,  bed M-9, 
Slemmestad. OG. Internal mould of pygidium showing doublure, x2. 
MGUH 22.600 (A 712), bed M-5, Slemmestad. OH. Internal mould of 
pygidium showing doublure, x2. MGUH 22.601 (A 722b), bed M-5, 
Slemmestad. 
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mestad, was undoubtedly included in Niobe 'emarginula '  by 
Brogger ( 1 882) ;  several specimens in the collection of the 
Paleontological Museum, Oslo, are labelled with this name. 
It appears, however, that Brogger's description of N. ' emar
ginula' essentially refers to material of Niobe (Niobe) schmidti 
Balashova. 

Fig. 139. Niobe (NiobelIa) cf. plana Balashova, 1976. OA-B. Close-ups of 
cephalon of speeimen MGUH 22.594 (A 42) (Fig. 138A), showing terraee
line sculpture of frontal area and punctate cuticle of librigena, x6. 
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Fig. 140. Niobe (Niobella) cf. plana Balashova, 1976. DA. Internal mould oferanidium, x2. MGUH 22.602 (A 796),  bed M-7, Slemmestad. DB. Partlyexfoliated 
eranidium showing euticle terraee-line seulpture of glabeIla and anterior border, x3. MGUH 22.603 (A 920) ,  bed M-9, Slemmestad. De. Largely exfoliated 
librigena, x2.5. MGUH 22.604 (A 760),  bed M-6, Slemmestad. OD. Latex east offragmentary hypostome, stereo-pair, showing fine terraee-line seulpture, x2. 
MGUH 22.605, Lysaker Member, Slemmestad. DE. Largely exfoliated late pygidium, showing a eomparatively distinet segmentation, x3. MGUH 22.606 (A 
286), bed A- 1 8, Slemmestad. OF. Pygidium showing the limited distribution of dorsal terraee lines, x2. The speeimen is a typieal representative of short 
morph. MGUH 22.607 CA 1057), bed M-13 ,  Slemmestad. OG. Partly exfoliated large pygidium, typieal representative of long morph, x 1 .5 .  Complete 
speeimen MGUH 22.608 CA 1019) ,  bed M - 1 1 ,  Slemmestad. OH. Internal mould of small, late pygidium, showing a eomparatively distinet segmentation, x5. 
MGUH 22.609 (A 219),  bed A- I l ,  Slemmestad. 

The material of N. plana described by Balashova ( 1976) is 
small, but it is evident from the figured speeimens that the 
pygidial L:W ratiovaries (cf. Balashova 1976, Pl. 38:5, 7 ) .  The 
transverse pygidium illustrated with only 6 axial rings is 
similar to the 'short' type of pygidia from the Oslo region, 
except for a slightly higher number of terrace lines on the 
border. The terrace-line pattern of the frontal glabellar lobe 
appears identical, too (cf. Balashova, 1976, Pl. 38:4b) .  The 

undescribed hypostome figured by Balashova ( 1976, Pl. 
38:8) is also identical to the hypostomes of N. cf. plana in all 
features; especially the coarse terrace-line pattern, the rela
tively small but deep premacular pits, and the insignificantly 
inflated posterior lobe of the median body are important 
points of similarity. N. plana has, however, terrace lines on 
the posterior border of cephalon and barely visible lines 
occur on the pleural fields ofthe pygidium (Balashova 1 976) ,  
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Fig. 141 .  Pygidia of Niobe (NiobelIa) cf. plana. Open symbols represent 
specimens in which either the length or the width could not be measured 
exactly. Ratio between length (sag.) and maximum width plotted against 
pygidial length. 

in contrast to the material at hand. These differences are 
probably not significant for classification, but as the mor
phology of the posterior pygidial doublure in N plana is 
unknown, and as the variation range of N planahas not been 
analysed, it cannot be confidendy determined whether or 
not Niobe cf. plana is identical to N plana (s.str. ) .  The two 
forms are believed identical, and the very minor differences 
are surmised to reflect variations in the environment. 

Niobe (Niobella) Sp. (aff. imparilimbata) 

Material. - Three hypostomata and 4 pygidia. The material 
consists of fragmentary internal moulds. 

List of material. - DHypostomata A 663 (im), A 664 (im), A 725a (im). 
DPygidia A 612 (im), A 675 (im), A 700 (im), A nSb (im) .  

Occurrence. - The speeimens are from bed interval M-2 to 
M-5 of the Hukodden Limestone at Slemmestad (M. simon 
Zone). 

Remarks. - The poorly preserved material undoubtedly rep
resents a large imparilimbata-like Niobe (Niobella) . Hypo
stome A 664 has comparatively large premacular pits and a 
slighdy inflated posterior lobe of the median body, as in N 
imparilimbata, but the surface sculpture, impressed on the 
internal mould, is coarse and similar to N cf. plana (also 
evident in speeimens A 663 and A 725a) . The pygidia are, 
compared to the associated N lindstroemi, large and long, 
but the preservational state precludes further discussion. The 
earliest pygidia, confidendy identified with N cf. plana, were 
found in bed M-5. 
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Niobe (Niobella) laeviceps 
(Dalman, 1 827) 

Synonymy. - (Key papers only) 0 1 827 Asaphus laeviceps
Dalman, pp. 58-59, Pl. 4: 1 a-d (description, occurrence, 
drawings of complete enrolled speeimen) .  01955 Niobe 
laeviceps Dalman - Bohlin, p. 1 50 (short discussion of spe
eies) .  0 1 956 Niobella laeviceps (Dalman, 1 827) - Tjernvik, 
pp. 233-234, Pl. 5 : 1 5-16 [original of Angelin 185 1 ,  Pl. l l : l ]  
(short description, occurrence, illustrations of cephalon and 
pygidium) .  0 1 976 Niobella laeviceps (Dalman, 1 827) - Bala
shova, p. 124, Pl. 3 7: I I  (designation of neotype, brief diagno
sis, occurrence, illustrations of enrolled speeimen [neo
type] ) .  0 1980 Niobella laeviceps (Dalman) - Tjernvik & 
Johansson, pp. 1 77, 194, 202, Fig. 10G-H (occurrence, illus
trations of cephalon and pygidium with thorax) . 

Neotype. - Complete speeimen, chosen and figured by Bala
shova ( 1976, p. 124, P1. 37: l l ) .  

Remarks. -Niobe (Niobella) laeviceps (Dalman) is character
istic of the A. expansus Zone of central Sweden but possibly 
occurs from just below (Tjernvik 1956); it has not been 
proven to occur outside that region. The classical but rather 
poorly known species is in need of a redescription; the 
majority of references to N laeviceps prior to 1955 are incor
rect (cf. Bohlin 1955; Tjernvik 1956) . The distinguishing 
characters of the species are discussed by Bohlin ( 1 955) ,  
Tjernvik ( 1 956) and Balashova ( 1 976). As some of the Dal
man collection is preserved, it is likely that a lectotype can be 
designated to replace the neotype, chosen by Balashova 
( 1 976). 

Gog Fortey, 1 975 

Type speeies. - (OD) Gog catillus Fortey, 1975 .  

Remarks. - Gog is uncommon in Scandinavia and presendy 
known only from the M. planilimbata Zone of Sweden 
(Fortey 1975a, p. 27; Tjernvik 1980, p. 1 85)  and the Komstad 
Limestone. The speeies occurring in the 'Latorp Limestone' 
is still undescribed ( = Niobe? sp. Tjernvik ( 1 956, p. 1 73 ) ;  Gog 
n.sp. ofFortey ( 1 975a, Pl. 4:3». Pygidium no. I sensu Wiman 
( 1 905, p. lO ,  Pl. 2 : 1 3 )  is of the same age, and in all probability 
also belongs to Gog. Fortey ( 1 975a, p. 27) suggested that 
'Pygidium no. l '  may be conspecific with Gogn.sp. , but this 
is not considered likely, as the speeimen is characterized by a 
much narrower (tr.) axis. 

Gog seems to be confined to marginal facies, within Scan
dinavia occurring only in Jamdand (Tjernvik 1980, p. 185)  
and Scania-Bornholm. Gog occurs in nileid biofacies on 
Spitsbergen (Fortey 1980a), and has also been reported from 
NW China (Zhou in Zhou et al. 1982) and Great Britain 
(Thomas et al. 1 984) . Gog is also present in the northem 
Urals ( 'Ogygiocaris' spp. N1-N3, 'Ogygiocaris aff. sarsi' and 
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'Niobe aff. emarginula' sensu B urskij 1970) .  Despite showing 
a slightly different outline of the glabellar musde insertion 
sites, I would also be indined to allocate the Central Asian 
Niobe tenuistriata Chugaeva, 1958 to Gog (but see Fortey 
1975a, p. 3 1 ;  Morris 1988, p. 148) .  

Gog explanatus (Angelin, 1 85 1 )  
Fig. 142 

Synonymy. - Dv 1851  Niobe explanata n.sp. - Angelin, p. 15 ;  
PIs. 1 1 :4; 12 :2  (brief diagnosis, illustrations of cranidium, 
pygidium) .  Dv 1886 Niobe explanata Ang. [partim] - Brog
ger, pp. 50--5 1 ,  Pl. 2:36, 36a; non Pl. 2:35 [= Niobe (N.) 
�ernviki n.sp. ]  (description and illustrations ofhypostome) .  
Dv 1936 Niobe explanataAng. [partim] - C. Poulsen, pp. 49, 
50 (listed) .  Dv 1975a Gog explanatus (Angelin 185 1 )  -
Fortey, p. 27; Pl. 4: 1 ,  2 (discussion of generic assignment, 
illustrations of lectotype cranidium, pygidium) .  

Lectotype. - Cranidium no. Ar 24085, assumed original of 
Angelin ( 1 85 1 ,  Pl. 1 1 :4) ,  designated by Fortey ( 1 975a, Pl. 
4: 1 ) .  The specimen is here refigured on Fig. 142A. 

Material. - Three cranidia (of which one is a tiny fragment) , 
5 hypostomata, and 5 pygidia. 

List of material. - DCranidia F 196 (im) fragment, Ar 24085a (pim) 
[leetotype] , Sk 71 (im) [coll. Uppsala Univ. ] .  DHypostomata F 105 (em) 
[MGUH 22.6 10 ] ,  LV 62 (im) fragment, LU 122 ( im/em) [LO 7 l l 8 ] ,  Ar 
24083 (im), Ar 24095 (im).  DPygidia GM 1885.43 (im) [MGUH 22.6 l l ] ,  
G M  1984. 1804 (im) [MGUH 22.6 12 ] ,  LV 1 0 1  (im) [LO 7 1 10 ] ,  L V  1 1 8 (is) 
[LO 7 l l7 ] ,  F 298 (im). 

Occurrence. - Cranidium F 196 and hypostome F 105 are 
from beds 19-20 of Fågelsång (A. expansus Zone) .  The 
museum specimens studied, except for the GM sample, are 
from the Fågelsång area, and undoubtedly originate from the 
basal part of the A. expansus Zone (bed interval 18-23) .  
Pygidium F 298 was collected from the lowermost limestone 
bed intercalated within the Upper Didymograptus Shale at 
Fågelsång (A. 'raniceps' Zone) .  Pygidium GM 1984. 1 804 is 
from Vasegård, Bornholm; the sample represents the very 
top ofbed + 13 ,  that is, base of the A. expansus Zone. 

Diagnosis. - Glabella broad with trapezoidal anterior lobe; 
anterior margin of cranidium truncate. Facial sutures di
verge strongly in front of eyes; palpebral lobes small. Py
gidium with six pairs of gently curved pleural ribs; pleural 
furrows continue onto border and stop short off outer mar
gin, and are also impressed on the doublure. Dorsal surface 
of cranidium and pygidium covered with numerous coarse, 
discontinuous, irregular terrace ridges. [Emended from 
Angelin 185 1 . ]  

Description. - Large form, largest cranidium (Sk 7 1 )  33 mm 
long, largest hypostome 34 mm long, largest pygidium about 
55 mm long. The damaged lectotype cranidium was origi
nally 50--55 mm long; the specimen shows an original injury 
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in the left side of the anterior cranidial margin (Fig. 142A) . 
Cranidium of low convexity, FW:L ratio ca. 2 :3,  PW:L ratio 
ca. l :  1 .  Glabella (induding occipital ring) roughly of rectan
gular outline, moderately vaulted, and stretches for slightly 
more than 0.9 of the cranidial length; glabellar W:L ratio 
about 2:3 (maximum width).  Glabella expands gently for
wards to attain maximum width immediately in front of 
eyes, a little more than one third of the glabella length 
(induding occ. ring) from its front; the ratio maximum 
glabellar width to PW is ca. 2 :3 .  Minimum glabellar width, 
shortly in front of occipital furrow, is 0.85 of the maximum 
glabellar width. Frontal lobe trapezoidal, delimited by well
impressed axial and preglabellar furrows, whereas the axial 
furrows posteriorly are ill-defined (adjacent to palpebral 
area) or not defined (adjacent to bacculae) .  Glabellar front 
truncate with a small mesial impression. Both specimens at 
hand (internal moulds) show a low mesial swelling or tu
berde a short distance above this basal mesial impression; the 
swelling is rearwards flanked by shallow impressions of ir
regular outline, connected across sagittal line. Four pairs of 
lateral glabellar furrows (Fig. 142B) ,  which probably are 
visible also on testaceous material; no ne of them join across 
glabella. F4 rather inconspicuous, short and shallow, situated 
adjacent to axial furrow immediately in front ofF3. F3 and F2 
well-impressed and quite distinctive. F3 slightly curved, run
ning inwards, gently forwards from immediately in front of 
anterior corner of palpebral lobe. F2 runs inwards, gently 
oblique backwards from a level above the middle of the 
palpebral lobe. F l is less impressed and forms a pair of U
shaped posterior impressions midway up glabella between 
posterior margin of palpebral lobes and mesial glabellar 
tuberde. Fl appears composite, formed by fusion of two 
musde areas. Very small mesial tuberde situated slightly 
more than 0.25 of the glabellar length (induding occipital 
ring) from posterior margin. Occipital furrow almost 
straight and fairly well-impressed throughout; it widens 

Fig. 142. Gog explanatus (Angelin, 185 1 ) .  DA. Largely exfoliated, fragmen
tary leetotype eranidium, x l .5. Ar 24 085, Fågelsång. Probably original of 
Angelin ( 1 851 ,  Pl. l l :3 ) ,  and previously figured by Fortey ( 1 975a, Pl. 4: 1 ) .  
DB-C. Internal mould o f  fragmentary eranidium showing lateral glabellar 
furrows, x2; C dose-up of anterior glabella and part of frontal area 
showing impressions of cuticle ornament, x4. SK 7 1 ,  Fågelsång. OD. 
Latex east of fragmentary hypostome showing cutide terraee-line seulp
ture, x2. MGUH 22.6 10 (F 105) ,  bed 19, Fågelsång. DE. Latex east of 
partly exfoliated hypostome, x2. LO 7 1 1 8  (LU 122) ,  Fågelsång area. OF. 
Internal mould of large hypostome, showing impressions from eutieular 
terrace lines, x2. Previously figured by Brogger ( 1 886, Pl. 2 :36) .  Ar 24 083, 
Fågelsång. OG-I. Internal mould of large pygidium, x2. H-I dose-ups of 
pleurai field and border, showing impressions of euticle seulpture, x4. LO 
7 1 10 (LU 10 1 ) ,  Fågelsång. DJ. Latex east of internal mould of pygidium 
showing doublure, x2. LO 7 1 1 7  (LU l l8) ,  Fågelsång, Ioc. E2 1b. DK. 
Fragmentary internal mould of pygidium, x l .  MGUH 22.6 l l  (GM 
1 885.43) ,  bed + 13, Duegård, Bornholm. DL. Partly exfoliated small py
gidium, x2. MGUH 22.6 12  (GM 1984. 1 804) ,  bed +13 ,  Vasegård, 
Bornholm. 
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slightly abaxially. Occipital ring comparatively wide (sag. ) ,  
sagitally occupying about 0. 15  of  cranidial length; i t  i s  flat 
and level with the rear part of glabella. Frontal area slopes 
gently away from sagittal line. Anterior area of fixigena tapers 
out in posterior direction and stops a short distance in front 
of eye. Palpebral lobes strongly arcuate, very small, slightly 
less than twice as long (exsag.) as broad (tr. ) ,  length (exsag. ) 
equivalent to only about 0.2 of the cranidial length, and 
posterior inner corner is situated about one third of the 
cranidial length from posterior margin. The anterior inner 
corner touches the axial furrow. A rim along outer margin is 
flat; inner part of lobe depressed. Posterior area of fixigena 
slopes gently outwards; it is comparatively broad (exsag. ) ,  
the exsagittal width (middle of  fixigena) is by estimate 
equivalent to about 0.25 of the total cranidial length. Poste
rior border convex, raised slightly above remaining part of 
posterior fixigena. Posterior border furrow wide, well-irn
pressed, straight, and not confluent with occipital furrow, 
but join axial furrow behind the baccula. Bacculae slender, 
elongate, pointing obliquely forward-inward (ca. 35° from 
sagittal line) .  Anterior sections of facial suture diverge in 
front of the eyes, ca. 45-50° from sagittal line, then gradually 
curve forwards, to turn sharply inwards and run almost 
straight adaxially to merge smoothly in front of glabella. 
Posterior section of facial suture sigmoidal (Fig. 142A) . Both 
cranidia available are largely exfoliated, but the mould sur
face shows imprints of terrace lines, or rather, terrace ridges. 
Overall, the cranidial ornamentation is extensive (Fig. 142A
C). The short, irregular terrace ridges are transverse on 
anterior fixigenae and frontal area, oriented largely parallei 
to sagittal line on posterior fixigenae, and basically follow the 
contour on glabella. Small patches of intact test shows that 
the cranidial surface is also covered with small pits; this has 
been verified for anterior fixigena, palpebral lobes and adja
cent part of glabella, bacculae and the major part of posterior 
fixigena. Terrace ridges are absent on the palpebral lobes and 
bacculae, induding adjacent portion of posterior fixigena, 
and in axial, preglabellar, posterior border and transverse 
glabellar furrows; the surface of the latter is, however, irregu
lar, reticulate. 

Librigena unknown. 
Apart from being larger, the hypostome is remarkably 

similar to that of Niobe tjernviki n.sp. ( q.v. ) .  G. explanatus 
differs in possessing a wider anterior lobe of median body, 
the W:L ratio is about 3 :4; the elongate maculae are more 
perfectly oval in outline and strike backward at a lower 
angle to sagittal line ( 1 05° compared to l lOO) . The posterior 
lobe of G. explanatus is subdivided by a shallow mesial 
impression into a pair of gently inflated areas; posterior 
boundary of posterior lobe appears less steep, and the poste
rior border furrow seems to be slightly less impressed. It is 
also suspected that the anterior margin is less strongly 
curved in G. explanatus. No differences in surface sculpture 
have been ascertained. 

Pygidium parabolic in outline, gently vaulted, W:L ratio 
about 1 .8. Axis fairly prominent, moderately arched, delim-
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ited by narrow, shallow, but well-defined axial furrows. Axial 
width at anterior margin accounts for ca. 0.25 of the pygidial 
width. Axis tapers evenly backwards to just in front of termi
nal piece. Behind this level the axial furrows assume a slightly 
convex bracket-shape and run to posterior margin, thus 
giving the axis an infundibular appearance. Postaxial ramp 
descends rapidly, but has a positive relief even on the border. 
Eight axial rings present in addition to anterior articulating 
half-ring and the prominent, evenly rounded terminal piece, 
separated by undulating well-irnpressed ring furrows. Six 
pairs of wide pleural ribs in addition to anterior half rib, are 
separated by well-irnpressed, rather wide interpleural fur
rows, which continue onto the border to stop short off 
pygidial margin. The furrows are backward-deflected dis
tally. Border wide, defined essentially by a change of slope, 
although a shallow, wide, discontinuous border furrow 'ter
minates' the pleural ribs. Border flat, sloping gently towards 
outer margin, crossed by the continuations of the pleural and 
axial furrows. Maximum border width attained 
anterolaterally at level with the second pair of ribs, minimum 
width, corresponding to about 2/3 of maximum border 
width, attained postaxially. Articulating facets not visible. 
Doublure rather wide, gently concave, almost flat; inner 
margin shows moderately deep V -shaped axial embayment. 
The furrows of the border region are traceable on the 
doublure as very wide, indistinct impressions (Fig. 142J) . 
Inner limit of doublure gently scalloped. 

Dorsal surface sculpture consists of densely spaced, rather 
coarse terrace ridges on the border, running subparallel to 
outer margin, whereas more irregular, discontinuous, 
crudely semi-circular terrace ridges occur on the pleural ribs 
(Fig. 142H-I) ;  no ornamentation is seen in the furrows. 
Discontinuous, irregular, predominantly longitudinal ter
race ridges are present on the axial rings, associated with 
small pits. The doublure is covered with coarse, continuous 
terrace lines. One specirnen has 25-26 lines behind the axis 
(sag. ) ,  induding the upturned inner edge of doublure. 

Affinities. - G. explanatus is distinguished from G. catillus by 
a broader glabella, trapezoidal anterior glabellar lobe, trun
cate anterior margin of the cranidium, and shorter pregla
bellar field; the hypostome has a less curved anterior margin, 
less backward striking maculae, a stronger inflated posterior 
lobe of median body, more crest-like lateral borders stretch
ing further forwards, a deeper posterior mesial notch and 
therefore a more bilobate posterior border; the pygidium 
possesses only six pairs of pleural ribs, the distal parts of the 
pleural furrows are less backward-deflected on the border 
area, the paradoublural line is inconspicuous, and the dorsal 
terrace ridges are fewer, coarser and more irregular. 

The poorly known unnamed speeies occurring in the M. 
planilimbata Zone of the 'Latorp Limestone' ( Gog n.sp. 
Fortey, 1975a, Pl. 4:3) seems at least to have more than six 
pairs of pleural ribs in the pygidium. 

The pygidium figured by Wirnan ( 1 905, Pl. 2 : 1 3 )  differs 
from G. explanatus by having a slender axis and eight or nine 
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pairs of pleural ribs, besides being very broad (tr. ) (which, 
however, may relate to compaction) . 

Remarks. -Niobe explanata was established on material from 
Fågelsång (Angelin 1851 ,  p. 15 ) ,  which most likely had been 
collected from the basal part of the A. expansus Zone. 

Brogger ( 1 886, p. 50; Pl. 2:35-36) figured two hypostomes 
from Fågelsång, attributed to 'Niobe' explanata. One ofthem 
(Brogger 1886, Pl. 2:36; refigured on Fig. 142F) actually 
belongs to G. explanatus, while the other (Brogger 1886, Pl. 
2 :35; refigured on Fig. 129E) is assigned to Niobe tjernviki 
n.sp . .  

The posterior mesial notch of the hypostome is  distinctly 
deeper in G. explanatusthan in the G. catillus, and it appears 
that there is a trend within Gogtowards a deeper hypostomal 
notch during evolution, just as seen in Niobe and Niobella. 
The hypostome of G. explanatus also deviates bynot showing 
obliquely backward striking macular surfaces. In these re
spects the diagnosis of Gog should be modified (cf. Fortey 
1975a, p. 22) .  

N explanata, listed by C .  Poulsen ( 1936) from Bornholm, 
indudes N imparilimbata, Gogcf. explanatus (see below) as 
well as a single specimen of G. explanatus. 

Gog cf. explanatus 
Fig. 143A-B 

Synonymy. - Dv 1936 Niobe explanata Ang. [partim] - C. 
Poulsen, pp. 49, 50 [material from 'Umbonata' limestone = 

Niobe (Niobella) imparilimbata Bohlin] (listed) . Dv 1936 
Niobe n.sp. - C. Poulsen, p. 49 (listed) . 

Material. - One fragmentary cranidium, 4 pygidia. 

List of material. - DCranidium F 17 (im) fragment. DPygidia 5 1299 (c) 
[MGUH 22.6 1 3 ] ,  K 992? (c) ,  GM 1 885.43 (im), GM 195 1 .4 1  (c) [MGUH 
22.6 14] . 

Occurrence. - Cranidium F 1 7  is from bed l ,  Fågelsång, 
pygidium S 1299 is from bed +7, Skelbro, and pygidium K 
992 is from bed + 1 7, Killerod; all of these beds are within the 
M. limbata Zone. Pygidium GM 195 1 .4 1  comes from Skel
bro, Bornholm. The lithology is rather distinctive and leaves 
little doubt that the sample represents the basal part of bed -
10,  which belongs to the lower part of the M. simon Zone. 
Pygidium GM 1885.43 from St. Duegård, Bornholm, cannot 
be assigned to level. 

Remarks. - The poorly preserved specimens show dose re
semblance to G. explanatus, but the pygidial axial rings are 
less backward-curved mesially, and the surface sculpture 
consists of fewer, but more regular terrace ridges. Further
more, there seems to be an extra, very short posterior pair of 
pleural ribs dose to the axis. Cranidium F 17  is only a small 
fragment of the inner part of posterior fixigena. Compared 
to Gog explanatus the baccula is dearly narrower and more 
inflated. 
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Fig. 143. Gog cf. explanatus (Angelin, 1851) .  DA. Corroded pygidium, x2 .  
MGUH 22.6 1 3  (5 1 299), bed +7,  5kelbro. DB.  Corroded pygidium, x2 .  
MGUH 22.614 (GM 1951 .41 ) ,  5kelbro. 

Pygidia GM 1885.43 and GM 195 1 .4 1  were listed as 
Niobe n.sp. and Niobe explanata, respectively, by C. Poul
sen ( 1 936) 

Family Nileidae Angelin, 1854 

Genus Nileus Dalman, 1827 

Type species. - Asaphus (Nileus) armadilloDalman, 1827 (SD 
Hawle & Corda 1847) . 

Material of NILEUS. - 123 complete specimens, 55 cephala, 
452 cranidia, 1 5 1  juvenile cranidia, 6 librigena, 568 pygidia 
and 338 juvenile pygidia (induding 187 transitory pygidia) ,  
of  which 7 complete specimens, l cephalon, 38 cranidia, and 
37 pygidia are too badly preserved to be identified at the 
species level. Another I l  juvenile cranidia and 20 juvenile 
pygidia cannot be assigned to species, because of the lack of 
adult characteristics. More than 100 nileid hypostomes, in
duding Nileus as well as Symphysurus, will be the subject of 
future studies. 
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General description, including remarks on taxonomic charac
ters. - The basic morphology of the various nileid species is 
very uniform. The following detailed general description 
serves to avoid recapitulations. 

Nileus is a small to medium-sized, opisthoparian, iso
pygous genus; total length of adults in the range of 20- 1 1 0  
mm. Dorsal exoskeleton subelliptical in outline; cephalon 
usually occupies about or slightly less than 0.3 of the body 
length (dorsal projection) , thorax about 0.45-0.50 and py
gidium about 0.25. Skeleton tapers slightly backwards, and 
pygidial width is about 0.8 of the cephalic width. Enrolment 
sphaeroidal (sensu J. Bergstrbm 1973) .  External side of exo
skeleton rather smooth; internal side shows more ridges and 
furrows, produced by thickening and thinning of the test. 
Most features such as axial furrows, occipital furrow, py
gidial axial segments etc. are more conspicuous on internal 
moulds and often have no external expression. 

Cephalon reniform to semicircular in outline, 1 . 5-2 times 
as wide as long, and fairly convex (both ways) .  Frontal area 
extremely narrow, consisting of the narrow border only, 
defined by a change of slope and typically formed by the 
librigenae alone; no border furrows or preglabellar furrow 
developed. In a few species a narrow, flattened anterior fringe 
of cranidium is less sloping and joins anterior border. Gla
bella very wide, gently arched (tr. ) with a varying sagittal 
convexity between species. Glabella usually longer than 
bro ad, slightly tapering in forward direction to front of eyes, 
then expands to a more or less rounded front parallel to 
anterior cephalic margin. Central part of glabella, between 
palpebral areas, may be roughly rectangular, subquadratic, 
or slightly rounded; the outline is a useful taxonomic charac
ter. Axial furrows, delimiting glabella from palpebral lobes, 
typically wide and shallow on testaceous material, if not 
effaced, more distinct on internal moulds, but may rarely be 
absent there as well. The furrows are, however, typically 
augmented by a change of slope between glabella and palpe
bral areas. They run downwards inside eye anteriorly and 
posteriorly to connect with furrow at base of eye sode. A 
small mesial tuberde, situated posteriorly on glabella, is 
present on internal moulds; the tuberde is difficult to recog
nize on testaceous material if not indicated by colour differ
ences. Lateral glabellar furrows absent; three to five pairs of 
faint impressions, representing musde insertion sites, are 
occasionally defined on internal moulds. Internal moulds 
normally show an indistinct sagittal keel, running from 
tuberde to stop about 0. 15-0.20 of the cranidial length from 
anterior margin. Occipital furrow usually effaced on testa
ceous material; internal moulds show a mesial expansion 
flanked by a pair of musde insertion sites. Occipital ring is in 
most species defined exdusively on internal moulds; it is very 
short (sag. ) ,  consisting only of the raised posterior margin, 
and, in fact, rather represents an articulating half-ring than a 
true occipital ring. Anterior area of fixigena not defined, as 
axial furrow does not continue forwards. In a few species the 
facial suture runs very shortly anteriorly-inwards from the 
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palpebral lobe, beforejoiningthe axial furrow, and a diminu
tive triangular area may thus be present immediately in front 
of palpebral lobe, i.e. an 'anterior fixigena'. Palpebral area 
flat, or, usually, gently convex (tr. ) ;  palpebral lobe pro
nouncedly arcuate. Maximum cranidial width is across pal
pebral lobes. Short (tr. ) ,  narrow (exsag. ) posterior area of 
fixigena confluent with glabella; length (exsag.) equivalent to 
about 0. 1 5  of the cranidial length; it is more or less indined 
downwards and the distal tip points slightly backwards. 
Posterior border very narrow, vaguely defined only by a 
slightly different slope, and the term posterior border is 
generally not used. Posterior margin of occipital region 
straight, but an indistinct axial socket, moderately incised in 
a few species, is situated level with posterior corner of palpe
bral lobe; the margin turns slightly obliquely backwards 
abaxially to socket. Anterior branches of facial suture run 
from palpebral lobes, inside the eye-Ienses, diverging more 
or less strongly in front of eyes to turn adaxially dose to 
anterior margin, and then run adjacent to anterior cephalic 
margin. Anterior branches merge smoothly or meet more or 
less angularly; the outline is a useful taxonomic character. In 
N. armadillo and N. orbiculatoidesthe anterior margin shows 
a characteristic small mesial protuberance, referred to as the 
anterior mesial boss. Posterior branches of facial suture run 
from palpebral lobes and obliquely backwards-outwards; 
they may be straight or gently sigmoidal. 

Holochroal eye comparatively very large, semicircular, 
with well-developed eye sode. Slender anterior continuation 
of librigena forms, sometimes together with flattened ante
rior cranidial margin, a verynarrow concave anterior border. 
Lateral border widest at anterolateral part of eye, thence 
tapers rearwards and does not reach genal angle. Librigena is 
therefore convex posteriorly, but the degree of convexity 
varies between species. Posterior border not defined. Genal 
angle normally spineless, rounded, but genal spines have 
been reported in juveniles of some species (e.g. , Tjernvik 
1956) .  

Surface sculpture of cephalon variable. The test is mostly 
smooth or provided with more or less indistinct min ute pits, 
which may be present all over or only cover parts of cepha
lon, and then predominantly the palpebral lobes and poste
rior portions of librigenae. This appears not to be a useful 
taxonomic character. Only a few species carries terrace lines 
on cephalon. Well-preserved cephala of most species show a 
'wrinkled' pattern along sagittal line, produced by an uneven 
test surface; rarely other areas, corresponding to musde 
insertion sites, are 'wrinkled' as well. The wrinkling probably 
formed by musde action while the test was still soft during 
and immediately after exuviation. 

Cephalic doublure strongly concave, except mesially, 
where inner margin is down-flexed, forming a socket for 
hypostome, and posteriorly, along posterior margin oflibri
gena, where the doublure is flattened and 'pleura-shaped', 
forming a stopping device for the first thoracic segment; the 
posterior flattened part stretches inwards almost to the inter-
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section of facial suture with posterior margin, and is sepa
rated by a marked, transverse crest from the concave anterior 
part (Fig. 149B) . Maximum doublural width is sagitally, 
where it stretches below about one third of the cephalic 
length; minimum doublural width is dose to posterior mar
gin in front of flattened part, there extending inwards for 
about 0.2 times the cephalic width in total (tr., both sides) .  
Laterally the doublure touches outer eye-Ievel. I t  i s  covered 
with coarse, continuous terrace lines, running largelyparallel 
with outer margin. 

Hypostome not yet studied; see Bragger ( 1 886), Lind
stram ( 190 1 )  and Schrank ( 1 972) .  

Thorax almost parallel-sided, slightly tapering backwards, 
consisting of eight segments; some North American species, 
however, possess only seven segments (see, e.g., Whittington 
1963) .  W:W (tr. ) and L:L (sag.) ratios ofposteriorvs. anterior 
thoracic segment are about 0.8-0.9 and 0.6-0.7, respectively. 
Moderately convex axis set offby flanking articulating pro
cesses and sockets, and by a 'pseudo' axial furrow, produced 
by short pleural furrows on each segment, running obliquely 
outwards-backwards from axial articulating furrow to stop 
about 0.25 of pleural width (tr. ) from axis. Axis very wide, 
occupying about or slightly more than half of thoracic width; 
it is typically widest on the third segment and tapers very 
slightly in both directions, most so backwards. Pleurae gently 
convexwith truncate extremities and well-developed articu
lating facets. Thoracic skeleton shows several ridges and 
furrows on ventral side, particularly in the axial region, 
produced by thickening and thinning of test; axis is smooth 
on external side. Each segment has, when exfoliated, a pair of 
transversely elongate crescentic swellings laterally on axis, 
whose inner parts undoubtedly were sites of musde inser
tion. Deep articulating furrow developed anterior to swell
ings, delimiting a very narrow (sag. ) articulating half-ring. 
Articulating furrows continue laterally into deep pleural 
furrows, running outwards-obliquely backwards, to stop at 
paradoublural line. These furrows are usually visible also on 
testaceous material, although less deep than on internal 
moulds. 

Thoracic test surface mostly smooth with only a few, well
impressed transverse terrace lines on axis and pleurae; ar
ticulating facets always provided with numerous, fine terrace 
lines, running obliquely downwards-outwards. 

Thoracic doublure wide, stretching inwards for about 0.75 
of the pleural width (tr., in dorsal projection) ; a low crest 
(panderian protuberance sensu Hupe 1954) crosses doub
lure diagonally from anterior margin and obliquely back
wards, forming a stopping device for the succeeding thoracic 
segment. Doublure covered with terrace lines, arranged in an 
outwards directed herringbone pattern along the crest; no 
panderian openings. 

Spineless pygidium semicircular to semielliptical in out
line, almost twice as wide as long, L:W ratio normally about 
0.55-0.60. Pygidium gently to moderately convex (both 
ways) with rounded anterolateral corners. Axis mostly 
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poorly outlined on testaceous material, sometimes indistin
guishable, internal moulds normally show a fairly defined 
axis, but a few species have a nebulous axis even on internal 
moulds. Axis stretches for about 0.6 of the pygidial length 
and is strongly tapering, hence the outline is more or less 
triangular. Axial furrows effaced externally, or nearly so, 
internal moulds commonly show wide and shallow, rather 
indistinct furrows. There are three to five axial rings in 
addition to terminal piece; segmentation typically outlined 
by lateral swellings, while sagittal part ofaxis is smooth. Deep 
anterior transverse axial furrow always defined on internal 
moulds (effaced or nearly so on testaceous specimens) ,  de
limiting very short (sag. ) articulating half-ring, which con
sists only of the raised anterior margin. Transverse furrow 
continues laterally into pleural furrow, running outwards to 
stop at paradoublural line, that is, dose to inner termination 
of articulating facets; furrow occasionally faintly defined also 
on testaceous material. Apart from this furrow, the pleural 
fields arewithout ribs or furrows. Articulating facets elongate 
triangular, well-developed, adaxially flanked by a pair of 
inconspicuous articulating processes, best seen on internal 
moulds. A concave border, less indined than pleural fields, is 
often present. It is defined only by a change of slope and is not 
delimited by a border furrow. Width and degree of convexity 
are varying, and some species lack a border, which, though, 
should not be given much weight in taxonomy, as the condi
tion border/no border occasionally varies even within a 
species (e.g., Nileus latifrons n.sp . ) .  

Pygidial doublure very wide, absent only below axial re
gion and anterior pleural furrow; it is typically strongly 
concave, with a gently upturned inner margin around tip of 
axis, and slightly downflexed anterolateral corners below 
articulating facets. Doublure covered with coarse, continu
ous terrace lines, roughly following the doublural contour, 
turning outwards along anterior margin. Most species have 
14-22 lines, but a few show a different number. 

Pygidia may or may not carry external terrace lines, this is 
a feature of prime taxonomic importance. Some species also 
exhibit a delicate pitting of test. Three basic types of pygidial 
terrace-line patterns are distinguished: 

'e.xarmatus-type': test surface almost smooth with only a 
few terrace lines situated along anterior margin and on 
anterolateral part of border 

2 ' orbiculatoides-type': like 'e.xarmatus-type', but widely 
spaced terrace lines are present also on pleural fields and 
at times on the entire border 

3 'depressus-type': densely spaced terrace lines cover entire 
pygidium, ±the axial area. The latter condition appar
ently related to environment and is of no importance for 
dassification. 

Juveniles. - Cranidia less than 4 mm long are usually of low 
convexity (sag. ) ,  slightly longer than wide, with a compara
tively strongly rounded anterior margin; glabella 1 5-20% 
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longer than in adults; no axial furrows defined. The cephalic 
elongation affects all ratios measured relative to the sagittal 
length. Cranidia about 4-5 mm long are less elongate, but 
still more so than adults; the smallest fully adult cranidia are 
typically about 5-7 mm long. 

In a few species, notably N. armadillo, cranidia less than 3 
mm long are quite strongly convex both ways, highest at 
glabellar tubercle, assuming a 'humpbacked' appearance. No 
axial furrows developed, anterior margin rounded and pos
terior fixigenae pointed downwards, so these small speci
mens are grossly spherical. 

Tinypygidia, 1 . 1-1 .5  mm long, are quite convex (sag. ) and 
lack a concave border; axis is narrow, long, and anteriorly 
provided with a well-defined articulating half-ring, project
ing in front of pygidial margin. These transitory pygidia, 
referred to as growth stage A, appear to have only one 
unreleased segment. Doublure much narrower than in 
adults. 

Transitory pygidia, 1 .6--2.0 mm long, resemble group A 
pygidia, but have a well-defined concave border, presumably 
two unreleased anterior segments, and no forward-protrud
ing half-ring. Doublure wider than in preceding stage. This 
growth stage is termed B. 

A suite of similar-looking transitory pygidia with three, 
two, and one unreleased anterior segment(s) ,  is termed 
stages C, D, and E, respectively. Group C pygidia are usually 
about 2-2.5 mm long, and have a concave, wide border, a less 
conspicuous, but still slightly raised axis, without a well
marked articulating half-ring. Dorsal surface smooth except 
for a few transverse terrace lines outlining the unreleased 
segments. Group D and E transitory pygidia with two and 
one unreleased segments are generally about 2.5-3.5 and 3-
4 mm long, respectively, and fairly closely resembles the 
transitory pygidia of stage C. In all transitory pygidia, except 
for stage A, the unreleased segments are best seen on intern al 
moulds, where they are outlined by well-defined axial rings, 
pleural furrows (proximally, inside doublure) and faint 
interpleural furrows (distally, above doublure) .  

Some unusually large representatives of stages C,  D and E 
appear to represent specimens in which the anterior segment 
did not detach during moulting, which applies to 16 or 1 7  
out of  187 transitory pygidia. These specimens are impor
tant, as they suggest that only one segment was released 
during each meraspid molting. 

Small holaspid pygidia, 3 .5-5 mm long, may differ from 
larger adults by the lack of a fully developed terrace-line 
pattern and by having a more or less well-defined concave 
border, which eventually may disappear in the fully adult 
specimens. 

In species with a 'depressus-type' terrace-line pattern in the 
adult stage, terrace lines occasionally appear on the pleural 
fields of stage E transitory pygidia, and then typically ar
ranged in a ' orbiculatoides-type' terrace-line pattern. How
ever, the 'depressus-type' and 'orbiculatoides-type' terrace
line patterns mostly do not appear before in the first or 
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second holaspid instar, and it is generally impossible to refer 
isolated juvenile pygidia to species. 

Remarks on Baltoscandian speeies. - The vertical distribution 
of Baltoscandian species is shown in Fig. 144. 

Nileus armadillo was previously a collective label for most 
Baltoscandian representatives of Nileus (cf. Angelin 1851 ;  
Volborth 1863; Tornquist 1 884; Moberg 1 890; Schmidt 
1904; Wiman 1904; Moberg & Segerberg 1906; C. Poulsen 
1936; Skjeseth 1952, and others) ;  Tjernvik's ( 1 956) brief 
description heralded a more restrictive interpretation of the 
species. Besides N. armadillo only a few other Baltoscandian 
species and so-called variants were defined before the turn of 
the century, namely Nileus chiton Pander, 1 830, Nileus arma
dillo var. depressus (Boeck, 1838) ,  Nileus armadillo var. ob
longatus (Boeck, 1838) (here synonymized with N. arma
dillo) , Nileus limbatus Brogger, 1 882, and Nileus armadillo 
var. cornutus Moberg, 1 892. Nileus? lineatus Angelin, 1 854 
was transferred to Diaphanometopus Schmidt by Wiman 
( 1 906b) ,  and Asaphus (Nileus) palpebrosus Dalman, 1 827 
was relocated to Symphysurus by Barrande ( 1852) .  

N. armadillovar. depressuswas described in some detail by 
Brogger ( 1 882), but has since then been mentioned only 
cursorily (Schrank 1972; Fortey 1975a) , distinguished solely 
by size difference (e.g., Tullberg 1882) or synonymized with 
N. armadillo (e.g., Tornquist 1884; Schmidt 1904; Moberg & 
Segerberg 1906) . N. depressus is here redescribed, based on 
material collected at Slemmestad, and it is concluded that N. 
depressus (5. 1. )  lately has been referred to as N. glazialis 
(Fortey 1975a; Tjernvik 1980) .  Three new subspecies are 
described, N. depressus schranki n.subsp., N. d. serotinus 
n.subsp. and N. d. parvus n.subsp. 

N. chiton has usually been cited as a synonym of N. arma
dillo (see Schmidt 1904; Balashova 1976), but this interpreta -
tion is unlikely, as that species apparently does not occur in 
the eastern Baltic area. However, the definition of N. chiton is 
vague (restricted to conditions regarding the thoracic articu
lation and the outline oflibrigena) , and cannot serve as basis 
for identification of new material, and the original illustra
tions are poor (Pander 1 830, pp. 132-133 ,  Pls. 4-C: 12;  5 : 1 a
c) .  The steep librigena may point to an identification with N. 
depressus, but the pygidium is stated to be smooth (Pander 
1830, p. 1 32) ,  and the transverse cephalic convexity is high 
according to the figures (Pander 1 830, Pl. 5: 1a) .  The name 
Nileus chiton Pander, 1830 must therefore be declared a 
nomen dubium. According to Vogdes ( 1 925) the Pander 
fossil collection was lost in a fire. 

N. armadillo var. cornutus Moberg, 1 892, characterized by 
the presence of genal spines (Moberg 1 892b, p. 3, footnote), 
is a nomen nudum. Funkquist ( 19 19,  p. 39) listed this so
called variant from the Komstad Limestone ( ?  lapsus calami) 
as well as from the overlying beds at Tommarp (of Llandeilo 
age) .  It is suspected that the peculiar cranidium figured by 
Funkquist ( 1 9 19,  Pl. 2:4) , identified as N. armadillo, may 
represent N. cornutus. It appears possible that the species 
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belongs to a new genus. No resembling material has been met 
with during the present study. 

Nileus limbatus is fairlywell-known from the descriptions 
published by Brogger ( 1 882), Tjernvik ( 1956, 1 980), and 
Schrank ( 1 972) ;  the latter author designated a lectotype. 

N. orbiculatus is a rare small species, described by Tjernvik 
( 1 956) and Schrank ( 1 972) ;  it is known only from the basal 
Billingenian 'Transition beds'. N. orbiculatus sensu Bala
shova ( 1 976) ,  reported from a somewhat higher level, ap
pears wrongly identified. 

Schrank ( 1972) described N. platys and N. globicephalus 
from stratigraphic levels well above the Komstad Limestone; 
the former of these was divided into two subspecies, N. p. 
platys and N. p. stigmatus. 

For the most recent review of non-Scandinavian nileids, 
see Fortey ( 1975a) . To his list of species should be added 
N. armadillo expansus Gortani, 1 934, N. elegans Xiang & Ji, 
1 988, N. exarmatus obsoletus Chang & Fan, 1960, N. fen
xiangensis Xiang & Zhou, 1987 [however, hardly a Nileus! ] ,  
N. huanghuachangensis Xia, 1978, N. huanxianensis Zhou 
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N. /imbatus Brogger, 1 882 

N. orbiculatus Tjernvik, 1 956 

N. exarmatus Tjernvik, 1 956 

N. orbiculatoides Schrank, 1 972 

N. depressus glazialis Sch rank, 1 973 

N. sp. B 
N. depressus schranki n . subsp. 

N. planiceps n.sp .  

N. depressus subsp.  A 
N. depressus serotinus n .subsp. 

N. depressus depressus (Boeck, 1 838) 

N. implexus n.sp .  

N. armadillo (Dal  man,  1 827) 

N. latifrons n.sp .  

N. depressus parvus n . subsp. 
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in Zhou et al., 1982, N. kasachstanicus Koroleva, 1982, N. 
klimoliensis Lu in Lu et al., 1 976 N. liangshanensis Lu, 1975, 
N.? luoxuensis Li & Xiao, 1984, N. malayensis Kobayashi & 
Hamada, 1978, N. petilus Xia, 1978, N. rugosus Xia, 1978, 
N. sanduensis Yin in Yin & Li, 1 978 [hardly a Nileus! ? Poro
nileus] , N. shibingensis Yin in Yin & Li, 1 978, N. sym
physoides Lu, 1975, N. teres Tripp, 1 976, N. transversis 
Koroleva, 1982, N. transversus Lu, 1975, N. xilingxiaensis 
Xiang & Zhou, 1987, N. walcotti Endo, 1 932 and N. 
yichangensis Xiang & Zhou, 1 987; the list is probably not 
complete. 

Remarks on the phylogenetic relations of Scandinavian species of NILEUS 
The phylogeny of Nileus has been briefly discussed by 
Schrank ( 1 972, pp. 352-354) and Tjernvik ( 1 980; personal 
communication, 1983, see Fig. 146), and the issue is of 
utmost relevance in a stratigraphical context. The present 
sketchy interpretation is summarized in Fig. 145. 
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Fig. 144. Stratigraphical distribution of Baltoscandian species of Ni/eus (incIudes data from Tjernvik 1956, 1980; Schrank 1 972).  
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Fig. 145. Hypothesis of phylogenetie relations between Baltoseandian spe
eies of Ni/eus (includes data from Tjernvik 1956, 1980; Sehrank 1972) .  

I am confident that the inferred lineages N. limbatus - N. 
exarmatus and N. orbiculatoides- N. armadillo are correct, as 
the respective couplets of species are very similar. It is likely 
that the armadillo line was continued by the comparatively 
large-sized N. platys and N. globicephalus, as suggested by 
Schrank ( 1 972) .  The plexus of N. depressus subspecies is also 
believed closely related, but details are obscured by the inter
play between evolution and environmental influence (eco
phenotypes) ,  which needs clarification. This is also the case 
for N. orbiculatoides. The remaining relationships indicated 
in Fig. 146 are uncertain (and based mainly on stratigraphic 
reasoning) , including whether N. orbiculatoides and/or N. 
depressus originated from N. exarmatus, as inferred by Tjern-
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vik ( 1 980, p. 203; Fig. 145) . The process of drawing infer
ences is much hampered by the lack of detailed knowledge of 
Baltoscandian nileids in general, but a parochial 'Scandina
vian approach' is also hazardous since Nileus is a widespread 
genus. A large scale revision is, however, beyond the scope of 
the present paper. 

Schrank ( 1 972, pp. 352-354) mentioned N. orbiculatus in 
conjunction with the later N. orbiculatoides and N. ' lineatus' 
[= glazialis, Schrank, 19731 as a branch of Nileus character
ized by an increasing terrace-line coverage of the pygidium 
and with an occasionally poorly defined or absent pygidial 
border. This interpretation was rejected by Tjernvik ( 1 980, p. 
203 ) .  The holotype of N. orbiculatus (see Tjernvik 1956, Pl. 
2:22), which is an internal mould, show shallow imprints of 
terrace lines, and a major portion, or all, of the cephalic 
surface appears to have been terrace-line covered (the speci
men has been examined) . This condition may in fact point to 
a relationship to N. depressus [ = ' lineatus' Schrank l .  

Tjernvik ( 1 980, p .  203) distinguished two forms of N. 
orbiculatoides, an early, called N. exarmatus orbiculatoides 
n.sp. or subsp. and a late, referred to just as N. orbiculatoides. 
It appears, however, that N. 'exarmatus orbiculatoides' occurs 
throughout the M. polyphemus and M. simon Zones of the 
Komstad Limestone, hence it is more likelythat the apparent 
gradual evolution within N. orbiculatoides of central Sweden 
reflects environmental changes, and N. 'exarmatus orbicula
toides' and N. orbiculatoides sensu Tjernvik are here inter
preted as ecophenotypes. 

As remarked above Nileus armadillo is most likely a de
scendant of N. orbiculatoides, an inference based on their 
grossly identical basic morphology, the rather similar exter
nal terrace-line patterns, and especially the shared presence 
of a mesial cranidial boss. Tjernvik ( 1 980, p. 202) suggested 
N. armadillo to be derived from a form called Nileusn. subsp. 
(aff. N. armadillo) [= Nileus exarmatus n.subsp. Tjernvik 
1 980, p. 192 ] ,  characterized by a broad, almost quadratic 
glabeIla and smaller size than N. armadillo. In the absence of 
a more detailed description the form cannot be evaluated. 

Another lineage of Nileus is represented by the N. depres
sus subspecies (attributed to N. glazialis by Tjernvik 1980) . 
The earliest Scandinavian representatives of the N. depressus 
group appear just below the M. estonica / M. polyphemus 
Zonal boundary; various subspecies then range upward into 
the A. expansus Zone. N. depressus reappears at higher levels 
(Wandås 1984; see also discussion herein of N. depressus 
depressus) . It is possible that N. depressus originated from N. 
exarmatus, as believed by Tjernvik (personal communica
tion, 1983; see also Tjernvik 1980, p. 203) ,  but if the species 
group is pandemic, a larger scale analysis is needed. Tjernvik 
( 1 980) discerned three subspecies of N. glazialis [here as
signed to N. depressus] , assumed to represent an evolution
ary lineage, and considered useful for stratigraphy (cf. Fig. 
146) . However, the ranges within the Slemmestad section of 
N. depressus glazialis [= N. glazialis subsp. 1 sensu Tjernvikl 
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Fig. 146. Hypothesis of phylogenetic relations of Baitoscandian speeies of 
Nileus according to Tjernvik (personal communication, 1 983) .  Redrawn 
from unpublished figure made by Tjernvik, slightly modified according to 
Tjernvik ( 1 980). N. glazialis subsp. l was reported only from the M. 
polyphemus Zone by Tjernvik ( 1 980),  which, however, is a matter of 
subspecies definition. 

and N. depressus subsp. A [ = N. glazialis glazialis sensu Tjern
vik] differ from those seen in central Sweden (Figs. 145 vs. 
146), hence N. depressus glazialis and N. depressus subsp. A 
more likely represent ecophenotypes rather than chrono
subspecies. This deduction is further supported by unpub
lished information on a complex intermingiing between the 
two subspecies in the Lanna section (Tjernvik, personal 
communication, 1983, see discussion of N. depressus glazialis 
for details ) .  N. depressus depressus [= N. glazialis subsp. 2 
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sensu TjernvikJ , which turns up at the base of the M. limbata 
Zone at Slemmestad, is treated as a chronosubspecies of N. 
depressus glazialis, but may, in fact, merely represent another 
ecophenotype. 

The suite of N. depressus subspecies occurring in mainland 
Sweden is not present in the Komstad Limestone. Here N. d. 
serotinus n.subsp. appears in the upper part of the M. simon 
Zone, but has its main occurrence in the middle part of the 
M. limbata Zone. The new subspecies is very similar to N. 
depressus depressus, and is almost certainly a dosely related 
Scanian counterpart (ecophenotype? ) .  N. depressus schranki 
n.subsp. is common in the Komstad Limestone and occurs 
from the lower part of the M. polyphemus Zone and weU into 
the M. limbata Zone. It is regarded as a sister group to the N. 
depressus glazialis / depressus line, and N. d. depressus, N. d. 
glazialis, N. d. serotinus n.subsp. and N. d. subsp. A are 
probably mutually doser related than to N. d. schranki 
n.subsp. A third new subspecies, Nileus depressus parvus n. 
subsp. ,  has been found only in one bed near the base of the A. 
'raniceps' Zone at Killerbd. It is almost certainly related to the 
somewhat younger Nileus sp. sensu Wandås ( 1 984) . 

A problematie nileid, referred to as Nileus sp. B, occurs 
solely at the very base of the M. polyphemus Zone at Skelbro. 
The cranidium of sp. B is extremely similar to the early 
representatives of N. d. schranki n.subsp. ,  while the thorax 
and pygidium resemble N. orbiculatoides. This early 'hybrid' 
superficially looks like a 'missing link' between N. orbicula
toides and N. depressus, which, though, is hardly the case. 
Nileus sp. B is believed to represent a shallow-water eco
phenotype of N. d. schranki n.subsp. (for details, see discus
sion of sp. B) .  

A coroUary of the N. depressus phylogeny outlined above is 
that presenee or absenee ofpitting on the cranidium are of no 
phylogenetic significance. Thus N. depressus schranki 
n.subsp. and N. depressus depressus both have pitted test; 
neither N. depressus glazialis, supposed ancestor of N. depres
sus depressus, nor N. depressus serotinus n.subsp. ,  assumed 
dosely related to N. d. depressus, show pitted cranidial test. It 
is also obvious that the presenee or absenee ofterrace lines on 
the axial area of N. depressus pygidia is a character subjected 
to infrasubspecific variation (see description of N. d. glazialis 
and N. d. depressus) , and most of the apparent gradual 
evolution, seen in the N. depressus group of central Sweden, 
is believed to reflect environmental changes rather than 
evolution. 

N. latifrons n.sp. has a cephalon resembling N. depressus in 
gross outline, but the characteristic pygidial 'depressus-type' 
terrace-line pattern is not developed. Despite this, it appears 
reasonable to infer that N. latifrons n.sp. is related to the N. 
depressus group, and the relationship may be a case analo
gous to that between N. depressus schranki n.subsp. and 
Nileus sp. B. 

The relationships of N. implexus n.sp. and Nileus planiceps 
n.sp. ,  both having a terrace line covered pygidium, are ob
scure. 
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Nileus armadillo (Dalman, 1 827) 
Figs. 147-15 1  

Synonymy. - (Additional references in Brogger 1 882, 
Schmidt 1904 and Schrank 1972) Ov 1827 Asaphus (Nileus) 
Armadillo - Dalman, pp. 6 1-63, Pl. 4:3a-e (short definition, 
description, illustrations of complete specimens, cephalon, 
pygidium) .  0 1838 Trilobites oblongatus - Boeck, p. 142 
(brief statement of diagnostic characters) .  0 185 1 Nileus 
Armadillo. Dalm. [partiml - Angelin, p. 19, Pl. 16:5, 5b--c, 
non Fig. 5a (brief diagnosis, illustrations of complete speci
men, cephalic side-view and hypostome) .  Ov 1882 Nileus 
Armadillo, Dalman - Brogger, pp. 62-64 [main description 
in discussion of var. depressal (short description, occur
rence) .  Ov 1882 Nileus Armadillo var. oblongata, Boeck -
Brogger, pp. 64-65; Pl. 12 :8 (description, occurrence, illus
tration of cephalon) . 0 1 902 Nileus armadillo Dalman -
Moberg, pp. 296--299; Textfig. l ;  Pl. 3 : 1-5 (description of 
muscle scar impressions on cranidium, illustrations of cra
nidium test surface and cranidium [dorsal, frontal, side 
view] ) .  0 1 904 Nileus Armadillo, Dalman [partiml -
Schmidt, pp. 64-68; Pl. 8 : 15 ;  non Pl. 8 : 12-14, 16--18  (de
scription, occurrence, illustrations of complete specimens, 
cephalon, pygidium) .  Ov 1904 Nileus armadillo Dalm. -
Wiman, pp. 87-90, Textfigs. 2-5 (description of muscle scars 
and markings on cephala and a pygidium) .  Onon 1906 Nileus 
armadillo Dalman - Moberg & Segerberg, p. 93, Pl. 6: 1-5 
[ = N. limbatus Brogger l .  Ov 1919  Nileus Armadillo Dalm. 
[partiml - Funkquist, pp. 8-46 (occasionally listed) ,  non Pl. 
2 : 1-4. Ov 1936 Nileus armadillo Dalm. [partiml - C. Poul
sen, pp. 48, 50 (listed) .  0 1 941  Nileus armadillo, var. oblon
gata (Boeck) - Størmer, p. 143 (review of previous informa
tion, designation oflectotype) . Ov non 1952 Nileus armadillo 
(Dalman, 1827) - Skjeseth, p. 170; Pl. 2:7, 8, 1 1  [= N. exar
matus & N. depressusl . 0 1 956 Nileus armadillo (Dalman, 
1 827) - Tjernvik, p. 208; Textfig. 33D (short description, 
illustrations of cranidia including a redrawing ofholotype) .  
O non 1960 Nileus armadillo Dalman - Balashova, Pl .  6: l [? = 
N. depressusl . 01968 Nileus armadillo (Dalman) - Bednar
czyk, pp. 715 ,  724; Pl. 2:2, 7 (occurrence, illustrations of 
complete specimen) .  Ov 1972 Nileus armadillo (Dalman, 
1827) - Schrank, pp. 365-367; Textfig. p. 353; Pl. 6: 1-3, 5-6 
(short description, occurrence, illustrations of cephala, cra
nidium, pygidium) .  0 1973 Nileus armadillo Dalman, 1 827 -
ModlifJ.ski, p. 5 1 ;  Pl. 3:2, ?3 (illustrations of cranidium and 
pygidium) .  0 1976 Nileus armadillo Dalman, 1827 [partim] 

- Balashova, pp. 1 38-139; Pl. 40:3a-b, non Pl. 40: 1a-b, 2, 9, 
10; non Pl. 29:6 (description, occurrence, illustration of 
entire specimen from Oslo region, illustration of thoracic 
doublure) .  01976 Nileus armadillo (Dalman) - Fortey & 
Clarkson, pp. 10 1-105, Fig. 1A-D (discussion of glabellar 
tubercle, illustrations of enrolled specimen) .  Ov 1980 Nileus 
armadillo Dalman - Reyment, Fig. 3A-D (designation of 
lectotype, illustrations of the enrolled specimen original of 
Dalman 1827, Pl. 4:3b) .  0 1 984 Nileus armadillo? (Dalman, 
1827) - Wandås, Pl. I lC (illustrations of cephalon) .  
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Lectotype. - Specimen figured by Dalman ( 1 827, Pl. 4:3b) ,  
designated and refigured by Reyment ( 1 980, Fig. 3A -D) .  

Material. - Seventy-five complete specimens, 20 cephala, 54 
cranidia, 20 juvenile cranidia, 3 1ibrigenae, 74 pygidia and 35 
juvenile pygidia. The majority of the complete specimens 
and the cephala are rather poorly preserved. Additional 
juvenile specimens are described separately as 'Juvenile 
specimens of Nileus armadillo / Nileus latifrons'. 

List of material. - DComplete specimens K 298 (t), K 299 (c),  K 300 (c),  K 
303 (c),  K 304? (c), K 305 (c),  K 306 (c), K 307 (c),  K 308 (pc), K 309 (c),  K 
3 10a (c),  K 3 1 6  (c), K 3 1 7  (pc), K 3 1 8  (c),  K 3 1 9  (pc), K 320 (t), K 321  (c),  
K 322 (c),  K 323 (c),  K 324 (c),  K 327 (c),  K 329a (t), K 329b (c),  K 330 (c),  
K 340a (c),  K 340b (c),  K 340c (c), K 341b (c),  K 341c  (c), K 343 (pc), K 345 
(c),  K 349? (c),  K 353 (pim),  K 383a (c),  K 383b (c),  K 394 (t), K 891b (c) ,  
K 892a (c),  K 892b (c),  K 898 (c),  K 900 (c),  K 901 (im), K 902 (pc), K 903 
(c), K 905a (c), K 905b (c), K 1 324 (c), K 1325 (c), K 1 326 (pc), K 1327 (c) ,  
K 1329 (pc) ,  K 1330 (c), K 1 332 (pc) ,  K 1333 (pc) ,  K 1 334 (pc) ,  K 1335 (pc) ,  
K 1337 (pim),  LV 7a (c),  LV 7b (pim) [LO 7066 ] ,  LV 7e? (t), LV 7f (pim),  
LV 8 ( im),  LV 12a (t)  [LO 7068] ,  LV 1 2b (im) [LO 7069] ,  LV 12c (t), LV 
14a (pim), LV 14b (pim), LV 1 7a (pim) [LO 7071 ] ,  LV 1 7b (c),  LV 1 7c (t)  
[LO 7073] ,  LV nb (t), A 568 (pim) [MGUH 22.6 1 5 ] ,  GM 1869.878 (pim) , 
GM 1869.885 (c), GM 1995. l l  (t) .  DCephala K 301  (c),  K 3 14 (c),  K 3 1 5  (c),  
K 326 (pc), K 332 (c),  K 333 (t), K 335 (pim),  K 337 with thoracic segments 
(pc), K 34 1a  (c), K 346 (c),  K 891a (pc), K 896 (c), K 897 with thoracic 
segments (c),  K 899 (c), K 905c (c),  K l l 14 with thoracic segments (pim),  
LU 6e ( is) ,  LU 19b (t), A 490 with thoracic segments (pim) [MGUH 
22.6 16 ] ,  GM 1 995 . 10  (im).  DLibrigenae S 1594b (pim),  K 1 129? (pim), LU 
7d (t) . DCranidia S 1465 (pim), S 1 500b (pim), S 1 520a (im) [MGUH 
22.624] , S 1 520d (im), S 1 525 (t), S 1 537 (im),  S 1 538a (im), S 1 538b (im),  
S I S54? ( im),  S 1561  ( im),  S 1581a (im), S 158 1b ( im),  S 1606 ( im),  S 1 685c 
(im), S 1700 (im), S 1 706 (t) [MGUH 22.6 1 8 ] ,  S 1 707a (im),  S l n8a (pim),  
S 1738 (t) [MGUH 22.630 ] ,  S 1749 (im) [MGUH 22.6 17 ] ,  K 359 (pim), K 
375b (im), K 395a? (c),  K 875 (pim), K 1043 (pim),  K 1079 (t), K 1093 (t), 
K 1095 (t), K 1 128 (pim),  K l l 33a (pim), K 1 1 33b (pim),  K 1 1 36 (t) 
[MGUH 22.626 ] ,  K 1 137a? (t), K 1 1 37b (t), K l l 5 1  (t), K l l 7 1  (pim),  K 
l l91  (t), K l l96 (im), K 1290 (t), F 30 (im), F 99 (t), F l l9 (t), F 1 32 (pim),  
F 193 ( im),  LV la ( im),  LV 2b (t), LV 4 ( im),  LV 6a ( im),  LV 6d (im) [LO 
7065] ,  LV 10 (t), LV18a (im), LV 87a (t), GM 1 984. 1 804b (im) [MGUH 
22.623 ] ,  GM 1988. 14  (t) [MGUH 22.625] . DJuvenile cranidia S 1 708a (t), 
S 1624? (im), K 347b (t), K 351 (t), K 845 (im), K l l 10 (t), K 1 1 33c (t), K 
1 1 37d? (t), K 1 1 39 (t) [MGUH 22.620 ] ,  K l l 74c (c) ,  K l l82b (t), K 1 1971 

Fig. 147. Ni/eus armadillo (Dalman, 1 827) .  DA-C. Largely exfoliated 
cephalothorax, showing comparativelywide lateral border, anterior mesial 
boss of cranidium, and no flattened anterior cranidial fringe; dorsal, frontal 
and side views, x2. A dose-up of the cephalic doublure is shown on Fig. 
149B, and the pygidium is shown on Fig. 1 50C. Complete speeimen 
MGUH 22.6 1 5  (A 568), Lysaker Member, Slemmestad. OD. Largely exfo
liated cephalon, showing comparatively narrow lateral border, x2. MGUH 
22.6 16  (A 490) ,  bed A-40, Slemmestad. DE-F. Largely exfoliated large 
cephalon, dorsal and side views, X 1 .5 .  Ar 24 234, Fågelsång. OG. Internal 
mould of cranidium, showing paired musde impressions on glabeIla and 
centrallyflattened anteriorfringe, stereo-pair, x2. MGUH 22.6 17  (S 1749), 
bed + 13 ,  SkeIbro. OH. Well-preserved small cranidium showing flattened 
fringe all the way along anterior margin, stereo-pair, x2. MGUH 22.6 1 8  (S 
1706), bed + 13 ,  SkeIbro. DI. Corroded juvenile cranidium, x9. MGUH 
22.619 (GM 1984. l 804b) ,  bed +13 ,  Vasegård, Bornholm. DI. Juvenile 
cranidiurn, x6. MGUH 22.620 (K 1 139),  bed 7, Killerod site b. DK. Juvenile 
cephalon, x6. MGUH 22.62 1 (K 1298), bed 15,  Killerod b. DL. Juvenile 
cranidium, x6. MGUH 22.622 (GM 1 984. 1 804c) ,  bed + 13 ,  Vasegård, 
Bornholm. DM. Enrolled speeimen, side view, x3. LO 7068 (LU 12a) ,  
Komstad. ON. Close-up of internal mould of cranidium showing caecate 
pattern on palpebral lobe, x3. LO 7065 (LU 6d) , Fågelsång. 
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(im), K 1 209b? (t), K 1 2 1 1a? (t), K 1 292? (c),  K 1 298 (t) [MGUH 22.62 1 ] ,  
F 106 (t), F 107b? (pim), G M  1984. 1 804b (t) [MGUH 22.6 19 ] ,  GM 
1984. 1 804c (t) [MGUH 22.622 ] .  OPygidia S 1464 (im), S 1484 (d), S 1489 
(d), S 1 506 (im), S 1520b (im), S 1 520e (im), S 1 545a (im), S 1 545b? (im), 
S 1 568a (pim), S 1 586 (im), S 1 589b (d) [MGUH 22.64 1 ] ,  S 1 595b (pim),  
S 1 596 ( im) [MGUH 22.633 ] ,  S 1615 (d), S 16 16a (pim) [MGUH 22.639 ] ,  
S 1638  (pim), S 1692 ( t )  [MGUH 22.635 ] ,  S 17 14  (pim) [MGUH 22.632 ] ,  
S 1 7 1 5  (pim), S 1 7 1 7  (pim), S 1724 (im), S 1 740 (pim),  S 1754 (d), S 1757 
(im), K 302? (t), K 3 1 1  with thoracic segments (pc), K 324 (t) [MGUH 
22.63 1 ] ,  K 325 with thoracicsegments (c), K 334 (t), K 355 (c), K 357 (pim),  
K 8 16b (pim), K 828? ( im),  K 872 ( im),  K 877 ( im),  K 878 ( im),  K 882 (d) ,  
K 894 (pim), K 1029 (pim), K 1041 (d), K 1072 (t), K 1087 ( im) [MGUH 
22.637 ] ,  K 1088 (d), K 1097 (t), K 1 107 (pim), K 1 108 (pim), K 1 1 1 8 (pim),  
K 1 13 1 ?  (t), K 1 132? (d), K 1 1 33d (im),  K 1 135 ( im),  K 1 1 37c (t), K 1 1 38a 
(t) [MGUH 22.636 ] ,  K 1 1 39a (pim), K 1 140 (im), K 1 14 1  (t), K l l 54 (t) 
[MGUH 22.634 ] ,  K l l6 1  (t), K 1 162? (im),  K 1 202a (pim), K 1209c (im), 
K 1262? (t), K 1323 (c),  K 1328 (c),  K 1336 (t), K 1341 with thoracic 
segments (pc), F 34 (im) [MGUH 22.640 ] ,  F 54 (d) [MGUH 22.638] ,  F 1 73? 
(im), LU 6f(d), LU 19a (t) [LO 7074] ,  LU 61? (is), LU 66 (im) [matches LU 
74] , GM 1984. l 804d ( im).  OJuvenile pygidia S 1 500a (t), S 1 5 l l a  (t), S 
1750? (t), S 1751 ?  (t), S 1 752? (t) [MGUH 22.627] , K 807 (pim), K 8 16a 
(em), K 820 (t) [MGUH 22.628 ] ,  K 824 (t) [MGUH 22.643 ] ,  K 830 (t), K 
834 (pim) [MGUH 22.648] ,  K 835 (pim) , K 844 (t), K 862 (t), K 892c (pim),  
K 1017 (t), K 1018 (t), K 1020 (t) [MGUH 22.642] ,  K 103 1 (t), K 1038a (t) ,  
K 1038b (t), K 1052 (t) [MGUH 22.644 ] ,  K 1071 (t), K l l09 (t), K l l 30 
(pim), K l l 38b (t) [MGUH 22.647 ] ,  K l l 59 (t), K l l77b? (t), K l l8?? (im), 
K 1 192 (pim), K 1201a (t), K 1 207 (t), K 1296 (t) [MGUH 22.645] ,  K 1 306 
(t) [MGUH 22.629 ] ,  F 33? (t) [MGUH 22.646 ] .  

Occurrence. - Nileus armadillo is common in the A. expansus 
and A. 'raniceps' Zones of the Komstad Limestone, but 
locally occurs even in the upper subzone of the M. limbata 
Zone. At Skelbro the species has been found in the upper
most part ofbed + 13 and in bed + 14 (Zone of A. expansus) ; 
at Killerod it is very abundant from bed +22 and upwards 
(Zone of A. expansus) ; at Killerod site b N. armadillo occurs 
throughout the exposed interval (Zones of A. expansus and 
A. 'raniceps') ; at Fågelsång the species has been found in beds 
7 and 9, corresponding to the upper part of the M. limbata 
Zone and in beds 19 and 20, corresponding to the base of the 
A. expansus Zone. The early, albeit sparse occurrence of N. 
armadillo (s.str.) in the M. limbata Zone is currently not 
known from any other locality within Scandinavia. 

The museum material studied originates from Fågelsång, 
Komstad and Vasegård. A large share of it can be assigned 
fairly precisely to level; in all cases the specimens originate 
from levels with known occurrence of N. armadillo. Speci
mens GM nos. 1 869.878, 1869.885, 1995. 10  and 1995. 1 1  
from Fågelsång were most likely collected from bed interval 
18-20. Specimens LU 66, LU 72 and LU 74 were sampled by 
Ekstrom from bed I:k [= bed 7] at Fågelsång (see Ekstrom 
1937, p. 15 ) ,  belonging to the M. limbata Zone. Specimens 
LU 14a, b from Komstad are labelled 'Undre ljusare delen' 
[= lower lighter part] , which evidently are incorrect, as that 
interval corresponds to the M. simon Zone, and sample LU 
14 most likely originates from a level corresponding to the 
upper part of bed +22. Specimen LU 10, also from Komstad, 
is according to the label collected from the uppermost part of 
the limestone, which is in agreement with the lithology. 

A single specimen was found in bed A-40 at Slemmestad 
(Lysaker Member) , upper part of the A. expansus Zone. 

FOSSILS AND STRATA 38 ( 1 995) 

Another specimen comes from an unknown level of the 
Lysaker Member. 

N. armadillo is a widespread species in Scandinavia, char
acteristic of the A. expansus Zone and younger levels (Tjern
vik 1956; Tjernvik & Johansson 1980) .  Wandås ( 1984, Pl. 
1 1C) figured a cephalon from the Ogygiocaris Shale of the 
Oslo Region, tentatively assigned to N. armadillo. Although 
younger than the presently investigated material, the speci
men appears similar in all visible details to the cephala of N. 
armadillo from the Komstad Limestone. If the identification 
is correct, it extends the range of N. armadilloto the top of the 
Kunda Stage. 

Diagnosis. - Large species; cephalon semielliptical in outline, 
twice as wide as long in dorsal projection, and strongly 
convex (both ways, but most pronounced sag. ) .  Cephalic 
axial furrows alm ost straight, gently forwards converging; 
anterior cranidial margin may show a mesial boss and a 
flattened rim. Pygidium with concave border of variable 
width; scattered terrace lines present anterolaterally and may 
enter pleural fields, particularly in larger specimens; pygidial 
doublure typically covered with about 19 terrace lines. 
[Emended from Dalman 1 827 and Schrank 1972.] 

Description. - Very large for a Nileus, largest cranidium 28 
mm long, largest pygidium 30 mm long (Fig. l S 1A). Total 
length of an individual carrying the 30 mm long pygidium is 
about 105-1 10 mm. Length ratios between cephalon, thorax 
and pygidium are about 28:46:26 in adult specimens (N = 2, 
dorsal projection) .  The length of pygidium averages 0.83 (N 
= 23) of the cranidial length and the width of pygidium 
averages 0.92 (N = 20) of the cephalic width in complete 
specimens; these ratios change during growth (Fig. l S 1B) .  
The stated cranidium:pygidium length ratio i s  based on 
maximum length measures, which are not identical to dorsal 
projection. 

Fig. 148. Ni/eus armadillo (Dalman, 1 827) .  DA-C. Exfoliated cephalotho
rax, dorsal, frontal and side views, x2.5. Complete speeimen LO 7069 (LU 
12b), Komstad. OD. Internal mould of large cranidium, x 1 .5 .  The small 
cranidium in upper right corner is shown on Fig. 147L. MGUH 22.623 
(GM 1 984. 1 804a), bed + 1 3, SkeIbro. DE. Exfoliated cranidium showing 
indistinct paired muscle impressions on glabeIla, and well-defined flat
tened anterior fringe, x3.  MGUH 22.624 (S 1 520a), bed + 13 ,  Skeibro. OF
G. Cephalon distorted by compaction, lectotype of N. ob/ongatus (Boeck, 
1 838),  dorsal and frontal views, x 1. Previously figured by Briigger ( 1 882, Pl. 
13 :8) .  PMO 20 1 87, unknown locality, Oslo region. OH. Cranidium 
showing narrow anterior flattened fringe, x4. MGUH 22.625 (GM 
1 988. 14) ,  Vasegård, Bornholm. DI. Large cranidium, x2. MGUH 22.626 
(K l l36),  bed 7, Killeriid site b. OJ-K. Large complete speeimen, dorsal 
view of cephalon and pygidium, the latter showing doublure, x 1 .5 .  Side 
view shown on Fig. 149A. LO 7066 (LU 7b) ,  Fågelsång area. DL. Close-up 
of exfoliated thorax showing doublure, side view (edge of cephalon to the 
right), x3. LO 7072 (LU 17a), Fågelsång. DM. Transitory pygidiuffi, stage 
D, x6. MGUH 22.627 (S 1 752) ,  bed +13 ,  SkeIbro. ON. Transitory py
gidiuffi, stage E, x6. MGUH 22.628 (K 820), bed l, Killeriid site b. DO. 
Transitorypygidium, stage E, x9. MGUH 22.629 (K 1 306), bed 13 ,  Killeriid 
site b. 
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Table 11 .  Nileus armadilla. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width GlabeIla width 
of cranidium 

Size (mm) Range Mean N Range Mean 

3.2-5.2' 1 .00--1 .05 1 .02 5 0.66--0.70 0.67 
4.4-5 . 1  1 . 10--1 . 1 6  1 . 1 3  3 0.73--D.78 0.75 
5.6--6.6 1 . 1 8-1 .24 1 .2 1  6 0.76--0.85 0.81 
>7 1 . 1 5-1 .37 1 .26 62 0.75--D.92 0.85 

, Same narrow growth stage 

Cephalon semielliptical in outline and strongly convex 
(both ways);  L:W ratio averages 0.64 (N = 30) . Glabella 
elongate, although it widens with increasing size (Fig. 1 5 1D; 
Table 1 1 ) .  Axial furrows subparallel, wide and shallow, but 
augmented by the change of slope between glabella and 
palpebral lobes; furrows best defined on internal moulds. 
Anterior margin of cranidium rounded (dorsal view) , but of 
somewhat varying appearance. Of83 investigated specimens 
with intact anterior margin, 75 show a more or less flattened 
margin and a weakly to well-developed mesial boss, 4 speci
mens have a mesial boss, but no flattened fringe (including 
the two specimens from Slemmestad) , and 4 specimens have 
an evenly rounded, unflattened margin without mesial boss. 
The degree of flattening is varying; some specimens, mainly 
from Skelbro and some from Fågelsång, show a flattened rim 
along alm ost the entire cranidial margin (e.g., Fig. 147H),  
but usually only the central part or only the mesial boss is 
flattened. Flattened 'preglabellar area' , including mesial 
boss, occupies 0.02-D.06 of the cranidial length (mean 0.04; 
N =  49; Fig. 1 5 1G) (cranidia without flattened margin not 
taken into account) .  Outwards sloping palpebral lobes mod
erately short (Table 1 1 ) .  A radiating caecate pattern is occa
sionally seen on the lobes of internal moulds (Fig. 147N) . 
Mesial glabellar tubercle (Table I l ; Fig. l S lF)  small to me
dium-sized on internal moulds, and often indicated by a 
coloured spot on testaceous material. Sagittal keel, as seen on 
internal moulds, stops about 0. 1 5  of cranidial length from 
anterior margin. Low, rounded sagittal swelling present on 
internal moulds immediately above the flattened cranidial 
margin. Occipital furrow defined only on internal moulds; it 
is wide, deepest laterally, and the mesial expansion, usually 
seen in nileids, is indicated by a lowering of the anterior edge 
of occipital furrow, so the furrow, in effect, becomes ill
defined mesially. Paired muscle insertion sites, flanking the 
mesial expansion, very faint. Posterior fixigena broad-based 
and appears comparatively prominent, but the average 
length (exsag.) is equivalent to most other species, averaging 
0 . 14 times the cranidial length (N = 54) . Gena triangular, 
pointed slightly backwards, with a rather distinctly incised 
articulating socket. Anterior branch of facial suture mns 
shortly forwards-inwards from inner corner of palpebral 
lobe, descends along the rounded upper margin of eye-lens, 
then turn outwards at an angle of about 30-35° to sagittal 

Palpebral lobe length (exsag.) Glabellar tubercle, 
distance to post. margin 

N Range Mean N Range Mean N 

5 0.38--D.43 0.41 5 O 
3 0.43--D.47 0.44 3 O 
6 0.42--D.46 0.44 7 0.33--D.38 0.35 5 
62 0.3 5--D.46 0.42 60 0.3 1--D.40 0.35 48 

line. Facial sutures meet anteriorly in a more or less blunt 
angle; only about 5% of the specimens at hand exhibit a 
smooth anterior cranidial margin (see above) .  Posterior 
branch of facial suture gently sigmoidal, mnning obliquely 
backwards-outwards from palpebral lobe at an angle of 
about 35° to sagittal line. lnner part of suture very closely 
follows the lower margin of the eye-lens, and consequently, 
the posterior fixigena assumes a broad-based appearance. 

Librigena comparatively wide; anterior border wider than 
in most other species studied. Lateral border comparatively 
very broad and almost flat, tapers out at about midlevel of 
eye. The width of the lateral border is variable, though, best 
exemplified by the equal-sized specimens A 568 and A 490 
from Slemmestad, both about 18 mm long, and which ap
pear to represent extremes in a continuous variation spec
tmm (Figs. 147A vs. D) .  Cephalon A 490 has a prominent, 
wide glabella, a very narrow anterior border and a rather 
narrow lateral border, whereas cephalon A 568 has a nar
rower glabella, a clearly wider anterior cephalic border and a 
comparatively very wide lateral border. Posterior part of 
librigena slopes fairly strongly outwards. Outer margin occa
sionally thickened. 

Fig. 149. Nileus armadilla (Dalman, 1827) .  DA. Internal mould of large 
specimen showing doublure ofthorax and pygidium, side view, x2. Dorsal 
views ofcephalon and pygidium shown on Fig. 148)-K. LO 7065 (LU 7b) ,  
Fågelsång area. DB.  Internal mould of cephalothorax showing part of 
doublure, x3. Dorsal view shown in Fig. 147 A-C. MGUH 22.6 15  (A 568) ,  
Lysaker Member, Slemmestad. De.  Well-preserved cranidium showing 
sagittal 'wrinkling' of cuticula, x5. MGUH 22.630 (S 1 738) ,  bed + 1 3, 
SkeIbro. OD. Non-whitened pygidium with transparent cuticle showing 
light-coloured muscle insertion sites on axial area, x2. LO 7073 (LU 1 7c),  
Fågelsång. DE. Pygidium, x3. MGUH 22.63 1 (Complete specimen K 324), 
bed +22, Killerod. OF. Partly exfoliated pygidium showing axis, x2. 
MGUH 22.632 (S 17 14) ,  bed + 13,  SkeIbro. OG. Internal mould of py
gidium showing anterior pleuraI furrows, x2. MGUH 22.633 (S 1 596), bed 
+ 13, SkeIbro. OH-I. Small pygidium, dorsal and side views, x3. MGUH 
22.634 (K 1 154), bed 7, Killerod b. O). Pygidium showing the typical 
external adultterrace-line sculpture, x3.  MGUH 22.635 (S 1 692),  bed + 13 ,  
SkeIbro. DK.  Very large pygidium, x l .S. MGUH 22.636 (K 1 138a), bed 7 ,  
Killerod site b. DL.  Internal mould of  very large pygidium showing doub
lure, x 1 .5 .  MGUH 22.637 (K 1087), bed 6, Killerod site b. DM. Internal 
mould of early pygidium showing the doublure, x2. MGUH 22.638 (F 54), 
bed 9, Fågelsång. 
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Tab/e 12. Ni/eus armadillo. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 
pyg. length 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.4-4.6 [Stage D]  0.59--D.68 0.65 7 0.38--DA2 0040 5 0.5O--D.62 0.57 7 0.2 1--D.20 0.24 9 
3.2--4.6 [Stage E] 0.54--D .64 0.60 1 0  0.3 5--DAO 0.37 5 0.5 1--D.63 0.58 5 0 . 19--D.26 0.24 1 0  

4.0 and 5.2-5.6 [Hol.] 0 .51--D.60 0.55 9 0.33--D.35 0.34 3 0.5 1--D.60 0.56 4 0 . 1 8--D.28 0.23 8 
>6 [Hol.] 0.52--D.63 0.58 64 0.3O--D.50' 0.37 24 0.54--D.78' 0.64 24 0. 1 3--D.25 0. 1 7  49 

, The wide range of variation refleets the diffieulties of making exaet measurements of the axis. 

Test surface of palpebral lobes and posterior part of libri
genae punctate; remaining cephalic surface smooth, except 
for a 'wrinkled pattern' along sagittal line (Fig. 147H) .  

Cephalic doublure of usual nileid outline. Anterior part 
provided with 1 1-12 coarse, continuous terrace lines; a small 
central part ofhypostomal socket is devoid of lines, and the 
posterior, flattened part of doublure shows numerous short 
terrace lines running obliquely backwards-inwards (Fig. 
149B) .  

Thorax basically as described for N latifrons n.sp. ( q.v. ) .  
Posterior segment 10% narrower (tr. ) and about 30% (in the 
largest specimens) to 40% (in the smallest specimens) 
shorter (sag. ) than anterior segment. Axis occupies about 
half of the thoracic width on anterior segment; on internal 
moulds the area posterior to the axial crescentic elongate 
swellings appears slightly better impressed, and in smaller 
specimens the adaxial part of the swellings are more clearly 
developed as a pair of muscle insertion sites. Pleural furrows, 
running obliquely outward-backwards on the pleura to stop 
at paradoublural line, are slightly better impressed in N 
armadillo, compared to N latifrons n.sp., and therefore bet
ter defined on testaceous material, also on the posterior 
segments. A single, distinct terrace line typically crosses (tr. ) 
the axis of each segment; it runs immediately behind the 
position of the axial swellings seen on internal moulds. The 
terrace line stops shortly above base ofaxis. One Norwegian 
specimen, A 568, shows a weakly impressed terrace line, 
stopping well above base of axis, and which apparently is 
effaced also mesiallY; the posterior two segments of this 
specimen are smooth. Pleura show two to three long, coarse 
terrace lines. Doublure basicallY as described for N latifrons 
n.sp. ,  with only subtle differences in the terrace-line pattern. 
Thus the distal terrace lines anterior to doublural crest are 
less oblique in the available material (see, however, discus
sion below) , and consists typically of only 5-7 lines, a single 
smaller specimen appears to have 8-9 lines. The terrace lines 
posterior to crest appear but slightly coarser in N armadillo 
and without marked change of direction in the distal, outer 
part (Figs. 148L, 149A) . The posterior segment shows a 
curved doublural crest, and more prolific terrace lines. 

Pygidium moderately vaulted and semielliptical in out
line. An elongate triangular axis may have a faint relief, and/ 
or shallow, indistinct axial furrows may be present, but the 
axis is mostly not delimited from or raised above the pleural 

fields. A nebulous axial region is usually crudely outlined by 
uneven muscle scars on internal moulds or, more rarely, by 
colour differences of the test. Exact dimensions ofaxial area 
are, in consequence, difficult to obtain (Table 12 ) .  A deep 
transverse furrow delimits articulating half-ring, but is vis
ible only on internal moulds; apart from that at least four, but 
presumably five axial rings are present in addition to the 
terminal piece, as faintly indicated in a few specimens about 
10 mm long. Contrary to most nileids, in which axial seg
ments are indicated by lateral swellings, the axis of smaller 
pygidia of N armadillo shows lateral swellings connected 
across the sagittal area, i.e. 'true' rings; exfoliated larger 
pygidia sometimes show a very low sagittal keel, stretching 
for the entire length of axis. Specimen LD 17c shows light 
colour muscle markings in the axial region (Fig. 149D) in a 
configuration identical to the pattern displayed by better 
preserved specimens of N latifrons n.sp. (Fig. 157 A). Articu
lating facets of relativelymoderate size, elongate triangular in 
outline, and forward-slanting at an angle of about 45°; inner 
portion may be slightly concave. Each facet provided with 
20-25 fine, densely spaced terrace lines, running obliquely 
downwards-outwards. Border concave, fairly wide; maxi
mum width attained anterolaterally, although no border is 
defined immediately behind articulating facets; minimum 

Fig. 150. Ni/eus armadillo (Dalman, 1 827) .  DA. Large pygidium showing 
terraee lines on pleural fields, x2. Ar 24 343, Fågelsång. DB. Partly exfoli
ated large pygidium showing terraee lines on pleuraI fields, x2. LO 7074 
(LU 19a) ,  Fågelsång. DC Pygidium showing an almost smooth eutieular 
surfaee, x3.  Cephalon shown on Fig. 147 A-C. Complete specimen MGUH 
22.615  (A 568), Lysaker Member, Slemmestad. OD. Largely exfoliated 
large pygidium, x 1 .5 .  MGUH 22.639 (S 1 6 16a),  bed + 13 ,  SkeIbro. DE. 
Partly exfoliated large pygidium showing terraee lines on pleuraI fields, 
x 1 .5 .  LO 7072 (LU 1 7a),  Fågelsång. OF. Internal mould of early pygidium 
showing impressions from unusually widely distributed dorsal terraee 
lines, x2. MGUH 22.640 (F 34), bed 7, Fågelsång. OG. Latex east ofinternal 
mould of pygidium showing doublure, x2. MGUH 22.64 1 (S 1 589b) ,  bed 
+ 13 ,  SkeIbro. OH. Small holaspid pygidium, x5. MGUH 22.642 (K 1 020),  
bed O, Killerbd site b.  DI. Pygidium representing smallest holaspid stage, 
x8. MGUH 22.643 (K 824), bed l, Killerbd site b. DI. Small holaspid 
pygidium, x5. MGUH 22.644 (K 1052),  bed O, Killerbd site b. DK. Transi
tory pygidium, stage E, x 12 .  MGUH 22.645 (K 1 296), bed 13 ,  Killerbd site 
b. DL. Transitory pygidium, stage D, x lO. MGUH 22.646 (F 33) ,  bed 7, 
Fågelsång. DM. Transitory pygidium, stage D, x 10. MGUH 22.647 (K 
1 1 38b) ,  bed 7, Killerbd site b.  ON. Pygidium representing smallest holaspid 
stage, x8. MGUH 22.648 (K 834), bed 2, Killerbd site b. 
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Fig. 151 .  Ni/eus armadillo. DA. Maximum width plotted against sagittal length, cranidia and pygidia. DB. Ratio between pygidial length and cranidial length 
of entire speeimens plotted against cranidial length. DC Ratio between maximum cranidial width and cranidial length plotted against cranidial length. OD. 
Ratio between glabeIla width and cranidial length plotted against cranidial length. DE. Ratio between palpebral lobe length (exsag. ) and cranidial length 
plotted against cranidial length. OF. Relative distance of glabeIla tubercle plotted against cranidial length. 
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Fig. 151 (cont. ) .  OG. Ratio between length of preglabellar area (sag.) and 
cranidial length. OH. Ratio between sagittal length and rnaxirnurn width of 
pygidia plotted against pygidial length. DI. Ratio between sagittallength of 
pygidial border and pygidial length plotted against pygidial length. 
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width, equivalent to about 0.75 of the maximum border 
width, is behind axis (Table 12 ) .  Relative width of postaxial 
border decreases with size (Fig. 1 5 1 I ) .  

External pygidial terrace-line pattern variable, with, 
broadly speaking, more abundant terrace lines in the larger 
speeimens. All specimens studied have 2-4 transverse terrace 
lines situated along distal half of anterolateral margin, and 
this is perhaps the typical condition for N. armadillo (cf . 
Schrank 1972, p. 366) .  In the material at hand this pattern is 
seen in pygidia from Killerod site b and from Slemmestad. 
Most speeimens studied, however, also show 1-4 transverse 
lines along adaxial part of the anterior margin, and short, 
backwards curving lines anteriorly on the border. A few, 
mainly larger specimens, exhibit seattered lines on the pleu
ral fields as well, and three large pygidia from Fågelsång show 
an openly spaeed ' orbiculatoides-type' terrace-line pattern on 
the pleural fields (Fig. 1 50A-B, E) .  Only two speeimens 
carries seattered terrace lines in the flexure between pleural 
fields and border. Pitting of the pygidial test has been seen 
with certainty only in a single speeimen from Fågelsång. 

Pygidial doublure verywide. Inner margin shows a minor, 
but characteristic outwards flare dose to anterior margin, 
below the pleural furrow (Fig. 149A) ; this outline is different 
from the other nileid species described here. Doublure only 
little upturned around axial tip and is strongly concave, so 
outer part is almost flat. It is provided with 1 9-2 1 continu
ous, coarse terrace lines; a single early pygidium from the M. 
limbata Zone seems to have only 16-17 lines. 

Juveniles. - The majority of juvenile cranidia are positively 
identified by the presenee of an anterior mesial boss, while 
the bulk of the small pygidia show a general juvenile mor
phology (they are predominantly from beds containing only 
N. armadillo) . See also 'Undifferentiated juveniles of Nileus 
armadillo and Nileus latifrons n.sp. ' .  

The cranidium of N. armadillo appears to develop from a 
small, 2-3 mm long, fairly strongly convex (sag. ) ,  'hump
backed' stage (see description of 'Undifferentiated juveniles 
etc. ' ) ,  through an only moderately convex (sag. ) ,  elongate 
stage, about 3-4 mm long, often with the mesial boss devel
oped as the salient distinguishing feature, to a subadult stage, 
about 4--7 mm long, still more elongate than adults and, in 
the larger juveniles, with beginning development of axial 
furrows . 

In the small growth stages no axial furrows are defined and 
glabeIla is confluent with palpebral area; faint axial furrows 
are developed in specimens >5.5 mm long. Four out of five 
speeimens, 3 .2-5.2 mm long, with intact anterior margin 
show a distinct mesial boss, whereas the fifth has an even, 
unflattened anterior margin. One of three cranidia, 4.4--5 . 1  
mm long, and four of  seven cranidia, 5.7--6.6 mm long, 
almost lacks a mesial boss, but has a flattened rim along 
anterior margin. The other specimens have a mesial boss. 

Two stage B pygidia are each 1 .6  mm long; a 2 . 1  mm long 
transitory pygidium probably belongs to stage C, but owing 
to poor preservation no further details are revealed. Ten 
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transitory pygidia, 2.4-4.6 mm long, belong to size gro up D, 
and ten transitory pygidia, 3.2-4.6 mm long, represent stage 
E. These specimens match the description of equivalent 
material (pp. 244-245) ,  but attain larger sizes, are relatively 
wider and the D-stage pygidia has a proportionally slightly 
shorter axis (Tables 12 vs. 2 1 ) .  Nine pygidia, 4.0 and 5 .2-5.6 
mm long, are holaspides, but differ from larger specimens by 
showing a wider border. Terrace-line ornamentation limited 
to 2-4 transverse lines, running anterolaterally along ante
rior margin. 

Affinities. -Nileus armadillo is most likelya descendant of the 
closely similar N orbiculatoides. Nearly all of the biometric 
ratios obtained are similar between these species and the 
presence of a mesial boss on the anterior cranidial margin is, 
so far, reported only from N orbiculatoides and N armadillo. 
The cephalon of N armadillo is distinguished from N orbi
culatoides by showing pitting of the test surface (absent in N 
orbiculatoides), by the occasional presence of a more or less 
flattened rim along the anterior cranidial margin, by the 
slightly stronger convexity (sag. ) ,  by the more semielliptical 
outline, and the lateral border tapers out slightly further 
from the genal angle. The pygidium of N armadillo generally 
carries fewer terrace lines, has a slightly better defined border 
(may be equally concave in N orbiculatoides, but the central 
Swedish types of N orbiculatoides often show a steeper, 
poorly defined border),  and the inner margin of the doub
lure exhibits a distinctive outwards flare below the pleural 
furrow. 

N armadillo is probably the ancestor of Nileus platys, but 
is separated from this species by never showing terrace lines 
on the librigenae, the cephalic border is generally wider, the 
cephalon has a more elliptical outline, and the pygidial 
terrace-line pattern is usually more limited, and punctation 
of the pygidial surface is usually effaced. 

Nileus platys stigmatus has, compared to N armadillo, a 
significantly lower cranidial convexity (sag. ) ,  hence the ce
phalic outline is semicircular, not elliptical as in N armadillo. 
Besides, the test surface of librigenae, palpebral lobes and 
pygidium is punctate in N p. stigmatus. 

The large N globicephalus is separated from N armadillo 
by possessing terrace lines on the librigenae, in showing fine 
terrace lines on the hypostomal socket of the doublure, by 
the distinct punctation of test (cephalon and pygidium) ,  by 
the more strongly vaulted pygidium, also showing a nar
rower postaxial border, and, typically, terrace lines along the 
pygidial margin. 

Remarks. - Trilobites oblongatus Boeck, 1838 was described 
in some detail by Brogger ( 1 882, pp. 64-65; Pl. 12 :8) ,  who 
ranked it as a variant of N armadillo. Størmer ( 194 1 ,  p. 143) 
designated a lectotype. The poorly preserved material avail
able to Brogger, a cephalon and a cranidium, inclusive of the 
specimen on which Boeck based his diagnosis, has been 
reexamined. The right side of the lectotype is distorted by 
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compaction (Fig. 148F-G) ,  and the eye and genal region 
figured by Brogger ( 1 882, Pl. 1 2 :8) are not well-drawn. 
Brogger ( 1 882) also emphasized the non-divergent course of 
the facial suture of N oblongata, but the anterior branches do 
actually diverge slightly in front of the eyes in the lectotype 
cephalon, although less so than usual for N armadillo. The 
sutures clearly diverge in the second specimen, and both 
specimens undoubtedly belong to N armadillo. Nileus ob
longatus (Boeck, 1 838) is, accordingly, a subjective junior 
synonym of N armadillo (Dalman, 1 827) .  

Schmidt ( 1 904) figured and described several specimens 
assigned to N armadillo, of which only the complete speci
men from the Oslo Region seems to belong to N armadillo 
(s.str. ) (cf. Schmidt 1904, Pl. 8 : 1 5 ) .  The enrolled specimen 
(Schmidt 1904, Pl. 8 : 12 )  presumably belongs to the N de
pressus group (see also Balashova 1960, Pl. 6: 1 ) ,  and a similar 
assignment is likelyfor the pygidium (Schmidt 1904, Pl. 8 : 17; 
see N depressus depressus for discussion) . The entire speci
men from Hunneberg (Sweden) ,  of which only the py
gidium is shown (Schmidt 1904, Pl. 8 : 16) ,  belongs to N 
exarmatus (cf. Balashova 1976, p. 1 39; Pl. 40:8, figuring the 
cephalon of the specimen) . 

Balashova ( 1976, Pl. 40:3a-b) figured an entire specimen 
from the Oslo Region, which appears to be a true N arma
dillo; it has more numerous terrace lines on the thoracic 
doublure (Balashova 1976, Pl. 40:9) than seen in any speci
men at hand, suggesting a rather large variability of this 
feature. The figured doublure shows a distinctly curved crest, 
which is characteristic for the last segment of N armadillo, 
but the illustrated segment is, according to the plate explana
tion (Balashova 1976, p. 166), the seventh, left segment, 
which is puzzling. All other specimens assigned to N arma
dillo by Balashova ( 1 976) belong to different species. The 
pygidium (Balashova 1976, Pl. 40:2) may be a Nileus orbicu
latoides. A second pygidium (Balashova 1976, Pl. 40: 10) has 
a surface ornamentation much different from that of N 
armadillo and must belong to N depressus (see discussion of 
N depressus depressus) . The cephalic doublure (Balashova 
1976, Pl. 29:6) is not from a N armadillo, and it is suspected 
that the fragment is not from a Nileus at all. 

It appears that N armadillo (s.str. ) does not occur in the 
eastern Baltic area (Schmidt 1 904, pp. 67-68; Lamansky 
1905, p. 169) . This is relevant for N chiton Pander, 1 830, 
which by Schmidt ( 1 904) and Balashova ( 1976) was listed as 
a junior synonym of N armadillo. N chiton is, however, 
inadequately characterized, and the figures are too poor to 
permit a safe assignment of new material, hence the name 
must be regarded a nomen dubium (cf. Pander 1 830, pp. 1 32-
133 ;  Pls. 4-C: 12;  5: l a-c) .  The comparatively steep librigenae 
of N chiton point to a relationship to the N depressus group. 

Hupe ( 1954, Fig. lB)  figured the doublure of the 8'th 
thoracic pleura of a nileid, assigned to N armadillo, later 
refigured by Harrington ( 1 959, Fig. 79H) .  Since the thoracic 
doublure of N armadillo possibly is rather variable (see 
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above remarks on Balashova 1976), it cannot be excluded 
that Hupe's identification is correct, but the discussed doub
lure does not resemble any specimen in the material at hand. 
The differences concern for instance the doublural crest, 
which appears to be present only proximally, whereas it 
more or less crosses the doublure in the available material. 
The terrace-line pattern is also denser in Hupe's specimen. It 
is therefore believed that the discussed doublure is from 
some other (unknown) nileid, and not from N armadillo. 

Wiman ( 1904, Figs. 2-5) figured three specimens assigned 
to N armadillo. All cephala, showing muscle scars and 
muscle markings, are figured as having wide librigenae, and 
the cephalic outline is almost subtrapezoidal; besides, the 
anterolateral glabellar expansion of one of the specimens 
(Wiman 1904, Fig. 3) is apparently minimal. The figures are, 
however, poorly drawn, and the specimens do belong to N 
armadillo (the material has been examined) . 

Tjernvik ( 1 956, p. 208) briefly described specimens of N 
armadillofrom Ostergotland and Narke (Sweden) .  The ante
rior cranidial margin was described as evenly rounded; this is 
unusual in the present material, but is expected to be more 
common for specimens from central and southern Sweden 
(see Moberg 1902, Fig. 2 and Schrank 1972, Pl. 6: 1-3, 6) .  The 
flattened rim and the mesial boss may turn out to be charac
teristic of N armadillo from the marginal facies, represented 
by the Komstad Limestone and the Huk Formation, perhaps 
linked with a slightly higher number of terrace lines on the 
pygidium (compare descriptions of N armadillo by Brogger 
1 882, p. 63, Wandås 1984, Pl. I l  C, Schmidt 1904, p. 65, and 
Balashova 1976, p. 138) .  

Strandmark ( 1 902) listed N armadillo from the limestone 
beds at site E22 ofFågelsång, later referred to by Cooper and 
Lindholm ( 1 985, p. 284) .  It has not been possible to retrieve 
the material, but it is unlikely that Strandmark's identifica
tion is correct. 

Funkquist ( 19 19)  listed N armadillo from the Komstad 
Limestone of SE Scania. His material, most ofwhich has been 
restudied, includes N orbiculatoides, N depressus schranki 
n.subsp. as well as N armadillo (s.str.) None of the specimens 
figured by Funkquist ( 19 19, Pl. 2 : 1-4) can positively be 
identified with N armadillo, although the pygidium Fig. 2 
presumably belongs to that species. The cranidium Fig. l in 
all probability represents N depressus schranki n.subsp., and 
the cranidium Fig. 4 does not belong to any of the species 
described here, and may represent the unknown N cornutus 
Moberg, 1892 [ nomen nudum] (see introductory discussion 
of Nileus) . N cornutus was also listed from the Komstad 
Limestone (Funkquist 19 19, p. 39) ;  no specimens resem
bling the figured cranidium (Funkquist 1919, Pl. 2:4) have 
been found during the present investigation. 

C. Poulsen ( 1 936) listed N armadillo from the ' Orthoceras' 
limestone of Bornholm. The material includes N armadillo 
(s.str. ) as well as N exarmatus, N orbiculatoides and N 
latifrons n.sp. 
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Nileus latifrons n.sp. 
Figs. 1 52-160 

Synonymy. - Dv 1936 Nileus armadillo Dalm. [partim ] - C. 
Poulsen, pp. 48, 50 (listed) . Dv aff.? 1972 Nileus depressus 
(Sars & Boeck, 1838) [partim] - Schrank, p. 367; Pl. 7:2, 2a; 
non Pl. 7 : 1-1c (illustrations of cephalon). Dv aff.? 1 972 
Nileus globicephalus sp.n. [partim] - Schrank, p. 372; Pl. 
1 1 :5-5a (illustrations of small cephalon) . 

Derivation of name. -Latin latifrons = broad forehead, allud
ing to the wide glabella of the new species. 

Holotype. -Cephalon MGUH 22.65 1 (S 1556) (Fig. 1 53C-E) 
from I l  cm below top of bed + 13 ,  Skelbro. Top of the M. 
limbata Zone. 

Paratypes. - Complete specimen MGUH 22.649 (Figs. 153A, 
1 56A-B, 158B) from the uppermost part of bed + 13 ,  Due
gård (very top of M. limbata Zone) ;  pygidium MGUH 
22.672 (S 1624a) (Fig. 157K, L) from the base ofbed + 14 (A. 
expansus Zone) ,  Skelbro. 

Additional material. - One complete specimen (damaged) , 
57 cranidia (including 10  juvenile specimens) ,  39 pygidia 
(including l specimen with articulated thorax) and 33 juve
nile pygidia. 

List of additional material. - DComplete speeimen GM 1 884. 1 620b (t) 
[MGUH 22.650 ] .  DCranidia S 1459 (t) [MGUH 22.652] ,  S 1460b? (t) ,  S 
1490 (t) ,  S 1 503 (pim), S 1 5 1 1  (t), S 1 522 (im),  S I S24a (t) [MGUH 22.653 ] ,  
S 1 534 (im) [MGUH 22.659] ,  S 1 546 (im),  S 1 550 (pim) ,  S 1 553b (pim) 
[MGUH 22.655 ] ,  S I S60? (t), S I S66b (pim), S 1 568b (im), S 1 594a (im),  S 
1 595a (pim), S 1 598a (im), S 1607 (t) [MGUH 22.654] , S 1 6 16b (im), S 
1 6 1 7  (t), S 1693 (im), S 1 694 (im), S 1 695 (pim),  S 1698 (im), S 1 705 (im), 
S 1 707 (im) , S 1 708b (im), S 1 728b (im) [MGUH 22.660 ] ,  S 1731 (im),  S 
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Fig. 152. Cranidia and pygidia of Ni/eus latifrons n.sp. Maximum width 
plotted against sagittal length. 
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Tab/e 13. Ni/eus /atifrons n.sp. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width 

Size (mm) Range Mean N Range Mean 

2.9 1 .07 0.69 
4 .1-4.5 1 . 1 5- 1 . 1 8  1 . 1 6  4 0.75-0.80 0.78 
5.8 1 .29 I 0.83 
>6 1 .26-1 .48 1 .37 39 0.8 1-1 .01  0.92 

1 734 (im), S 1 737 (t) ,  S 1 739 (im) [MGUH 22.658 ] ,  S 1741 ( im),  S 1 742 
(im), K 375a (im), K 1 224? (pim),K 1258 (im), K 1263a (pim), F 90 (im),  
F 94 ( im),  F 100 (t ) ,  F 123 ( im),  F 126 (pim), F 138  ( im),  F 1 50a (im) 
[MGUH 22.657 ] ,  F 1 59 (im), F 167 (im), F 169a (t), F 1 72 (t), F 1 84 (t) 
[MGUH 22.656] , LU lb (is) , LU 2a (im) , LU 3a (im) [LO 7063] ,  LU 6b (im) 
[LO 7064] , LU 6c (im), LU 12d (im) , LU 98 (im) . OPygidia S 1449 (pim), 
S 1 500c (im) , S 1 5 1 7  (im), S 1 520c (pim) , S  1 524b? (im) , S  1526 (im) , S  1 527 
(im), S 1 553a (t), S 1 553c (im), S 1 563 (im), S 1 569 (t), S 1 570 (im), 1 584 
(pim), S 1 589a (pim) [MGUH 22.675 ] ,  S 1 592 (pim) [MGUH 22.678] ,  S 
1603a (im) , S 1699 (im), S 1 7 1 6  (pim) [MGUH 22.666 ] ,  S 1 723? (im), S 
1 725 (im) [MGUH 22.677 ] ,  S 1 726 (im),  S 1 748 (im) , S 1 749b (pim),  S 
1 753 (pim), S 1 756 (im), GM 1 884. 1620a with thoracic segments (t) 
[MGUH 22.663 ] ,  K 347a (t), K 376a? (t) , K 1249? (t), K 1257 (pim), K 1261  
(d)  [MGUH 22.679 ] ,  K 1 273 ( t ) ,  F 7 1  ( t ) ,  F 77 (im), F 80 (im),  F 14 1 ?  (im), 
F 144 (pim) [MGUH 22.676] , LU 13a? (im), LU 1 3b (im) . OJuvenile 
pygidia S 1447 (t) [MGUH 22.669 ] ,  S 1452 (t) ,  S 1457 (pim), S 1458 (t) 
[MGUH 22.665 ] , S  1460a (t) [MGUH 22.668 l ,  S 1466 (t), S 1473 (t) , S  1480 
(t), S 1481 (t) [MGUH 22.667 ] ,  S 1487a (t) [MGUH 22.67 1 ] ,  S 1487b (t), 
S 1 502 (t), S 1 526 (t), S 1 549 (t) [MGUH 22.674] , S 1 553c (im),  S 1 564 (t) 
[MGUH 22.670] , S 1 566a (t) ,  S 1 578 (im),  S 1 579a (t), S 1 579b (pim),  S 
1 588 (t), S 1 6 18  (t) [MGUH 22.673 ] ,  S 1685a (im) , S 1751  (t) [MGUH 
22.664] , F 68 (pim) [MGUH 22.66 1 ] ,  F 72 (im) , F 83 (pim), F 104 (im), F 
107a (t), F 163 (im) [MGUH 22.662 ] ,  K 1223a (t), K 1231a  (im), K 1234a 
(im).  

Occurrence. - Nileus latifrons n.sp. ranges from the upper
most part of the M. limbata Zone and through most of the A. 
expansus Zone of the Komstad Limestone. The new species is 
presently not known from outside the Komstad Limestone 
area. 

N. latifrons n.sp. is common in beds + 13  and +14  at 
Skelbro, representing the very top of the M. limbata Zone 
and the base of the A. expansus Zone. The excellent museum 
specimen MGUH 22.649 is from Duegård, Bornholm; the 
sample represents the upper part ofbed + l3 ,  5-7 cm below 
the top of bed. Specimens GM 1884. 1 620a, b are labelled 
'Bornholm'. The lithology of 1620a unmistakably corre
sponds to bed + l 3  (below the blackish top) ,  whereas the 
lithology of the smallish sample 1620b is less diagnostic, but 
may represent the lower part ofbed + l 3  as well. All museum 
specimens from Bornholm appear to originate from the very 
top of the M. limbata Zone. 

N. latifrons n.sp. has also been found at Fågelsång in beds 
18-20, which constitute the lowermost part of the A. expan
sus Zone. Museum material from the Fågelsång area (LU 
nos.) ,  appears, as far as can be established, to originate from 
the same interval. 

N. latifrons n.sp. is infrequent in SE Scania, and has been 
found only in beds +23 and +35 at Killertid, and in beds 10, 
I l  and 12  at Killertid site b. This interval represents the A. 

Palpebral lobe length (exsag. ) Glabellar tubercle, 
distance to post. margin 

N Range Mean N Range Mean N 

0.45 0.3 1 
4 0.48-0.5 1 0.49 4 0.29-0.34 0.32 3 

0.47 0.38 
39 0.40-0.52 0.46 37 0.36-0.42 0.39 46 

expansus Zone. Specimen LU 12d is from an unknown level 
at Komstad. 

Diagnosis. -Fairly large species; cephalon reniform, strongly 
convex (both ways);  glabeIla almost as wide as long, and 
gently rounded between palpebral lobes; anterior margin of 
cranidium truncate, typically with an extremely narrow flat
tened rim along margin; glabellar tubercle in a relatively 
forward position. Pygidium proportionally short, no axial 
relief at all, border normally ill-defined or absent; pygidial 
dorsal terrace lines few, but well-impressed, limited to ante
rolateral parts of pygidium; test surface punctate; pygidial 
doublure only gently concave and very slightly upturned 
around tip of axis. 

Description. - Large species; largest specimen is complete 
specimen MGUH 22.649 possessing a cranidium 23.0 mm 
long and a pygidium 18 . 1  mm long (Fig. 1 52) .  Outstretched 
length approximately 75 mm; ratio between cephalon, tho
rax and pygidium 3 1 :47:22 (dorsal projection) .  Maximum 
width of cephalon 38.0 mm; pygidium 34.7 mm wide (for 
further comments on this specimen, see remarks) .  The frag
mentary pygidium S 1449 was presumably about 20 mm 
long, and, thus, is the largest pygidium found. 

Cephalon reniform in outline, and strongly convex (both 
ways) ;  W:L ratio 0.6 (N = 2) .  Cranidia from Fågelsång are 
consistently slightly less convex (sag. ) ,  compared to the 

Fig. 153. Ni/eus latifrons n.sp. DA. Para type. Internal mould of entire 
specimen, probably representing failed exuviation, lateral view, x2. The 
specimen was preserved lying on its back with open facial suture. See also 
Figs. l 56A-B, 1 58B. MGUH 22.649 (GM 1984. 1 6 1 7) ,  Duegård, Bornholm. 
DB. Damaged, non-whitened cephalon with transparent cuticle showing 
light coloured muscle insertion sites, x3.  MGUH 22.650 (GM 1 884. 1620b),  
locality unknown, Bornholm. OG-E. Holotype. Cephalon, dorsal, frontal 
and side views, x2. MGUH 22.65 l (S 1 556) ,  bed + 13 ,  SkeIbro. OF. Internal 
mould of cranidium showing paired glabellar muscle impressions, stereo
pair, x 1 .5 .  The specimen exhibits a comparatively low sagittal convexity. 
LO 7063 (LU 3a), Fågelsång area. OG. Juvenile cranidium showing narrow 
flattened rim along anterior margin, x lO. MGUH 22.652 (S 1 459), bed 
+ 13 ,  Skeibro. OH. Juvenile cranidium, x8. MGUH 22.653 (S 1 524a) ,  bed 
+ 13, SkeIbro. OI-J. Well-preserved small cranidium showing sagitally 
'wrinkled' cuticle, side and dorsal (stereo-pair) views, x3. MGUH 22.654 (S 
1 607), bed + 13, Skeibro. DK-L. Partly exfoliated juvenile cranidium, side 
and dorsal views, x9. MGUH 22.655 (S 1 553b), bed +13 ,  SkeIbro. DM. 
Exfoliated cranidium, stereo-pair, x2. LO 7064 (LU 6b) ,  Fågelsång. 
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Fig. 154. Nileus latifrons n.sp. DA-B. Well-preserved cranidium, stereo-pairs of dorsal and side views, x3.  MGUH 22.656 (F 1 84) ,  bed 20,  Fågelsång. DG-D. 
Juvenile cranidium, side and dorsal views, x 10. MGUH 22.657 (F 1 50a), bed 19, Fågelsång. DE. Internal mould of cranidium, x2. MGUH 22.658 (S 1 739), 
bed + 13 ,  SkeIbro. OF. Internal mould of cranidium, x2. MGUH 22.659 (S 1 534), bed + 13 ,  SkeIbro. OG. Internal mould ofcranidium, x2. MGUH 22.660 (S 
1 728b), bed + 1 3, SkeIbro. 

specimens from Skelbro (e.g., Fig. 1 53J vs. F) .  The small 
difference influences biometric ratios such as cranidial W:L 
ratio, glabellar W:L ratio etc., which consequently are lower 
in the Fågelsång material. Cranidium relatively short (sag. ) ,  
wide (tr. ) (Table 13 ) ;  material from Fågelsång has an mean 
cranidial W:L ratio of 1 .32 (N = 12) ,  whereas the slightly 
more convex (sag. ) cranidia from SkeIbro and Killerod show 
a mean of 1 .39 (N = 27) (Fig. I SSA) . Glabella almost as wide 
as long in adults (Table 13 ;  Fig. 155B); specimens from 
Fågelsång tend to have a relatively narrower glabella, show
ing W:L ratios varying between 0.8 1 and 0.96 (mean 0.89; N 
= 12) ,  while specimens from Skelbro and Killerod exhibit 
glabellar W:L ratios between 0.85 and 1 .0 1  (mean 0.93; N = 

27; Fig. 1 55B). Axial furrows gently arcuate between palpe
bral lobes and do not converge forwards; furrows wide, but 
comparativelywell-impressed, and visible also on testaceous 
material. Anterior margin of cranidium rather straight, pro
ducing a truncate appearance. Extremely narrow, flattened 
anterior rim present in most specimens (Fig. 1 53A, n, ac
counting for half of the very narrow anterior cephalic border. 
Palpebral lobes gently convex (tr. ) ,  sloping rather strongly in 

outward direction. A radiating caecate pattern is occasionally 
present on the lobes of internal moulds, particularly distinct 
along the palpebral suture. Mesial glabellar tubercle small on 
internal moulds, and often difficult to recognize on testa
ceous material, but may be indicated by a change of colour or 
by an interruption of the 'wrinkled' test surface. Tubercle in 
a relatively advanced position (Table 13 ) ,  partly as a conse
quence of the high sagittal convexity of cranidium. Sagittal 
keel on internal moulds as in N. armadillo. Wide and shallow 
occipital furrow defined on internal moulds, with a mesial 
expansion to twice the lateral width; it is almost effaced on 
testaceous material, but may be very gently impressed me
sially. Shallow lateral glabellar impressions not uncommon 
on intern al moulds (Figs. 1 53F);  a single specimen with 
intact test exhibits coloured muscle insertion sites (Fig. 
1 53B) .  Posterior fixigena slender, pointed triangular, bent 
slightly down; length (exsag.) averages 0 . 14  of the cranidial 
length (N = 27) . Anterior branch of facial suture turn gently 
outwards in front of eyes at an angle of about 25° to sagittal 
line, later turning inwards to merge smoothly mesially. Pos
terior branch of facial suture almost straight, but in detail 
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Fig. 155. Cranidia of Nileus latifrons n.sp. Distinetion is made between speeimens from Fågelsång and Skelbro-Killerod only when differences between the 
materials are evident. The material from Fågelsång includes the tiny cranidia described separately as 'Undifferentiated juvenile specimens of Nileus armadillo 
and N. latifrons n.sp.'. DA. Width:length ratio (measured across the palpebral lobe) plotted against cranidial length. DB. Ratio between glabeIla width 
(measured between posterior comers of palpebral lobes) and cranidial length plotted against cranidial length. DC Ratio between palpebral lobe length 
(exsag.) and cranidial length plotted against cranidial length. DO. Relative position of glabellar tubercle plotted against cranidial length. 

consists of two straight parts, an inner section with a direc
tion of about 45° from sagittal line, and an outer section with 
a direction of about 25° from sagittal line, equalised angle 
from lobe to intersection with posterior margin about 35° to 
sagittal line. Librigena slender; lateral border stops shortly 
before midlevel of eye, and the convex (tr. ) posterolateral 
part of librigena slopes strongly outwards. 

Cephalic test surface shows minute pits, which are particu
lady distinet on the palpebral lobes and on posterolateral 
portion of librigena. It is possible that pitting genuinely is 
absent on glabella in some speeimens, but the fine ornament 

is obliterated by even the slightest corrosion. W ell-preserved 
speeimens often show a 'wrinkled' surface pattern on muscle 
insertion sites. 

Hypostome unknown. 
Thorax with eight segments, decreasing gently in size 

backwards; posterior segment 10% narrower (tr. ) and al
most 40% shorter (sag. ) than anterior segment. Axis of equal 
width on the anterior three segments, then tapers slightly 
rearwards; it occupies 0.55 of the thoracic width on the 
anterior segment and 0.50 of the width on the posterior. Axis 
not raised above pleurae, except for the relief inherent from 
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Fig. 156. Nileus latifrons n.sp. DA. Paratype. Internal mould ofthorax showing axial musde insertion sites, dorsal view, x2. MGUH 22.649 (GM 1984. 1 6 17) ,  
Duegård, Bornholm. DB. As A,  dose-up of anterior thoracic segments (edge of cephalon to the right) showing doublure and pleural furrows, side view, x4. 
OC Exfoliated transitory pygidium, stage C, x 10. MGUH 22.661 (F 68), bed 1 8, Fågelsång. OD. Internal mould of small holaspid pygidium showing 
doublure, x5. MGUH 22.662 (F 163) ,  bed 19, Fågelsång. 

skeletal convexity (tL) ,  and it is defined mainly by the posi
tion of articulating processes/sockets. On internal moulds 
the axis of each segment has a pair of elongate, crescentic, 
lateral swellings, connected across sagittal area by a narrow 
low ridge (Fig. 1 56A) . Paired, light coloured muscle mark
ings, corresponding to the position of the axial swellings, are 
seen in one well-preserved specimen with intact test (Fig. 
157 A); apart from that, there is no indication of the swellings 
on the smooth outside. Obviously, the swellings are retlect
ing a thinning of the test, and correspond in all probability to 
muscle insertion sites. Articulating half-ring, as seen on 
internal moulds, short (tL) ,  consisting only of the raised 
anterior edge of the segment. It is delimited by a deep 
transverse furrow, likewise defined only on internal moulds, 
which turns backwards laterally, and continues into short 
pleuraI furrows running behind articulating processes to 
stop at paradoublural line on the middle of the segment (Fig. 
156A) . Pleural furrows shallow on testaceous material, most 
deeply impressed on the anterior segments, almost effaced 
on posterior segments; together they form an indistinct 
'pseudo' axial furrow. Articulating facets well-developed, 
occupying main part of the segments (exsag.) distally. Fairly 
prominent articulating processes situated on anterior mar
gin, tlanking the axis, and corresponding articulating sockets 
are present in posterior margin; these articulating features 
are most prominent on internal moulds. 

Test surface is covered with minute pits; a faint 'wrinkled' 
pattern may be indicated laterally on axis, running parallel to 
sagittal line. A single terrace line crosses the axis of each 
segment; it is effaced mesially on the posterior two segments. 
The terrace line runs immediately behind the position of the 

Fig. 157. Nileus latifrons n.sp. DA. Non-whitened, well-preserved thorax 
and pygidium with transparent cutide showing light coloured musde 
insertion sites, x3. MGUH 22.663 (GM 1 884. 1 620a) , Bornholm. DB. As A, 
whitened, showing typically developed adult terrace-line pattern, x3 .  OC 
Small pygidium showing comparatively broad concave border, x6. 
MGUH 22.664 (S 175 1 ) ,  bed + 13 ,  SkeIbro. OD. Small pygidium showing 
almost complete lack ofexterior terrace lines, x6. MGUH 22.665 (S 1458),  
bed + 13 ,  Skelbro. DE. Partly exfoliated small pygidium showing compara
tively well-developed border, x4. MGUH 22.666 (S 1716) ,  bed + 13 ,  Skel
bro. OF. Transitory pygidium, stage E; x6. MGUH 22.667 (5 148 1 ) ,  bed 
+ 13, SkeIbro. OG. Transitory pygidium, stage C; x 10. MGUH 22.668 (5 
1460a),  bed + 13 ,  SkeIbro. OH. Transitory pygidium, stage C; x9. MGUH 
22.669 (5 1447), bed + 13, Skelbro. Dl. Transitory pygidium, stage C, x9. 
MGUH 22.670 (S 1 564) ,  bed + 13 ,  Skelbro. DI. Transitorypygidium, stage 
D, x9. MGUH 22.67 1 (S 1487a), bed + 13 ,  Skelbro. DK-L. Paratype. Well
preserved pygidium showing typical dorsal terrace-line pattern, radiating 
'wrinkled' pattern around axis, and ill-defined border, side and dorsal 
views, x3 .  MGUH 22.672 (S 1624a), bed + 14, SkeIbro. DM. Transitory 
pygidium, stage E, x9. MGUH 22.673 (S 16 18 ) ,  bed + 13 ,  Skelbro. ON. 
Transitory pygidium, stage D, x9. MGUH 22.674 (5 1 549), bed +13 ,  
Skelbro. DO.  Partly exfoliated pygidium showing axial outline on  internal 
mould, x3 .  MGUH 22.675 (S 1 589a), bed + 13 ,  SkeIbro. 
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Fig. 158. Ni/eus /atifrons n.sp. DA. Partly exfoliated small pygidium, showing weakly defined border on internal mould, but almost no border on external side, 
x6. MGUH 22.676 (F 144), bed 19, Fågelsång. DB. Paratype MGUH 22.649 (GM 1 984. 16 17 ) .  Internal mould of large pygidium, x2. Cephalon and thorax 
figured on Figs. 153A, 1 56A-B. Duegård, Bornholm. De. Internal mould of small pygidium showing axis, x3 .  MGUH 22.677 (S 1 725) ,  bed + l3 ,  SkeIbro. OD. 
Internal mould of small pygidium showing axis and doublure, x4. MGUH 22.678 (S 1 592), bed + l3 ,  SkeIbro. DE. Internal mould of small pygidium showing 
doublure, x4. MGUH 22.679 (K 126 1 ) ,  bed 1 1 ,  Killer6d si te b. OF. Internal mould ofpygidium showing doublure, x3.  LO 7070 (LU l3 ) ,  Fågelsång, Ioc. E2 1b. 

Tab/e 14. Ni/eus /atifrons n.sp. Ranges for variation of pygidia, expressed as ratios. An unusually large E-stage specimen, 4.5 mm long, has not been included. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 
pygidial length 

Size (mm) Variation Mean N Variation Mean N Variation Mean N Variation Mean N 

2.2-2.8 [Stage C] 0.58-0.70 0.64 3 0.34--0.38 0.36 3 0.59-0.71 0.64 3 0.23 2 
2.4-3.5 [Stage D] 0.62-0.73 0.66 7 0.36--0.42 0.39 8 0.52-0.65 0.59 7 0.20--0.25 0.23 7 
3.3-3.7 [Stage E] 0.54--0.66 0.59 4 0.34--0.40 0.38 4 0.52-0.60 0.56 4 0 . 19-0.24 0.23 3 
3.6-5.7 [Hol. ] 0.50--0.56 0.54 1 1  0.30--0.38 0.33 6 0.49-0.58 0.54 8 0 . 1 8-0.26 0.2 1 8 
>6 [Hol. ] 0 .51-0.60 0.55 30 0.3 1-0.4 1 0.36 20 0.53-0.68 0.6 1 26 0. 1 2-0.20* 0. 1 5  1 9  

* Exclusive o f  pygidia without border. 
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Fig. 159. Pygidia of Ni/eus /atifrons n.sp. DA. Ratio between sagittal length 
and maximum width plotted against sagittal length. DB. Ratio between 
border length (sag.) and pygidial length plotted against pygidial length. 
Note that the border is steep in many speeimens. Pygidia without a border 
are not included. 

axial swellings seen on internal moulds, to stop short off the 
'axial furrows'. One to two well-impressed terrace lines are 
present on the posterior crest of articulating facet. Facet 
provided with at least ten gendy sigmoidal, fine terrace lines, 
running downwards-outwards. 

Doublure extends below 0.75 of the pleural width (tr., 
dorsal projection) . A low crest (panderian protuberance 
sensu Hupe 1954) crosses the doublure diagonally from one 
third up the anterior margin and inwards-backwards; the 
crest is a stopping device for the articulating facet of the 
succeeding thoracic segment. Terrace lines arranged in a 
'herring-bone' pattern around the crest (Fig. 1 56B). Anterior 
to the crest are usually seen about seven rather coarse, 
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roughly transverse lines, becoming gradually shorter and 
with an increasing oblique outwards direction abaxially; 
posterior to the diagonal crest the terrace lines are more 
abundant and finer, also trending roughly transverse, but 
with an oblique outwards-backwards direction. Distally the 
terrace lines turn abrupdy outwards and follow the anterior 
margin on the anterior segments, whereas the distal lines on 
the posterior segment are U-shaped, facing outwards . 

Pygidium moderatelyvaulted, slender. Axis has no relief at 
all in adults, even on internal moulds, but a funnel-shaped 
axial area is occasionally oudined by muscle markings, by a 
faint 'wrinkling' of test surface, or by an indistinct reticulate 
pattern on internal moulds (e.g., Figs. 1 57B, 1 58C). For the 
same reason the exact dimensions of the axial area are diffi
cult to obtain (Table 14) .  A barely raised axis with indistinct 
segmentation is usually defined on internal moulds of 
smaller holaspides less than 10  mm long, showing up to five 
segments in addition to the terminal piece. The axial seg
mentation is effaced on internal moulds of adults, apart from 
the anterior transverse furrow, separating half-ring. Four 
pairs of light coloured muscle markings are present in the 
axial area of a couple of excellendy preserved testaceous 
speeimens (Fig. 157  A) . Anterior pair is connected by a nar
row band across sagittal area, and corresponds to the first 
axial ring. The posterior, clearly composite pair is the largest, 
and appears to contain three submarks, suggesting a total of 
six muscle pairs on the pygidium. A narrow, more or, typi
cally, less well-defined border is normally present, but a few 
pygidia are fully convex. Anterolateral border width may be 
up to twice the postaxial width. Especially pygidia from the 
lower part of bed + 1 3  at Skeibro, as well as holaspides less 
than 8 mm long, show a comparativelywell-defined concave 
border (Fig. 1 57C), whereas it mosdy is steeper and indis
tinet in pygidia from Scania and from the uppermost part of 
bed + 1 3  and bed +14  at Skeibro (Fig. 1 57L) . Within this 
range of variation some pygidia are convex postaxially or 
nearly so, but still show an anterolateral concave border. Of 
24 holaspides with intact postaxial region, 3 specimens, 6.3 to 
6.7 mm long, show a relatively wide border, occupying 0. 16-
0.2 1 of the pygidial length; 1 8  speeimens, more than 8 mm 
long, have a more or less well-defined border occupying 
0. 12-D. 1 8  of the pygidial length (mean 0. 15 ;  see Fig. 1 59B), 
and 8 speeimens, 6 to 16  mm long, lack a postaxial border. 
The test is thickened in the flexure between pleural fields and 
border, so the border is most distinet on internal moulds; a 
concave border may actually be defined on internal moulds 
and not on the outside oftest as demonstrated by a few, pardy 
exfoliated speeimens (Fig. 1 58A) . 

Adult pygidia usually show four long and two short well
impressed terrace lines along anterior margin and several 
well-impressed, openly spaced terrace lines anterolaterally 
on border (Fig. 1 57L); the entire test surface is finelypunctate 
(the faint punctation is obliterated by even the faintest corro
sion) .  Articulating facets provided with about 15-18  fine 
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Fig. 160. Ni/eus /atifrons n.sp. versus N. armadiIIo, adult specimens only 
(cranidia more than ca. 6 mm long and pygidia >5.7 mm long).  DA. 
Comparison of adult ratios between maximum cranidial width and cra
nidial length. DB. Comparison of adult ratios between glabella width 
(measured between hind corners of palpebral lobes) and cranidial length. 
De. Comparison of adult ratios between palpebral lobe length (exsag.) and 
cranidial length. OD. Comparison of adult ratios between the distance 
from posterior cranidial margin to glabellar tubercle against cranidiaJ 
length. DE. Comparison of adult ratios between pygidial length (sag.) and 
maximum pygidial width. 
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terrace lines. Excellently preserved specimens show a 
'wrinkled' pattern radiating from the axial area (Fig. 157L) . 

Doublure slightlyto moderately concave, gently upturned 
around the tip ofaxis and provided with about 14-15  coarse 
terrace lines. 

Juveniles. -Juvenile cranidia less than 4 mm long and transi
tory pygidia of N latifrons n.sp. and N armadillo cannot be 
distinguished, see separate description below of material 
from levels containing both species. 

Cranidia less than 6 mm long differ significantly from 
larger specimens in several respects (cf. Fig. 1 55;  Table 13 ) ,  
i.e. the cranidial W:L ratio i s  lower, glabella i s  distinctly 
narrower, and the glabellar tuberde is situated doser to 
posterior margin. The smallest specimen (S 1459, Fig. 1 53G) 
has a distinct flattened rim along the more rounded anterior 
cranidial margin and a lower sagittal convexity. Juvenile 
cranidia have a smooth test surface. 

Thirty-one juvenile pygidia from levels containing only N 
latifrons n.sp are assigned to this species, but they are 'identi
fied' solely by their association with identifiable adult speci
mens. Transitory pygidia (stages C, D and E) match the 
description of similar material (pp. 243-245) .  The E stage is 
represented by five pygidia, 3 .3-3 .7 mm long, plus a speci
men 4.5 mm long. The latter presumably belongs to N 
armadillo, although no adult specimens of this species have 
been found at the same level. It may alternatively represent a 
growth stage F individual in which the thoracic segment 
failed to detach during moulting. 

Fourteen specimens, 3 .9-5.7 mm long, of the juvenile 
material are holaspides. The specimens from Skelbro have a 
well-defined border, postaxially occupying 0. 18-0.21  of the 
pygidial length (mean 0.20; N = 5) .  Of six specimens from 
Fågelsång, the smallest, 3 .9 mm long, has a distinct border, 
postaxially occupying 0.25 of the pygidial length, the next
smallest, 4. 1 and 4.8 mm long, have a border occupying 
0.20--0.21 of the pygidial length, whereas no border is defined 
in the remaining specimens, 5 to 5.7 mm long. The three 
smallest specimens from Fågelsång are internal moulds, and 
patches of intact test in one of the specimens (4.8 mm long) 
suggest that no border is defined on testaceous material (Fig. 
1 58A) . None of the specimens show punctation of test sur
face, perhaps reflecting preservational failure. 

Affinities. - Nileus latifrons n.sp. occurs associated with N 
armadillo, but is readily distinguished by the wide cranidium 
(Fig. 160A) , the short, slightly rounded glabella (Fig. 160B), 
the advanced glabellar tuberde (Fig. 160D),  the rather 
straight anterior cranidial margin without median boss, and 
by the slender pygidium, typically with a poorly defined 
border and very few terrace lines; besides, the pygidial doub
lure is less concave and less upturned around the tip ofaxis. 
N latifrons n.sp. and N armadillo probably are not dose 
relatives. The separating characters stated for N latifrons 
n.sp. versus N armadillo also differentiate the new species 
from N orbiculatoides. 
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N latifrons n.sp. has the same basic outline as the members 
of the N depressus group, particularly N depressus depressus. 
Thus N latifrons n.sp. and N d. depressus both have a short 
cephalon with a broad, slightly rounded glabella, a strong 
cephalic convexity (both ways) ,  a rather straight anterior 
cranidial margin, convex posterolateral librigenae without 
lateral border, and moderately vaulted, slender pygidia typi
cally with an ill-defined or no border. N latifrons n.sp. is 
separated by the different size and the much different ter
race-line pattern, but it is possible that N latifrons n.sp. is 
related to the N depressus group, particularly as suggested by 
the quite similar cephalic outlines. It is even possible that N 
latifrons n.sp. simply represents a shallow-water ecopheno
type of N depressus (compare discussion of Nileus sp. B) .  

Remarks. - The variation of pygidial border outline is  inter
esting from a general taxonomical viewpoint, as it demon
strates that the border may vary from being fairly well
defined to absent within one and the same species. This is 
relevant in the discussion of N depressus and N orbicula
toides ( q.v. ) ,  and indicates that a rigid use of presence/ab
sence of a pygidial border in nileid taxonomy is unwarranted 
(cf. Tjernvik 1980) . 

The articulated specimen MGUH 22.649 in all probability 
represents a failed exuviation. The facial suture is open (Fig. 
1 53A) , and there is an anterior gap of 5 mm between the 
librigenae and the cranidial margin; the neck point (Hen
ningsmoen 1975, p. 182) is still articulated. It appears prob
able that the trilobite either died during exuviation or, alter
natively, that the cephalic opening diminished after 
accomplished exuviation. Under all circumstances the speci
men seems to indicate that Nileus molted by opening the 
facial suture and then emerged through the cephalon, lying 
on the back (the specirnen is orientated with the dorsal side 
down).  This position is also seen in the living Limulus during 
exuviation (Henningsmoen 1975, p. 188) .  Furthermore, the 
sizeable specimen dearly suggests that even the old trilobites 
continued to molt. 

Undifferentiated juveniles of Nileus 
armadillo and N. latifrons n.sp. 
Figs. 1 6 1-162 

Material. - Six juvenile cranidia and 16 transitory pygidia. 

Listofmaterial. - DCranidia S 1632 (im), F 1 17 (t) [MGUH 22.680 ] ,  F 1 50b 
(t) , F 1 6 1  (im), K 369a (t), LU 87b (t) . DPygidia S 1 530 (im) [MGUH 
22.686 ] ,  S 1 707 (im), S 1 7 19a (im), S 1 727 (t), S 1 750 (t) [MGUH 22.685] , 
S 1 752 (t), K 369b (t) [MGUH 22.687 ] ,  K 376 (t), K 1 259 (t), K 1 267 (t) 
[MGUH 22.682 ] ,  K 1268 (t), F 143 (t) [MGUH 22.684 ] ,  F 148 (im), F 1 54a 
( im), F 1 54b (pim) [MGUH 22.68 1 ] ,  F 1 89 (pim) [MGUH 22.683 ] .  

Occurrence. - The material is from the A .  expansus Zone of 
Skelbro (top ofbed + 13 ,  bed + 14) ,  Fågelsång (beds 18-20) ,  
Killerod (bed +35) and Killerod site b (beds 1 1-12) .  Speci
men LU 87b is from bed interval 18-20 of Fågelsång. 
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Fig. 161 .  Juveniles of N. armadillo or N. latifrons n.sp. DA-C. Juvenile cranidium showing comparatively strong sagittal curvature, dorsal, frontal and side 
views, x 15 .  MGUH 22.680 (F 1 17) ,  bed 19, Fågelsång. OD. Partly exfoliated transitory pygidium, stage D, showing axis, x 14. MGUH 22.68 1 (F 1 54b) ,  bed 
19, Fågelsång. DE. Transitory pygidium, stage D, x 12 .  MGUH 22.682 (K 1267), bed 12 ,  Killer6d site b. OF. Partly exfoliated transitory pygidium, stage C, 
showing axis and pleural fields, x 12. MGUH 22.683 (F 189) ,  bed 20, Fågelsång. OG. Transitory pygidium, stage D, x 12 .  MGUH 22.684 (F 143) ,  bed 1 9, 
Fågelsång. OH. Transitory pygidium, stage E, showing outline of fixed segment, x9. MGUH 22.685 (S 1 750), bed +13 ,  SkeIbro. DI. Internal mould of 
transitory pygidium, stage E, showing axis, x9. MG UH 22.686 (S 1 530), bed + 13 ,  SkeIbro. 

Table 15. Undifferentiated juvenile cranidia of Nileus armadillo and N. latifrons n.sp. Ranges for variation, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width Palpebral lobe length (exsag.) Glabellar tubercle, 
distance to post. margin 

Size (mm) Variation Mean N Variation Mean N Variation Mean N Variation Mean N 

1 .9 mm 0.58 0.39 0.29 
2.4-2.9 mm 1 .04-1 .07 1 .06 2 0.69-0.75 0.72 2 0.42-0.45 0.43 2 0.29 l 
3.2-3.9 mm 1 . 1 3-1 . 2 1  1 . 1 5  3 0.74-0.79 0.76 3 0.4 1-0.44 0.43 3 0.29-0.34 0.32 3 

Table 16. Undifferentiated juvenile pygidia of Nileus armadillo and N. la ti frons n.sp. Ranges for variation, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag.) : 
pygidial length 

Size (mm) Variation Mean N Variation Mean N Variation Mean N Variation Mean N 

1 . 5  [Stage Al 0.68 0.3 1 O 0.20 l 
2. 1-2.4 [Stage Cl 0.63-0.68 0.65 2 0.35-0.39 0.37 2 0 .71  2 0. 1 7-0. 1 9  0. 1 8  2 
2.3-3 . 1  [Stage Dl 0.62-0.66 0.64 6 0.39-0.40 0.39 4 0.6 1-0.65 0.63 3 0.2 1-0.24 0.23 5 
3.6-4.5 [Stage El 0.52-0.57 0.55 4 0.35-0.37 0.36 4 0.53-0.59 0.56 4 0. 1 5-0.22 0. 19  4 
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Fig. 1 62. Juvenile of N. armadillo or N. latifrons n.sp. Transitory pygidium, 
stage A, x30. MGUH 22.687 (K 369b),  bed +35, Killerod. 

Description. - A tiny, somewhat damaged cranidium, 1 .9 
mm long, is very elongate (Table 15 ) .  Sagittal convexity 
moderate, but quite strong posterior to glabellar tubercle. 
Compared to the next -smallest cranidium, 2.4 mm long, the 
discussed cranidium is less convex (sag. ) except posterior to 
tubercle, and glabella is distinctly narrower. The specimen is 
not suited for illustration. 

Remaining cranidia, 2.4-3.9 mm long, have a fairly pro
nounced sagittal convexity. Compared to adult specimens, 
they are more elongate and the sagittal curvature is slightly 
less strong in front of the glabellar tubercle, whereas the 
curvature is markedly stronger posterior to the tubercle, 
which gives the central part of glabella a peculiar 'hump
backed' shape with highest point at glabellar tubercle (Fig. 
16 1A-C). Axial furrows effaced, or nearly so, on testaceous 
specimens; palpebral lobes narrower (tr. ) than in adults, and 
glabellar tubercle situated far back. Posterior fixigena strong
ly flexed downwards. No specimen show a mesial boss or a 
flattened rim along anterior margin. Test surface smooth. 

The available pygidia are all transitory pygidia. One tiny 
pygidium, l .S mm long, with smooth test surface does not 
show any indication of unreleased segments; it represents 
stage A (Fig. 162) .  Axis not outlined, except for the distinct 
articulating half-ring, which projects in front of the straight 
pygidial margin. Sagittal convexity comparatively strong, 
with a narrow and only slightly less sloping border running 
the whole way; postaxial border width 0.20 of the pygidial 
length. Compared to specimen S 63b (see pp. 241-243) the 
sagittal convexity is slightly less strong and the border is 
better defined. The straight anterior margin appears to end 
laterally in gentle elevations, which probably correspond to 
articulating sockets; anterolateral corners of pygidium ob
liquely truncate. 

Sparse material of transitory pygidia, representing stages 
C-E (Table 16) ,  match the description on pp. 243-245, 
except that the C and E stage specimens generally show a 
narrower border, and the D stage pygidia are proportionally 
broader. 
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Remarks. -The material is from beds containing both Nileus 

armadillo and N latifrons n.sp. ,  and cannot with certainty be 
assigned to either of these species. It is, however, suspected 
that their late meraspid stages are of unequal size, but more 
material is needed to verify this impression. The smallest 
holaspide pygidia can be assigned to the respective species. 

The peculiar 'humpbacked' juvenile cranidia are unusual 
and a sirnilar development is not seen in any other of the 
species described here. The material probably represents N 
armadillo. 

The D stage is represented by eight pygidia, 2 .3-3. 1 mm 
long, plus a specimen 4.4 mm long (excluded from calcula
tions in Table 16) .  The latter specimen is interpreted as an E
stage representative in which the anterior segment failed to 
detach during moulting. 

Nileus exarmatus Tjernvik, 1 956 
Figs. 163-167 

Synonymy. - 0 1 904 Nileus Armadillo Dalm. [partim] -
Schmidt, Pl. 8: 16 (illustrations of pygidium) [cephalon of 
the same specimen is figured by Balashova 1976 ] .  Ov 1936 
Nileus armadillo Dalm. [partim] - C. Poulsen, pp. 48, 50 
(listed, occurrence discussed) .  Ov 1952 Nileus armadillo 
(Dalman) [partim] - Skjeseth, p. 170; Pl. 2 :8,  1 1  (occur
rence, illustrations of cephalon, pygidium) .  0 1 956 Nileus 
exarmatus n.sp. - Tjernvik, pp. 209-2 10; Textfig. 33B; Pl. 
2 : 16-2 1 (description, occurrence, illustrations of complete 
specimen, cranidium, hypostome, pygidium and juvenile 
cephalon) . Ov 1965 Nileus exarmatus Tjernvik, 1956 - v. 
Poulsen, pp. 74-76; PIs. 3:?7, 8-10; 4: 1 (description, occur
rence, illustrations of complete specimen and hypostome) .  
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Fig. 1 63. Cranidia and pygidia of Nileus e.xarmatus. Maximum width 
plotted against sagittal length. 
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0 1 972 Nileus sp. indet. - Schrank, Pl. 3 : 1  [orig. Tjernvik 
1956, Pl. 2:20] (illustrations of juvenile cephalon) . 0 1972 
Nileus exarmatus exarmatus Tjernvik [partim] - Schrank, 
pp. 352, 358-36 1 ;  PIs. 2: 1-10; 3:5, 7, 1 0, 1 1 , 14; non Pl. 3 :3 ,  4, 
6, 8, 9 [= N orbiculatoides] ; Textfig. p. 353 (description, 
occurrence, phylogenetic relationships, illustrations of en
rolled specimen, cranidia, pygidia, hypostomes) .  0 1 972 
Nileus sp. aff. limbatus et exarmatus [partim ] - Schrank, p. 
364; PIs. 3:?2; 4:6; 5:7, ?8, 9 (remarks on diagnostic charac
ters, illustrations of cranidia, librigena, pygidia) .  0 1 973 
Nileus exarmatus Tjernvik, 1956 - Modlinski, p .  5 1 ,  Pl. 3:4 
(short description, occurrence, illustration of pygidium) . 
01976 Nileus exarmatus Tjernvik - Balashova, p. l 39; Pl. 
40:8 (description, illustration of cephalon) . 0 1 980 Nileus 
exarmatus Tjernvik - Tjernvik & Johansson, pp. 1 78-179, 
187-188, 19 1-192, 202 (occurrence) .  

Holotype. -Complete specimen PU N- 1 55, figured byTjern
vik ( 1956, Pl. 2 : 18-19) .  

Material. - Six complete specimens, 3 cephala (all with a few 
contiguous thoracic segments) ,  24 cranidia, 17  juvenile cra
nidia and 19 pygidia. 

List of material. -DComplete speeimens S 1661 (t) [MGUH 22.694 ] ,  S 1770 
(t) [MGUH 22.690 ] ,  MGUH 9432 (im), GM 1984. 1 806 (t), K 17 (t) IK 2 \  
(im) [MGUH 22.689] .  DCephala GM 1874.68 (pim) [MGUH 22.688] ,  A 
620 (t) [MGUH 22.698 ] , A 659 (t). DCranidia S 7 (im), S 23 (im) [MGUH 
22.695] ,  S 26a (im) [MGUH 22.696 ] ,  S 58 (im), S 61 (im), S 63c (im), S 89 
(im), S 98c (im), S 109 (im), S 123b (im), S 161  (im), S 272a (c), S 273 (im), 
S 274 (im), S 295c (t), S 300 (t), S 306b (im) [MGUH 22.69 1 ] ,  S 326 (im) 
[MGUH 22.697] , S 373b (im) , LU 20a (im), K 448 (pim), A 583 (im) , A 649 
(pim), A 7021 (t). DJuvenile cranidia [less than 5.5 mm long] S 26b (pim),  
S 40a (pim), S 46b (t), S 80a ( im) [MGUH 22.692] ,  S 80c (t) ,  S 92 ( im),  S 
1 57d (im), S 1 76 (pim), S 184 (t), S 188b (im), S 205a (im), S 207b (t), S 
2 1 5b (pim), S 295d (t) [MGUH 22.693 ] , S 324 (im), S 340 (im),  S 373a ( im).  
DPygidia S 4a (pim), S 4b (im) (partly doublure), S 48b (im),  S 56a (t) 
[MGUH 22.700 ] ,  S 70d (pim),  S 106a (t), S 1 10 (em), S 1 57a (t), S 1 68c 
(pim), S 172a (t), S 1 72b (pim),  S 173 (t), S 1 88a (im) [MGUH 22.70 1 ] ,  S 
1 89a (t) [MGUH 22.699 ] ,  S 2 1 6c (im), S 2371 (im) (lost, prep. ) ,  S 1679 
(im), A 635 (im), A 6851 (c) .  

Occurrence. - N exarmatus is abundant in beds -2 1 and -20 
at Skelbro, representing the basal part of the M. polyphemus 
Zone. A few specimens were found in beds K and M at 
Gårdlosa- 1 ,  belonging to the M. simon Zone. Cranidium LU 
20a originates from an erratic boulder at Andrarum, but the 
sample is unmistakably Komstad Limestone (level un
known) .  

A few specimens have been found at  Slemmestad in beds 
M- 1 (M. polyphemus Zone) and M-2 (M. simon Zone) .  A 
damaged cranidium (A 702) and a corroded pygidium (A 
685) from bed M -4 at Slemmestad (i.e. still M. simon Zone) 
are tentatively assigned to N exarmatus. 

Nileus exarmatus ranges in central Sweden from the M. aff. 
estonica Zone and into the M. simon Zone (Tjernvik 1980; see 
also Fig. 144) , and the occurrence in the Komstad Limestone 
and the Huk Formation at Slemmestad thus fits the known 
upper range of the species. This is the first report of N 
exarmatus from the Huk Formation at Slemmestad, but 
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some of the material assigned to N armadillo by Skjeseth 
( 1952, p. 170, Pl. 2:8, 1 1 ) from the Herramb Member at 
Ringsaker (base of Stein Limestone) also belongs to N exar
matus. The species possibly occurs in Poland as well, see 
discussion below. 

Diagnosis. - Small, relatively elongate species. Cephalon 
semicircular to slightly parabolic; glabella pronouncedly 
subrectangular; glabellar front rounded, or the anterior 
branches of facial suture meet at a very blunt angle; sagittal 
convexityrather low. Glabellar tuberde situated relatively far 
back. Lateral cephalic border wide and continues almost to 
genal angle. Pygidium with concave, narrow border of sub
equal width all the way; axis has a faint positive relief also on 
testaceous specimens. Pygidial test surface shows a few ter
race lines along anterior margin and dose to outer posterior 
margin, but is otherwise smooth. [Emended from Tjernvik 
1956 and Schrank 1972. ] 

Description. -The material agrees with the descriptions pub
lished by Tjernvik ( 1956) and V. Poulsen ( 1 965) ,  and only a 
few complementary observations are added. In order to 
facilitate a comparison to the other nileids described, ranges 
for variation of selected morphological features are shown in 
Fig. 1 66A-D and listed in Tables 17-18 .  

Small for a Nileus, largest cranidium about 13  mm long, 
largest pygidium 10.0 mm long. The rather poorly preserved 
complete specimen GM 1984. 1 906, 47 mm long, almost 
certainly belongs to N exarmatus, and is the largest specimen 
recorded so far: the cranidium is 16.2 mm long and the 
pygidium is 1 5.3 mm long. The ratios between cephalon, 
thorax: and pygidium in complete specimens are about 
28:42:30 (N = 2, dorsal projection) . It is uncommon that the 
cephalon is shorter than the pygidium, and it is the more 
surprising as the cephalon of N exarmatus is rather elongate. 
However, in standard maximum measurements (see intro
ductory chapter) the pygidial length averages 0.94 of the 
cephalic length, and the pygidial width averages 0.86 of the 
cephalic width in the two complete specimens (adults) .  
Cephalic L:W ratio varies between 0.55 and 0.60 (mean 0.58; 

Fig. 1 64. Ni/eus exannatus Tjernvik. DA-B. Internal mould of complete 
speeimen, side view showing doublure, dorsal view showing axial mor
phology, x4. Previously figured by V. Poulsen ( 1 965, Pl. 3 :8-10) .  MGUH 
9432, Ske\bro beds, Ske\bro. De. Internal mould of cephalon, stereo-pair, 
x2.5. MGUH 22.688 (GM 1 874.68), Vasegård, Bornholm. DD-E. Internal 
mould of juvenile complete speeimen, dorsal views of cephalon and py
gidium, x9. MGUH 22.689 (IK 2 1 ) ,  Ske\bro beds, Skeibro. DF-I. Large, 
enrolled speeimen, dorsal, frontal and sides views, x3. MG UH 22.690 (S 
1770), Skeibro beds, Ske\bro. DJ-K. Internal mould of cranidium showing 
paired glabellar musc\e insertion sites, side and dorsal views, x6. MGUH 
22.691 (S 306b),  bed -20, Ske\bro. DL. Internal mould of small cranidium, 
x 12.  MGUH 22.692 (S 80a), bed-2 1 ,  Skeibro. DM. Non-whitenedjuvenile 
cranidium with transparent cutic\e showing dark coloured glabellar 
musc\e insertion sites, x 12,  MGUH 22.693 (S 295d) , bed -20, Ske\bro. DN. 
Small enrolled speeimen, side view of cephalon, x6. See also Fig. 1 65A-B. 
MGUH 22.694 (S 166 1 ) ,  bed -2 1 ,  Ske\bro. 
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Table 1 7. Nileus e.xarmatus. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width Palpebral lobe length (exsag. ) Glabellar tubercle, 
distance to post. margin 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.6-5 . 1  1 .03- 1 . 1 9  1 . 1 1  1 5  0.65--0.77 0.72 1 5  0.41-0.47 0.44 1 3  0.27-0.33 0.30 10 
>6 1 . 1 4-1 .28 1 .20 2 1  0.69-0.83 0.77 24 0.38-0.47 0.43 24 0.27-0.33 0.30 22 

Table 18. Nileus exarmatus. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 

Size (mm) Range Mean N Range Mean 

>6 [Hol.] 0.53-0.62 0.57 1 5  0.35--0.41 0.38 

N = 4). Lateral border of cephalon wide, and it almost 
reaches genal angle, even though it tapers from the middle of 
eye (Fig. 165F). Articulating sockets in posterior margin of 
cephalon comparatively deeply incised. Length (exsag. ) of 
posterior fixigenae averages 0. 1 3  (N = 19)  of the cranidial 
length. Posterior branch of facial suture gently sigmoidal. 
Only the posterior part of the cephalic do ub lure is visible, 
showing, however, that the doublure is slightly less concave 
at eye level, compared to N. armadillo, the posterolateral 
outer part near genal angle, which is downflexed along 
margin, is wider (tr. ) than in N. armadillo, and the posterior 
flattened, 'pleura-shaped' portion is separated only distally 
by a doublural crest, which becomes effaced adaxially. 

Thorax parallel-sided until the third segment and thence 
tapers slightly rearwards; posterior segment 0.94 (N = 1 )  
times as wide (tr.) as the anterior segment. Axis occupies 0.49 
(tr. ) (N = 1) of the thoracic width on the first segment, then 
expands slightly to attain a maximum width on the third 
segment, here occupying 0.5 1 (N = 1 )  of the thoracic width 
(tr. ) ,  to taper backwards; it occupies 0.43 (N = 1 )  of the 
thoracic width on the posterior segment. Axial width on the 
posterior segment corresponds to 0.83 (N = 1) of the axial 
width on the first thoracic segment. Pleural furrows com
paratively well-impressed, and clearly visible also on testa
ceous material. Thoracic doublure wide, stretching below ca. 
0.8 of the pleural length (tr. ) ;  it is provided with a low crest 
running obliquely inwards-backwards from one third up the 
anterior margin. Numerous terrace lines present behind the 
crest, running transversely, slightly backwards-outwards, 
whereas very short lines, typically about seven, are situated 
adaxially, immediately in front of and adjacent to the crest. 
Only the posterior segment shows a slightly different mor
phology. 

Pygidial doublure strongly concave, and with anterior 
incisions to pleural furrows; it is covered with about 19  
coarse terrace lines. 

pygidial length 
N Range Mean N Range Mean N 

1 1  0.55--0.61  0.58 12 0 . 1 5-0.22 0.20 12 

Juveniles. - Cranidia 2.6-5 . 1  mm long are by comparison to 
larger cranidia significantly more elongate, resulting in rela
tively narrow glabellas, low cranidial L:W ratios etc. (Fig. 
166, Table 17) .  Moreover, the anterior margin is also more 
rounded, and the sagittal convexity is less strong in the 
smallest juveniles, compared to adults. Relative length and 
position of palpebral lobes as well as position of mesial 
glabellar tubercle as in larger cranidia. Librigenae ofjuvenile 
cephala carry short spines according to Tjernvik ( 1 956, p. 
2 10; Pl. 2:20; see also Schrank 1972, Pl. 3 : 1 ) ;  the smallest 
cephalon found in the Komstad Limestone is 6.2 mm long, 
and shows the adult condition with rounded genal angles. 

All 'e.xarmatus-like' small pygidia are described collec
tively below as 'Juvenile pygidia of Nileus e.xarmatus, N. 
orbiculatoides, and N. depressus schranki n.subsp. ' .  

Affinities. -Nileus e.xarmatus occurs associated with N. orbi
culatoides, N. depressus schranki n.subsp. and Nileus sp. B in 
the Komstad Limestone. It is distinguished from these spe
cies by the subrectangular, narrow glabella (Fig. 167B) ,  by 
the distinctly curved anterior cranidial margin, by the lower 
cephalic convexity (sag. ) ,  by the rearwards position of the 
glabellar tubercle (Fig. 167D) ,  and by the limited number of 
terrace lines on the pygidium. Furthermore, N. orbicula
toides shows a mesial boss on the anterior cranidial margin 
and alm ost lack the sagittal glabellar keel present on internal 
moulds of N. e.xarmatus, and the cranidium of N. depressus 
schranki n.subsp. is characterized by a finely pitted test sur
face. 

The relationship to the somewhat similar N. limbatus is 
discussed by Tjernvik ( 1956, p. 2 10 ) .  N. limbatus is presum
ably the ancestor of N. e.xarmatus (cf. Schrank 1972, pp. 352-
353, see also introductory discussion of Nileus above) .  

Remarks. - Nileus e.xarmatus i s  comparatively small, which 
causes identification problems for pygidia, as they closely 
resemble juveniles of several nileid species. 
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Fig. 165. Ni/eus exarmarus Tjernvik. DA-B. Small enrolled specimen, dorsal views of cephalon and pygidium, x6. Side view of cephalon shown on Fig. 1 64N. 
MGUH 22.694 (S 1661 ) ,  bed -2 1 ,  Skelbro. DC Internal mouId of cranidium showing faint traces of paired glabellar musde impressions, x6. MGUH 22.695 
(S 23), bed -2 1 ,  Skelbro. DO. Internal mouId ofcranidium showing paired musde impressions on glabeIla, x6. MGUH 22.696 (S 26a) , bed -2 1 ,  Skelbro. DE. 
Internal mould of small cranidium, showing paired musde impressions on glabeIla, x9. MGUH 22.697 (S 326), bed -20, SkeIbro. OF. Damaged cephalon, 
x3 .  MGUH 22.698 (A 620), bed M-2, Slemmestad. DG-H. Slightly damaged, but well-preserved pygidium with transparent cutide showing coloured musde 
insertion sites in axial area, and 'exarmatus-type' terrace-line pattern, x8; G non-whitened dose-up ofaxis, x 1 6. MGUH 22.699 (S 1 89) ,  bed -2 1 ,  Skelbro. DI. 
Slightly damaged, but well-preserved pygidium showing 'exarmatus-type' terrace-line pattern, x6. MGUH 22.700 (S  56a), bed -2 1 ,  Skelbro. O). Internal 
mould of pygidium showing axis, x6. MGUH 22.70 1 (S 1 88a), bed -2 1 ,  SkeIbro. 
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Fig. 1 66. Cranidia of Ni/eus exarmatus. DA. Width:length ratio (measured across palpebral lobes) plotted against sagittal length. DB. Ratio between glabeIla 
width (measured between posterior corners of palpebral lobes) and cranidial length plotted against cranidial length. De. Ratio between palpebral lobe length 
(exsag.) and cranidial length plotted against cranidial length. OD. Relative position of glabellar tubercle plotted against cranidial length. 

The transitory pygidium assigned to N. exarmatus by V. 
Poulsen ( 1 965, Pl. 3 :7) cannot be confidently identified. It is 
here included in 'Juvenile pygidia of Nileus exarmatus, N. sp. 
B ... ' etc. The report ofN. exarmatusfrom the M. simon Zone 
of the Finngrundet core (Tjernvik 1980, p. 1 9 1 ,  Textfigs. 3-4) 
is based on two juvenile pygidia, which cannot be identified 
at the species level (see remarks on 'Juvenile pygidia of Nileus 
exarmatus, N. sp. B .. ' etc. herein) .  

V. Poulsen ( 1965, pp. 58, 76) emphasized the occurrence 
of fine terrace lines on the pygidia of N. exarmatus from 
the M. polyphemus Zone. However, the pygidial test is 
smooth in N. exarmatus, and the separate pygidium de-

scribed by V. Poulsen obviously represents N. depressus 
schranki n.subsp. 

According to Schrank ( 1972, pp. 358-361 )  the cranidium 
of N. exarmatus is characterized by a small anterior median 
boss as in N. orbiculatoides. Tjernvik ( 1 956) originally de
scribed the anterior margin of glabella as smooth, or anterior 
branches of the facial suture may join at a very blunt angle. 
None of the available cranidia of N. exarmatus possess an 
anterior boss, and all of the cephala and cranidia, assigned to 
N. exarmatus by Schrank and which have an anterior boss, 
rather belong to N. orbiculatoides. The cranidia and cephala 
of N. exarmatus appear to have been identified as Nileus sp. 
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Fig. 1 67. Nileus exarmatus versus N. orbiculatoides, adult specimens only (cranidia >ca. 6 mm long and pygidia >5.5 mm long) . DA. Comparison of adult 
width:length ratios of cranidia (measured across palpebral lobes) .  DB. Comparison of adult ratios between gIabeIla width (measured between hind corners 
of palpebral lobes) and cranidial length. De. Comparison of adult ratios between the distance from posterior cranidial margin to g1abellar tubercle against 
cranidial length. DO. Comparison of adult length:width ratios of pygidia. 

aff. limbatus et exarmatus by Schrank (cf. 1972, p. 364) .  
Cranidia of N. depressus are possibly also induded in this 
gro up (Schrank 1972, ?Pl. 3:2, 12 ) .  Some of the pygidia 
grouped as Nileus sp. aff. limbatus et exarmatus probably 
belong to N. exarmatus (cf. Schrank 1972, Pl. 5:7; the speei
men figured on Pl. 5:8, however, shows a very broad border 
and may represent Nileus limbatus) . 

A complete speeimen from Sweden, assigned to N. arma
dilla by Schmidt ( 1904, Pl. 8: 16) ,  was identified as N. exar
matus by Balashova ( 1976, p. 1 39) ,  who also figured the 
cephalon (Balashova 1976, Pl. 40:8 ) .  The specimen is rather 
large, compared to the material described by Tjernvik 

( 1 956), but otherwise in accordance with his description. 
Measured from the figure (Balashova 1976, Pl. 40:8) ,  the 
cephalon appears to be about 14 mm long, and thus corre
sponds to the largest speeimens studied here. 

Bednarczyk ( 1 968, Pl. 1 :6)  figured a pygidial doublure, 
assigned to N. exarmatus, from the Zawada 1 well of Po
land. The identification is questionable, as the pygidial L:W 
ratio appears low, and the terrace lines are not turned out
wards dose to the anterior margin. Another pygidium fig
ured by Modlillski ( 1 973, Pl. 3:4), looks, however, like N. 
exarmatus, so presumably the speeies actually does occur 
in the Polish area. 
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Nileus orbiculatoides Schrank, 1 972 
Figs. 168-1 74 

Synonymy. - 0 1 884 Nileus Armadillo Dalm. [partim] 

Tornquist, pp. 55-56 (occurrence) .  Ov 1936 Nileus arma

dillo Dalm. [partim ] - C. Poulsen, p. 48, 50 (listed) .  Ov 1972 
Nileus exarmatus orbiculatoides n.subsp. - Schrank, pp. 
358-361 ;  Textfig. p. 353; PIs. 4: 1 ,  ?2, 3-5; 5 : 1 ,  ?2 (descrip
tion, occurrence, illustrations of cephalon, cranidium, py
gidia, hypostomes) .  O 1972 Nileus exarmatus exarmatus 
Tjernvik [partim] - Schrank, pp. 358-36 1 ;  Pl. 3 :3-6, 8-9 
(description of cranidium, illustrations of cranidia). 
0?1976 Nileus armadillo Dalman [partim] - Balashova, Pl. 
40:2 (illustration of pygidium) .  0 1 980 Nileus exarmatus 
orbiculatoides n.sp. or subsp. - Tjernvik & Johansson, pp. 
188, 19 1 ,  192, 203 (summary of diagnostic features, occur
rence) .  0 1980 Nileus orbiculatoides-Tjernvik & Johansson, 
pp. 1 9 1 ,  192, 203 (occurrence) .  

Holotype. - Pygidium T 79 1 . 1 ,  figured by Schrank ( 1 972, 
Pl. 4: 1 ) .  

Material. - Twelve complete specimens, 12  cephala, 102 
cranidia, 12 1  pygidia and 17  juvenile pygidia. Additional 
juvenile pygidia are described elsewhere (see 'Juvenile py
gidia of Nileus exarmatus, N. orbiculatoides and N. depressus 
schrankt') . 

List o! material. - DComplete speeimens S 788a (t), S 942b (t), S 957 (c), K 
8 (t) [MGUH 22.707] ,  K 20 (t), K 22 (t), K 479 (t), K 642? (c),  K 653 (c),  K 
690a (t), GM 1875. 1492 (c),  LV 1 56b (c) .  DCephala S 523 (t), S 76 1 (pim) 
with thoracic segments [MGUH 22.705 ] ,  S 793 (t), S 864c (t), S 989 (pim) 
with thoracicsegments, S 1006 (t) , S 1025 (t) with thoracicsegments, S 1033 
(t), K 560a (t), K 606a (t) with thoracic segments, K 737 (pim), LU 135- la  
( t )  [LO 7 120] . DCranidia S 53 (im), 5 60a (im), 5 256a (im) [MGUH 
22.702] ,  S 258 (im), S 284b (im), S 288c? (im) [MGUH 22.709 ] ,  S 595 (c),  
S 632 (pim),  S 677a (im), S 808 (t), S 813 (t), S 834a (im), S 8571 (pim), S 
858a (t), S 858b (im), S 860d? (t), S 864b (t), S 873b? (t), S 876 (t), S 880 (t), 
S 884 (t), S 892 (t), S 940b (t), S 942a (t), S 965 (pim),  S 968 (t), S 996 (t), S 
1004 (t) ,  S 1036 (t) [MGUH 22.704 ] ,  S 1043 (im), S 1080 (t), S 1674 (im),  
K 25 (im), K 45 (t), K 96 (t), K 107 (t) [MGUH 22.7 1O] , K  120a (t) [MGUH 
22.703 ] ,  K 120b? (t), K 129 (t), K 1 5 1  (t), K 1 56 (t), K 1 84 (c), K 197 (c), K 
378 (t), K 387 (c) ,  K 419  (t) [MGUH 22.7 12 ] ,  K 436 (t), K 44 1  (c),  K 450a? 
(pim), K 484b (im), K 490 (t), K 493? (t), K 497c? (t), K 498a (t) [MGUH 
22.7 1 1 ] ,  K 498b (im), K 498d (t), K 509b (t), K 5 16  (pim), K 537a (t), K 550 
(c), K 556? (pim), K 568? (im), K 570 (t), K 578 (t), K 587b (im), K 604 (t), 
K 608 (t), K 609b (t), K 609c (im), K 6 1 1  (pim) [MGUH 22.708 ] ,  K 6 13  (t), 
K 617a? (t), K 617b (t), K 629 (c),  K 632 (im), K 636 (pim),  K 638 (c),  K 64 1  
(c),  K 648a (pim),  K 648b (im), K 662 (c),  K 663 (im), K 664b? (pim), K 
672b (c), K 672d? (c), K 693 (pim), K 707 (im), K 7 13  (c),  K 75 1 ?  (pim),  K 
762 (c),  K 775 (c) DGU 1 -7 (t) [MGUH 22.706 ] ,  LV I Sa (pim),  LV 18b 
(im), LV 22b? (im), LV 24a (im) [LO 7079 ] ,  LV 24b (im) [LO 7080 ] ,  LV 
24d? (t), LV 24e (t), LV 24f (im), LV 24g? (pim), LV 135-lb (t) [LO 7 12 1 ] .  
DPygidia S 8 ?  (pim), S 1 3 0  (t), S 162b? (t), S 256b (t), S 269 (im) [MGUH 
22.723 ] ,  S 271 (pim), S 272b (im), S 284a? (im), S 301c? (im), S 323 (im), S 
345 (im) [MGUH 22.722 ] ,  S 452a (t), S 454b (im), S 454c? (im), S 467 (t), 
S 496 (pim), S SOla (im), S 5 1 5  (t) [MGUH 22.724 ] ,  S 567 (pim) [MGUH 
22.72 1 ] ,  S 701 (t), S 722 (t), S 8 1 9  (t), S 823 (t), S 826? (im), S 843 (pim), S 
847 (t), S 854 (t), S 859 (t), 5 860a (em) , S 860c? (em), S 864a (t) [MGUH 
22.7 19 ] ,  S 866 (t), S 867 (t), S 873a (t), S 924 (t), S 925 (t), 5 933? (t), S 938 
(t), S 956 (t), S 993 (t) [MGUH 22.726 ] ,  S 1029 (t), S 1032 (t), S 1049 (t), S 
1672 (t), K 49 (t), K 52 (c),  K 85 (c) with thoracic segments, K 94 (pim),  K 
98 (im), K 1 1 2  (c), K 135 (im), K 153 (c), K 1 85a (c),  K 186 (t), K 190 (im) 
[MGUH 22.727 ] ,  K 196a (c), K 196b (c), K 386 (t), K 389 (t), K 409 (t), K 
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Fig. 1 68. Nileus orbiculatoides. DA. Maximum width plotted against sagittal 
length, cranidia and pygidia. DB. Ratio between pygidial length and cra
nidial length of entire speeimens plotted against cranidial length. 

Fig. 169 (opposite page).  Nileus orbiculatoides Sch rank, 1972. DA. Internal 
moulds of two cranidia, x2; one is shown in dose-up on J. LO 7079 and LO 
7080 (LU 24a, bl, Andrarum. DB. Small cranidium, stereo-pair, x3.5 .  LO 
7 12 1  (LU 135- 1b),  Tommarp. DC Internal mould of cranidium showing 
paired musde impressions on glabeIla, stereo-pair, x2. MGUH 22.702 (5 
256), bed -20, SkeIbro. DO. Small cranidium, stereo-pair, x5 .  MGUH 
22.703 (K 120a), bed -5, Killertid. DE-G. Cranidium, dorsal (stereo-pair) 
x2, frontal and side views, x3. MGUH 22.704 (S 1036), bed -2, SkeIbro. 
OH-I. Corroded small cephalon, dorsal and frontal views, showing ante
rior mesial boss ofcranidium, x4. MGUH 22.705 (S 76 1 ) ,  bed -13 ,  Skeibro. 
DJ-K. Internal mould of cranidium, dorsal and side views, x3 (dose-up of 
one of the cranidia shown in A). LO 7079 (LU 24a), Andrarum. DL-M. 
Cranidium, dorsal and side views, x5. MGUH 22.706 (DGU 1 -7) ,  Skeibro. 
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Table 19. Nileus orbiculatoides. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width 

Size (mm) Range Mean N Range Mean 

1 .4 0.93 l 0.64 
2.4-4.2 1 .00-1 . 1 3  1 .07 9 0.69-0.8 1 0.73 
4.4-5.5 1 . 1 5-1 .23 1 . 1 9  7 0.75-0.85 0.79 
>5.9 1 . 1 5-1 .32 1 .23 65 0.78-0.93 0.85 

434? (pim), K 439? (pim),  K 447? (im), K 450b? (c), K 452? (c), K 484a (t), 
K 497a (t), K 499a (t), K 504 (t), K 505 (t), K 509a (t), K 523 (t), K 53?? (c),  
K 551? (pim),  K 579 (t), K 587a (t), K 600? (c), K 602 (t), K 603 (pim),  K 
606b (t), K 609a (t), K 6 10b (t), K 610c (is), K 6 16  (im) [MGUH 22.728 ] ,  K 
6 18  (t), K 620 (t), K 62 l? (im), K 623 (t), K 625 (t), K 645? (c), K 652 (c),  K 
654 (pim),  K 656? (c), K 659 (t), K 665 (pim), K 666? (c), K 667 (c),  K 669a 
(pim), K 670? (c), K 672a? (c), K 672c (c), K 708? (c), K 720 (c), K 72 1 (c),  
K 764a (t), K 764b (pim), K 771 (t) [MGUH 22.720 ] ,  K 772 (t), DGU l - l  
(pim) [MGUH 22.725 ] ,  DGU 1 -2 (t), DGU 1 - 5  (t), L V  5 (t), L V  9 c  (pim), 
LV 1 8c (im), LU 20c (pim), LU 22a (t) [LO 7077] ,  LV 23a (t), LU 23b 
(pim), LU 24c (pim), LU 25 (t) [LO 708 1 ] ,  LU 50c? ( im).  O)uvenile pygidia 
S 297b (pim),  S 860b (im), S 940a (pim) [MGUH 22.7 14] , S 94 1 (t), S 945 
(t) [MGUH 22.7 16 ] ,  S 995 (t) [MGUH 22.7 18 ] ,  K 3 (t), K 28 (c),  K 106 (t) 
[MGUH 22.7 1 7] , K  1 18 (pim) [MGUH 22.7 l3 ] ,  K 43 1  (t), K 440 (t), K 560c 
(pim), K 649 (c), K 664a (t), K 669b (t) [MGUH 22.7 l 5 ] ,  LV 135c (t) .  

Occurrence. -The species is common in the Komstad Lime
stone and occurs from the base of the M. polyphemus Zone to 
the top of the M. simon Zone at SkeIbro (bed interval -2 1 to 
O),  and throughout the M. simon Zone in the Killerod area 
(bed interval K [at Gårdlosa- 1 ]  to -1 [at Killerod] ) .  The 
museum material studied, most ofwhich cannot be assigned 
to precise level, originates from SkeIbro, Soldatergård, And
rarum, Tommarp and Komstad. N. orbiculatoides has not 
been found at Slemmestad. 

In Sweden the species occurs from the upper part of the M. 
estonica Zone, throughout the M. polyphemus Zone to be
come an especially characteristic element of the M. simon 
Zone fauna (Tjernvik & Johansson 1980; see discussion 
below) . N. orbiculatoides probably also occurs in the eastem 
Baltic area (see remarks below) . 

Diagnosis. - Fairly large species; cephalon rather strongly 
convex (sag. ) ;  provided with obtuse mesial boss on anterior 
cranidial margin; glabella subrectangular; cephalic test sur
face smooth. Pygidium with or without concave border, and 
covered with short, widely spaced, well-impressed, unbran
ching lines, present at least along anterior margin and ante
riorly on border, but may also cover pleural fields and entire 
border. [Emended from Schrank 1972 . ]  

Description. -Fairly large species, largest cranidium 2 1 .3 mm 
long, largest pygidium about 19 mm long. Length ratios 
between cephalon, thorax and pygidium cannot be verified, 
as all articulated specimens are poorly preserved. 
Length:length ratios between pygidium and cranidium of 
articulated specimens varies between 0.73 and 0.98 (mean 
0.89; N = 8) ,  increasing with size (Fig. 168B). Cephalon 
semicircular in outline and strongly convex (both ways) ,  

Palpebral lobe length (exsag.) Glabellar tuberde, 
distance to post. margin 

N Range Mean N Range Mean N 

0.43 O 
10  0.42-0.50 0.46 10  0.28-0.33 0.30 4 
7 0.44-0.50 0.46 6 0.29-0.39 0.32 5 

69 0.39-0.49 0.43 67 0.3 1-0.37 0.35 41 

W:L ratio varies between l .S and 1 .6 (mean 1 .55; N = 7) .  
GlabeIla subrectangular (Table 19) ,  most so in the smallest 
specimens (Fig. 1 7 1B) .  A single specimen shows four pairs of 
barely indicated lateral impressions on glabeIla (Fig. 169C) . 
Axial furrows almost straight, converge gently forwards; they 
are wide and shallow, slightly deeper on internal moulds, but 
accentuated by the change of slope between glabeIla and 
palpebral lobes. Anterior margin of cranidium rounded and 
provided with a characteristic mesial boss. The slightly up
turned boss is part of the anterior cephalic border, and 
almost reaches cephalic margin. Palpebral lobes moderately 
long (exsag.) (Table 19) ;  they are gently convex (tr. ) ,  and 
slope slightly in outward direction. Mesial glabellar tubercle 
of moderate size on internal moulds; it is difficult to see on 
testaceous material. A faint sagittal keel is indicated on inter
nal moulds, running from tubercle to about 0.2 of the cra
nidial length from anterior margin. A minute swelling, vis
ible only on exfoliated specimens, is situated on sagittal line 
immediately above the anterior mesial boss. No external 
indication of occipital furrow. Posterior fixigena slender 
triangular in outline, stretching (tr .) for about 0 . 1 5  of the 
cranidial width at posterior margin; exsagittal length aver
ages 0. 1 5  (N = 5 1 )  of the cranidial length. Anterior branches 

Fig. 1 70. Nileus orbiculatoides Schrank, 1 972. DA. Well-preserved small 
cephalon showing anterior mesial boss on cranidium, stereo-pair, x6. LO 
7 120 (LU 135- 1a),  Tommarp. DB. Latex east of damaged complete speei
men showing external thoracic terrace-line distribution, x3. Pygidium 
shown in e. MGUH 22.707 (K 8) ,  bed M, Gårdl6sa- 1 .  De. Corroded, 
partly exfoliated pygidium, x3. Same speeimen as B. OD. Frontal view of 
cranidium showing anterior mesial boss, x3. MGUH 22.708 (K 6 1 1 ) ,  bed 
-5, Killer6d. DE. Internal mould of atypical small cranidium tentatively 
identified with N. orbiculatoides, x8. MGUH 22.709 (S 288) ,  bed -20, 
SkeIbro. OF. Small cranidium, x9. MGUH 22.710 (K 107),  bed 6, Gård
l6sa-4a. OG. Corroded juvenile cranidium, x9. MGUH 22.7 l 1 (K 498a), 
bed l ,  Gårdl6sa-4a. OH. Pygidium showing ' orbiculatoides-type' terraee
line pattern, x3. LO 708 1 (LU 25) ,  Tommarp. Ol. As H, but without 
whitening, transparent cutide shows light coloured musde insertion sites 
on axis, x3.  O). Tinyjuvenile cranidium, x25. MGUH 22.7 1 2  (K 4 19) ,  bed 
-5, Killer6d. OK. Small pygidium showing 'orbiculatoides-type' terrace
line pattern, x3. MGUH 22.7 1 3  (K 1 1 8) ,  bed -5, Killer6d. OL. Partly 
exfoliated small pygidium showing doublure, x9. MGUH 22.7 14 (S 940) ,  
bed -4, SkeIbro. OM. Tiny transitory pygidium, stage A, x 1 5.  MGUH 
22.7 15  (K 669b), bed 7, Gårdl6sa-4a. ON. Transitorypygidium, stage E, x9. 
MGUH 22.7 1 6  (S 945) ,  bed -4, SkeIbro. 00. Pygidium representing 
smallest holaspid stage, x8. MGUH 22.7 l 7  (K 106) ,  bed -5, Killer6d. OP. 
Small holaspid pygidium, x6. MGUH 22.7 1 8  (S  995) ,  bed -4, Skeibro. 
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Fig. 1 71 .  Cranidia of Nileus orbiculatoides. DA. Ratio between maximum width across palpebral lobes and cranidial length plotted against sagittal length. DB. 
Ratio between glabeIla width (measured between posterior corners of palpebral lobes) and cranidiallength plotted against cranidiallength. De. Ratio between 
palpebral lobe length (exsag.) and cranidial length plotted against cranidial length. OD. Comparison of adult ratios between the distance from posterior 
cranidial margin to glabellar tuberde against cranidial length. 

of facial suture curve outwards at an angle of about 35° to 
sagittal line in front of eyes; they meet anteriorly in a more or 
less angulate junction. Posterior branch of facial suture vir
tually straight, running obliquely backwards-outwards (at 
about 35° from sagittal line) from hind corner of palpebral 
lobe to posterior margin of cephalon. 

Lateral border of cephalon is almost flat at eye level; it 
tapers out close to genal angle. Posterolateral part oflibrigena 
slightly convex, sloping outwards. Outer margin oflibrigena 
occasionally thickened, and on some specimens provided 
with one or two continuous terrace lines. 

Cephalic doublure provided with at least 14 coarse, con
tinuous terrace lines. Cephalic test surface smooth, except 
for the usual local 'wrinkling' displayed by welI-preserved 
specimens. 

Fig. 1 72 (opposite page) .  Nileus orbiculatoides Schrank, 1972. DA. Py
gidium showing open 'orbiculatoides-type' terrace-line pattern, x2.5.  LO 
7077 (LU 22a), Andrarum. DB. Fragmentary pygidium showing compara
tively dense ' orbiculatoides-type' terrace-line pattern, x2.5. MGUH 22.7 19  
(S 864a), bed -7, SkeIbro. De.  Fragmentary, partially corroded pygidium; 
dose-up showing articulating facet, x3. MGUH 22.720 (K 77 1 ) ,  bed 12 ,  
Gårdl6sa -4a. OD. Partly exfoliated pygidium showing ' orbiculatoides-type' 
terrace-line pattern, and axial outline, x3. MGUH 22.72 1 (S 567), bed -18,  
SkeIbro. DE.  Internal mould of pygidium, x4.  MGUH 22.722 (S  345) ,  bed 
-20, Skeibro. OF. Internal mould of pygidium, showing axis, x3. MGUH 
22.723 (S 269), bed -20, Skeibro. OG. Somewhat corroded large pygidium 
showing comparatively dense ' orbiculatoides-type' terrace-line pattern, 
x2.5.  MGUH 22.724 (S 5 15 ) ,  bed -18,  Skeibro. OH. Partly exfoliated large 
pygidium showing open ' orbiculatoides-type' terrace-line pattern, x2.5.  
MGUH 22.725 (DGU 1 - 1 ) , Skeibro. DI. Small pygidium showing propor
tionally wide border, x6. MGUH 22.726 (S 993) ,  bed -4, SkeIbro. DJ. 
Internal mould oflarge pygidium showing doublure, x2.5. MGUH 22.727 
(K 190),  bed -3, Killer6d. DK-L. Internal mould of pygidiurn showing 
doublure (L latex east), x3.  MGUH 22.728 (K 6 16) ,  bed 6, GårdI6sa-4a. 
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Table 20. Nileus orbiculatoides. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag.) : 

Size (mm) Range Mean N Range Mean 

1 . 1-1 .5  [Stage A] 0.63-0.69 0.66 2 0.25-0.38 0.3 1 
2.6 [Stage D]  0.68 
3.4-5.6 [Hol. ] 0.54-0.66 0.60 1 3  0.33-0.39 0.38 
>6.0 [Hol.] 0.54-0.67 0.6 1 95 0.33-0.43 0.37 

Hypostomes not investigated, see Schrank ( 1972, p. 362) .  
Thorax poorly preserved in the material at  hand, so size 

relations cannot be verified. Pleural furrows weakly im
press ed, indistinct; articulating processes and sockets, are, 
on the other hand, comparatively distinct, also when the 
test is intact. Axis occupies 0.53 of the thoracic width (tr. ) 
on the first segment in one specimen. A single transverse 
terrace line crosses the axis of each thoracic segment. One to 
four, typically two, terrace lines are present on the pleura 
posterior to articulating facet. Articulating facet shows 
about ten lines. 

Pygidium fairly strongly vaulted. Axis has a low relief on 
internal moulds, is of equal width and length, truncately 
cone-shaped, and stretches for about 0.6 (N = 36) of the 
pygidial length (Table 20). Width at anterior margin ac
counts for 0.4 (N = 23) of the pygidial width. On testaceous 
material the axis has no relief at all, except in the largest 
specimens, but may be crudely outlined by the terrace-line 
pattern. Accordingly, it is impossible to measure the axis in 
most specimens. Internal moulds show a very short anterior 
half-ring, followed by four faint axial segments, outlined by 
lateral swellings, in addition to a rounded, ill-defined termi
nal piece, which is fused with the posterior pair of axial 
swellings. Only the first ring furrow behind the anterior deep 
articulating furrow is fairly defined. A couple of specimens 
show faint, light coloured muscle markings in the axial 
region (Fig. 1 70I). Four pairs are present, just as in the much 
better preserved pygidia of N. latifrons n.sp. (q.v. ) ,  but com
pared to that species they appear slightly smaller, and are 
limited to the lateral part of axis. The posterior pair is the 
largest and visibly composite, consisting of three sub-marks. 
Anterior proximal pleural furrow is very shallow and incon
spicuous on outside of test. Border concave, quite wide, and 
almost of the same width all the way. Border width and 
concavity appear to be constant throughout the stratigraphi
cal range, but juvenile pygidia show markedly wider borders 
and the width tends to decrease with increasing size of 
specimen (Fig. 173B).  

Adult pygidia exhibit the characteristic 'orbiculatoides
type' terrace-line pattern, cORsisting of well-impressed, 
openly spaced, rather short, unbranching and usually slight
ly undulating lines, present at least along the anterior margin 
and anterolaterally on border. Terrace lines may also more or 
less cover the pleural fields and border, while the axial area 

pygidial length 
N Range Mean N Range Mean N 

2 0.73-0.80 0.76 2 0.20-0.27 0.24 2 
O 0.58 l 0.3 1 
4 0.56-0.64 0.58 5 0.23-0.28 0.26 12 
35 0.54-0.68 0.60 36 0. 14-0.24 0. 1 8  79 

always is smooth. Larger pygidia tend to show the most 
extensively distributed terrace lines. The first areas to be 
'invaded' by lines, in addition to the areas with omnipresent 
lines, are the flexure between the pleural fields and border, or 
the central lateral portions of the pleural fields. The various 
terrace-line patterns are apparent from Fig. 172. Line density 
generally about 2-3 lines/mm on the pleural fields in pygidia 
more than 10 mm long; the articulating facet shows about 
12-16 gently sigmoidal lines. The best preserved pygidia also 
show a very fine pitting of the test surface, and a couple of 
specimens exhibit fine 'wrinkles' radiating from the poste
rior part of axis. The terrace lines, although distinct, are 
rarely impressed on internal moulds. Doublure strongly 
concave and provided with 18-2 1 continuous, coarse terrace 
lines. 

juveniles. - The majority of juvenile cephala and cranidia 
are identified by the presence of an anterior mesial boss, 
whereas most of the pygidia show only a general nileid 
morphology. The material described is from beds contain
ing only N. orbiculatoides; additional small pygidia are dealt 
with in the section on 'Juvenile pygidia of Nileus exarmatus, 
N. sp. B', etc. 

Three specimens out of twenty-four juvenile cephala and 
cranidia, 1 .4 to 6.3 mm long (cranidial length) ,  including the 
two smallest cranidia ( l .4 and 2.4 mm long) , lack the ante
rior mesial boss, seventeen specimens have a boss, and the 
remaining four specimens are damaged anteriorly. The 
smallest specimen with an anterior boss is 2.9 mm long. All 
available cephala, down to 3 .7 mm long, have rounded genal 
angles. Compared to larger cranidia, the juveniles are less 
convex sagitally, comparatively more convex transversely 
with poorly defined axial furrows, and glabella is almost 
confluent with palpebral areas. The most conspicuous differ
ence from adult specimens is the cephalic elongation with 
significantly lower W:L ratios (Table 19) .  As a consequence 
of the elongation the glabellar tubercle is situated relatively 
far back, about 0.30 of the cranidial length from posterior 
margin. Even the smallest specimens are elongate and of 
rather low sagittal convexity; the strongly convex (sag. ) 
growth stage with 'hump-shaped' glabella is not present in N. 
orbiculatoides (cf. 'Und. juveniles of N. armadillo and N. 
latifrons n.sp. ' ) .  Cranidium S 288c, tentatively assigned to N. 
orbiculatoides as the facial sutures meet under an obtuse 
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angle, is more strongly convex (sag. ) than the remaining 
specimens studied (Fig. 1 70E) . 

Pygidia K 560b and K 669b, 1 . 1  and l . S  mm long, respec
tively, represent growth stage A. The preservation is not 
good, but the smallest pygidium matches specimen S 63b 
(see pp. 241-243) .  The larger pygidium, l . S  mm long, are 
slightly less convex, and the prominent articulating half-ring 
is either missing or not preserved (Fig. 1 70M) . 

One pygidium, 2.6 mm long, probably represents stage 
D, while all remaining specimens, 3.4 to 5.5 mm long, are 
holaspides. They match the description on p. 244. Speci
mens up to 4.9 mm long have an almost smooth test sur
face with a few lines along anterior margin and on the 
border along outer margin ( 'e.xarmatus-type' terrace-line 
pattern), whereas specimens 4.8 to 5.5 mm long exhibit an 
'orbiculatoides-type' pattern with terrace lines spreading 
onto the pleurai fields. Pygidium S 942, about 5 mm long, 
is part of a complete specimen with a cranidium 7 mm 
long, i.e. the larger juvenile pygidia match cranidia show
ing adult morphology. 

Affinities. - N. orbiculatoides shows strong affinity to the 
slightly larger N. armadillo, and is most likely its ancestor. 
Differences are enumerated in the section on N. armadillo. 

Nileus exarmatus is smaller than N. orbiculatoides, and has 
a more elongate glabella (Fig. 167B), an evenly rounded 
anterior margin lacking a mesial boss, and the pygidium has 
fewer dorsal terrace lines, restricted to the anterior part; 
various features of N. orbiculatoides and N. exarmatus are 
compared in Fig. 167A-E. Nileus exarmatus has been sug
gested as a possible ancestor to N. orbiculatoides, see discus
sion below. 

The N. depressus group is readily separated from N. orbicu
latoides on basis of the different pygidial terrace-line pattern. 
Isolated cranidia and cephala of the associated N. depressus 
schranki n.subsp. can be separated by the lower sagittal 
convexity, the gently arcuate anterior margin lacking a me
sial boss, the curved and slightly better impressed axial fur
rows, and by the different test ornamentation. 

N. orbiculatus is much smaller than N. orbiculatoides, the 
central portion of glabella is slightly circular, there is no 
anterior mesial boss, the anterior lateral expansion of glabella 
is short (exsag. ) ,  the lateral cephalic border is very narrow, 
the cranidium is partly or entirely covered with terrace lines 
(unpublished) and the pygidia lack any indications of a 
concave border. The naming of N. orbiculatoides after N. 
orbiculatuserroneously suggests a relationship between these 
species; Tjernvik ( 1 980) pointed out that the forms presum
ably are rather distant. 

The differences from N. orbiculatoides svalbardensis were 
discussed by Fortey ( 1 975a, pp. 43-44) .  I do not regard N. 
svalbardensis as a subspecies of N. orbiculatoides, as the lack of 
a cranidial mesial boss, the coarse punctation of cephalic test 
and the rather few terrace lines on the pygidial doublure 
suggest a separation at the species level. N. svalbardensis is 
more likely related to the N. depressus group. 
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Fig. 1 73. Pygidia of Nileus orbiculatoides. DA. Ratio between sagittal length 
and maximum width plotted against sagittal length. DB. Ratio between 
border length (sag. ) and pygidial length plotted against pygidial length. 

Remarks. - Schrank ( 1 972) defined Nileus orbiculatoides as a 
subspecies of N. exarmatus; Fortey ( 1 975a, p. 43) elevated it 
to species rank. Most of the cranidia and cephala assigned to 
N. exarmatus by Schrank ( 1 972, Pl. 3 :3-6, 8-9) in fact belong 
to N. orbiculatoides (see discussion of N. exarmatus for de
tails) .  

The first representatives of N. orbiculatoides appear in the 
upper part of the M. estonicaZone ofSweden, and, according 
to Tjernvik ( 1 980), a 'transitional form' then continues 
throughout the M. polyphemus Zone, to be succeeded by N. 
orbiculatoides (s.str.) in the M. simon Zone. Tjernvik ( 1 980) 
referred to the early, supposedly transitional form as N. 
exarmatus orbiculatoides n.sp./subsp.; it is characterized by a 
pygidium with concave border and external terrace lines at 
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Fig. 1 74. Nileus orbiculatoides versus N. armadillo, adult speeimens only 
(cranidia more than ca. 6 mm long and pygidia >5.7 mm long) . DA. 
Comparison of adult ratios between maximum cranidial width and cra
nidial length. DB. Comparison of adult ratios between glabella width 
(measured between hind corners of palpebral lobes) and cranidial length. 
De. Comparison of adult ratios between palpebrallobe length (exsag.) and 
cranidial length. OD. Comparison of adult ratios between the distance 
from posterior cranidial margin to glabellar tubercle and cranidial length. 
DE. Comparison of adult ratios between pygidial length (sag. ) and maxi
mum pygidial width. 
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first limited to the anterior part of the border and pleural 
fields, but they then gradually spread over the pygidium 
during the M. polyphemus Zone (Tjernvik 1980, p. 203 ) .  N. 
orbiculatoides (s.str. ) is, according to Tjernvik, characterized 
by a pygidium with a poorly defined or effaced concave 
pygidial border and with more widely distributed, yet still 
openly spaced terrace lines, covering the entire pygidium 
except for the axial region. Tjernvik ( 1 980) attached impor
tance to N. orbiculatoides 's.str. ' as a characteristic species of 
the M. simon Zone of Sweden. 

The new material of N. orbiculatoides from the Komstad 
Limestone shows no trend towards a narrower or vanishing 
pygidial border, and no systematic change in degree of py
gidial terrace-line coverage. Hence the specimens would in 
Tjernvik's terminology be referred to as 'transitional', but 
even the latest pygidia from the top of the M. simon Zone 
exhibit the same morphology. It is concluded that the char
acters relate to environment rather than evolution (see also 
N. latifrons n.sp . ) ,  so that deeper-water (muddy-substrate?) 
representatives of N. orbiculatoides are characterized by py
gidia with a well-developed concave border and compara
tively few dorsal terrace lines, whereas shallower-water 
(slightly coarser-substrate?) representatives had a poorly de
veloped pygidial border, if not fully convex, and show a more 
extensive, openly spaced dorsal terrace-line pattern. 

Pending further studies of the distribution of possible 
ecophenotypes of N. orbiculatoides, all Scandinavian forms 
are best included in N. orbiculatoides Schrank without dis
tinction of subspecies. 

Tbrnquist ( 1 884, pp. 55-56) stated that specimens from 
the 'Lower Red Orthoceras Limestone' of the Siljan region, 
assigned to N. armadillo, are rather small and show facial 
sutures meeting in an ogive, whereas later specimens have 
smoothly merging facial sutures. The specimens referred to 
with a mesial boss most likely belong to N. orbiculatoides. 

Juvenile pygidia of Nileus exarmatus, N. 
sp. B, N. orbiculatoides, and N. depressus 
schranki n.subsp. 
Figs. 1 75-178 

Material. - 107 juvenile pygidia that cannot be assigned to 
species. 
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List of material. - (For explanation of stages A-F, see description below) . 
DStage A S 63b (t) [MGUH 22.729 ] .  DStage B S 123a (t) [MGUH 22.730] , 
S 1 85a (im),  S 207a (t) [MGUH 22.73 1 ] .  DStage C S 100b (t) [MGUH 
22.732] ,  S 1 34b (im), S 135b (im) [MGUH 22.734] , S 140b (im), S 1 5 1 a  
(im),  S 1 6 3  (fragmentary, t ) ,  S 168a? (im), S 1 87a (pim) [MGUH 22.733 ] ,  
S 449 (im) , S 454a (im) . DStage D S 16b ( t ) ,  S 1 8  (im), S 22b ( t )  [MGUH 
22.736 ] ,  S 22c (im),  S 26c (is), S 27b (t) ,  S 27d (t) ,  S 57? (pim),  S 66 (em), 
S 70a (im), S 90a (t) [MGUH 22.735 ] ,  S 90b (t) ,  S 1 28b (t) ,  S 1 34a (t) 
[MGUH 22.737] , S 135a (im), S 1 5 1b  (im) [MGUH 22.738] ,  S 1 62a (t) ,  S 
205a (im), S 205c (t) ,  S 2 1 5a (pim),  S 223 (im), S 289a (im),  S 295a (im) 
[MGUH 22.739 ] ,  S 301a (im),  S 343 (t), S 429 (t), S S U ?  (c), MGUH 9434 
(im),  K 435 (t) .  DStage E S 46a (t), S 59 (im),  S 60b (im),  S 63a (im) [MGUH 
22.743 ] ,  S 79 (im), S 80b (im), S 80d (pim),  S 87b? (em), S 98a (pim),  S 107a 
(t) [MGUH 22.752 ] ,  S 1 32a (t) [MGUH 22.74 1 ] ,  S 133  (pim) [MGUH 
22.742] ,  S 140a (im), S 157b (t), S 1 85b (im) [MGUH 22.746 ] ,  S 201 (pim), 
S 297a (im) [MGUH 22.745 ] ,  S 338 (im) [MGUH 22.744 ] ,  S 354? (im), S 
651  (t) [MGUH 22.740 ] , S 664 (t) , S 1 678a (is) , K  543e (im) .  DStage F S 22a 
(t) ,  S 27a (im) , S 27e (t) [MGUH 22.748] , S 38 (im) [MGUH 22.747] ,  S 48a 
(t) , S 50a (t) , S 55 (im), S 67 (t) [MGUH 22.753 ] ,  S 70e (t) [MGUH 22.749 ] ,  
S 75 (im), S 80e (im), S 87a  ( t ) ,  S 102  (pim),  S lOSa (im), S UO (em),  S 1 25  
(t), S 1 28a (t), S 132b ( t ) ,  S 1 35c  (em), S 1 35d  (fragment, im) ,  S 138 ( t ) ,  S 
1 57e (t), S 169a (im), S 1 72c (pim), S 1 72d (pim), S 1 88c (im), S 204 (t) ,  S 
208a (t) ,  S 2 1 6b ( im),  S 263 (im) , S 294 (pim), S 298a (im), S 306a (im) 
[MGUH 22.750] , S 309 (im) , S 3 1 3  (im) [MGUH 22.75 1 ] ,  S 331 (im) 
[MGUH 22.754] , S 357 (fragment, t), S 368 (c), S 405 (c), S 527 (t), S 1 669 
(t), K 497b (im).  

Occurrence. - The majority of the material originates from 
beds -2 1 and -20 at Skelbro, Zone of M. polyphemus. A few 
specimens are from beds -19 and -18,  Skelbro (also Zone of 
M. polyphemus) , bed N, Gårdlbsa- l (basal part of the M. 
simon Zone) and beds 1-3, Gårdlbsa -4a ( upper part of the M. 
simon Zone) .  

Description. - All pygidia are juveniles less than 6 mm long, 
lacking adult characteristics, and, consequently, impossible 
to assign to species. The material is divided into six gro ups, 
referred to as stagesA-F (Fig. 1 77) .  The stated pygidial length 
includes unreleased segments. 

Stage A: A somewhat damaged tiny pygidium is only l .3 
mm long (Fig. l 75A) ; it has a comparatively high sagittal 
convexity, although being rather elongate (Table 2 1 ) .  Axis 
remarkably long and narrow, axial L:W ratio 1 .43; it is 
provided with a distinct, articulating half-ring extending in 
front of the almost straight anterior margin of pygidium. 
Paradoublural area barely concave and steep, so the py
gidium is basically without border. Doublure narrow and of 
uniform width, sagitally extending below about 0.25 of the 
pygidium. The transitory pygidium appears to be provided 
with only one unreleased segment, delimited by a faint 

Table 21 .  Juvenile pygidia of N. exarmatus, N. sp. B, N. orbicu/atoides, and N. d. schranki. Ranges for variation, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 
pygidial length 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

1 . 3  [Stage A] -0.6 l -0.3 l 0.77 l O 
1 . 7-2.0 [Stage B]  0.6 1-0.68 0.66 3 0.33-0.36 0.36 3 0.71-0.76 0.74 3 0. 1 8-0.20 0 . 18  3 
2. 1-3 . 1  [Stage Cl 0.58-0.67 0.62 10 0.35-0.42 0.38 8 0.68-0.73 0.70 9 0.21-0.29 0.25 9 
2 .5-3.7 [Stage D]  0.5 1-0.64 0.59 27 0.35-0.41 0.38 24 0.59-0.71 0.64 26 0.2 1-0.28 0.24 22 
2 .7-4.0 [Stage E] 0.6 1-0.63 0.57 2 1  0.32-0.41 0.38 18  0.57-0.63 0.60 18 0.2 1-0.27 0.24 17 
3 .3-5.9 [Hol.] 0.50-0.6 1 0.56 37 0.32-0.39 0.34 28 0.47-0.69 0.58 30 0 . 19-0.28 0.23 3 1  
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Fig. 1 76. U ndifferentiated juvenile pygidia of Ni/eus exarmatus, N. sp. B, N. orbicu/atoides, and N. d. schranki n.subsp. from SkeIbro. DA-C, E-F. Small holaspid 
pygidia lacking characteristics serving to separate species. DA. Specimen showing 'exarmatus-type' terrace line pattern, x6. MGUH 22.749 (S 70-5c), bed -
2 1 .  DB. Internal mouId showing axis, x6. MGUH 22.750 (S 306a) , bed -20. De. Internal mouId, x6. MGUH 22.75 1 (S 3 13 ) ,  bed -2 1 .  OD. Transitory 
pigidium, stage E, x9. MGUH 22.752 (S 107a), bed -2 1 .  DE. Holaspid showing ' exarmatus-type' terrace line pattern, x9. MGUH 22.753 (S 67), bed -2 I .  OF. 
Partly exfoliated small holaspid showing doublure, x6. MGUH 22.754 (S 33 1 ) ,  bed -20. 

Fig. 1 75. Undifferentiated juvenile pygidia of Ni/eus exarmatus, N. sp. B, N. 
orbicu/atoides, and N. d. schranki n.subsp. from SkeIbro. OA-S. Transitory 
pygidia. DA. Stage A showing well-defined articulating ring and virtually 
no concave border, x30. MGUH 22.729 (S 63b) ,  bed -2 1 .  DB. Stage B, 
showing concave border, x20. MGUH 22 .730 (S 123a), bed -2 1 .  De. Stage 
B, x15 .  MGUH 22.73 1 (S 207a) , bed -2 1 .  OD. Fragmentary specimen, 
stage C, x9. MGUH 22.732 (S 100b) ,  bed -2 1 .  DE. Non-whitened speei
men with transparent cutide showing dark coloured musde insertion sites 
in axial region, stage C, x 1 2. MGUH 22.733 (S 1 87a), bed -2 I .  OF. Internal 
mouId, stage C, x9. MGUH 22.734 (S 1 35b) ,  bed -2 1 .  OG. Stage D, x9. 
MGUH 22.735 (S 90a), bed-2 1 .  OH. Specimen showingtypical terrace line 
pattern, stage D, x9. MGUH 22.736 (S 22b), bed -2 1 .  Ol. Internal mould 
showing doublure, stage D, x 12.  MGUH 22.737 (S 1 34), bed -2 1 .  DI. 
Internal mouId, stage D, x9. MGUH 22.738 (S 1 5 1b) ,  bed -2 1 .  OK. 
Internal mouId, stage D, x9. MGUH 22.739 (S 295-4a) , bed -2 1 .  OL. 
Internal mouId, stage D, x9. Previously figured by V. Poulsen ( 1 965, Pl. 
3 :7) .  MGUH 9434, bed -2 1 .  OM. Stage E, x9. MGUH 22.740 (S 65 1 ) ,  bed 
-18 .  ON. Large specimen, stage E, but possibly representing smallest 
holaspid instar, x9. MGUH 22.741 (S 132-2) ,  bed -2 1 .  00. Partly exfoli
ated specimen showing doublure, stage E, x9. MGUH 22.742 (S 133) ,  bed 
-21 .  OP. Internal mould, stage E, showing part of the doublure, x9. MGUH 
22.743 (S 63a), bed -2 1 .  OQ. Internal mould, stage E, x9. MGUH 22.744 (S 
338),  bed -20. OR. Internal mouId, stage E, x9. MGUH 22.745 (S 297a), 
bed -20. OS. Internal mould of Stage E, x9. MGUH 22.746 (S  185) ,  bed -
2 1 .  OT-U. Smallholaspid pygidia. OT. Internal mouId, x6. MGUH 22.747 
(S 38), bed -2 1 .  DU. Specimen showing 'exarmatus-type' terrace line 
pattern, x6. MGUH 22.748 (S 27e), bed -20. 

furrow. Dorsal test surface smooth; 5--6 terrace lines on the 
doublure are visible through the transparent test. 

Similar tiny pygidia are also described for N. orbiculatoides 
( two speeimens ) and 'Juvenile speeimens of N. armadillo and 
N. latifronsn.sp. '  (one speeimen) .  The tiny cranidium in Fig. 
169J, may represent the matching cranidial growth stage 
showing a distinet articulating half-ring. 

Stage B: Three pygidia, 1 . 7-2 mm long, resemble stage A, 
but show a well-developed concave border (Fig. 1 75B-C), 
and the sagittal convexity is therefore much less pronounced. 
L:W ratio 0.7 in two pygidia measuring 1 .7  mm, and 0.6 in 
the pygidium measuring 2.0 mm. Axis long, narrow, L:W 
ratio varies between 1 .25 and 1 .44, smallest in the largest 
speeimen; it is raised above pleural fields, and shows a fairly 
pronounced sagittal convexity, like stage A. Border well
defined, strongly concave. Doublure wider than in stage A, 
extending below about one third of the pygidium, with only 
a small axial incision. Two unreleased thoracic segments 
delimited by faint, shallow furrows. External test surface 
smooth. 

Stage C: Ten pygidia, 2 . 1-3. 1 mm long, have three unre
leased thoracic segments, best outlined on internal moulds. 
Compared to stages A and B, the pygidia are distinetly less 
convex (sag. ) ,  and show a wider concave border and a wider 
doublure. Axis long and narrow, L:W ratio 1 .07-1 .27 (mean 
1 . 1 7; N = 8) ;  it is slightly raised above the pleural fields, and 
shows three fairly well-defined rings anteriorly on internal 
moulds, whereas the segmentation usually is difficult to 
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Fig. 1 77. Juvenile pygidia of Ni/eus exarmatus, N. orbiculatoides, N. depres
sus schranki n.subsp., and N. sp. B. Maximum width plotted against sagittal 
length. 

recognize on testaceous material, The rings are, however, 
often indicated by pairs of coloured muscle markings. The 
unreleased segments are well set off on internal moulds, 
where each segment has a proximal pleural furrow inside the 
paradoublural line, butwhich shallowup at intersection with 
paradoublural line, and instead interpleural furrows become 
well-marked distally. Interpleurai furrows may be seen in
side the paradoublural line as very shallow, narrow furrows. 
Border wide, concave, and present only on the pygidium, 
proper. This may be the onlywayto recognize the unreleased 
segments, when the test is intact. No dorsal terrace lines have 
been seen in any specimen, but the material is dominated by 
internal moulds. Concave doublure moderatelywide, widest 
posteriorly; small axial embayment. Doublure show about 
8-10 terrace lines. 

Stage D: Twenty-nine pygidia, 2.5-3.7 mm long, have two 
unreleased segments. This group closely resembles stage C, 
but is relatively shorter, the axis is less elongate, more trian
gular, and the doublure is wider. Axis slightly raised above 
pleural fields; it is about as wide as long, L:W ratio varies 
between 0.90 and 1 . 1 5  (mean 1 .0 1 ;  N = 24) . Some of this 
variation may, though, reflect the difficulties of measuring 
the anterior width precisely, when the test is intact. Internal 
moulds show two well-defined axial rings corresponding to 
the unreleased segments, whereas the pygidial axis, proper, 
shows five axial segments in addition to the terminal piece; 
the segments are outlined by paired lateral swellings. Dorsal 
test surface shows a few transverse terrace lines, marking the 
limits of the anterior segments, but is otherwise smooth. The 
concave doublure is quite wide and approximately of equal 
width all the way, with the position of the unreleased seg
ments marked by low crests. The doublure, which carries 13-
14 terrace lines, can sometimes be discerned through the 
fairly thin, transparent test. 
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Fig. 1 78. DA. Combined seatter plot of the smallest juvenile pygidia of 
Nileus, including material of all species available. Maximum width is 
plotted against sagittal length. DB--C. Juvenile pygidia of Ni/eus exarmatus, 
N. sp. B, N. orbicu/atoides and N. depressus schranki n.subsp. Maximum 
width plotted against the sagittal length, stage D (in B) and stage E (in C).  
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Stage E: Twenty-three pygidia, 2.7-4.0 mm long, show one 
unreleased segment; they are similar to 'Stage D', except for 
the different number of fixed segments, but the axis is also 
slightly wider, axial L:W ratio varies between 0.89 and 0.95 
(mean 0.93; N = 18 ) .  A few transverse terrace lines run along 
the anterior margin and also mark the limit of the unreleased 
segment. Scattered lines may, furthermore, be present along 
the posterior margin. Doublure wide, markedly concave; it is 
provided with 14-15  continuous, fairly coarse terrace lines. 

Stage F: Forty-two pygidia, 3 .3-5.9 mm long, are holas
pides, but lack the terrace-line pattern characterizing the 
fully adults. Axis barely raised above pleural fields, and may 
be difficult to discern on testaceous material, unless outlined 
by coloured musde markings; no axial furrows developed. 
Concave border weIl-defined, but relative width decreases 
with size. Among specimens with intact test, ten small py
gidia, 3 .3-4.4 mm long, show a 'N exarmatus-type' terrace
line pattern, with a few transverse lines dose to the anterior 
margin and single lines along the outer posterior margin. 
Eight larger specimens, 4.8-5.9 mm long, plus a single py
gidium 4 mm long, show a 'N orbiculatoides-type' terrace
line pattern, with short, openly spaced lines on the pleural 
fields in addition to transverse lines along the anterior and 
posterior margins. The surface of specimen S 70c, exhibiting 
an 'orbiculatoides-type' terrace-line pattern, also seems to be 
very finely pitted, suggesting that the specimen presurnably 
belongs to N orbiculatoides. Doublure very wide and similar 
to larger holaspides. 

Remarks. - The features which serve to identify adult speci
mens are not developed in the described early growth stages. 
This is the rule for nileids, but with occasional exceptions, 
particularly among taxa showing dense terrace-line sculp
ture in the holaspid stage (see N depressus subspp. and N 
implexus n.sp . ) .  The material at hand originates from beds 
containing four different species of Nileus; if the juveniles 
reflect the adult frequencies, which is not necessarilythe case, 
the material is dominated by Nileus sp. B, with N exarmatus 
as an important smaller constituent, whereas N depressus 
schranki n.subsp. and N orbiculatoides may be represented 
only by a few specirnens. 

In order to survey species related differences all available 
transitory pygidia of Nileus were pooled and compared. It 
appeared that no significant size differences between species 
are evident for stages A to C (Fig. 1 78A) , but from stage D 
and onwards. Accordingly, the hazards of dealing with a 
mixed material should be kept in mind. 

The stated length of the transitory pygidia indudes the 
unreleased thoracic segments; it is not possible to gauge only 
the pygidium itself in a proper way, as the outline of the fixed 
segments often is effaced on testaceous material. Measure
ments of weIl-preserved specimens showed that the py
gidium (s.str. ) on the average accounts for 0.60, 0 .74 and 0.82 
of the sagittal length in stages C, D, and E, respectively, and in 
the size order of 0.82 for stage A and about 0.78 for stage B. 
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Transitorypygidia of stage D exhibit a wide length range in 
the majority of species studied, and the stage most likely 
indudes two instars. The material is therefore interpreted as 
representing six meraspid stages, with an instar sequence A
B-C-D1 -D2-E (-F) .  About 10% of the specimens of stages C 
to E are unusually large, and appear to represent the succeed
ing instar, but with failed detachment of a segment. A few of 
the large E-stage specimens of N depressus (described else
where) are dearly pathological with a partly detached seg
ment (e.g., Fig. 190L) , and they also show a terrace-line 
pattern matching stage F, but most of the inferred 'abnor
mal' large specimens show normal, fixed segments. In all 
cases subtraction of the length, accounted for by the sus
pected extra segment, places the specimens in the succeeding 
size group. The 'failed moults' strongly indicate that only one 
segment was released between the C/D1/D2/E/F stages, 
which entails that the generation of thoracic segments must 
have been uneven. 

Because of the generalized nature of juvenile nileids, a 
number of previous identifications cannot be upheld, which 
concerns the two small pygidia, identified as N limbatus by 
Skjeseth ( 1 952, p. 1 70; Pl. 2:9-10) (D and B stage) ,  the 
transitorypygidium (stage D) assigned to N exarmatus by V. 
Poulsen ( 1 965, p. 75; Pl. 3 :7) ,  and the three juvenile pygidia, 
assigned to N e. exarmatus and N e. orbiculatoides by 
Schrank ( 1 972, PIs. 2:2-3; 5 :2) .  Tjernvik ( 1 980, Textfigs. 3-4) 
reported N exarmatus from the M. simon Zone in the Finn
grundet core, but based on two transitory pygidia (B 400, B 
40 1 ,  coIl. Uppsala Univ., representing stages E and D) .  

Fortey ( 1 975a, p. 42 ;  Pl. 1 0:6) described and figured a 
transitory pygidium, assigned to Nileus glazialis costatus, 
characterized by the absence of a concave border and by 
possessing at least 6 axial rings and 4 unreleased thoracic 
segments. The material of Symphysurus from the Komstad 
Limestone is undescribed, but contains several hundreds of 
juvenile pygidia, of which the smallest ones are alike the 
specirnen in question, and it almost certainly belongs to 
Symphysurus arcticus Fortey, 1975. On the other hand, the 
juvenile pygidium assigned to Symphysurus arcticus by 
Fortey ( 1975a, pp. 62-63; Pl. 2 1 : 10, 12) ,  is exceedingly simi
lar to the juveniles of Nileus from the Komstad Limestone, 
and rather likely belongs to Nileus 'glazialis' costatus. 

Nileus depressus group 
syn. Ni/eus g/azia/is group, Tjernvik, 1 980 
Fig. 1 79 

The Nileus depressus gro up (as defined here) indudes: 

Nileus depressus depressus (Boeck, 1838) 
Nileus depressus glazialis Schrank, 1973 
Nileus depressus costatus Fortey, 1975 
Nileus depressus teres Tripp, 1 976 
Nileus depressus tengriensis Weber, 1 948 



246 Arne Thorshøj Nielsen 

350 ,------------------------------------, 

300 

250 

200 

1 50 

1 00 

50 

O 

1 . 1  

Leve l (cm)  above base of 

Huk  Formation 
A 

• 
• 

o @  o 

• 
, 

• 

• 

• • 

• • 
.. . 

• 

• • 
• •  • 

• 
• • 

N. d. depressus 
• • • •  N =  43 

• • 

• • • • 

• 

• -
• 

o· · ·  o 
• • 

• 

• 
• 

• 

• • • 
N. d. subsp. A 
N = 6 

N. d. glazialis 
N =  26 

. : .. • • • 
• 

• Adult 

.: . • W : L ratios 

I I I I 
1 .2 1 . 3 1 . 4 1 .5 1 . 6 

FOSSlLS AND STRATA 38 ( 1 995) 

350 ,----------------------------------, 

300 

250 

200 

1 50 

1 00 

50 

O 

0.7 

Level (cm) above base of 

Huk Formation 

• 

• 

• • 

B 

• 

• •  
• • • 

• 
• •  

• • • • • • 
• •  • • 

• • N. d. depressus 
• • • N =  5 1  

• • 

• • • 
• 

• 
• • • 

� . . = • 
• 

o o 8 o · 
" N. d. subsp. A 

• N =  6 
• 

• .. • N. d. glazialis .. N =  26 
• .... • • 

• 
• Ratio giabeIla width : 

.. • cran idial length • • • 

I I I 
0.8 0.9 1 1 . 1 
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Nileus depressus schranki n.subsp. 
Nileus depressus serotinus n.subsp. 
Nileus depressus parvus n.subsp. 
Nileus depressus subsp. A 

Possibly related species: 

Nileus chiton Pander, 1830 [ nomen dubiumJ 
Nileus transversus Lu, 1957 
Nileus transversis Koroleva, 1982 
Nileus huanxianensis Zhou in Zhou et al. ,  1982 
Nileus implexus n.sp. 
Nileus planiceps n.sp. 
Nileus latifrons n.sp. 
Nileus sp. B (aff. schranki) 

Members of the N. depressus group are small, and character
ized by the presenee of a 'depressus-type' terrace-line pattern 
on the pygidium, i.e. the entire pygidium (±the axial area) is 
covered with densely spaced terrace lines. The presenee or 
absenee of terrace lines on the pygidial axis is of no diagnostic 
value at the subspecies level (cf. Tjernvik 1980) .  The cra
nidium usually has a more or less centrally rounded glabella, 
the anterior part of the cranidium is somewhat truneate, and 
the eyes are large. The pygidial border is occasionally rather 
ill-defined or absent. It also appears to be a general feature 
that the test is rather thick by comparison to other speeies of 
Nileus, so furrows, tubercles etc., as seen on internal moulds, 
are comparatively well-defined. 

The N. depressus group ranges at least from the middle 
Arenig to Caradoc, and it is very likely that a detailed study of 
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Nileus on a global scale will lead to the identification of 
additional members and related species. 

N. depressus depressus (Boeck) has a rather strongly convex 
cephalon (both ways) with an almost straight anterior cra
nidial margin, a quite rounded glabella, strongly vaulted 
librigena (particularly in stratigraphically late specimens) , 
and a very finely pitted surface lacking terrace lines; the 
pygidial border is ill-defined and occasionally absent; py
gidial doublure with 15-20 lines in early specimens, and 1 3-
15  lines in late. All furrows, as seen on internal moulds, are 
comparatively well-impressed. 

N. depressus glazialis Schrank has a moderately convex 
(sag. ) cephalon, the anterior cranidial margin is gently 
rounded, the surface of cephalon is mostly smooth, but a few 
terrace lines may be present; compared to N. d. depressus the 

cephalon is slightly more elongate; the pygidium has a nar
row, concave border; pygidial doublure with 1 1-16 terrace 
lines. 

N. depressus schranki n.subsp. is slightly more elongate 
than other subspecies of N. depressus, the cephalic convexity 
(sag. ) is comparatively moderate to low, the anterolateral 
expansion of glabella is strong, the cephalic border continues 
almost to genal angle, the surface of cranidium is finely 
pitted; the pygidium has a comparatively well-defined con
cave border and the axial area, with a very few exceptions, is 
lacking terrace lines. The pygidial doublure is provided with 
1 7-20 terrace lines. 

N. depressus serotinus n.subsp. has a rather strongly convex 
cranidium (sag. ) ,  anterior cranidial margin straight, trun
cate, palpebral lobes unusually long, cranidial test surface 
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presumably smooth; pygidium without border and covered, 
axis inclusive, with terrace lines. Pygidial doublure provided 
with 15-16 terrace lines. 

N. depressus parvus n. subsp. is minute, the cranidium is 
very strongly convex (sag. ) ,  axial furrows effaced (on testa
ceous material) ,  palpebral lobes very long, glabellar tubercle 
situated far from posterior margin, and anterior branches of 
faeial suture are subparallel, so glabella does not expand 
anterolaterally. Pygidium without border, and covered, axis 
exclusive, with terrace lines. The pygidial doublure is prob
ably only weakly concave and provided with just 1 1-12 
terrace lines. 

N. depressus subsp. A resembles N. d. glazialis, but has a 
cranidium covered with terrace lines; the cranidial furrows, 
as seen on internal moulds, are fairly well-impressed; the 
pygidium shows densely spaced, very fine terrace lines and 
the pygidial doublure is provided with 18-19 terrace lines. 

The non-Scandinavian N. depressus costatus Fortey, 1975 
has a moderately convex cranidium (sag. ) ,  the anterior cra
nidial margin is fairly rounded, the cephalic axial furrows are 
effaced, even on internal moulds, but glabella appears rather 
elongate; the pygidium is without border, and has a doublure 
covered with only 8-12 terrace lines. 

N. depressus teres Tripp, 1976 shows a straight anterior 
cranidial margin, large eyes, fairly strong cephalic convexity, 
'depressus-type' terrace-line pattern on pygidium etc. and 
clearly belongs to the depressus group. The species is distin
guished by its effaced cephalic axial furrows, the unusually 
large palpebral lobes, the smooth cephalic surface, and the 
well-developed pygidial border (cf. Tripp 1976) .  

Few details are available with regard to N. depressus 
tengriensis Weber, 1948, but the large palpebral lobes, the 
truncate cranidium, the fairly broad glabella and the pres
ence of a 'depressus-type' terrace-line pattern on the py
gidium clearly points to an assignment to N. depressus. The 
pygidium shows a concave border (see Weber 1948; Pole
taeva in Khalfin 1960) . 

Remarks. - Nileus depressus has been more or less ignored 
since the days ofBrogger ( 1 882) (cf. Schmidt 1904; Tjernvik 
1956; Tjernvik & Johansson 1980) . In recent years it has 
been discussed solely by Schrank ( 1 972) ,  but he had only a 
cast of the lectotype pygidium at his disposal, and did not 
discover the subtle terrace-line pattern on this poorly pre
served specimen. 

The available material of N. depressus collected from the 
Hukodden Limestone and Lysaker Member (Huk Fm.) at 
Slemmestad, comprising more than 300 specimens, is di
vided among three groups, tentatively referred to as subspe
eies, viz. N. depressus glazialis, N. depressus subsp. A, and N. 
depressus depressus (in order of stratigraphical appearance) .  
This succession resembles the occurrence in south central 
Sweden of N. glazialis subsp. l, N. glazialis glazialis, and N. 
glazialis subsp. 2 in the sense ofTjernvik ( 1 980) (see Fig. 146). 
N. glazialis subsp. 2 sensu Tjernvik is considered identical to 
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N. depressus depressus, and N. g/azia/is Schrank is ranked as a 
subspecies of N. depressus, and interpreted somewhat differ
ently from Tjernvik ( 1 980) (for details, see discussion of N. d. 
g/azialis) . Tjernvik assumed that the three subspeeies repre
sent a phylogenetic lineage, exhibiting a gradual evolution 
during the M. polyphemus to A. expansus Zones, and they 
were singled out as good index fossils (Tjernvik 1980, p. 203 ) .  
The gradual changes regard an increasing glabella round
ness, changing surface ornamentation, vanishing pygidial 
border etc. Some of these trends are also evident in the new 
material (cf. Fig. 1 79A-D), but the variable morphology is 
believed to mirror environmental changes mainly and not 
evolution. N. glazialis subsp. l and N. glazialis glazialis sensu 
Tjernvik 1980 are considered ecophenotypes of the same 
speeies. It follows that the usefulness of N. 'glazialis' for 
stratigraphy is more limited than indicated by Tjernvik. The 
possible phylogenetic relations within the group are re
marked upon in the introductory section on Nileus. 

Nileus depressus depressus (Boeck, 1 838 )  
Figs. 1 80-186 

Synonymy. - 0 1 838 Trilobites depressus Ss. & Bk. Mscr. -
Boeck, p. 142 (brief diagnosis) .  Dv 1 882 Nileus Armadillo 
Dalm. Var. depressa, Sars & Boeck [partim] - Brogger, pp. 
62--64, Pl. 7:6--6a (description, occurrence, illustrations of 
cephalon and pygidium) .  Dcf. 1904 Nileus Armadillo Dalm. 
[partim] - Schmidt, Pl. 8 : 12, 1 7, 1 7a (illustrations of cepha
lon with thoracic segments and pygidium with terrace lines) .  
Dv 1941 Nileus armadillo Dalman, var. depressa (Sars et 
Boeck MS) - Størmer, p. 142 (short discussion of speeies, 
designation of neotype) . Dcf. 1 960 Nileus armadillo Dalman 
- Balashova, Pl. 6: 1 (illustrations of enrolled specimen) .  Dv 
1972 Nileus depressus (Sars & Boeck, 1 838) - Schrank, p. 367, 
Pl. 7: 1 [ non Pl. 7:2 = Ni/eus cf. latifrons n.sp . ]  (short descrip
tion, occurrence, illustration of cast) . Dcf. 1976 Nileus arma
dillo Dalman [partim] - Balashova, pp. 1 38-139; Pl. 40: 10 
(illustrations of pygidial terrace-line pattern) .  0 1 980 Nileus 
glazialis subsp. 2 - Tjernvik & Johansson, pp. 192, 1 93, 194, 
203 (short comments on diagnosis, occurrence listed) . Dcf. 
1984 Nileus depressus (Boeck, 1 838) - Wandås, Pl. l ID (side 
view of complete specimen) .  

Lectotype. - Here designated, complete specimen figured by 
Brogger ( 1 882, Pl. 7:6, 6a) . A cast is figured by Schrank ( 1972, 
Pl. 7: 1a--c) .  Størmer ( 1 941 )  designated another specimen as 
lectotype, because the one figured by Brogger ( 1 882) was lost 
at that time. However, the speeimen referred to by Størmer 
has never been figured, and it is not clear whether or not it 
originated from the original Sars & Boeck collection. Hence 
it is taken as a neotype. The description by Brogger was based 
on original material (cf. Brogger 1882, p. 63) .  

Material. - Ten complete speeimens, 8 cephala, 66 cranidia, 
2 librigena, 75 pygidia, 39 juvenile pygidia. 
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List of material. - OComplete speeimens A I I I  (pim) [MGUH 22.767 ] ,  A 
1 19a (pim), A 132 (pim) [MGUH 22.776 ] ,  A 193 (t) [MGUH 22.76 1 ] ,  A 
1 99 (im) , A 288 (t) [MGUH 22.757] , A 577 (im) [MGUH 22.768 ] , A 8 1 9  (t) 
[MGUH 22.755] ,  A 1006 (pim), A 1090 (t) [MGUH 22.790 ] .  OCephala A 
54 (pim) [MGUH 22.756 ] ,  A 1 10 (im) , A 274 (pim) [MGUH 22.765 ] ,  A 
569 with thoracic segments (im) [MGUH 22.758 ] ,  A 840a (pim) [MGUH 
22.762 ] ,  A 844 (pim),  A 1094 with thoracic segments (t) ,  A 1099 with 
thoracic segments (t) .  OCranidia A 50 (im), A 55 (im), A 57 (im), A 66 
(pim), A 7 l ?  (im), A 76 (im), A 79a (pim),  A 83? (im), A 1 00 (pim),  A 123 
(im), A 1 36b (im),  A 1 38a? ( im),  A 138b (pim), A 139 ( im),  A 141 ?  ( im),  A 
159 (im), A 162a (im) [MGUH 22.770 ] ,  A 162b (im), A 1 66a? (t), A 168a 
(im), A 170 (im), A 1 73 (pim),  A 176 (pim),  203 (im), 206? (im), A 216 (im) 
[MGUH 22.760 ] ,  A 229 (pim) [MGUH 22.759 ] ,  A 240 (pim) [MGUH 
22.764 ] ,  A 243 ( im),  A 260 (im) [MGUH 22.769 ] ,  A 270a (im), A 272 (im) 
[MGUH 22.766 ] ,  A 293a (im), A 293b (im), A 309a (pim), A 309c (im), A 
327 (c), A 344a (t), A 346 (pim) , A  794 (im) , A 798b (is), A 799 (im), A 804 
(im), A 805 (im), A 814c (pim), A 837 (im), A 839 (im), A 851  (t), A 860 
(im) , A 865 (im) , A 880a (c), A 880c (im) , A 900 (t) [MGUH 22.763 ] , A 936 
(im) A 938 (c), A 944 (im), A 956 (im), A 973 (im) , A 984 (im), A 99 1  (c),  
A 1001 (pim) , A  1016 (im) , A  1019 (im) , A  1039? (im) , A  1084? (im), A  1092 
(im). OLibrigenae A 1 29c (doublure) ,  A 822 (t) .  OPygidia A 36 (t), A 52 
(im), A 58 (im) [MGUH 22.772 ] , A 64 (t) , A 75 ( im) , A 91 (im) , A 93 (im) 
[MGUH 22.77 1 ] ,  A 95 (im), A 99 (pim),  A 104 (im), A 1 1 8  (im), A 1 19b 
(im), A 124 (pim), A 125 (im), A 126 (im), A 1 29a (t), A 1 30 (im), A l 3 l a  
(im), A l 3 lb (im), A 135 (im), A 1 36a? (pim), A 144 (im), A 145? (im), A 
147 (t) , A  148 (pim) , A  149 (c) , A  1 60 (im) ,A 162c (im) ,A 1 63? (im) , A  166b 
(pim), A 1 75 (pim),  A 1 79 (t), A 1 89 (im), A 1901 (im), A 1 92 (im), A 205 
(t) [MGUH 22.787 ] ,  A 2 1 8  (pim), A 258 (im), A 268 (im), A 270b (im), A 
287 (im), A 295 (im), A 297 (im), A 323 (pim),  A 329 (im), A 333a (im), A 
347 (pim), A 356? (im), A 803 (c), A 808 (pim), A 8 1 2  ( im) ,  A 8 1 8  (im), A 
82 1 with thoracic segments (im), A 825 (pim), A 838 (pim) [MGUH 
22.788 ] ,  A 840b (pim) , A 86 1  (t) [MGUH 22.789 ] ,  A 873 (im), A 880b (t), 
A 888b (c), A 891 (t), A 906 (is) [MGUH 22.777] , A 936 ( im) , A 962 (pim),  
A 963 (pim) , A 977 (im) [MGUH 22.774 ] , A 996 (im) [MGUH 22.773 ] , A  
10 17  (im), A 1036 (im), A 1068 (pim), A 1083 (t) [MGUH 22.780 ] ,  A 1087 
(pim) , A  1089a (pim) ,A 1089b (im) , A  1091a? (im) . OJuvenilepygidiaA 27 
(t) , A 30 (t) , A  79b (im) [MGUH 22.783 ] , A  10 1  (t) [MGUH 22.778 ] , A  105 
(im), A 129b? (im), A 137 (pim), A 143 (t) [MGUH 22.782] ,  A 164 (c),  A 
17 1 ?  (im), A 1 87 (t) [MGUH 22.779] , A  1 96 (t) , A 201  (t) [MGUH 22.784 ] ,  
A 28 1 a  (em) [MGUH 22.786] , A 281b (em) , A 284 (im), A 3 18  (im), A 3 19  
(im), A 333b (im), A 338  (im), A 343  ( im) ,  A 344b (im), A 350  (im), A 358 
(im), A 363 (pim), A 369 (im) [MGUH 22.775 ] ,  A 798a (im) ,  A 800 (c), A 
8 1 4a (t) [MGUH 22.785] , A 8 14b (t), A 826 (c),  A 835 (t), A 853 (pim), A 
888a (pim) , A 913  (t) [MGUH 22.78 1 ] ,  A 926 (t), A 966 (t), A 1085 (im) , A  
1091b (im). 

Occurrence. - Nileus depressus depressus occurs frequently in 
bed interval M-7 (Hukodden Limestone) to A-23 (Lysaker 
Member) at Slemmestad, representing almost the entire M. 
limbata Zone. N. d. depressus or a dosely resembling subspe
eies reappears in the Svartodden Limestone Member (A. 
'raniceps' Zone),  see discussion below. 

N. depressus depressus is firmly believed to correspond to 
N. glazialis subsp. 2 sensu Tjernvik ( 1 980), reported from the 
M. limbata Zone of Sweden. N. d. depressus or a dosely 
similar subspecies is also present in the eastern Baltic area, see 
discussion below. 

Diagnosis. - Small form. Cephalon quite convex (both ways) 
with truncate anterior cranidial margin; glabella broad, cen
tral part rounded; cephalic axial furrows comparativelywell
defined on outside of test; librigenae strongly vaulted poste
rolaterally, and without lateral border posterior to midlevel 
of eye; cephalic test surface usually lacks terrace lines. Py-
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Fig. 180. Cranidia and pygidia of Ni/eus depressus depressus. Maximum 
width plotted against sagittal length. 

gidium covered with 'depressus-type' terrace-line pattern, 
normally less dense on axis; border steep, ill-defined and 
occasionally absent. [Emended from Boeck 1838 . ]  

Description. - Small for a Nileus, largest measurable cra
nidium 1 1 .2 mm long, largest pygidium 12.0 mm long. The 
damaged cranidium A 973 may originally have been about 
12-12.5 mm long. Ratios between cephalon, thorax and 
pygidium are 28:47:25 (dorsal projection) in two complete 
specimens from beds M-7 and A-5; cephalon is possibly 
relatively shorter in later specimens. In articulated specimens 
the length and width of pygidium average, respectively, 0.87 
(N = 2) and 0.86 (N = 4) of the cephalic length and width. 

Cephalic outline slightly reniform in early specimens, 
more strongly so in late; L:W ratio varies between 0.52 and 
0.61 (mean 0.57; N = 10) ,  with a trend towards a relatively 
wider cephalon in the latest representatives. Cephalic L:W 
ratio averages 0.60 for six specimens from beds M-? to A-5, 
and 0.54 for four specimens from beds A-9 to A- 18 .  The 
rather wide range of cranidial W:L ratios (Fig. 1 83B; Table 
22) is possibly augmented by compaction. Glabella about as 
wide as long (Table 22),  and delimited from palpebral lobes 
by wide and shallow axial furrows, which, though, are better 
defined externally than in most other nileids; they are well
impressed on internal moulds. Furrows arcuate, giving the 
central portion of glabella a rounded appearance; the degree 
of'roundness' is, however, varying, but generally more pro
nounced than in earlier subspeeies of N. depressus. Anterior 
branches of facial suture diverge for a short distance in front 
of eyes at an angle of about 30-35° to sagittal line, to turn 
almost straight inward, and merge smoothly at front. Ante
rior cranidial margin is therefore truncate; some early speci-
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rable 22. Nileus depressus depressus. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width 

Size (mm) Range Mean N Range Mean 

2.6-2.8 1 .04- 1 . 1 2  1 .08 2 0.68--D.73 0.70 
4. 1 -4.9 1 .22-1 .36 1 .29 3 0.82--D.85 0.84 
>5.2 1 .23-1 .47 1 .36 43 0.85-1 .04 0.95 

mens, particularly from bed M-7, have a slightly more 
rounded anterior margin. Transverse glabellar convexity 
rather low, sagittal convexity moderate to fairly strong; mod
erate convexities predominate among specimens from the 
Hukodden Limestone. Palpebral lobes comparatively long 
(Fig. 1 83C; Table 22) .  Cranidia from the Hukodden Lime
stone tend to show shorter lobes, exsagittal length corre
sponds on average to 0.46 (N = 17)  of the cranidial length, 
compared to cranidia from the Lysaker Member, showing 
average lobe lengths corresponding to 0.49 (N = 30) of the 
cranidial length (Fig. 1 79C). Mesial glabellar tubercle quite 
prominent on internal moulds, whereas it is difficult to see 
on testaceous material. The latest specimens from bed inter
val A- l3  to A- 19 generally show a more advanced tubercle, 
average distance from posterior margin is 0.37 of the cra
nidial length (N= 8) (Fig. 1 79D). Occipital region as in N d. 
glazialis, although the muscle insertion sites flanking the 
mesial expansion of the occipital furrow appear marginally 
better defined in N d. depressus. A few internal moulds show 
paired very shallow muscle imprints on glabella (Fig. 1 8 1E
F); all muscle areas are in rare specimens with well-preserved 
test outlined by a dullness of the test surface. Posterior 
branch of facial suture usually straight, and runs obliquely 
backward-outwards at an angle of about 30° to sagittal line; 
exsagittal length of posterior fixigena averages 0. 16  times the 
cranidial length (N = 4 1 ) .  Outer margin oflibrigena may be 
thickened. Posterolateral portion of librigena in early speci
mens from beds M-7 to A-5 similar to N d. glazialis, with a 
lateral border tapering rearwards from midlevel of eye to 
stop shortly before genal angle (Fig. 1 8 1A) . Late specimens 
from beds A-7 to A- 18  have a strongly vaulted, steeply 
sloping, almost vertical posterolateral librigena, and no pos
terior continuation of lateral border from midlevel of eye 
(Fig. 1 8 1e, L) .  The changes in librigenal morphology is 
associated with a slightly increased sagittal convexity of 
cephalon. A few cephala from bed M -7 show terrace lines 
posterolaterally on glabella, on palpebral lobes, along poste
rior margin and posterolaterally on librigena, whereas other 
specimens from the same bed seem to lack terrace lines. 
Some cephala from bed A- l also show terrace lines posteri
orly on librigena, and a single cranidium from bed A-20 
carries terrace lines posterolaterally on glabella, but the ma
jority of cephala of N depressus depressus are smooth except 
for a very delicate pitting of the test, which is obliterated by 
even the faintest corrosion. A pitted test has, actually, been 

Palpebral lobe length (exsag.) Glabellar tuberde, 
distance to post. margin 

N Range Mean N Range Mean N 

2 0,46--D.50 0,48 2 0.32--D.35 0.32 2 
3 0,49--D.53 0 .51  3 0.34--D.36 0.35 3 

47 0.38-0.54 0,47 47 0.3O--D,41 0.35 51 

observed with certainty only in five specimens (from bed 
interval M-7 to A- 13 ) ,  the surface of the remaining material 
is corroded. Two specimens (from bed A-8 and A-20) may 
lack the pits. 

Cephalic doublure extends mesially for about 0.3 of the 
cephalic length, tapers backward; posterolateral width (tr.) 
about 0.25 of mesial width (sag. ) .  Doublure strongly con
cave, inner part subvertical; it is provided with 10-12 coarse, 
continuous terrace lines; hypostomal socket almost smooth, 
except for a few short lines just inside margin. 

Hypostome not yet identified. 
Thorax tapers gently rearwards; posterior segment is 

nearly 0.9 times as wide (tr. ) and about 0.8 times as long as 
the anterior segment (N = 3) .  Axis occupies on average 0.5 1 
(N = 4) of the pleuraI width on the first segment, expands 
almost imperceptibly towards the third segment and thence 
tapers rearward. Axial width on posterior segment averages 
0.85 (N = 4) of the axial width on anterior segment. Axis 
delimited by the position of the unusually distinct articulat
ing processes on anterior margin and by shallow 'pseudo' 
axial furrows, formed by the row of oblique, short pleural 
furrows running immediately behind the articulating pro-

Fig. 181. Nileus depressus depressus (Boeck, 1 838) .  DA. Early cephalon 
showing sagittal 'wrinkling' of cutide and comparatively wide lateral bor
der, stereo-pair, x3 (com pare B-C, illustrating the stratigraphic variability 
of librigena steepness), . Entire specimen MGUH 22.755 (A 8 19) (py
gidium shown in Fig. 1 84L), bed M-7, Slemmestad. DB. Partly exfoliated 
cephalon, stereo-pair, x3.  MGUH 22.756 (A 54), bed A- l ,  Slemmestad. 
De. Late small cephalon showing steep librigenae and narrow lateral 
border, stereo-pair, x5. Complete specimen MGUH 22.757 (A 288) ,  bed 
A- 18 ,  Slemmestad. OD. Largely exfoliated cephalothorax, stereo-pair, x3.  
MGUH 22.758 (A 569), Lysaker Member, Slemmestad. DE. Partly exfoli
ated late cranidium showing faint traces of paired muscle impressions on 
glabeIla and a rather truncate anterior margin, stereo-pair, x4. MGUH 
22.759 (A 229), bed A- 13 ,  Slemmestad. OF. Internal mould of cranidium 
showing paired muscle impressions on glabeIla, stereo-pair, x4. MGUH 
22.760 (A 2 1 6) ,  bed A- I l ,  Slemmestad. OG-H. Somewhat damaged 
cephalon, dorsal (x3)  and side (x4) views, the latter showing detail of 
doublure. Complete specimen MGUH 22.76 1 (A 193) ,  bed A-9, Slemme
stad. DI. Damaged cephalon, ventral view showing anterior part of doub
lure, x4. MGUH 22.762 (A 840) ,  bed M-7, Slemmestad. OJ. Corroded 
juveniJe cranidium, x9. MGUH 22.763 (A 900) , bed M-9, Slemmestad. 
DK. Partly exfoliated juveniJe cranidium, x9. MGUH 22.764 (A 240) ,  bed 
A- 13 ,  Slemmestad. OL-N. Exfoliated late cephalon showing very steep 
librigenae, dorsal, side and frontal views, x4. MGUH 22.765 (A 274), bed 
A - 14, Slemmestad. 
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Fig. 182. Ni/eus depressus depressus (Boeck, 1838). DA. Internal mould of cranidium showing paired musde-insertion sites on glabeIla, x6. MGUH 22.766 (A 
272) ,  bed A - 14, Slemmestad. DB. Compacted entire speeimen, side view showing thoracic articulation, x4. MGUH 22.767 (A I l l ) ,  bed A -4, Slemmestad. DC 
Internal mould of complete specimen, dose-up of anterior thoracic segments and posterior part of cephalon, showing muscle-insertion sites, x6. MGUH 
22.768 (A 577), Lysaker Member, Slemmestad. OD. Internal mould ofsmall, late cranidium, x6. MGUH 22.769 (A 260), bed A- 13 ,  Slemmestad. DE. Internal 
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length. 

mould of pygidium showing axis, x5.  MGUH 22.770 (A l 62a), bed A-7, 
Slemmestad. OF. Internal mould of pygidium showing axis, x6. MGUH 
22.771 (A 93), bed A-3, Slemmestad. OG. Internal mould of pygidium 
showing axis, x3. MGUH 22.772 (A 58) ,  bed A- l ,  Slemmestad. OH. 
Internal mould of pygidium showing doublure, x4. MGUH 22.773 (A 
996) ,  bed M -l 0, Slemmestad. DI. Latex east of internal mould of pygidium 
showing doublure, x4. MGUH 22.774 (A 977) ,  bed M- lO, Slemmestad. DI. 
Latex east of internal mould of small pygidium showing doublure, x6. 
MGUH 22.775 (A 369), bed A-23, Slemmestad. DK. Well-preserved py
gidium showing external ' depressus-type' terraee-line pattern, x4. Entire 
speeimen MGUH 22.776 (A 132) ,  bed A-5, Slemmestad. DL. Latex east of 
pygidium showing doublure and portion of exterior terraee-line pattern, 
x6. MGUH 22.777 (A 906), bed M-9, Slemmestad. 

cesses on each segment. These furrows are well- impressed on 
internal moulds, more so than in most other nileids de
scribed here. All speeimens show three to five transverse, fine 
terrace lines on the pleurae. The axis of an early specimen 
from bed M -7 is covered with terrace lines; muscle insertion 
sites are indicated by irregularities in the pattern (Fig. l 8 lA) .  
There are no  lines in the pleural furrows flanking the axis. 
Speeimens of N. d. depressus from beds A -4 to A - 1 8  have an 
almost smooth thoracic axis, with only a single or a few 
transverse lines present. 
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Table 23. Nileus depressus depressus. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag.) : 

Size (mm) Range Mean N Range Mean 

2.2-3.0 [Stage D]  0.63-D.65 0.64 2 0.38 
2 .8-3.4 [Stage E] 0.54-0.63 0.57 8 0.35-D.41 0.37 
3.3-5.4 [Hol.] 0.53-D.6 1 0.56 22 0.3O-D.39 0.35 
>5.5 [Hol. ] 0 .51-D.66 0.58 60 0.32-D.44 0.38 

Pygidium (ratios shown in Table 23) very similar to that of 
N depressus glazialis. The most important difference con
cerns the border, which is much steeper, often almost as 
steep as the pleural fields, and, consequendy, comparatively 
ill-defined; some pygidia are fully convex. Furthermore, the 
anterior pleural furrow, defined on internal moulds between 
axis and inner termination of articulating facet, is wider, and 
the pygidial test ornamentation is less distincdy engraved, 
and usually not impressed on internal moulds; only three 
exfoliated specimens in the material at hand show very faint 
imprints ofterrace lines. The line density on the pleural fields 
is rathervariable (Fig. 48); the variation is essentially not size
related (Fig. 1 85e) . There is a drop in line densities between 
beds A -2 and A - 3, and the pygidia generally show low densi
ties up to bed A- I l .  Specimens from bed A-20 again show 
high densities. For remarks on the meandering terrace-line 
density, see section on autecology. One pygidium from bed 
M -7 shows terrace lines all over axis with the same density as 

Fig. 184. Nileus depressus depressus (Boeek, 1838) .  DA. Small holaspid 
pygidium showing almost smooth cuticle surfaee, x9. MGUH 22.778 (A 
10 1 ) ,  bed A-3, Slemmestad. DB. Small holaspid pygidium showing ' orbicu
latoides-type' terraee line pattern, x8. MGUH 22.779 (A 1 87) ,  bed A-8, 
Slemmestad. De. Rather small pygidium, showing extensive terraee lines 
and proportionally broad eoneave border; the terraee lines are, though, 
shorter and more irregular than in a fully developed 'depressus-type' terraee 
line pattern, x6. MGUH 22.780 (A 1083) ,  bed M-9, Slemmestad. OD. 
Transitory pygidium, stage E, x9. MGUH 22.78 1 (A 9 13 ) ,  bed M-9, 
Slemmestad. DE. Transitory pygidium, stage E, showing open 'orbicula
toides-type' terraee line pattern, x9. MGUH 22.782 (A 143) ,  bed A-6, 
Slemmestad. OF. Internal mould of small holaspid pygidium, x9. MGUH 
22.783 (A 79b) ,  Bed A-3, Slemmestad. OG. Transitory pygidium, stage E, 
x9. MGUH 22.784 (A 20 1 ) ,  bed A-9, Slemmestad. OH. Somewhat eor
roded transitorypygidium, stage E, x9. MGUH 22.785 (A 8 14a), bed M-7, 
Slemmestad. DI. Latex east of internal mould of transitory pygidium, stage 
D, x 10. MGUH 22.786 (A 281a) ,  bed A- 16, Slemmestad. DI. Small holas
pid pygidium showing open 'orbiculatoides-type' terraee line pattern, x6. 
MGUH 22.787 (A 205), bed A- lO, Slemmestad. DK. Corroded pygidium 
showing fully developed 'depressus-type' terraee line pattern, x5. Cephalon 
figured in #F180:A. Complete specimen MGUH 22.755 (A 8 19) ,  bed M-7, 
Slemmestad. OL-M. Partly exfoliated pygidium showing doublure and 
dorsal ' depressus-type' terraee line pattern, x5; dose up x8. MGUH 22.788 
(A 838),  bed M -7, Slemmestad. ON. Slightly corroded pygidium showing 
rather ill-defined border, x5.  MGUH 22.789 (A 861 ) ,  bed M-7, Slemme
stad. DO. Partly compaeted showing eomparatively open 'depressus-type' 
terraee line pattern, x6. Complete specimen MGUH 22.790 (A 1090), bed 
A-7, Slemmestad. 

pygidial length 
N Range Mean N Range Mean N 

2 O 0.27 2 
6 O 0.26-D.28 0.27 7 
1 5  O 0.2O-D.24 0.22 17  
49 O 0. 1 3-D.22 0. 1 8  39  

on the pleural fields, while another specimen from the same 
bed has sparser and shorter lines in the axial area, compared 
to the density on the pleural fields, which appears to be the 
typical condition for N d. depressus, at least in bed interval 
M-7 to A-7. Specimens from bed A- 1 1  and A-20 have no 
terrace lines on axis; a single pygidium from bed A-4 has 
preserved a small patch ofaxial test showing fine pits, similar 
to those seen on well-preserved cephala, and it is possible that 
the apparendy smooth axis of late specimens actually is 
pitted. Doublure moderately to strongly concave (differ
ences due to compaction?) .  Fifteen to twenty lines were 
counted across the doublure in pygidia from bed interval M-
7 to A- l3 ,  while pygidia from beds A-22 and A-23 show a 
total of thirteen to fifteen lines. 

Juveniles. - By comparison to larger specimens, cranidia less 
than 5 mm long have a slighdy more rounded anterior 
margin, a less strong sagittal convexity (particularly pro
nounced in the smallest specimens) and a relatively elongate 
glabeIla. Palpebral lobes appear but slighdy narrower (tL) ,  
and are situated relatively posteriorly, the distance from 
posterior margin of cranidium to hind corner of lobe is 
equivalent to about 0. 1 1-0. 1 3  of the cranidial length. Test 
surface of the small cranidia seemingly smooth. 

Two D-stage pygidia, 2.2 and 3.0 mm long, and ten E-stage 
pygidia, 2 .8-3.3 mm long, match the description on pp. 244-
245. Most E-stage specimens have a smooth test surface, 
except for single terrace lines oudining the fixed segment, 
whereas specimen A 143 exhibits an openly spaced 'orbicula
toides' pattern on the pleural fields. 

Holaspide pygidia, 3 .s to 5.4 mm long (N = 23) ,  have a few 
terrace lines on the pleural fields, arranged in an 'orbicula
toides' pattern. These pygidia usually also have a better de
fined concave border compared to fully adult specimens. 
Axis is but faindy raised above pleural fields. Only three 
pygidia, less than 5.4 mm long (the smallest specimen is 4.3 
mm long) show the adult terrace-line pattern. 

Affinities. - Nileus depressus depressus is envisaged as a de
scendent of N d. glazialis (Fig. 146), but may, in fact, simply 
represent a different ecophenotype. The early cephala of N d. 
depressus are very similar to those of N d. glazialis, but can be 
distinguished by the wider glabeIla, the more truncate ante
rior cranidial margin, the finelypitted test surface and the but 
slighdy narrower anterior border. The later cephala of N d. 
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depressus are relatively wide, influencing the cranidial W:L 
ratio (Fig. 186A) , and they also have strongly vaulted libri
genae, a stronger sagittal convexity, an even wider and more 
rounded glabella (see Fig. 1 86B) ,  and a still narrower anterior 
border. The pygidia of the two forms are very similar (Fig. 
1 86E-F) ,  and isolated specimens may be difficult to assign to 
subspecies. The border of N. d. depressus is, however, gener
ally poody defined or absent, internal moulds show a more 
distinct anterior pleural furrow, and the doublure of eady 
specimens usually show a higher number of terrace lines 
than present in N. d. glazialis . 

N. depressus depressus resembles N. depressus serotinus 
n.subsp. in a number of aspects, and the two forms are 
thought to represent different ecophenotypes. For differ
ences, see section on the new subspecies. 

The differences from other members of the N. depressus 
gro up are discussed in connection with the descriptions of 
the individual subspecies. N. depressus depressus is readily 
separated from other nileids by the small size, the slighdy 
rounded, wide glabella, the pitted cephalic test, the moderate 
cephalic convexity (sag. ) ,  the pygidial terrace-line pattern 
and the ill-defined pygidial border. A salient diagnostic char
acter of late representatives of N. d. depressus is the strongly 
vaulted librigena. 

Remarks. -Nileus depressus depressus is quite common in the 
M. limbata Zone at Slemmestad, but the limestones are rich 
in clay, so the test surfaces are most often more or less 
corroded, which is critical for recognition of the surface 
ornamentation. However, it appears that N. depressus is a 
widespread and common species, hitherto incorrecdy re
ferred to as N. glazialis (see discussion of N. depressus glazialis 
below) . The rounded glabella, the delicate pitting of the 
cephalic test surface, and the poody developed or absent 

Fig. 185 (this page) .  DA-B. Pygidia of Ni/eus depressus depressus. DA. Ratio 
between sagittallength and maximum width plotted against sagittal length. 
DB. Ratio between border length (sag. ) and pygidial length plotted against 
pygidial length. DC Pygidia of Ni/eus depressus depressus, N. d. g/azia/is and 
N. d. subsp. A. Terrace-line density on the pleuraI fields (lines/mm) plotted 
against pygidial length. 

Fig. 1 86 (opposite page) .  Ni/eus depressus depressus versus N. d. g/azia/is, 
adult speeimens only (cranidia and pygidia >5 mm long) . DA. Comparison 
of adult ratios between maximum cranidial width (measured aeross palpe
bral lobes) and cranidial length. DB. Comparison of adult ratios between 
glabeIla width (measured between hind eorners of palpebral lobes) and 
cranidial length. DC Comparison of adult ratios between palpebral lobe 
length (exsag.) and cranidial length. OD. Comparison of adult ratios 
between the distance from posterior eranidial margin to glabellar tubercle 
and cranidial length. DE. Comparison of adult ratios between pygidial 
length (sag. ) and maximum pygidial width. OF. Comparison ofadult ratios 
between pygidial border length (sag. ) and pygidial length (sag. ) .  
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pygidial border suggest that N depressus depressus corre
sponds to N glazialis subsp. 2 sensu Tjernvik ( 1980) .  

Russian authors have repeatedly stated that the pygidium 
of N 'armadillo' is covered with terrace lines (Volborth 
1863; Schmidt 1904; Balashova 1976); such pygidia have 
been figured by Schmidt ( 1904, Pl. 8 : 1 7-17a) and Balashova 
( 1 976, Pl. 40: 10) .  The terrace-line pattern of the illustrated 
Russian specimens is unmistakably of 'depressus-type', and 
it appears, accordingly, that N depressus occurs also in the 
eastern Baltic area, at least in the A. expansus Zone (B2b 
sensu Schmidt 1904, 1907), but perhaps also earlier (BIIØ, 
BIIy; see Schmidt 1907) . It is uncertain which subspecies is 
present, but one of the cephala figured by Schmidt ( 1904, 
Pl. 8 : 12; see also Balashova 1960, Pl. 6: 1a-c) resembles N 
depressus depressus. It is suspected that the inadequately 
known N chiton Pander, 1830 is related to the N depressus 
group, as especially indicated by its steep librigena (cf. Pan
der 1830, pp. 132-133) .  

Wandås ( 1984, Pl. l lD) figured a complete specimen of N 
depressusfrom the Svartodden Limestone of Oslo. The speci
men dosely resembles N. depressus depressus and either be
longs to this subspecies, or is a dose relative. An exfoliated 
cranidium, 9 mm long, from 'Etage 4' at Huk (GM 19 19.62) 
has a wide, centrally rounded glabella, a straight anterior 
margin, and a fairly prominent glabellar tuberde, and is in all 
probability a late, as yet undescribed member of the N 
depressus group. The specimen differs from N depressus 
depressus by having short (exsag. length 0.41 of cranidial 
length) ,  but quite wide palpebral lobes, and the glabellar 
tuberde is situated only 0.27 of the cranidial length from 
posterior margin. 

Nileus depressus glazialis Schrank, 1 973 
Figs. 1 87-19 1  

Synonymy. - 0 1 882 Nileus Armadillo Var. depressa, Sars & 
Boeck [partim] - Brogger, pp. 62-64; non Pl. 7:6-6a [= N 
depressus depressus] (description, occurrence) .  Ov cf. 1952 
Nileus armadillo (Dalman) [partim ] - Skjeseth, p. 1 70; Pl. 2 :7 
(illustrations of enrolled specimen) .  Ov 1972 Nileus exar
matus lineatus n.subsp. - Schrank, pp. 363-364; Pl. 3 : 1 3; Pl. 
5 :3-6; Textfig. p. 353 (description, occurrence, illustrations 
of pygidia) .  Ov 1972 Nileus sp. aff. limbatus et exarmatus 
[partim] - Schrank, Pl. 3 : 12  (illustrations of cranidium) .  
0 1 973 Nileus exarmatus glazialis nom. nov. pro Nileus exar
matus lineatus Schrank, 1972 - Schrank, p. 1 1 86 (change of 
name, N lineatus preoccupied) .  0 1 980 Nileus glazialis 
n.subsp. no. 1 - Tjernvik & Johansson, pp. 1 79, 19 1 , 203 
(summary of diagnostic features, occurrence) .  

Holotype. - Pygidium T 794.2, figured by Schrank ( 1972, Pl. 
5 :3) .  The specimen is from an erratic boulder also containing 
Nileus orbiculatoides and Aegerina erratica, which caused 
Schrank ( 1 972, p. 363) to suggest an origin from the upper 
part of the M. estonica Zone, an interpretation questioned by 
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Fig. 1 87. Nileus depressus g/azialis (dosed symbols) and Ni/eus depressus 
subsp. A (open symbols) .  Stated number of specimens refers to N. d. 
glazialisplus N. d. subsp. A. Maximum width plotted against sagittal length. 

Tjernvik ( 1980, p. 203) .  In my opinion the original estimate 
is probably not far off; the holotype seems most likely to 
originate either from the latest M. estonica Zone or from the 
M. polyphemus Zone. 

Material. -Five complete specimens, 4 cephala, 30 cranidia, 
8 juvenile cranidia, 23 pygidia and 30 juvenile pygidia. 

List of material. - OComplete specimens A 670? (c), A 678 (t) [MGUH 
22.79 1 J , A 688a (pim) [MGUH 22.792 ] , A  73 1 (t) , A  733 (t) OCephala A 13  
(pim) , A 684 (im) , A 686 ( t )  [MGUH 22.799] , A  734  ( t ) .  OCranidia A 4  (c), 
A 5 (im) , A  1 1  (pim), A 14 (im),  A l6a (pim) [MGUH 22.796 J ,  A l6b (pim), 
A 616 (t), A 628b (im),  A 632 (im),  A 638a (im),  A 642 (im) [MGUH 
22.800 ] ,  A 646 (pim), A 652 (t) [MGUH 22.798 ] ,  A 654 (t), A 665 (im),  A 
681  (im) , A 682 (t) , A 696 (im) , A 697c (t) [MGUH 22.795] , A  700 (t) , A  704 

Fig. 1 88. Ni/eus depressus glazia/is Schrank, 1973. OA-B. Corroded cepha
lon, dorsal and side views, x3. Complete speeimen MGUH 22.79 1 (A 678), 
bed M-4, Slemmestad. Pygidium shown on 1 90G. OC-F. Complete speei
men MGUH 22.792 (A 688a) , bed M-4, Slemmestad, dorsal (x4),  frontal 
(x3)  and side (X3)  views. The stanee resembles life position, but is skew 
with respect to bed boundaries and is probably a death posture. OG. Small 
cranidium, x9. MGUH 22.793 (A 653) ,  bed M-2, Slemmestad. OH. Cor
roded cranidium, stereo-pair, x5. MGUH 22.794 (A 726), bed M-5, Slem
mestad. DI. Small cranidium, x9. MGUH 22.795 (A 697c) , bed M-4, 
Slemmestad. OJ-K. Partly exfoliated cranidium, dorsal and side views, x6. 
MGUH 22.796 (A l 6a) ,  bed M-3, Slemmestad. DL. Small, slightly com
pacted cranidium, x9. MGUH 22.797 (A 650), bed M-2, Slemmestad. 
OM-N. Small cranidium with transparent cutide. M non-whitened, 
showing coloured musde insertion sites, x6. MGUH 22.798 (A 652),  bed 
M-2, Slemmestad. DO. Corroded, slightly damaged cephalon, x4. MGUH 
22.799 (A 686), bed M -4, Slemmestad. OP. Internal mould of early cranidi
um, showing rather elongate glabeIla, x6. MGUH 22.800 (A 642) ,  bed M
l, Slemmestad. OQ. Partly exfoliated thorax and pygidium; the somewhat 
corroded cutide shows terrace-line sculpture, x4. MGUH 22.801 (A 759), 
bed M-6, Slemmestad. 
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(t), A 706 (im) , A 710b (im) , A 7 1 5  (pim), A 726 (t) [MGUH 22.793 J ,  A 767 
(im), A 769 (t) , A 779 (t), A 782 (t), A 784 (t). Oluvenile cranidia A 630a 
(im),  A 650 (t) [MGUH 22.797 ] ,  A 653 (t) [MGUH 22.793 ] ,  A 693 (t), A 
703 (t) , A  708a (t) , A  708d (t) , A  723 (t). OPygidia A 581  (im) , A 592? (im) , 
A 593 (pim),  A 594 (t), A 614a (t) [MGUH 22.806 ] ,  A 627 (im) [MGUH 
22.804] , A 628a (im) [MGUH 22.805 ] ,  A 629 (im), A 638b? (im), A 639 
(im) , A 640? (im) , A 641 ?  (im),  A 644? (im) , A 648 (pim) [MGUH 22.803 J ,  
A 687? (is) , 697a (pim) , A 697b (pim) , A 7 14 (pim) [MGUH 22.802 J , A 720? 
(im),  A 738 (pim), A 739a? (pim), A 742 (pim), A 759 (t) with thoracic 
segments [MGUH 22.80 1 J .  Dl uvenile pygidia (all tentatively identified) A 
7 (im) , A 60 1  (t), A 6 1 1  (t) [MGUH 22.808J , A 6 14b (t) , A 6 1 5  (t) [MGUH 
22.8 1 1 ] ,  A 6 19a (t) , A 6 19b (t), A 622 (t) [MGUH 22.8 10 ] , A 623 (t) 
[MGUH 22.809 ] ,  A 626a (c), A 630b (im),  A 633 (im), A 638c (im),  A 651  
(im) , A 655 ( t ) ,  A 660 ( t ) ,  A 662 ( t ) ,  A 667 ( t ) ,  A 688b ( t ) ,  A 689 ( t ) ,  A 691 
(c), A 701 (t), A 708b (t)  [MGUH 22.807 J ,  A 708c (t) [MGUH 22.8 12 ] ,  A 
708e (t), A 708f (t), A 7 10a (im), A 728 (c), A 739b (c) ,  A 762 (t) .  

Occurrence. - N. depressus glazialis is frequent in bed interval 
M- 1 to M-5 (Hukodden Limestone) at Slemmestad, repre
senting the upper part of the M. polyphemus Zone and the 
bulk of the M. simon Zone. It also occurs sparsely in bed M-
6, mainly in the lower half; bed M-6 constitutes the upper
most part of the M. simon Zone. The subspeeies, or a dose 
relative, also occurs in the Herramb Member at Ringsaker, 
Norway (see remarks below), which represents either the top 
of the M. estonica Zone or the lower part of the M. polyphe
mus Zone, or both. 

N. depressus glazialis is believed to match N. glazialis subsp. 
1 Tjernvik ( 1980) ,  reported from the M. polyphemus Zone of 
Sweden. The range of subsp. 1 depends, however, on subspe
eies definition (see remarks below) . 

The isolated pygidial doublure, tentatively assigned to N. 
glazialis glazialis by Fortey ( 1975a, p. 42; Pl. 10: 1 7) cannot be 
confidently assigned to subspecies. 

Diagnosis. - Small form; cephalon moderately convex (sag. ) ,  
glabella slightly rounded between palpebral lobes, anterior 

Table 24. Mean glabeIla width:length ratio in adult speeimens of Nileus 
depressus glazialis from bed M-l to M--{), Slemmestad. 

Bed Mean N 

M--{) 0.93 3 
M-5 0.88 5 
M-4u 0.88 4 
M-4l 0.84 5 
M-3 0.87 2 
M-2 0.85 1 
M-1 0.84 4 
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cranidial margin gentlyrounded, librigenae moderately con
vex (tr. ) posterolaterally, and cephalic test surface smooth or, 
rarely, with some terrace lines, in particular anterolaterally 
on cranidium. Pygidium covered with 'depressus-type' ter
race-line pattern; pygidial border narrow and often rather 
steep. [Emended from Schrank 1972. ]  

Description. - Small for a Nileus, largest cranidium 9.4 mm 
long, largest pygidium 8.7 mm long. Length ratios between 
cephalon, thorax and pygidium of complete specimens are 
about 28:50:22 (N = 3; dorsal projection) . In articulated 
specimens, the length and width of pygidium average, re
spectively, 0.82 and 0.87 of the cephalic length and width (N 
= 3; standard maximum measures) .  Cephalon subsemieir
cular in outline, L:W ratio varies between 0.56 and 0.63 
(mean 0.60; N = 7). Glabella elongate (Table 25), with a trend 
towards a relatively broader glabella in the latest specimens 
(Table 24 and Fig. 1 79B), caused by a stronger sagittal 
convexity of cranidium. Axial furrows, delimiting palpebral 
areas from glabella, are shallow on testaceous material, but 
augmented by a decrease of slope from glabella to palpebral 
areas. The furrows are gently arcuate, and the central portion 
of glabella assumes a roundness, best seen on internal 
moulds. However, the degree of roundness is variable and a 
few specimens show almost straight axial furrows, and, con
sequently, a more rectangular glabella. No systematic strati
graphical distribution of this variation is evident. Anterior 
branches of facial suture diverge in front of eyes at an angle of 
about 35-45 o to sagittal line. The anterior cranidial margin is 
gently rounded (dorsal view) . Transverse glabellar convexity 
rather small, sagittal convexity moderate, but somewhat 
variable. Cranidia from bed M - 1  and some from bed M-2 are 
dearly less convex (sag. ) than later specimens. Mesial glabel
lar tuberde, as seen on internal moulds, moderately sized; it 
tends to be situated slightly further forwards in late speci
mens, presumably in response to the stronger sagittal cra
nidial convexity (Fig. 1 79D). In addition to the low sagittal 
keel usually seen on internal moulds, running forwards from 
the tuberde, some specimens have a vague short keel behind 
the tuberde as well. Oceipital furrow wide, fairly impressed 
on internal moulds, effaced on testaceous material, or with a 
nebulous external expression. Posterior branch of facial su
ture sigmoidal, curving outward-backwards from eye. Ex
sagittal length of posterior fixigena averages 0. 16  (N = 41 ) .  

Table 25. Nileus depressus glazialis. Ranges for variation o f  cranidia, expressed a s  ratios o f  cranidial length. 

Maximum width of cranidium GlabeIla width Palpebral lobe length (exsag.) Glabellar tubercle, 
distance to post. margin 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.7-2.8 1 .22-1 .25 1 .24 2 0.78-0.79 0.78 2 0.44-0.46 0.45 2 0.29-0.33 0.3 1 2 
3.4-5.3 1 . 1 8-1 . 3 1  1 .26 9 0.80-0.85 0.82 10 0.43-0.48 0.45 10 0.29-0.34 0.32 9 
>5.7 1 .20-1 .33 1 .27 23 0.80-0.94 0.87 23 0.40-0.47 0.44 23 0.30-0.35 0.32 19  



FOSSILS AND STRATA 38 ( 1 995) 

1 .6 

Width : length ratio A 
1 .5 

1 .4 

. � . 
1 .3 • • • • • • • • • •• • o • • • • • . 0 .. 

o· • ti' • • o O� • • 
1 .2 • • 

1 . 1 N =  35 + 7  

Length (mm) 

1 .0 

O 2 4 6 8 1 0  1 2  

1 .2 

Ratio giabeIla width : cranid ial length B 
1 . 1 

1 .0 

• 0 0 

0 . 9  
• • • 
• • � ... o • 

• · 0 . .� , • 
• •• • •  o 

0.8  o •• 
, • 

0 . 7  N =  33 + 7  

Length (mm) 

0 .6  

O 2 4 6 8 1 0  1 2  

0 .60 

0.55 

0.50 

0.45 

0.40 

0 .35 

0 . 30 

1 4  O 

0.50 

0.45 

0.40 

0 . 35 

0 . 30 

0.25 

0.20 

1 4  O 

Lower Ordovician trilobites from Scandinavia 26 1 

Ratio palpebral lobe length : cranid ia l l ength C 

o 
• • 

• 

2 

• • • 
• •• • • • 

· . \ . . � . 
· . . . : o · • o • • o • 

• • 

4 6 8 

Ratio tubereie d istance from rear : 
cranid ia l  length 

• 

o· 

2 

• • 
• 

• • • oe • 
• � .. . " �o • • • o 

o . , • 
• • 

4 6 8 

N =  36 + 5 

Length (mm) 

1 0  1 2  

O 

N =  31 + 8 

Length (mm) 

1 0  1 2  

1 4  

1 4  

Fig. 1 89. Cranidia of Nileus depressus glazialis (closed symbols) and N. d. subsp. A (open symbols) .  Stated number of specimens refers to these subspecies, 
respectively. DA. Maxirnum width across palpebral lobes plotted against sagittal length. DB. Ratio between glabeIla width (measured between posterior 
corners of palpebral lobes) and cranidiallength plotted against cranidial length. De. Ratio between palpebral lobe length (exsag.) and cranidial length plotted 
against cranidial length. OD. Ratio between the distance from posterior cranidial margin to glabellar tubercle and cranidial length (sag.) plotted against 
cranidial length. 

The angle from palpebral lobe to sutural intersection with 
posterior margin is about 30° to sagittal line. Lateral border 
of cephalon moderately broad at eye level, then tapers to 
disappear short off genal angle; posterior convex part of 
librigena slopes moderately strongly outwards. 

Most speeimens with intact test are smooth except for the 
usual 'wrinkled' pattern along sagittal line. A few longitudi
nal terrace lines are present anterolaterally on glabella in 
early specimens from bed M-2 (no cranidia/cephala with 
intact test are available from bed M - 1 ) ,  and in one third of the 

cranidia from bed M-5; two thirds of the cephala from bed 
M -5 show transverse terrace lines posteriorly on librigenae. 

Hypostome unknown 
Thoracic segments decrease gently in size backwards; pos

terior segment slightly less than 0.9 times as wide (tr. ) as the 
anterior segment, and usually about 0.7 times as long (N = 3) ,  
one specimen shows a L :L  ratio of  0 .8 .  Axis occupies on 
average 0.53 (tr.; N = 3) of the segmental width (tr. ) on 
anterior segment; it is parallel-sided anteriorly, then tapers 
behind the third segment, and its width on posterior segment 
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Fig. 190. Nileus depressus glazialis Sehrank, 1973. DA. Partly exfoliated pygidium showing axis, x4. MGUH 22.802 (A 714),  bed M-5, Slemmestad. DB. Partly 
exfoliated pygidium showing axis, x4. MGUH 22.803 (A 648) ,  bed M-2, Slemmestad. De. Internal mould of pygidium, x3.  MGUH 22.804 (A 627), bed M
l, Slemmestad. OD. Internal mould of pygidium showing part of doublure, x4. MGUH 22.805 (A 628),  bed M-l ,  Slemmestad. DE. Somewhat corroded 
pygidium, x4. MGUH 22.806 (A 614a), bed M-2, Slemmestad. OF. Small pygidium showing a not fully developed external terraee-line pattern, x8. MGUH 
22.807 (A 708a) , bed M-4, Slemmestad. OG. Somewhat eorroded pygidium and thorax of enrolled speeimen, x4. MGUH 22.79 1 (A 678) ,  bed M-4, 
Slemmestad. See also 1 88A-B. OH. Badly preserved trans ito ry pygidium, stage C, x 14. MGUH 22.808 (A 6 1 1 ) ,  bed M-2, Slemmestad. DI. Transitory 
pygidium, stage E; x9. MGUH 22.809 (A 623) ,  bed M -2, Slemmestad. OJ. Small pygidium showing a not fully developed terraee-line pattern ( ' orbiculatoides
type' ) ,  x6. MGUH 22.8 10  (A 622) ,  bed M-2, Slemmestad. DK. Corroded small holaspid pygidium, x8. MGUH 22.8 1 1  (A 6 15 ) ,  bed M-2, Slemmestad. DL. 
Juvenile pygidium with almost detaehed anterior segment, x8.  The specimen apparently represents the smallest holaspid instar, but with failed detaehment 
of the thoraeie segment. MGUH 22.8 1 2  (A 708e) , bed M-4, Slemmestad. 

averages 0.8 1 (N = 3) of the anterior width. Each segment 
carry severai, dosely spaced transverse terrace lines on axis 
and pleura; articulating facet show eleven to thirteen less 
dosely spaced lines running obliquely downward-outward. 
The terrace lines are irregular dose to the articulating pro
cesseslsockets. Doublure not exposed. 

Pygidium fairly vaulted. Axis triangular in outline, con
fluent with the pleurai fields on testaceous material, or the 
anterior part may be barely raised. Hence it is almost impos
sible to discern, if not outlined by the lack ofterrace lines andl 
or by colour differences. It is better defined on internal 
moulds, raising above the pleural fields; axial furrows very 
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Fig. 191 .  Pygidia of Ni/eus depressus g/azia/is (e) and N. d. subsp. A (O) ;  
transitory pygidia cannot be differentiated. Stated number of specimens 
refer to these subspecies, respectively. DA. Ratio between sagittal length 
and maximum width plotted against sagittal length. DB. Ratio between 
border length (sag.) and pygidial length plotted against pygidial length. 

shallow and wide. Anterior half-ring well-defined; posterior 
segmentation normally vestigial. Four axial segments in ad
dition to the small terminal piece are defined by lateral 
swellings in a few, relatively well-preserved specimens; the 
mesial part of axis is smooth, and slightly depressed. The 
anterior pair ofaxial swellings may be divided by a transverse 
furrow, the succeeding pairs occasionally show such a furrow 
in the adaxial half; a narrow band across sagittal area join the 
posterior part of the first pair oflateral swellings. Articulating 
facets comparatively narrow, almost elongate subrectangu
lar in outline; posterior edge rounded, smooth on internal 
moulds. Concave border slopes rather steeply outwards, and 
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is almost of the same width all the way. Border width seems 
to be constant throughout the range of N. d. glazialis in the 
Slemmestad section. Adult pygidia are covered with a 'de

pressus-type' terrace-line pattern; the lines are less dense and 
slightly coarser dose to outer margin. Counts ofline density 
on the pleural fields gave 8-10  lines/mm in two pygidia from 
bed M- l ,  8 lines/mm in a pygidium from bed M-2, 8-9 lines/ 
mm in a pygidium from bed M-4, and 12 lines/mm in two 
pygidia from bed M -6; all specimens are 7-8 mm long. Two 
smaller specimens, about 5 mm long, from beds M -4 and M-
5, have, respectively, 12-13 lines/mm and 14-15  lines/mm . 
Accordingly, an overall trend towards a greater density of 
terrace lines on the pygidium is apparent, but this probably 
reflects environment rather than evolution. Only three 
specimens, A 594 from bed M - I ,  and A 697 and A 688, from 
bed M -4, show uncorroded, or only slightly corroded test in 
the axial region, and the two first mentioned specimens 
dearly have dosely spaced terrace lines on axis, whereas the 
central part of axis in specimen A 688 seems to be smooth. 
lnternal moulds occasionally exhibit vague impressions of 
terrace lines. Articulating facets show 5-7terrace lines, run
ning from the upper margin and obliquely downwards
outwards. Pygidium A 592 (from bed M- l )  shows 1 1-12 
terrace lines on the doublure, whereas pygidium A 687 (bed 
M-4) shows 1 5-16 doublural lines. It may be noted that 
pygidium A 745c (bed M-6), assigned to N. depressus subsp. 
A, shows 18-19 lines on the doublure . 

Juveniles. -N. exarmatus occurs rarely in parts of the interval 
from which the material originates, and some of the transi
tory pygidia may theoretically belong to that species . 

Cranidia 2 .7-5 mm long differ from larger cranidia by the 
same features as stated for N. d. depressus juveniles; no 
specimen show dorsal terrace lines. 

A poorly preserved transitory pygidium of stage B has a 
pronouncedly concave border, a narrow doublure, and a 
smooth test surface. Two C-stage pygidia, 2 . 1-2.5 mm long, 
three D-stage pygidia, 1 .9-2.3 mm long, and thirteen E-stage 
pygidia, 2 .7-3 .3 mm long, are of usual outline (see descrip
tion pp. 243-245) .  A large E-stage pygidium, 3.7 mm long, 
has a partly detached anterior thoracic segment, which is still 
fused in the left part (Fig. 190L) , and it dearly represents the 
smallest holaspid stage. Seven out of ten E-stage specimens 
investigated with intact test have a smooth surface, except for 
isolated lines on the outer part of border demarcating the 
attached segment, whereas the remaining three specimens 
show an , orbiculatoides-type' terrace-line pattern with short, 
openly spaced lines on the pleural fields, in addition to the 
lines on the border and the fixed segment. 

Eleven pygidia, 3 .4-5 . 1  mm long, are holaspides, but lack 
the characteristic 'depressus-type' terrace-line pattern. All 
testaceous specimens show an 'orbiculatoides-type' terrace
line pattern on the pleural fields, but the line density varies. 
Apart from that the material resemble adults, although 
showing a somewhat wider border (Table 26) . 
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Table 26. Nileus depressus glazialis. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 

Size (mm) Range Mean N Range Mean 

1 .9-2.5 [Stage C] 0.63-0.64 0.64 3 0.33 
1 .9-2.2 [Stage D] 0.63-0.69 0.66 3 
2.7-3 .3 [Stage E'] 0.50-0.66 0.57 9 0.38-0.42 0.40 
3 .3-5 . 1  [Hol.] 0.49-0.6 1 0.55 10 0.33-0.49 0.41 
>5.2 [Hol. ] 0.53-0.62 0.58 20 0.36-0.41 0.38 

, An unusually large E-stage pygidium, 3.7 mm long, is not included. 

Affinities. - Distinguishing characters between N. d. depres
sus and N. d. glazialis are listed in the section on the former 
subspecies (see Fig. 1 86) .  

N. d. glazialis is  distinguished from N. depressus serotinus 
n.subsp. by the lesser cephalic convexity (sag. ) ,  the more 
rounded cranidial margin, the narrower glabella, the shorter 
palpebral lobes, and by the presence of a pygidial border. 

N. d. glazialis is separated from N. depressus subsp. A by the 
absence of terrace lines on the cranidium, glabella is but 
slightly narrower, the pygidium has less dense and better 
impressed terrace lines, a slightly higher relief and a margin
ally better defined border. The pygidial doublure also ap
pears to carry fewer terrace lines. The relations between N. d. 
glazialis and subsp. A are discussed below. 

Remarks. - Nileus glazialis was defined by Schrank ( 1 972, 
1973) as a subspecies of N. exarmatus [= N. exarmatus 
lineatus Schrank, 1972 ] ,  distinguished by the characteristic 
dense pygidial terrace-line pattern; the matching cranidium 
was not identified. N. glazialis, elevated to species rank by 
Fortey ( 1 975a, pp. 40-41 ) ,  was divided into three subspecies 
by Tjernvik ( 1 980), viz. N. glazialis subsp. 1, N. glazialis 
glazialis, and N. glazialis subsp. 2 (in order of stratigraphical 
appearance) .  These subspecies were differentiated by the 
following features (Tjernvik 1980, and personal communi
cation, 1983) :  

l N. glazialis subsp. 1 shows no ne or only a fewterrace lines 
on the cranidium, especially concentrated on the palpe
bral lobes, but rarely occurring on other parts of the 
cranidium as well. Its pygidium has a concave border and 
is covered with a 'depressus-type' terrace-line pattern, 
axis exclusive. 

2 N. glazialis glazialishas a cranidium entirely covered with 
densely spaced terrace lines, late specimens show a punc
tate test, and the glabella is somewhat rounded. Py
gidium, including axis or at least the posterior part of it, 
is covered with a 'depressus-type' terrace-line pattern 
(less dense on axis) ;  border concave. 

3 N. glazialis subsp. 2 has a finely punctate cranidial sur
face, the glabella is rounded between the palpebral lobes. 
Pygidium as in N. glazialis glazialis, but without concave 
border. 

pygidial length 
N Range Mean N Range Mean N 

O 0.23-0.29 0.26 2 
O O 0.23-0.29 0.26 3 
2 O 0.23-0.27 0.25 6 
2 O 0.22-0.24 0.23 8 
10  O 0 . 14-0.21  0. 1 7  1 8  

The vertical distribution and assumed relationships of  these 
subspecies, according to Tjernvik, are shown Fig. 146. The 
transitions from N. glazialis subsp. 1 to N. glazialis glazialis, 
and from N. g. glazialis to N. glazialis subsp. 2 are in Tjern
vik's interpretation intergradational (Tjernvik, personal 
communication, 1983) ;  Tjernvik ( 1 980) did not discuss this 
intricate problem, and he accommodated all 'intermediate' 
specimens above the M. polyphemus Zone within N. glazialis 
glazialis. 

The prime diagnostic feature of N. glazialis (5. 1. )  is the 
dense terrace-line sculpture covering the pygidium (cf. 
Schrank 1972; Fortey 1975a; Tjernvik 1980), but this feature 
is also characteristic of Nileus depressus. Accordingly, all 
subspecies, previously attributed to N. glazialis, are here 
transferred to the senior taxon N. depressus. N. depressus 
glazialis, as I conceive it, is believed to match N. glazialis 
subsp. I sensu Tjernvik ( 1 980); the Norwegian equivalent to 
N. glazialis glazialis sensu Tjernvik is referred to as N. depres
sus subsp. A, while N. d. depressusis considered identical to N. 
glazialis subsp. 2 sensu Tjernvik. This changed interpretation 
of N. glazialis is based on the circumstance that pygidia with 
terrace-line covered axis and concave border (N. glazialis 
glazialis sensu Tjernvik), occur down to the very base of the 
Hukodden Limestone at Slemmestad, but are associated 
with smooth or nearly smooth cranidia (N. glazialis subsp. 1 
sensu Tjernvik) . These specimens would presumably be 
ranked as 'intermediate' in Tjernvik's classification, but the 
presence or absence of terrace lines on the pygidial axis seems 
to be a variable feature, which should not be given taxonomic 
significance. It also appears that the pygidia, associated with 
the slightly later terrace-line covered cranidia (N. glazialis 
glazialis sensu Tjernvik), carry a very fine, dense terrace-line 
pattern (see description of N. depressus subsp. A below) , but 
the holotype pygidium of N. glazialis has a terrace-line den
sity of only about 9-10  lines/mm on the pleural fields (cf. 
Schrank 1972, Pl. 5 :3 ) .  It is noted that the axial area of the 
slightly corroded holotype specimen (which has been exam
ined) originally was smooth, despite claims to the opposite 
by Schrank ( 1 972), and this feature, in combination with its 
well-developed border, leads to an identification with N. 
glazialis subsp. I sensu Tjernvik according to Tjernvik' s own 
definition of this subspecies. 
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At Slemmestad N depressus glazialis dominates from the 
M. polyphemus Zone and almost to the top of the M. simon 
Zone, whereas N depressus subsp. A occurs solely at the very 
top of the M. simon Zone, with a single tentatively assigned 
specimen from bed M-4 as a possible exception. Except for 
the latter uncertain occurrence, the two subspeeies overlap 
only in bed M-6, where they, however, are largely isolated, 
occurring almost exclusively in the lower and the upper half 
of the bed. The distinction between them is reasonably 
objective, although intermediate specimens sensu Tjernvik, 
that is, with terrace lines on parts of the cranidium, occur 
throughout the range of N depressus glazialis. In the Lanna 
section the two subspecies overlap from the upper part of the 
M. polyphemus Zone and through the M. simon Zone (Fig. 
146), and the different distribution, compared to the Slem
mestad section, indicates that the nominal chronosubspeeies 
occur contemporaneously, but spatially separated. It is pos
sible, and regarded most likely, that the two forms simply 
should be regarded as ecophenotypes. For further discus
sion, see section on autecology. 

Complete specimen A 678 (Fig. 188A-B) from bed M -4 is 
tentatively assigned to N depressus glazialis. Compared to the 
associated specimens of N d. glazialis the glabella is broader 
(W:L ratio 0.9 1 ) ,  more quadratic and the anterior margin is 
straighter, the cephalic border is wider, the eye socle is higher 
and more prominent, and the eye itself seems slightly larger; 
the posterior branch of the facial suture appears to be more 
oblique, running further outwards. Thorax is almost smooth 
with only 1-2 terrace lines crossing each segment. The py
gidial border is unusually well-defined, although narrow, 
being strongly concave. The presence of a pygidial 'depressus
type' terrace-line pattern places the specimen within the N 
depressus group, and it presumably belongs to N depressus 
glazialis, indicating a much higher variability of this subspe
eies than evident from the remaining material. 

The complete speeimen assigned to N armadillo by Skje
seth ( 1 952, Pl. 2:7) is certainly a N depressus, and may belong 
to N d. glazialis, but an assignment to subspecies is not 
possible. 

Nileus depressus schranki n.subsp. 
Figs. 1 92-198 

Synonymy. - Ov 1919  Nileus Armadillo Dalm. [partim] -

Funkquist, Pl. 2 : 1  (illustrations of cranidium [not seen! ] ) .  
0 1 965 Nileus e.xarmatus Tjernvik, 1956 [partim] - V. Poul
sen, p. 75 (described speeimens include a pygidium of N 
depressus schranki n.subsp. ) .  

Derivation of name. - In honour of Dr .  Eckart Schrank, 
Germany, who was one of the first to realize the high diversity 
among the Baltoscandian nileids. 

Holotype. -Cranidium MGUH 22.8 17  (K 246) (Fig. 193E-F) 
from 2 cm below top of bed +9, Killerod (M. limbata Zone) . 
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Fig. 192. Cranidia and pygidia o f  Nileus depressus schranki n.subsp. Maxi
mum width plotted against sagittal length. 

Paratypes. - Complete specimen LO 7067 (LU 9a) (Fig. 
194G) from a loose boulder at Andrarum (level unknown); 
pygidium MGUH 22.836 (S  1075) (Fig. 1 96D) from l cm 
below top ofbed O, Skeibro (M. limbata Zone) .  

Additional material. - Six complete speeimens, 6 cephala 
including 4 with articulated thoracic segments, 59 cranidia, 
19 juvenile cranidia, 102 pygidia, and 10 additional juvenile 
pygidia. 

List of additional material. - (Eady representatives marked by * ) .  DCom
plete speeimens *S 285 (t), S 1230 (t), S 1 263 (t), DGU 1 -4 (t), GM 
1 884. 1620c (t, pc), *K 463 (pc). DCephaia *S 549 (t) [MGUH 22.822 ] ,  S 
1228 (t) with thoracic segments, LU 9b (t) with thoracic segments, K 235 
(c) with thoracic segments, *K 467 (c) with thoracic segments, K 494a (pc). 
DIsolated cephalic doublure S 1 1 77c (t) .  DCranidia *S 243 (im),  *S 288b 
(im), *S 295e (im), *S 295f (pim),  *S 443a (t) [MGUH 22.825 ] ,  *S 50lb 
(pim), *S 60 1 (im), *S 677c (im), *S 801 (c), *S 8 1 6? (t) ,  S 1 082 (t) ,  S 1 1 19 
(t) [MGUH 22.83 1 ] ,  S 1 138 ( im), S 1 147 (im) [MGUH 22.8 16 ] ,  S l i S ! ?  
(im) , S 1 1 57 (pim), S 1 1 58 (im), S 1 160 (pim), S 1 16 1  (im), S 1 1 64a? ( c ) ,  S 
1 1 77b (c) ,  S 1 1 87 (pim),  S 1 20 1  (t) [MGUH 22.823 J ,  S 1 236? (im), S 125 1  
(pim), S 1 269a ( t ) ,  S 1269b ( t ) ,  S 1 274 (t), S 1 3 1 2b (t), S B I S  (t), S 1 320 (t) ,  
S 1 323a (pim),  S 1333 (c), S 1 345 (c) ,  S 1 354 (c) ,  S 1 37 1  (t), S l402a (pim) 
[MGUH 22.824 ] ,  S 1403 (t), S 1408 (pim), S 1443 (pim) ,  S 1 653a (t), DGU 
I - I  (im) [MGUH 22.8 1 5 ] , MGUH 9434b (im) , K  164 (t) , K 1 68a (t),  K 168c 
(t) ,  K 1 80 (pim),  K 2 1 9  (im), K 225a (t), K 242 (t) ,  K 248 (im), K 402 (im), 
K 536 (t) ,  K 575 (c) ,  K 637 (t), K 978 (t), K 1 348 (t) [MGUH 22.8 1 3 ] ,  LV 20b 
(im) [LO 7075] ,  F I l ?  (pim).  DJuvenile cranidia *S 443b (t) [MGUH 
22.829] ,  *S 445 (t), *S 452b? (t) ,  *S 676 (t) ,  *S 828 (t) [MGUH 22.8 14 ] ,  S 
1 100 (pim), S 1 1 39b (t), S 1 1 89 (im) [MGUH 22.827 ] ,  S 1 209? (t) ,  S 1 273 
(t) [MGUH 22.832 ] ,  S 1 299 (t), S 1423 (t) [MGUH 22.82 1 ] ,  S 1439 (t), S 
1644 (t) [MGUH 22.830 ] ,  K 253 (t) [MGUH 22.826J K 256 (t) ,  K 258 (t) 
[MGUH 22.828 ] ,  K 680? (t), K 989 (t) . DPygidia (including juvenile 
speeimens with deve\oped terrace-line pattern, which are marked by #) *S 
274b (im) [MGUH 22.835 ] ,  *S 288a ( im), *S 289b (im) ,  *S 295b (t) ,  *S 306c 
(im), *S 3 1 8  (im) [MGUH 22.834] , *S 348 (im), *S 350 (pim), *S 351 (im), 
*S 613 (c), *S 614 (pim), #*S 664b (t) [MGUH 22.845 ] ,  *S 680 (t) ,  #*S 750 
(t) [MGUH 22.846 ] ,  *S 788b (t), S 834b (t), #S 1065a (t) [MGUH 22.844] , 
#S 1 065b (t) [MGUH 22.847 ] ,  S 1 066 (t), S 1067 (t) ,  S 1070 (t) [MGUH 
22.838 ] ,  S 1073 (t), S 1093? (t), S 1 099 (c), S 1 106 (t), S 1 1 12 (t) with thoracic 
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segments, S 1 1 39a (c), S 1 142 (pim), S 1 164b? (c) ,  S 1 166a (c) ,  S 1 168 (c) ,  
S 1 1 77a (t), #S 1 198 (t) [MGUH 22.837 ] ,  S 1 2 1 1  (t), S 1 222a (t), S 1 222b (c), 
S 1242 (t), S 1 248 (c), S 1 250 ( im), #S 1253 (t) ,  S 1271 (t) ,  S 1280 (t) ,  S 1 284? 
(im), S 1289 (im), S 1 295a (t), #S 1295b (t), S 1 300 (c) ,  S 1 3 1 2a (c) ,  S 1 3 1 3  
(pim), S 1 3 1 6  ( is) ,  S 1 3 1 7  (im), 5 1 3 1 9  (c), S 1 322? (t) [MGUH 22.84 1 ] ,  5 
1323 (c) ,  S 1 326 (is), S 1 328 (t) [MGVH 22.842 ] ,  S 1 335a (im), #S 1335b 
(im) , #S 1 335c (im) , S  1 335d (im) , S 1 340 (c) , S 1 346 (im) , 5 1349 (t) , 5 1 355 
(t), S 1 363 (c) ,  S 1 367 (t) [MGVH 22.833 ] ,  S 1 370a (im) [MGUH 22.8 19 ] ,  
S 1 370b ( c ) ,  S 1 378 (pim),  S 1 397 ( c ) ,  S 1402b (im) , #S 1409 (t), S 14 15a (c) ,  
S 14 15b (c) ,  5 1648 (t), 5 1653c (im), 5 1663a (c) ,  5 1691 (pim), K 145 (d) 
[MGUH 22.820 ] ,  K 168b (t) ,  K 1 73 (t) ,  #K 1 78 (t) [MGUH 22.840 ] ,  K 200 
(t) , #K 203 (t), K 233 (t), K 244a (t), K 247 (t) , #K 254 (t), K 265 (im),  K 548 
(c), K 748 (im) [MGUH 22.8 1 8 ] ,  K 754 (t) [MGUH 22.848 ] ,  K 776 (im),  K 
969 (t), #K 971 (t), #K 974 (t) [MGUH 22.839 ] ,  K 977 (c), K 982 (c) ,  #K 
1344 (t), LV 50-4 (t), GM 1987.20 (im), F 13 (t) .  OAdditional juvenile 
pygidia [the material comprises juveniles laeking a 'depressus-type' terraee
line pattern, but originating from limestone intervaIs in which only N. 
depressus schranki n.subsp. has been found] 5 1 109 (t) [MGUH 22.849 ] ,  5 
1 1 1 3 (t), 5 1 1 74 (t) ,  5 1 295c (is) , 5 1 369 (t) [MGUH 22.843 1 ,  K 225b (t) ,  K 
244b (t), K 416  (t), K 994? (t), LV 16a (t). 

Occurrence. - N. depressus schranki n.subsp. occurs in two 
intervals of the Komstad Limestone at Skelbro. The lower 
interval indudes the major part of the M. polyphemus Zone 
(beds -20 to -13)  and the lower part of the M. simon Zone 
(beds -12 to -10) .  The upper interval (beds O to + 12) com
prises the bulk of the M. limbataZone. A few specirnens were 
found in the Komstad Limestone at Gårdlosa - l  and Flagabro 
(lower part of the M. simon Zone) and in bed interval l to 12  
at Gårdlosa-4a (upper part of the M. simon Zone) . The new 
subspecies is fairly frequent in bed interval + l to + 12 at 
Killerod, i.e. the lower to middle part of the M. limbata Zone; 
a few specimens were also found in beds + 14 to + 18 at this 
locality (upper part of the M. limbata Zone) .  Two badly 
preserved specimens from bed l at Fågelsång (Zone of M. 
limbata) seem to belongto N. depressus schrankin.subsp. The 
material listed from various collections cannot be assigned to 
precise level. 

N. depressus schranki n.subsp. is currently unknown out
side the Komstad Limestone domain. 

Diagnosis. - Large for a N. depressus. Cephalic convexity 
(sag.) small; central part of glabella typically with a slight 
degree of roundness; anterolateral expansion of glabella 
strong. Lateral cephalic border extends almost to genal angle. 
Test surface of cranidium finely punctate, mostly without 
terrace lines. Pygidium has well-defined wide border; articu
lating facets narrow, elongate triangular; dorsal surface, axis 
exdusive, covered with densely spaced terrace lines. 

Description. - 'Early specimens' and 'late specimens' ref er to 
material from the lower, respectively upper interval of the 
Komstad Limestone (see 'Occurrence' above) .  

Large for a N. depressus, largest cranidium about 13-13 .5 
mm long, largest pygidium about 13  mm long (both speci
mens slightly damaged) . Ratios between cephalon, thorax 
and pygidium of articulated specimens 28:48:24 (N = 2; 
dorsal projection) ; pygidial length and width correspond, 
respectively, to about 0.9 and 0.8 of the cephalic length and 
width in complete specimens (N = 2) [standard maximum 
measuresl .  
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Cephalon semicircular to parabolic in outline, moderately 
convex (both ways) ;  L:W ratio 0.63-0.64 (N = 4) .  Axial 
furrows very shallow on testaceous material, but accentuated 
by the change of slope between glabella and palpebral areas. 
Late specimens in particular show gently arcuate axial fur
rows, and the central part of glabella, therefore, attains a 
more or less pronounced degree of roundness, whereas most 
early specimens have almost straight, gently forward-con
verging furrows and a subrectangular glabella. The identical 
relative glabellar width of early and late specimens (Tables 
27-28) reflects that the width is measured between hind 
corners of palpebral lobes. Anterior branches of facial suture 
diverge rather strongly in front of the eyes, at an angle of 
about 45-55° to sagittal line; they meet smoothly at sagittal 
line. The anterior cranidial margin is gently rounded in early 
specimens (dorsal view) , as well as in juveniles, whereas adult 
late cranidia typically have a fairly straight anterior margin, 
which is also gently arched (frontal view) . Transverse glabel
lar convexity low, sagittal convexity moderate; early speci
mens exhibit a but slightly higher glabellar convexity (tL) ,  
and a lower sagittal convexity, compared to late specimens. 
Palpebral lobes moderately long, with no differences in rela
tive length between early and late specimens (Tables 27-28) .  
Mesial glabellar tuberde of modest size on internal moulds. 
Occipital furrow moderately impressed, defined only on 
internal moulds. The mesial expansion is flanked by a pair of 
musde insertion sites as in N. d. glazialis, but which by 
comparison are less distinct. Posterior branches of facial 
suture gently sigmoidal in most specimens, thereby resem
bling N. d. glazialis, but some specimens seem to have 
straight posterior sutures. Exsagittal length of posterior fixi
gena varies between 0. 12  and 0. 1 7  of the cranidial length 
(mean 0. 1 5; N = 42) .  Anterior continuation of librigena 
rather wide compared to other subspecies of N. depressus. 
The borderwidens level with the eye into a fairly bro ad lateral 
border, which tapers in posterior direction to disappear dose 
to genal angle; only the genal angle is without lateral border. 
Posterior convex part of librigena slopes moderately. Test 

Fig. 193. Ni/eus depressus schranki n.subsp. DA. Well-preserved cranidium 
showing 'wrinkled' cutide, stereo-pair, x4. MGUH 22.8 1 3  (K 1 348),  bed 
+9, Killer6d. DB. 5mall cranidium, stereo-pair, x6. MGUH 22.8 14  (5 828),  
bed -10, 5kelbro. OC Internal mould of cranidium, stereo-pair, x4. 
MGUH 22.8 1 5  (DGU l - l ) ,  5kelbro. OD. Internal mould of cranidium 
showing traces of paired lateral-musde-insertion sites, stereo-pair, x2. 
MGUH 22.8 16  (5 1 147),  bed +3, 5kelbro. OE-F. Holotype. Cranidium, 
frontal (stereo-pair, x3)  and dorsal (X4) views. MGUH 22.8 1 7  (K 246) ,  bed 
+9, Killer6d. OG. Internal mould of pygidium showing doublure, x4. 
MGUH 22.8 1 8  (K 748) ,  bed 1 1 , Gårdl6sa-4a. OH. Internal mould of 
pygidium showing doublure, x4. MGUH 22.8 19  (5 1 370) ,  bed +9, 5kelbro. 
DI. Latex east of internal mould of pygidium showing doublure, x4. 
MGUH 22.820 (K 145), bed -3, Killer6d. OJ. Internal mould of cranidium 
showing paired lateral musde insertion sites, x3 .  LO 7075 (LU 20b) ,  
Andrarum. DK.  Juvenile cranidium, x6. MGUH 22.82 1 (5  1423) ,  bed + 10,  
5kelbro. OL-N. Damaged small cephalon, side, dorsal and frontal views, 
x5. MGVH 22.822 (5 549) ,  bed -18 ,  5kelbro. 
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Table 27. Nileus depressus schranki n.subsp . .  Ranges for variation of early cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width Palpebral lobe length (exsag.) Glabellar tuberde, 
distance to post. margin 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

3.3-5.6 1 .09-1 .20 1 . 1 5  5 0.75-D.84 0.77 5 OA2-D.5 1 OAS 5 0.3O-D.34 0.32 5 
�5.9 1 .24-1 .26 1 .25 5 0.8 1-D.88 0.84 5 OA1-D.47 OAS 5 0.3 1-D.36 0.33 5 

Table 28. Nileus depressus schranki n.subsp .. Ranges for variation of late cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width Palpebral lobe length (exsag.) Glabellar tuberde, 
distance to post. margin 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.9 1 .07 0.69 0.52 l 0.3 1 
3.3-5.2 1 . 1 5-1 .26 1 . 1 9  1 3  0.74-D.82 0.79 13 OA5-D.50 0 048 13 0.29-D.34 0.32 1 1  
>6.0 1 . 1 7-1 .34 1 .26 42 0.8O-D.89 0.85 45 OAI-D.5 1  0046 43 0.28-D.35 0.32 3 1  

Table 29. Nileus depressus schranki n.subsp. Ranges for variation o f  pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 
pygidial length 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.5-3.3 [ Stage D] 0.65-D.66 0.65 2 0.39-DA2 0041 2 0.55-D.64 0.59 2 0.2 1-D.24 0.23 2 
2.9-3.9 [Stage E'l 0.57-D.70 0.61 7 0.38-DAI 0040 5 0.57--0.62 0.60 4 0.23--0.28 0.25 6 
3.5-5.6 [Hol. ] 0.54-D.60 0.57 1 5  O.3O-DAI 0.37 14 0.5O-D.63 0.57 12 0.2O-D.27 0.23 1 5  
>5.9 [Hol. ] 0.53-D.65 0.60 63 0.3 1-DA3** 0.37 24 OA9-D.63 0.57 16 0 . 13-D.22 0 . 18  54 

, Induding two groups, 2.9-3.3 mm long (N= 5 ) and 3.7-3.9 mm long (N= 2 ) . 
** Early pygidia show 0.3 1-D.38 (mean 0.36; N= 5) ,  late pygidia show 0.34-DA3 (mean 0.38; N= 19) . 

surface of cranidium finelypitted in all well-preserved speci
mens (N = 2 1 ) .  Pitting has not been seen on the librigena, 
which, however, are corroded in all complete speeimens and 
cephala available. A single, less corroded speeimen fails to 
show pits, and the librigenae are probably genuinely smooth. 
Three cephala exhibit seattered terrace lines along the poste
rior margin oflibrigena, while four speeimens certainly lack 
terrace lines on librigenae. All but two of the cranidia lack 
terrace lines. Speeimen S 285 is impaired, and the cephalon is 
largely missing, but a patch of occipital region shows terrace 
lines along posterior margin. Cranidium K 1348 has terrace 
lines in the lateral part of the occipital 'furrow', and a few 
lines on glabella inside palpebral area. Relative dimensions of 
cephalic do ub lure as in N. depressus glazialis. It is provided 
with at least eighteen terrace lines, counted just anterior to 
eye level. Posterior part of doublure not exposed in the 
material at hand. 

Hypostome not yet identified. 
Thoracic segments diminish gradually in posterior direc

tion; posterior segment is about 0.9 times as wide as the 
anterior segment and about 0.7 times as long. Thoracic axis 
only moderately vaulted; it is bounded by fairly distinet 
'pseudo' axial furrows, formed by the moderately impressed, 
oblique, short pleural furrows. Axis is widest on the third 
segment, occupying about 0.55 of the segmental width (tr. ) ,  

to  taper in both directions, most so posteriorly, and i t  occu
pies 0.50 of the segmental width (tr. ) on the rear segment. 
The axis of each segment typically show several vaguely 
impressed, short, irregular lines laterally, and a single trans
verse terrace line across. Four to six coarse, continuous, 
transverse terrace lines occur on the pleurae, often separated 
by faint second order lines. Articulating facets generally 
covered with about 10-12 lines. Speeimen S 285 from bed 

Fig. 194. Nileus depressus schranki n.subsp. DA-B. Corroded late cranidium 
showing gently arched, truncate anterior margin, dorsal and frontal views, 
x4. MGUH 22.823 (S 1201 ) , bed +5, Skeibro. De. Partly exfoliated late 
cranidium showing truncate anterior margin, x4. MGUH 22.824 (S 1402) , 
bed + 10, Skelbro. OD. Early cranidium showing proportionally long 
glabeIla, x5. MGUH 22.825 (S 443a), bed -19, Skelbro. DE. Juvenile 
cranidium, x9. MGUH 22.826 (K 253 ) , bed + 12,  Killer6d. OF. Juvenile 
cranidium, x9. MGUH 22.827 (S 1 189) , bed +7, Skelbro. DG-H. Paratype. 
Slightly damaged complete speeimen, x3, and dose-up of pygidium, X5, 
showing ' depressus-type' terrace-line pattern. LO 7066 (LU 9a), Andrarum. 
Dl. Small juvenile cranidium, x 12. MGUH 22.828 (K 258) , bed +12 ,  
Killer6d. DJ .  Early juvenile cranidium, x9 .  MGUH 22.829 (S 443b) ,  bed -
19, Skeibro. DK. Late juvenile cranidium, x9. MGUH 22.830 (S 1 644), bed 
O, Skelbro. DL. Late juvenile cranidium, x6. MGUH 22.83 1 (S  1 1 19) , bed 
+3, Skeibro. DM. Late juvenile cranidium, x6. MGUH 22.832 (S  1 273) , 
bed +7, Skelbro. ON. Well-preserved pygidium showing dense 'depressus
type' terrace-line pattern, x8.  MGUH 22.833 (S 1367) , bed +9, Skelbro. 
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Fig. 1 95. Cranidia of Nileus depressus schranki n.subsp. DA. Ratio between maximum width across palpebral lobes and cranidial length plotted against sagittal 
length. DB. Ratio between glabeIla width (measured between posterior corners of palpebral lobes) and cranidial length plotted against cranidial length. DC. 
Ratio between palpebral lobe length (exsag.) and cranidial length plotted against cranidial length. DO. Relative position of glabellar tubercle plotted against 
cranidial length. 

-20 at Skeibro is rather damaged, but a minute patch ofintact 
test on the posterior thoracic segment reveals the presenee of 
densely spaced transverse terrace lines across the segment. 
Speeimen K 467 from bed F at Gårdldsa- l is corroded, but 
also appears to have numerous terrace lines on the axial 
region of thorax. 

Pygidium quite strongly vaulted. The axis, as seen on 
internal moulds, quickly tapers in posterior direction, and 
stretches for about 0.6 of the pygidial length. The propor
tionally narrower axis of early speeimens compared to late 
(Table 29) is particularly evident on internal moulds. Axial 
furrows very shallow and wide on internal moulds, and axis 
is defined mainly by having a slightly higher relief than the 
pleural fields, and a more uneven mould surface. On testa
ceous material the axis may be barely raised above the pleural 

Fig. 196. Nileus depressus schranki n.subsp. DA. Internal mould of py
gidium, x4. MGUH 22.834 (S 3 18) ,  bed -20, Skeibro. DB-C. Internal 
mould of pygidium showing axis, x4; dose-up showing impressions of 
terrace lines on axial region, x6. MGUH 22.835 (S 274b),  bed -20, Skeibro. 
DO. Paratype. Pygidium showing 'depressus-type' terrace-line pattern, x6. 
MGUH 22.836 (5 1075),  bed O, Skeibro. DE. Pygidium showing ' depressus
type' terrace-line pattern, x9. MGUH 22.837 (5 1 198), bed +5, SkeIbro. 
OF. Pygidium showing 'depressus-type' terrace-line pattern, x5 .  MGUH 
22.838 (5 1070), bed O, Skeibro. OG. Transitorypygidium, stage E, showing 
partially developed 'depressus-type' terrace-line pattern on pleurai fields, 
x 12.  MGUH 22.839 (K 974),  bed + 16, Killerod. OH. Damaged pygidium 
showing 'depressus-type' terrace-line pattern, x9. MGUH 22.840 (K 1 78) ,  
bed +2, Killerod. Ol. Tentatively assigned fragmentary pygidium showing 
very openly spaced terrace lines, x6. MGUH 22.841 (5 1322) ,  bed +7, 
SkeIbro. O). Pygidium, close-up of articulating facet, x9. MG UH 22.842 (5 
1328) ,  bed +7, SkeIbro. OK. Small holaspid pygidium without ' depressus
type' terrace-line pattern, x6. MGUH 22.843 (5 1 369), bed +9, Skeibro. 
OL. Small holaspid pygidium showing dense ' orbiculatoides-type' terrace
line pattern, x9. MGUH 22.844 (5 1065a), bed 0, SkeIbro. 
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Fig. 197. Nileus depressus schranki n.subsp. DA. Partly exfoliated small pygidium showing axis, x 12.  MGUH 22.845 (S 664b) ,  bed -18 ,  SkeIbro. DB. Transitory 
pygidium, stage E, showing unusually extensive, dense terrace-line pattern, x 12 .  MGUH 22.846 (S 750), bed -14, SkeIbro. De. Small holaspid pygidium 
showing extensive terrace-line pattern and proportionally broad border, x6. MGUH 22.847 (S 1065b) ,  bed O, SkeIbro. OD. Side view of pygidium showing 
the steepness of border, x4. MG UH 22.848 (K 754) , bed I l , Gårdlosa-4a. DE. Transitory pygidium, stage D, x9. MGUH 22.849 (S 1 109) ,  bed +2, SkeIbro. 

fields, but mostly has no relief at all. Axial outline is then 
roughly indicated by the lack of terrace lines. Axial segmen
tation as in N. d. glazialis, but on the average marginally 
better defined. Internal moulds show four axial rings, an 
anterior half-ring, weU set off by a deep, but comparatively 
narrow (sag. ) transverse furrow, and a terminal piece, fused 
with the last axial ring. The usual pleural furrow, seen ante
riorly on internal moulds, is less impressed than in N. d. 
glazialis. Articulating facets narrow, elongate triangular, 
slanting moderately forwards. Inner edge of facet slightly 
raised on internal moulds, forming a low, rounded crest. The 
concave border is narrowest postaxially (Table 29), but al
most of the same width throughout. It is comparativelyweU
defined; the largest specimens tend to show a steeper border. 
The test is thickened in the flexure between pleural fields and 
border, hence internal moulds exhibit a more pronounced 
border concavity. Adult pygidia are covered with the charac
teristic 'depressus-type' terrace-line pattern; the configura
tion is shown in Figs. 194N, 196D-H. The line densityvaries 
independently of specimen size (Fig. 1 98C, Table 30) ,  and 
pygidia from the same horizon have roughly the same line 
densities, regardless of size. The line densities varies between 
7 and 19 lines/mm on the pleurai fields (mean 13 lines/mm; 
N= 52) ;  the density is predominantlybetween 9 and 16 lines/ 
mm (Fig. 198C, Table 30) .  The smallest pygidium showing 
terrace lines is 3.6 mm long. It is characteristic that terrace-

line bearing juvenile pygidia show short, irregular lines, 
different from the more continuous lines of adults. Axial 
region smooth in most pygidia; only a few specimens have 
very short, irregular, single lines in the axial region. Pygidium 
S 274 is an internal mould, but rather densely spaced terrace 
lines are impressed across the entire axial region, which is not 
seen in any specimen with preserved test. Internal moulds as 
a rule show faint impressions of terrace lines on the pleural 
fields. Doublure strongly concave, and provided with 17-20 

Table 30. N. depressus schranki n.subsp., Killerod area, SE Scania. Densities 
of terrace lines on pleural fields of pygidia. 

Pygidium Bed Length (mm) Lines per mm 

K 969 + 1 6  5.2 10  
K 254 + 1 2  5.6 16  
K 233 +7 6.0 13 
K 203 +4 -9 17 
K 1 78 +2 5 .5 1 5  
K 173 +2 8 . 1  1 7  
K 168  + 1  10.3 10  
K 776 -9 -4 1 1  
K 754 -9 7.5 10 
K 748 -9 7.8 12 
K 463 E 8.3 10  
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lines (N = 4, late specirnens) .  An indistinct, shallow depres
sion posterior to axis is present in a few specimens. 

Juveniles. - Cranidia 2.9 to 6.0 mm long show a more 
rounded anterior margin than larger specimens. Late juve
nile cranidia have clearly less rounded margins, compared to 
early juveniles (Fig. l 94J-M); in fact, a trend towards a more 
truncate anterior margin is apparent even among the late 
juvenile cranidia. Cranidial W:L ratios are significantly be
Iow adult values (Tables 27-28),  and juveniles also show a 
narrower glabeIla. Late juvenile cranidia typically have 
straight, gently forward-converging axial furrows, so the 
glabeIla is sub-rectangular, not rounded like in the contem
poraneous adults. 

Two D-stage pygidia, 2.5 and 3 .3 mm long, and five E
stage pygidia, 2.9-3.3 mm long, plus two specimens, 3 .7 mm 
and 3.9 mm long, are comparatively broad (Table 29), but 
otherwise resemble the material described on pp. 244-245. 
Of the smaller E-stage pygidia, a single specimen, 3.0 mm 
long, has a smooth test, except for a few transverse terrace 
lines, outlining the anterior segment, whereas the remaining 
specimens, 2.9-3.3 mm long, show short, openly spaced 
terrace lines on the pleural fields arranged in a 'orbicula
toides-type' pattern in addition to transverse lines outlining 
the anterior segment. The largest specimens, 3 .7 mm and 3.9 
mm long, are covered with a typical 'depressus-type' terrace
line pattern, axis exclusive. 

Seventeen pygidia, 3 .5-5.6 mm long, are holaspides. They 
match the description on p. 245. The majority of specimens, 
even the smaller ones, show a dense terrace-line pattern of 
the ' depressus-type', covering the entire surface of test, except 
for the axial area. A few specimens even show sparse lines on 
the axis. Three specimens do not show the 'depressus-type' 
terrace-line pattern. Two of those are smooth, except for a 
few transverse lines along the anterior margin and along the 
posterior margin ( ' exarmatus-type' terrace-line pattern) .  
The third specimen has short, openly spaced lines on  the 
pleural fields in addition to the lines along the margins 
( ' orbiculatoides-type' terrace-line pattern) .  

Additional juvenile pygidia of  N. depressus schranki 
n.subsp. are undoubtedly included in the material described 
as 'Juvenile pygidia of Nileus exarmatus, N. sp. B, N. orbicula
toides and N. depressus schranki n.subsp. ' .  

Affinities. - N. depressus schranki n.subsp. is larger than 
other depressus subspecies, from which it is distinguished 

Fig. 198. Pygidia of Ni/eus depressus schranki n.subsp. DA. Ratio between 
sagittaJ length and maximum width plotted against sagittal length. DB. 
Ratio between border length (sag.) and pygidial length plotted against 
pygidiaJ length. De. Number of terrace lines per millimetre on pleuraJ 
fields plotted against sagittal length of pygidium. 

Lower Ordovician trilobites from Scandinavia 273 

0.8 ,---------------------, 

0 .7 

0.6 

0.5 

o 

Length : width ratio 

• 
• 

. 
\' 

. . 
" " 

·· ·' 1  . . . " • • li , • • _ •• • 
" . . . : . . ... . . ; • • V · • • • ".'" • 

• • 

• 

• 
• 

• 
• • 
• 

A 

• 

" Transitory pygidia, N = 9 

• Holaspid pygidia, N = 79 Length (mm) 

2 4 6 8 1 0  1 2  1 4  

0.30 -,--------------------, 

0.25 

0.20 

0. 1 5  

o 

" 
" . 

• 

" " " � . 
" . . . 

• • 
• • • •

• • • • • 

.
. . . " 

N = 8 + 69 

. .
.
.

. . . " . 
• • •• 

. . . , .
. . " . 

• ••• • 

• 

• • 
• 

B 

• 

Ratio border length : pygidial length Length (mm) 

2 4 6 8 1 0  1 2  1 4  

25 ,--------------------, 

20 

1 5  

1 0  

5 

o 

Terrace l ines per m i l l imetre on pyg id ium C 
(pleura l  f ields) 

2 

• 

. ' 
• • • • 

• • 
• 

4 

•• 

6 

• 

• • 

• 
• • 

. - .. • • • • 
., : . 

. '. : 

8 

• 
• 

N =  46 

Length (mm) 

1 0  1 2  1 4  



274 Arne ThorshøjNielsen 

by the less convex cephalon (both ways, but most pro
nounced sagitally) , which is semicircular, not subreniform 
in outline, with larger eyes, a relatively elongate glabella, 
less vaulted librigenae, and a lateral border extending al
most to genal angle. The pygidium also has a compara
tively distinet border. 

Compared to N. depressus glazialis, N. d. schranki n.subsp. 
also differs by having a more truncate cranidial margin, a 
strong anterolateral expansion of glabella, a pitted cranidial 
test, a relatively longer pygidium with elongate triangular 
articulating facets, not narrow subrectangular as in N. de
pressus glazialis, the inner edge of articulating facet is slightly 
raised on internal moulds, and the pygidial doublure typi
cally bears more terrace lines. The respective pygidia are, 
however, most easily separated by the different border mor
phology. 

An enigmatic nileid, informally called Nileus sp. B, occurs 
in bed -2 1 and, very sparsely, in bed -20 at Skelbro; the first 
representatives of N. d. schranki n.subsp. appear in bed -20. 
Nileus sp. B attains slightly larger maximum sizes than N. d. 
schranki n.subsp. ,  but otherwise the respective cranidia are 
virtually identical. The only recognized difference is the 
distribution of external pitting, which in sp. B is limited to the 
palpebral lobes, whereas the entire cranidium of N. d. 
schranki n.subsp. is pitted. The thorax and pygidium of N. sp. 
B are, on the contrary, quite different from those of N. d. 
schranki n.subsp. and more comparable to N. orbiculatoides. 
Nileus sp. B either represents an early transitional form or is 
a shallow-water ecophenotype of N. depressus schranki 
n.subsp. The latter interpretation, which entails a profound 
reassessment of the intraspecific variation of Nileus, is re
garded most likely. 

N. depressus schranki n.subsp. is coeval with N. exarmatus, 
N. orbiculatoides and N. planiceps n.sp. N. exarmatus has, 
compared to N. depressus schranki n.subsp. ,  a more elongate 
glabella, and the external ornamentation, ofboth cephalon 
and pygidium, differs significantly. N. orbiculatoides is larger 
than N. depressus schranki n.subsp., the cephalic convexity 
(both ways, most pronounced sagitally) is stronger, the cra
nidial anterior margin is provided with a small obtuse mesial 
boss, and the external ornamentation (both cephalon and 
pygidium) differs markedly. N. planiceps n.sp. has a cranidi
um of low convexity (sag. ) with a characteristic tlattened 
anterior margin, and its pygidium is separated from N. 
depressus schranki n.subsp. by the much denser terrace-line 
pattern, the comparatively ill-defined border, the better de
fined axis, and the higher number of terrace lines on the 
doublure. 

Remarks. - The 'early' and 'late' N. depressus schranki 
n.subsp. should perhaps be separated as individual subspe
eies, but the differences are for the time being considered 
within the range of intrasubspecific variation. The M. simon 
Zone of SE Scania is currently being sampled in great detail, 
and an analysis of N. d. schranki n.subsp. from this interval 
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will show whether the transition from early to late types are 
gradational or abrupt. 

Pygidium S 1322 (Fig. 196T) from bed +7, Skelbro, is 
tentatively assigned to N. depressus schranki n.subsp .. The 
speeimen is unusual in showing a very low terrace-line 
density, 7 lines/mm, and the posterior border is ill-defined, 
narrow, sagitally occupying only O. l of the pygidial length. 

Some of the SE Scanian material assigned to N. armadillo 
by Funkquist ( 19 19) belongs N. depressus schranki n.subsp. 
(part ofLU material listed above),  probably induding one of 
the figured cranidia (Funkquist 19 19, Pl. 2 : 1 ) ,  which, how
ever, has not been examined. 

V. Poulsen ( 1 965, p. 75) stated in his description of Nileus 
e.xarmatus that the pygidium is covered with terrace lines. 
The material was obviously mixed with N. depressus schranki 
n.subsp. ,  but it has not been possible to locate the speeimen 
in question. 

Nileus depressus serotinus n.subsp. 
Figs. 199-203 

Derivation of name. - Latin serotinus = arrive too late. The 
new subspecies is frequent only in a few beds in the middle 
of the M. limbata Zone at Killerod, but is believed dosely 
related to Nileus depressus depressus, which occurs from the 
base of the M. limbata Zone in southern Norway and cen
tral Sweden. 

Holotype. - Cranidium MGUH 22.850 (K 932) (Fig. 200A) 
from l cm above base ofbed + 1 5, Killerod, M. limbata Zone. 

Para type. - Pygidium MGUH 22.863 (K 9 14a) (Fig. 200Q), 
horizon (2 cm above base) and locality as holotype. 

Additional material. - Twenty-two cranidia and 24 pygidia 
including 7 juvenile cranidia and 19  juvenile pygidia. 

List of additional material. - DCranidia K 1 99 (t), K 251  (t) [MGUH 
22.854 ] ,  K 279 (t), K 285a (t), K 403a (t), K 403b (t), K 541 (t) [MGUH 
22.856 ] ,  K 545 (c) ,  K 547? (c),  K 9 10 (t), K 9 1 1a (t) [MGUH 22.85 1 J ,  K 9 1 1b 
(t) [MGUH 22.853 ] ,  K 9 18b (t) [MGUH 22.855] ,  K 935 (c),  K 946 (pim), 
K 950 (t), K 951 (t), K 953a (pim), K 959 (t) [MGUH 22.852 ] ,  K 967 (t), K 
999a (pim), LU 1 56a (pim) .  DPygidia K 185b (t) [MGUH 22.870 ] ,  K 185c 
(t), K 263 (pim) [MGUH 22.859 ] ,  K 266 ( im),  K 280 (t), K 285b (t), K 291 
(t), K 393 (t), K 401 (t), K 549 (t) [MGUH 22.87 1 ] ,  K 9 14b [MGUH 
22.865 ] ,  K 9 17  (t), K 9 18a (t) [MGUH 22.86 1 ] ,  K 925 (t), K 929 (t), K 93 1a 
(d) [MGUH 22.860 ] ,  K 931b (t)  [MGUH 22.864 ] ,  K 945 (t) [MGUH 
22.857 J ,  K 952 (t) [MGUH 22.869 ] ,  K 953b (t) [MGUH 22.868 J ,  K 956 (t) 
[MGUH 22.858 ] ,  K 963 (t) [MGUH 22.862 ] ,  K 999b (t) [MGUH 22.866J , 
K 1003 (t) [MGUH 22.867 J .  

Occurrence. - Nileus depressus serotinus n.subsp. occurs 
sparsely in bed 3 at Gårdlosa-4a and the equivalent beds -2 
and -3 at Killerod; this narrow interval belongs to the upper 
part of the M. simon Zone. The subspecies is frequent in beds 
+ 14 and + 15 at Killerod, and single speeimens were found in 
beds + 1 1  and + 18 ,  which all belong to the middle of the M. 
limbata Zone (upper subzone) .  
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Fig. 199. Cranidia and pygidia of Nileus depressus serotinus n.subsp. Maxi
mum width plotted against sagittal length. 

N. serotinus n.subsp. strongly resembles N. depressus de
pressus, occurring in the M. limbata Zone of Sweden and 
Norway, and may be an ecophenotype of that subspecies. 

Diagnosis. -Small subspecies. Glabella wide (tr.) with slightly 
rounded central portion and short, quite convex (sag. ) ante
rior part; anterior cranidial margin straight; palpebral lobes 
long (exsag. ) .  Adult pygidia without border, and covered 
with 'depressus-type' terrace-line pattern, axis indusive. 

Description. - Small for a Nileus, largest cranidium 9.4 mm 
long, largest pygidium 6.9 mm long (Fig. 199) .  Cranidium 
rather convex sagitally, only slightly so transversely. Glabella 
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quite wide (Table 3 1 ) , most so in the larger cranidia. Axial 
furrows ill-defined on testaceous material, but accentuated 
by a small change of slope between glabella and palpebral 
lobes; internal moulds show fairly impressed axial furrows, 
which are somewhat arcuate, and the central part of glabella 
thereby gets a slightly rounded appearance. Anterior cra
nidial margin almost straight (dorsal view) and gently arched 
(frontal view) . Palpebral lobes comparatively long (exsag.) 
(Table 3 1 ) .  Mesial glabellar tuberde fairly conspicuous on 
internal moulds, it is situated doser to posterior cranidial 
margin in the material from the middle part of the M . 
limbata Zone (0.29-0.34 of the cranidial length from poste
rior margin; mean 0.32; N = 7) ,  than in the specimens from 
the top of the M. simon Zone (corresponding values 0.36-
0.38; mean 0.37; N = 3) .  Anterior branches of facial suture 
diverge from middle of eye at an angle of about 40° to sagittal 
line. Posterior branch of facial suture slightly sigmoidal; the 
angle from corner of palpebral lobe to sutural intersection 
with posterior margin is about 40° to sagittal line. Test of 
cranidium seems to be thicker than in most other nileid 
species described here. Dorsal surface smooth, even the 
'wrinkled' pattern on sagittal line, present in most nileids, is 
uncommon, which perhaps relates to the thick test. The 
holotype has, however, a few oblique 'wrinkles' laterally on 
glabella (Fig. 200A) . 

Librigena, hypostome and thorax unknown. 
Pygidium short, moderately vaulted, characterized in 

adult state (�3. 7 mm) by the lack of a concave border (ratios 
listed in Table 32) .  Axis is outlined on testaceous material 
only by the terrace-line pattern, or by changes of test colour. 
Because of the vague contour, precise axial dimensions are 
difficult to obtain, but the length slightly exceeds half of the 
pygidial length. The single internal mould available shows a 
slightly inflated triangular axis, delimited by shallow, wide 

Table 3 1 .  Nileus depressus serotinus n.subsp .. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width Palpebral lobe length (exsag.) Glabellar tubercle, 
distance to post. margin 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.4-3.7 1 . 1 3-1 .30 1 . 2 1  6 0.75-0.84 0.80 6 0.48-D.54 0.5 1 6 0.3O-D.38 0.33 5 
�3.8 1 .24-1 .33 1 .29 8 0.84-D.92 0.88 10 0.48-D.55 0.52 10  0.29-D.38 0.33 9 

Table 32. Nileus depressus serotinus n.subsp. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 
pygidial length 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

1 .6-1 .8  [Stage B] 0.55-D.69 0.62 2 0.3 1-D.35 0.33 2 O 0 . 19-D.22 0.20 2 
2 .3-2.9 [Stage D]  0.60-D.66 0.63 6 0.33-D.35 0.34 4 O 0.23-D.28 0.26 4 
2.6-3.2 [Stage E] 0.57-D.62 0.59 4 0.37-D.44 0.41 3 O 0.22-D.23 0.22 2 
2 .7-3.3 [Hol.] 0.5 1-D.56 0.54 8 0.37-D.42 0.40 3 O 0.2 1-D.27* 0.24* 3* 
�3.7 mm / Hol. 0.54-D.57 0.55 6 O O 0.00 7 

• Including only speeimens with a border. 
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Fig. 201 . Cranidia of Ni/eus depressus serotinus n.subsp. (.) and N. d. parvus n.subsp. (o) . DA. Ratio between maximum width across palpebral lobes and 
cranidial length plotted against sagittal length. DB. Ratio between glabeIla width (measured between posterior corners of palpebral lobes) and cranidiallength 
plotted against cranidiallength. Oc. Ratio between palpebral lobe length (exsag.) and cranidiallength plotted against cranidiallength. OD. Ratio between the 
distance from posterior cranidial margin to glabellar tubercle and cranidial length (sag. ) plotted against cranidial length. 

Fig. 200. Ni/eus depressus serotinus n. subsp. DA. Holotype. Cranidium, 
stereo-pair, x6. MGUH 22.850 (K 932) ,  bed + 1 5, KilIerod. DB-C. Cra
nidium, dorsal and side views, x8. MGUH 22.85 1 (K 9 1 1a) ,  bed + 15 ,  
Killerod. OD-E. Cranidium, dorsal and side views, x9. MGUH 22.852 (K 
959), bed + 15 ,  Killerod. OF-G. Cranidium, side and dorsal views, x9. 
MGUH 22.853 (K 9 1 1b),  bed + 1 5, Killerod. OH. Cranidium, x9. MGUH 
22.854 (K 251 ) ,  bed + 1 1 ,  Killerod. DI. Juvenile cranidium, x 15.  MGUH 
22.855 (K 9 18b), bed + 1 5, Killerod. OJ. Early cranidium, x6. MGUH 
22.856 (K 54 1 ) ,  bed 3, Gårdlosa-4a. DK. Pygidium showing 'depressus
type' terrace-line pattern, x9. MGUH 22.857 (K 945) ,  bed + 15 ,  Killerod. 
DL. Pygidium, x6. MGUH 22.858 (K 956), bed + 15,  Killerod. DM. Partly 
exfoliated pygidium showing axis, x6. MGUH 22.859 (K 263), bed +14, 
Killerod. ON. Internal mould of pygidium showing doublure, x5. MGUH 
22.860 (K 931a) ,  bed + 1 5, Killerod. DO. Transitory pygidium, stage E, 
showing concave border, x l0. MGUH 22.861 (K 9 1 8a), bed + 15, Killerod. 
OP. Pygidium showing 'depressus-type' terrace-line pattern, and no con
cave border, x6. MGUH 22.862 (K 963) ,  bed + 15,  Killerod. OQ. Paratype. 
Pygidium showing ' depressus-type' terrace-line pattern, x9. MGUH 22.863 
(K 914a), bed + 1 5, Killerod. 

axial furrows; three or four axial segments are faintly indi
cated in addition to the terminal piece and an anterior half
ring. The same specimen shows a well-impressed anterior 
pleural furrow; this furrow, as well as the axial segmentation, 
is effaced in all specimens with intact test. Adult pygidia are 
entirely covered with a very dense 'depressus-type' terrace
line pattern; 1 5-18  lines/mm were counted on the pleural 
fields in two pygidia 4.6 and 5.6 mm long. The terrace lines, 
which are very fine, are slightly less densely spaced in the axial 
area, and pygidia less than 5-5.5 mm long have a smooth 
axial area. Doublure strongly concave, so the distal part is 
flat. It is provided with a total of l 5-16 moderately impressed 
terrace lines. 

Juveniles. - Seven cranidia, less than 3.8 mm long, are com
paratively elongate, with the smallest L:W ratio in a cra-



278 Arne Thorshøj Nielsen FOSSILS AND STRATA 38 ( 1 995) 

Fig. 202. Ni/eus depressus serotinus n. subsp. DA. Transitory pygidium, stage C, x 15. MGUH 22.864 (K 931b), bed + 15 ,  Killerod. DB. Transitory pygidium, 
stage C, x 15 .  MGUH 22.865 (K 9 14b) ,  bed + 15 ,  Killerod. DC Transitory pygidium, stage D, x 15 .  MGUH 22.866 (K 999b),  bed + 18 ,  Killerod. OD. Transitory 
pygidium, stage E, x 12 .  MGUH 22.867 (K 1003) ,  bed + 14, Killerod. DE. Transitory pygidium, stage E, x9. MGUH 22.868 (K 953b), bed + 15 ,  Killerod. OF. 
Small holaspid pygidium showing smooth cuticle surface, x9. MGUH 22.869 (K 952), bed + 1 5, Killerod. OG. Early pygidium showing border and 'depressus
type' terrace-line pattern, x12 .  MGUH 22.870 (K 185b), bed -3, Killerod. OH. Early pygidium showing concave border, x9. MGUH 22.871 (K 549) ,  bed 3, 
Gårdlosa-4a. 

nidium 2.4 mm long, and the highest ratio in cranidia 3 .7 
mm long (Table 3 1 ) .  The elongation is  also reflected by the 
glabellar W:L ratio, and again the smallest specimens have 
the most elongate glabellas. Juvenile cranidia are also more 
strongly vaulted (tr. ) ,  and more evenly convex (sag. ) in 
comparison to adults, in which the anterior part of glabella is 
steeply inclined, while its posterior main part exhibits a less 
strong curvature. Specimens less than 3 mm long have a 
slightly more rounded anterior cranidial margin. The juve
nile cranidia overall clearly resemble the adults and are 
positively identified, e.g., by the long palpebral lobes (relative 
length as in adults) .  

Two transitory pygidia, less than 2 mm long, represent 
stage B and presumably have two unreleased thoracic seg
ments, which, however, are not at all outlined (test is intact) .  
These specimens show a comparativelywide, gently concave 
border sloping rather strongly in outwards direction, and 

which occupies 0.3 of the pygidial length postaxially. Other
wise they match the description p. 243. 

Six D-stage transitory pygidia, 2.3-2.9 mm long, and four 
E-stage transitory pygidia, 2.6--3.2 mm long, are compara
tively small, but otherwise match the description pp. 244-
245. However, one of the E-stage representatives apparently 
(it is slightly damaged) approaches the adult stage and lacks 
a border, which is most unusual for this growth stage. 

The smallest holaspid pygidia, 2 .7-3 .3 mm long, are simi
lar to the adult specimens in all but one feature: they lack the 
characteristic 'depressus-type' terrace-line pattern and in
stead have scattered terrace lines on the pleural fields ar
ranged in a 'orbiculatoides-type' pattern; a single specimen is 
smooth. Two larger specimens, 3 .7 and 4.6 mm long, show a 
'depressus-type' pattern, but still have a smooth axis. 

Only three small pygidia, 2.9, 3 .2 and 3.3 mm long (all 
holaspides) , were found in the upper part of the M. simon 
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Zone, in addition to several adult cranidia. These pygidia 
differ from the later juvenile pygidia of the same size by 
showing a dense 'depressus-type' terrace-line pattern. The 
specimens 3.2 and 3.3 mm long are the smallest nileid holas
pides recorded with terrace lines, which occur even on the 
axial area; the line density is 1 3-14 lines/mm on the pleural 
fields in both speeimens (Fig. 202G-M). These three early 
pygidia also differ by the presenee of a concave border, 
occupying 0.21-0.25 of the pygidial length, although the 
border is quite steep. 

Affinities. -N d. serotinus n.subsp. is coeval with N depressus 
schranki n.subsp. ;  their spatial distribution within the Kom
stad Limestone is discussed below. N d. serotinus n.subsp. is 
readily distinguished from N d. schranki n.subsp. by the 
smaller size, the longer palpebral lobes, the more rounded 
glabella, the truncate appearance of the cranidium, and by 
the proportionally shorter pygidium without concave bor
der in the adult stage, and also which carries fewer terrace 
lines on the doublure. 

N depressus serotinus n.subsp. strongly resembles N de
pressus depressus, and may be an ecophenotype of that sub
species. Shared features are a rounded glabella, well-im
pressed furrows on internal moulds, a straight anterior 
cranidial margin, a conspicuous glabellar tubercle on inter
nal moulds and a pygidium with a comparatively prominent 
anterior pleural furrow, no concave border, virtually identi
cal doublure, and an external surface covered with fine 
terrace lines; both subspecies are small. N depressus serotinus 
n.subsp. is distinguished from N depressus depressus by the 
slightly less rounded glabella, which is relatively narrower 
(see Fig. 203B), the cephalic axial furrows are more indis
tinet, the sagittal cranidial convexity is slightly stronger, the 
transversal convexity is smaller, the palpebral lobes are com
paratively longer (Fig. 203C) with correspondingly 
shorter posterior fixigenae (exsag. ) ,  the anterior and poste
rior branches of facial suture diverge more strongly, and the 
posterior branches are but slightly sigmoidal, not straight, 
there is apparently no pitting of the cranidial test surface; the 
pygidium has a denser terrace-line pattern, and no border. 
The larger pygidia of N d. serotinus n.subsp. all have terrace 
lines in the axial area, whereas N depressus depressus shows 
variable conditions. N d. depressus seems overall to attain 
larger sizes than N d. serotinus n.subsp. 

N d. serotinus n.subsp. resembles the somewhat younger 
N depressus parvus n.subsp. ;  see remarks on the latter. 

N orbiculatus Tjernvik has a rounded glabella and lacks a 
pygidial border and thus resembles N d. serotinus n.subsp. 
with regard to size and general outline. N d. serotinus 
n.subsp. is distinguished by the different course of the ante
rior branches of facial suture, which are diverging more 
strongly in front of the eyes and then run almost straight 
inwards, the palpebral lobes are relatively longer, the cra
nidium is not covered with terrace lines (the holotype of N 
orbiculatus has been investigated) and the terrace-line pat
tern of the pygidium is different. 
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Fig. 203. Ni/eus depressus serotinus n.subsp. versus N. d.  depressus, adult 
cranidia only (> 4 and 5 mm long, respectively) . DA. Comparison of adult 
width:length ratios (measured across palpebral lobes) .  DB. Comparison of 
adult ratios between glabella width (measured between hind corners of 
palpebral lobes) and cranidial length. De. Comparison of adult ratios 
between palpebral lobe length (exsag.) and cranidial length. 



280 Arne Thorshøj Nielsen 

Remarks. -The distribution of N. d. serotinus n.subsp. and N. 
d. schranki n.subsp. is important for distinction of taxo
nomic rank, as subspecies of the same taxon by convention 
must not occur associated. It is immediately evident that the 
two subspecies are mutuallyexclusive in the section (Fig. 56), 
but they have actually been found together in bed 3 at 
Gårdlosa -4a and in beds + 14, + 16  and + 18 at Killerod. 
However, N. depressus schranki n.subsp. occurs only in the 
lower part of bed 3, 7-l l  cm below top, whereas N. d. 
serotinus n.subsp. is confined to the upper part of the bed, 
1-3 cm below top; in bed + 16 a single specimen of N. d. 
serotinus n.subsp. was found 10 cm below top of bed, six 
specimens of N. d. schranki n.subsp. were found 2-5 cm 
below top; and in bed + 18 three speeimens of N. d. serotinus 
n.subsp. were found within the upper 0.5 cm of the bed, 
while a single pygidium of N. d. schranki n.subsp. was found 
3 cm below top. It appears that the two subspecies inter
mingle only in bed + 14, where two specimens of N. d. 
schranki n.subsp. were found together with five specimens of 
N. d. serotinus n.subsp . .  As the two forms thus basically are 
isolated from each other, a separation at the subspecies level 
appears appropriate. 

Nileus depressus parvus n.subsp. 
Fig. 204 

Synonymy. - Dv cf. 1984 Nileus sp. - Wandås, p. 232; Pl. 
1 1A-B (short description, occurrence, illustrations of dam
aged cephalon) . 

Holotype. - Cranidium MGUH 22.873 (K l l 88) (Fig. 204B) 
from 8 cm below top of bed 8, Killerod site b (base of the A. 
'raniceps' Zone) .  

Para type. - Pygidium MGUH 22.879 (K 1206) (Fig. 204J) 

from 5 cm above base ofbed 8, same locality. 

Additional material. - Thirteen cranidia, l pygidium, and 4 
transitory pygidia. 

List of additional material. - DCranidia K 1 163 (t), K I 168a (t) [MGUH 
22.876 ] ,  K 1 168b (t), K 1 1 74 b (t, c), K 1 1 74d (t), K 1 1 79a? (t), K 120lc  (t), 
K l205 (t) [MGUH 22.874 ] ,  K 1208 (t) [MGUH 22.875 ] ,  K 1209a (t) 
[MGUH 22.88 1 ] ,  K 1209d (pim), K l2 l0a (t) [MGUH 22.872 ] ,  K 12 10b (t, 
fragment) .  DPygidia K 1 1 73a (pim), K 1 1 78 (im) [MGUH 22.877] , K  1 186? 
(t) [MGUH 22.880 ] ,  K 1201b (t) [MGUH 22.878 ] ,  K 1 20ge (t) .  

Occurrence. -All specimens are from bed 8 at Killerod site b, 
basal part of the A. 'raniceps' Zone. 

Diagnosis. - Minute subspecies. Cranidial convexity strong 
(sag. ) ,  anterior cranidial margin rectilinear, glabeIla without 
anterolateral expansion and is confluent with palpebral 
areas; glabellar tubercle in relatively advanced position; pal
pebral lobes unusually long (exsag. ) ;  pygidium fully convex, 
and covered, exclusive ofaxis, with a 'depressus-type' terrace
line pattern. 
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Description. - Largest cranidium 4.9 mm long, largest py
gidium 3.8 mm long. Sagittal convexity of cranidium strong, 
transverse convexity fairly high for a Nileus; anterior margin 
almost rectilinear. Cranidial L:W ratio varies from about 
1 . 10 in specimens 2.9-3 .0 mm long to about 1 .22 in speci
mens 4.6-4.9 mm long (Table 33) .  Axial furrows effaced, and 
glabeIla is confluent with palpebral areas. Distance between 
posterior corners of palpebral lobes, i.e. 'glabellar' width, 
varies between 0.78 and 0.83 of the cranidial length (mean 
0.8 1 ;  N= I l ) .  Anterior part ofglabella parallel-sided without 
anterolateral expansion. Mesial glabellar tubercle usually 
visible as a dark spot on outside of test; no internal moulds 
are available. 1t is situated rather forwardly (Table 33) .  Palpe
bral lobes unusually long (see also Fig. 203C) .  Posterior 
fixigena acuminate triangular and rather long, stretching 
almost to outer level of the palpebral lobe; it is flexed some
what downwards, but has no posterior declination, and 
posterior margin of cranidium is straight. Anterior branches 
of facial suture run straight forward from anterior inner 
corners of palpebral lobes, converging ( ! )  at an angle of about 
15° to sagittal line, then, halfway to anterior margin turn and 
diverge at an angle of about 10° to sagittal line to make a very 
sharp inwards bend and then run transversely, merging 
smoothly at sagittal line. Posterior branches of facial suture 
run straight backward-outward, diverging at an angle of 
about 50° to sagittal line. Test surface of cranidium appears 
smooth, but all specimens are slightly corroded. 

Librigena, hypostome and thorax unknown. 
Pygidium very like that of N. d. serotinus n.subsp. ,  except 

for the broad axis; the two available holaspid specimens, ca. 
3 and 3.8 mm long, lack any indications of a concave border. 
Pygidium slender (Table 34) ; axis only crudely outlined by 
the lack ofterrace lines, but seems, nevertheless, to be un usu
ally broad, approaching half the width of the pygidium. 
Dorsal surface covered with a dense terrace-line pattern of 
'depressus-type' ; axial area smooth. Twelve lines/mm were 
counted on the pleural fields of the largest pygidium, 3.8 mm 
long. Doublure not exposed (see description of juveniles 
below) . 

Juveniles. -Apart from being a little elongate, small cranidia 
are alike larger specimens, and the entire cranidial material is 
described jointly above. 

Two D-stage transitory pygidia are only 1 .9 and 2.3 mm 
long; the fixed segments are outlined by shallow furrows. The 
speeimens are comparatively bro ad (Table 34) , and provided 
with a remarkably broad axis. Both specimens are corroded, 
but appear smooth, except for a few anterolateral terrace 
lines; they are identified by their lack of a concave border, 
which is a unique feature for this growth stage. 

Two E-stage transitory pygidia are only 2 . 1  and 2.5 mm 
long; they also show a slightly raised, broad axis, and no 
border. Specimens exfoliated, but a patch of test in pygidium 
K 1 1 73a indicates that openly spaced terrace lines are present 
at least anterolaterally, and possibly the pleurai fields are 
covered by an 'orbiculatoides-type' terrace-line pattern. 
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Fig. 204. Ni/eus depressus parvus n.subsp. All speeimens are from bed 8, Killerod site b. DA. Cranidium, stereo-pair, x9, MGUH 22.872 (K 12 10a) .  DB. 
Holotype. Cranidium, stereo-pair, x6, MGUH 22.873 (K l l 88) .  OG-E. Cranidium, dorsal, frontal and side views, X9, MGUH 22.874 (K 1 205) .  OF. 
Cranidium, x9, MGUH 22.875 (K 1208) .  OG. Slightly corroded cranidium, x 10, MGUH 22.876 (K 1 1 68a). OH. Internal mould oftransitory pygidium, stage 
E, x 15, MGUH 22.877 (K l l 78) .  DI. Fragmentary pygidium showing 'depressus-type' terrace-line pattern, X 1 0, MGUH 22.878 (K 120 1 ) .  OJ. Paratype. 
Pygidium showing ' depressus-type' terrace-line pattern, x9, MGUH 22.879 (K 1 206). DK. Transitory pygidium, stage D, x 1 6, MGUH 22.880 (K l l 86) .  DL. 
Transitory pygidium, stage D, showing incipient ' depressus-type' terrace-line pattern, x9, MGUH 22.88 1 (K 1209a). 

Doublure insignificantly concave, almost flat, steeply in
clined, and provided with about 1 1-l2 continuous terrace 
lines. 

The D- and E-stage pygidia of N. d. parvus n.subsp. are 
unusually small. 

Affinities. - N. depressus parvus n.subsp. resembles N. d. 
serotinus n.subsp. by being small, having a quite strongly 
convex cranidium (sag. ) ,  long palpebral lobes, straight ante
rior cranidial margin, and an identical pygidium. The new 
subspecies is distinguished by the anterolaterally non-ex-
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Table 33. Nileus depressus parvus n.subsp. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium Glabella width Palpebral lobe length (exsag. ) Glabellar tubercle, 
distance to post. margin 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.4-3 .0 1 . 10- 1 . 1 3  1 . 1 1  3 0.80-0.83 0 .81  3 0.55-D.57 0.56 3 0.37 l 
3.2-3.7 1 . 14-1 . 1 9  1 . 1 6  4 0.8 1-D.85 0.82 4 0.56---D.57 0.56 4 0.38-D.41 0.39 3 
4.0-4.9 1 . 1 5-1 .22 1 .20 4 0.78-D.82 0.80 4 0.5 1-D.55 0.53 4 0.40-0.43 0.41 2 

Table 34. Nileus depressus parvus n.subsp. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 

Size (mm) Range Mean N Range Mean 

1 .9-2.3 [Stage D]  0.6 1-D.68 0.65 2 0.50 
2 . 1-2.5 [Stage El 0.54---D.57 0.56 2 0.46 
3 .8 [Hol. ] 0.54 -0.45 

panding glabella, by the lack of cephalic axial furrows, by the 
rather forwardly positioned glabellar tubercle, and by the 
proportionally longer palpebral lobes (see Fig. 203C) . No 
differences have, so far, been established for the adult py
gidia, but the doublure possibly differs, despite the external 
similarity, as a juvenile specimen of N. d. parvus n.subsp. 
shows a steep, only slightly concave doublure with 1 1-12 
terrace lines; a strongly concave doublure with 15-16 terrace 
lines is typical for N. d. serotinus n.subsp. Transitory pygidia 
of N. depressus parvus n.subsp. differ by the absence of a 
concave border. The lack of terrace lines in the axial area in 
the largest pygidia of N. d. parvus n.subsp. is not significant, 
as the same phenomenon is seen in equal-sized pygidia of N. 
d. serotinus n.subsp. 

N. depressus costatus Fortey (see Fortey 1975a) resembles 
N. d. parvus n.subsp. with regard to the undeveloped cepha
lic axial furrows, the lack of a pygidial border and the pres
ence of a ' depressus-type' terrace-line pattern. However, N. d. 
costatus has a less convex (sag. ) cranidium with smaller 
palpebral lobes, a more rounded anterior margin, an antero
laterally expanding glabella, and a pitted test surface; the 
pygidium of N. d. costatus is proportionally longer. 

N. macropsBillings (see, e.g., Whittington 1965) has a very 
similar cranidium with long palpebral lobes, no axial fur
rows, strong sagittal convexity, no anterolateral glabellar 
expansion, a rather similarly shaped posterior fixigena, and 
the size is also approximately the same. No clear differences 
between the cranidia of N. macrops and N. depressus parvus 
n.subsp. are evident, but their pygidia are quite different, and 
presumably their thoraxes differ as well. 

Remarks. -Nileus depressus parvus n.subsp. is, so far, known 
only from bed 8 at Killerod site b, which is dominated by 
juveniles (N. armadillo, N. implexus n.sp. and N. depressus 
parvus n.subsp. ) .  Hence it cannot be excluded that the de
scribed material contains only juveniles. 

Wandås ( 1984, p. 232; Pl. l lA-B) briefly described an 
unnamed nileid with a short range in the uppermost part of 

pygidial length 
N Range Mean N Range Mean N 

O O 2 
0.62 l O 2 

O O 

the Killingen Member at Furnes, Norway, i.e. considerably 
above the stratigraphical level of N. d. parvus n. subsp .. The 
slightly impaired 6.5 mm long cephalon figured by Wandås 
is strongly similar to N. d. parvus n.subsp. ,  notably with 
regard to the long palpebral lobes, the absence of axial 
furrows, and the subparallel course of the anterior branches 
of facial suture. By comparison, the material from the Kom
stad Limestone has a slightly stronger convexity (sag. ) of the 
anterior portion of glabella, which cannot be explained as 
due to size differences, as smaller nileid cranidia always are 
less strongly convex than larger ones. Besides, the furrows at 
the base of the eye socle in the Norwegian specimen impinge 
upon the anterolateral portions of the cranidium, which is a 
unique feature. The librigenae of Nileus sp. sensu Wandås are 
markedly vaulted, and suggests, like the pygidium of N. d. 
parvus n.subsp. ,  that these new forms are members of the N. 
depressus group. 

Nileus depressus subsp. A 
Figs. 1 87, 1 89, 19 1 , 205 

Synonymy. - 0 1 980 Nileus glazialis glazialis (Schrank) -
Tjernvik & Johansson, pp. 1 78-1 79, 1 9 1 ,  192, 203 (short 
diagnosis, occurrence) .  

Material. - Nine cranidia, including 4 juvenile specimens, 
and 8 pygidia, including 2 juvenile specimens. 

Listafmaterial. -DCranidia A 744 (pim) , A  745b? (t, juvenile) , A  749 (pim) 
[MGUH 22.884] , A 764a (pim) [MGUH 22.882 ] ,  A 770? (im) [MGUH 
22.883 ] ,  A 772? (im), A 774? (t, juvenile) [MGUH 22.885 ] ,  A 776? (im, 
juvenile ) ,A  789? (t, juvenile) .  DPygidia A 697d? (t, fragment), A 740 (pim),  
A 745a ( im) [MGUH 22.888 ] ,  A 745c? (t ,  juvenile) ,  A 752 (pim), A 764b 
(pim) [MGUH 22.886 ] ,  A 764c (pim) [MGUH 22.8878 ] ,  A 790? (t, juve
nile) .  

Occurrence. - Nileus depressus subsp. A i s  restricted to  the 
upper half ofbed M-6 at Slemmestad, which belongs to the 
uppermost part of the M. simon Zone. The fragmentary 
pygidium A 697d from bed M-4 is tentatively assigned. 
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Fig. 205. Ni/eus depressus subsp. A. All specimens are from bed M -6, Slemmestad. DA. Partly exfoliated cranidium, showing cuticle terrace-line sculpture, x6. 
MGUH 22.882 (A 764a) . DB. Exfoliated cranidium, x4. MGUH 22.883 (A 770) .  DC Partly exfoliated cranidium, x6. MGUH 22.884 (A 749) .  OD. Small 
cranidium with smooth cuticle, x6. MGUH 22.885 (A 774) .  DE-P. Two partly exfoliated pygidia, x4. MGUH 22.886 (A 764b) and MGUH 22.887 (A 764c) .  
Close-up (F) of pleuraI field showing fine terrace-line sculpture, x20.  OG. Internal mould of pygidium showing doublure, x6. MGUH 22.888 (A 745a) .  

Nileus depressus subsp. A is  considered identical to Nileus 
glazialis glazialis sensu Tjernvik ( 1980), which ranges from 
the top of the M. polyphemus Zone, through the entire M. 
simon and M. limbata Zones and into the basal part of the A. 
expansus Zone of Lanna, Sweden (Fig. 146). 

Description. - Small for a Nileus, largest cranidium 9 mm 
long, largest pygidium 9 mm long (ratios in Table 35) .  
Cranidium similar to late cranidia of N depressus glazialis, 
except for the deviating terrace-line pattern. However, it is 
also the impression that the occipital ring, the adjoining pair 
of musde insertion sites (see description of N depressus 

glazialis) , as well as the mesial glabellar tuberde of internal 
moulds are slightly more conspicuous in subsp. A in com
parison to N depressus glazialis. The trend displayed by N 
depressus glazialis towards a broader glabella seems to be 
followed by N depressus subsp. A (Fig. 1 79B). Densely 
spaced terrace lines are present on the entire cranidium, 
except for the anterior part of glabella. The lines are gently 
undulating and roughly transverse. Ten lines/mm were 
counted posteriorly on glabella in a cranidium 8.6 mm long. 

Available pygidia poorly preserved; in gross outline they 
are dose to N depressus glazialis. By comparison they appear 
less vaulted, and slightly elongate, although this is not con-
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Table 35. Nileus depressus subsp. A. Ranges for variation of cranidia �5. 7 
mm long, expressed as ratios of cranidial length. See also Fig. 1 89. 

Feature Range Mean N 

Maximum cranidial width 1 .23-1 .28 1 .27 4 
Glabellar width 0.82--0.94 0.89 5 
Palpebral lobe length (exsag.) 0.42--0.44 0.43 3 
Glabellar tubercle 0.30--0.33 0.3 1 5 

firmed by the measured specimens, showing L:W ratios 
between 0.53 and 0.60 (mean 0.56; N = 4) .  The border is 
indicated only by a minimal change of slope, hence it is rather 
poorly defined. Axis seems to be relatively long and narrow; 
it occupies 0.34-0.35 (tr. ) of the pygidial width at anterior 
margin in two specimens, which actually is at the lowest end 
and below the variation range demonstrated for N. depressus 
glazialis. The surface ornamentation consists of very fine, 
dosely spaced terrace lines covering the entire pygidium 
(Fig. 205F) . A total of90-95 lines was counted from anterior 
to posterior margin in speeimen A 740, about 8.5 mm long, 
but this figure must be regarded as a minimum, as the 
counting was not performed dose to axis (test not pre
served) .  Subsp. A thus seems to have l . S  to 2 times as many 
lines as N. depressus glazialis. Three speeimens, 5.7, 8.5 and 
8.7 mm long, all show densities of about 14-15 terrace lines 
per millimetre on the pleural fields. Besides being more 
densely spaeed, the terrace lines also differ from N. d. glazialis 
by being less impressed. Pygidial doublure shows 18-19 
lines. 

Juveniles. - A few juveniles from the upper half ofbed M-6 
presumably represent N. depressus subsp. A, but some of 
them may in fact belong to N. depressus glazialis, occurring 
sparsely at this leve!, too. Two cranidia, 2.5 mm and 3 mm 
long, have almost straight axial furrows, converging gently 
forwards; the subrectangular glabella is comparatively nar
row, W:L ratio 0.8. The sagittal convexity is less pronounced 
and the anterior margin is presumably more rounded than in 
larger speeimens. Test surface smooth. 

Cranidium A 774, 5.2 mm long, resembles adult speei
mens with regard to morphology, but the test surface is 
smooth (the speeimen perhaps belongs to N. depressus glazi
alis) . The smallest cranidium showing terrace lines is 6.2 mm 
long. 

Two holaspid pygidia, 4.7 mm and 5.2 mm long, carries an 
'orbiculatoides-type' terrace-line pattern, but are otherwise 
similar to adults; W:L ratio 0.57 (N = 2) ;  border length (sag. ) 
0.23 of pygidial length (N = 1 ) .  

Remarks. - Nileus depressus subsp. A i s  believed to represent 
an ecophenotype of N. d. glazialis, but is readily separated 
from this subspecies, as well as from most other nileids, by 
the highly characteristic dorsal terrace-line pattern. Subsp. A 
is inferred to correspond to Nileus glazialis glazialis sensu 
Tjernvik ( 1980); the relationship between N. depressus glazi-
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alis (as defined here) and N. depressus subsp. A, and the 
possible shortcomings of separating them as subspecies, is 
discussed in the section on N. depressus glazialis. For the 
present material the separation appears fairly objective, but 
the distinetion may be more arbitrary in central Sweden, as 
indicated by material demonstrated to me by Dr. Tjernvik in 
1983. It is believed that N. depressus glazialis and N. depressus 
subsp. A represent end members in a continuous variation 
spectrum. 

Nileus planiceps n.sp. 
Figs. 206-207 

Derivation of name. -Latin planiceps = tlat-headed, alluding 
to the low cranidial convexity (sag. ) of the new speeies. 

Holotype. - Cranidium MGUH 22.889 (S 785) (Fig. 206A) , 
found 2 cm above base ofbed -12 at Skelbro (lower part of M. 
simon Zone) .  

Paratype. - Pygidium MGUH 22.892 (K 6 1Oa) (Fig. 206H) ,  
found l cm above base of6 at Gårdlosa-4a (M. simon Zone) .  

Additional material. - Five cranidia (induding l juvenile 
speeimen) and 15  pygidia. 

List of additional material. - DCranidia S 692 (im), S 784 (t) [MGUH 
22.890 ] ,  S 1 1 53 (t), K 444 (pim), LV 21 (t) [LO 7076 J .  DPygidia S 588 (c), 
S 591 (t), S 69 1 (partly c) [MGUH 22.89 1 ] ,  S 944 (pim) [MGUH 22.895 ] ,  
S 1097 ( t ) ,  S 1 1 59a (im), K 43a ( t )  [MGUH 22.894 ] ,  K 501b ( t ) ,  K S l O? (c) ,  
K 564 (im) [MGUH 22.896 ] ,  K 698 (t), LU 49 (c),  LV 50-9 (c),  LU 1 1 2 (c), 
IK P-39 [MGUH 22.893 J .  

Occurrence. -Nileus planicepsn.sp. occurs infrequently in the 
Komstad Limestone from the middle of the M. polyphemus 
Zone and into the lower part of the M. lim bata Zone. It has 
been found in beds -18,  -16 (middle part of the M. polyphe
mus Zone), -12,  -4 (M. simon Zone) ,  and +2, +3 (lower 
subzone of M. limbata Zone) at Skelbro. A few speeimens 
were found in the M. simon Zone of SE Scania (bed K at 
Gårdlosa- 1 ;  beds 2, 4, 6 at Gårdlosa-4a; bed -9 at Killerod); 
museum speeimens LU 50 and LU 1 12 from Komstad origi
nate from a similar level (corresponding to bed interval to 
-l to -9 of Killerod) . Specimen LU 49 from Smedstorp is 
from the M. simon Zone. The fragmentary cranidium LU 2 1  
is from a loose boulder at Andrarum, level cannot b e  verified. 
The new speeies is, so far, not known from outside the 
Komstad Limestone domain. 

Diagnosis. - Cranidium oflow convexity (both ways),  ante
rior margin evenly rounded and with tlattened rim; antero
lateral expansion of glabella strong (tr. ) ,  but short (exsag. ) ;  
axial furrows well-impressed; mesial glabellar tuberde situ
ated relatively far back. Pygidium covered, axis indusive, 
with extremely densely spaeed, very fine terrace lines; axis 
slightly raised, moderately tapering; border very narrow and 
steep, ill-defined. Pygidial doublure show more than 25 
terrace lines. 
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Description. - Medium-sized to large for a Nileus, largest 
cranidium 1 7.8 mm long, largest pygidium 17.8 mm long. 
Cranidium oflow convexity (both ways) with subrectangu
lar, fairly narrow glabella (Table 36) .  Axial furrows, separat
ing palpebral area from glabella, wide and moderately shal
low, but better defined than in most other nileid species 
described here. The furrows are gently arcuate inwardly, with 
a gradually decreasing convergence in anterior direction. 
Anterior branch of facial suture runs almost straight forward 
in front of the eye, then, midway to anterior margin of 
cranidium, turns sharply outwards at an angle of about 700to 
sagittal line. In consequence, glabella has a very pronounced, 
but short (exsag.) anterolateral expansion. Anterior margin 
of cranidium broadly and evenly rounded; a characteristic 
flattened narrow rim is present along anterior margin, occu
pying up to 0.05 of the total cranidial length. The rim is 
almost flat in the material from Skelbro, and well set off from 
glabella, whereas specimen L U 2 1  from Andrarum has an ill
defined, rather steeply sloping rim. Palpebral lobes large 
(Table 36), quite wide (tr. ) ,  almost flat, presurnably subhori
zontal with only an insignificant outwards inclination. Me
sial glabellar tubercle fairly prominent and even has a very 
slight relief on testaceous material; it is situated relatively 
rearwards on glabella (Table 36) .  An indistinct low sagittal 
keel is indicated anterior to the glabellar tubercle, but is 
poorly shown by the material; it is, however, unusual that the 
keel is visible on outside oftest, and it is probablyvery distinct 
on internal moulds. A shallow occipital furrow is barely 
indicated laterally in the single internal mould available; it is 
effaced in the specimens with intact test. Posterior fixigena 
very slender (exsag. ) and long (tr. ) ,  the tip almost level with 
outer edge of palpebral lobe. Posterior margin of cranidium 
nearly straight without rearwards deflection of fixigenae. A 
wide furrow or, more properly, depression crosses the proxi
mal part of fixigena, extending from posterior margin and 
presurnably to the furrow at base of the eye socle (no cephala 
available) .  Posterior branches of facial suture run almost 

Table 36. Nileus planiceps n.sp. Ranges for variation of cranidia >7 mm 
long, expressed as ratios of cranidial length. 

Feature Range Mean N 

Maximum cranidial width 1 . 19-1.26 1 .23 4 
Glabellar width 0.77-0.83 0.79 4 
Palpebral lobe length (exsag.) 0.41-0.49 0.44 4 
Glabellar tubercle 0.26-0.30 0.28 4 
Length of post. fixigenae (exsag.) 0. 1 5-0. 19  0. 17  4 
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straight from hind corner of palpebral lobe to posterior 
margin at an angle of about 40° to sagittal line. All specimens 
with intact test show a 'wrinkled' pattern along sagittal line, 
but the test surface otherwise appears smooth. However, the 
holotype cranidium S 785, which is the best preserved speci
men, almost certainly has moderately densely spaced delicate 
pits at least on the central anterior part of glabella and along 
the margin of the palpebral lobes. 

Librigena, hypostome, and thorax unknown. 
Pygidia quite stronglyvaulted (both ways);  ratios are given 

in Table 37. Axis shows positive relief also on testaceous 
material; it is about as long as wide, and tapers only moder
ately in posterior direction, hence the terminal piece appears 
rather large; number of segments unknown. The anterior 
pleural furrow has a shallow expression even on outside of 
test, and is presurnably deeplyimpressed on internal moulds. 
Posterior border narrow and steep, and because of its steep
ness it may be ill-defined posteriorly, whereas it is wider and 
more flattened laterally. Entire pygidium covered with ex
tremely densely spaced terrace lines, showing a density on 
the pleural fields in the range of 16-22 lines/mm in the larger 
speeimens, but precise counting is rendered difficult by the 
high density; the total number of lines exceeds 200 between 
anterior and posterior margins in the largest pygidia. The 
smallest specimen, 8.6 mm long, has 1 3-14 lines/mm on the 
pleural fields. The line density is occasionally slightly lower 
on axis. The terrace lines are gently anastomosing, and run 
roughly transversely to join the outer margin discordantly. 
They become coarser and less densely spaced immediately 
adjacent to the pygidial margin. Doublure gently concave, 
with only a narrow, flat, outer part. There is a shallow, poorly 
indicated postaxial depression. Doublure provided with at 
least 25-27 continuous terrace lines behind axis; the number 
is higher laterally, and may exceed 40. 

Juveniles. -A badlypreserved juvenile cranidium (S 784) , 5 .5 
mm long, is about as wide as long (greatest width across 
palpebral lobes) ,  and glabella is pronouncedly rectangular, 
showing a W:L ratio of 0.65. The specimen is identified by its 
flattened anterior rim. 

Affinities. - Nileus planiceps n.sp. does not show obvious 
affinity to any known Scandinavian species. The pygidial 
terrace-line pattern may indicate a relation to the N. depres
sus group, but the resemblance is probably superficial. lso
lated pygidia are distinguished from N. depressus subspp. by 
attaining larger sizes, the external terrace lines are very fine, 
and cover also the gently raised axis, and the doublure has an 
unusually high number of terrace lines. The cranidia are 

Table 37. Nileus planiceps n.sp. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag. ) : 
pygidial length 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

8.6-17.8 0.55-0.64 0.59 1 1  0.30-0.42 0.37 10  0.60-0.70 0.64 10  0.07-0. 1 3  0 . 1 0  8 
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Fig. 206. Nileus planiceps n.sp. DA-C. Holotype. Cranidium, dorsal view (stereo pair) ,  frontal and side views, x2. MGUH 22.889 (S 785), bed -12,  Skelbro. 
DO. Corroded juvenile cranidium, x9. MGUH 22.890 (S 784),  bed -12, Skeibro. DE. Fragment of cranidium showing 'wrinkled' cutide, x4. LO 7076 (LU 
2 1 ) ,  Andrarum. DF-G. Pygidium, stereo pair, x 1 .5, and dose up of anterior part of axis showing fine terrace line sculpture, x9. MGUH 22.89 1 (S 69 1 ) ,  bed 
-16, Skeibro. OH. Paratype. Pygidium, x3. MGUH 22.892 (K 6 10a), bed 6, Gårdliisa-4a. DI-J. Partially corroded pygidium, dorsal view, x3, and dose up of 
anterior part of pygidial pleurai field, showing fine terrace line sculpture, x 10. MGUH 22.893 (IK P-39), Skelbro. 
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Fig. 207. Nileus planiceps n.sp. DA. Small pygidium showing coarser terrace 
lines on axis, x4. MGUH 22.894 (K 43) ,  bed -9, Killer6d. DB. Somewhat 
corroded pygidium showing part of doublure, x3.  MGUH 22.895 (S 944), 
bed -4, Skeibro. De. Compacted internal of pygidium mould showing 
doublure, x3. MGUH 22.896 (K 564),  bed 4, Gårdl6sa-4a. 

identified by the flattened anterior rim, the low convexity 
(particularly sagitally, but also transversely) , the short 
(exsag. ) ,  but very strong anterolateral expansion of glabella, 
the large palpebral lobes, the relatively posterior position of 
the glabellar tuberde, and the larger maximum sizes. Several 
of these characters also separate N. planiceps n.sp. from the 
associated N. orbiculatoides. 
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A flattened anterior cranidial rim is occasionally seen also 
in N. armadillo, but that species has a much more convex 
(sag. ) cranidium, typically provided with a mesial anterior 
boss, and the flattened rim is mostly narrower. Nileus platys 
Schrank, characterized by, among other things, a flattened 
rim along front of cranidium, differs from N. planiceps n.sp. 
in most other respects and is hardly dosely related. 

The Chinese species N. huanxianensis Zhou (see Zhou & 
Dean 1986) has a pygidium superficially resembling N. 
planiceps n.sp. with fine terrace lines and a narrow border. 
The cranidia are, however, much different, and the pygidium 
of N. planiceps n.sp. has possibly a much denser terrace-line 
pattern and a higher number ofterrace lines on the doublure. 

Peraspis obscura Zhou & Dean, 1986 is somewhat like N. 
planiceps n.sp. ,  showing, e.g., a glabellar tuberde situated far 
back, distinct axial furrows, low cranidial convexity etc., and 
the pygidium has a rather long axis and an ill-defined border. 
The Chinese species has, however, no flattened anterior rim 
on the cranidium, the glabellar tuberde is positioned even 
further rearwards, and the pygidial surface is smooth. P. 
obscura appears doser to Poronileus than to Peraspis (cf. 
Fortey 1975a vs. Whittington 1965),  although the cephalic 
surface is not punctate. N. planiceps n.sp., which obviously is 
not a typical representative of Nileus (s.str. ) ,  may also be 
compared to Poronileus. 

Remarks. -The pygidium figured by Schmidt ( 1 904, Pl. 8: 1 7, 
1 7a; see also Balashova 1976, Pl. 40: 10) superficially re
sembles the pygidia described here with regard to outline, 
border width (O. l oflength), and distribution ofterrace lines. 
Schmidt ( 1904, p. 67), however, stated the density ofterrace 
lines to be about 7-8 lines/mm, which agrees with counts 
made on the scaled figure in Balashova ( 1 976, Pl. 40: 10) .  This 
density is significantly below that of Nileus planiceps n.sp. ,  
and the eastern Baltic specimens more likely belong to the N. 
depressus group (see discussion of N. depressus depressus) . 

Nileus implexus il.Sp. 
Figs. 208-209 

Synonymy. - Dv 1937 Nileus armadillo Dalm. [partim] -
Ekstrom, p. 1 5  (listed) .  

Derivation of name. -Latin implexus = interlaced, alluding to 
the characteristic terrace-line ornamentation of the new 
species. 

Holotype. - Cranidium MGUH 22.897 (F 1 78) (Fig. 208A) 
from bed 20 at Fågelsång (lower part of the A. expansus 
Zone) .  

Paratype. - Pygidium MGUH 22.908 (K 1 198a) (Fig. 209) 
from 4 cm below top ofbed 8, Killerod site b (lower part of 
the A. 'raniceps' Zone) .  

Additional material. - Three cranidia, 6 juvenile cranidia, 8 
pygidia and 1 0  juvenile pygidia. 
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Table 38. Nileus implexus n.sp. Ranges for variation of cranidia, expressed as ratios of cranidial length. 

Maximum width of cranidium GlabeIla width 

Size (mm) Range Mean N Range Mean 

2.9-4.8 1 .00-1 .02 1 .00 5 0.64-0.71  0.66 
5.4 O 0.76 
>7. 1 1 . 1 3-1 .2 1  1 . 16  3 0.75--0.82 0.78 

List of additional material. - OCranidia F 185a (partly im) ,  K 1 176 (t) 
[MGUH 22.898 ] ,  K 1200b (t) . OJuvenile cranidia F 169b (t), K l i na (t) 
[MGUH 22.90 1 ] ,  K 1 18 1a  (t) [MGUH 22.899 ] ,  K 1 183 (t) [MGUH 
22.900 ] ,  K 1 198d (t), K 1 2 1 1b (t) .  OPygidia F 240 (t) [MGUH 22.904] , F 
254 (t) , F 27 1  (d), K l i ne (pim) , K  1345 (t) , LU 3b (t), LU 58 (t) [LO 7097 ] ,  
LU 60a (pim). OJuvenile pygidia K 1 166? ( t )  [MGUH 22.906 ] ,  K 1 170 
(pim) [MGUH 22.905 ] ,  K l l nb (t), K 1 1 73b? (t) [MGUH 22.907] , K 
1 1 73c (t, is) [MGUH 22.903 ] ,  K 1 1 79b (t), K 1 18 Ib? (c), K 1200a (t) 
[MGUH 22.902] ,  K 1202b (t), LU na (d) [LO 7104J . 

Occurrence. - Nileus implexus n.sp. is known only from the 
Komstad Limestone of Scania. At Fågelsång the species has 
been found in beds 19-20, representing the basal part of the 
A. expansus Zone, and in beds 27-28, belonging to the A. 
'raniceps' Zone. Museum specimens LU 58, LU 60a, and LU 
72a were collected by Ekstrom from bed I:k [= bed 7] at 
Fågelsång loe. E2 1a (see Ekstrom 1937, p. 15 ) ;  this bed 
belongs to the upper part of the M. limbata Zone. Museum 
specimen LU 3b is from the Fågelsång area, level unknown. 

At Killerod the species has been found in bed + 35 near top 
of the A. expansus Zone, and, more abundantly, in bed 8 at 
site b, immediately above the base of the Asaphus 'raniceps' 
Zone. 

Diagnosis. - Cranidium comparatively strongly convex 
transversely; anterior margin quite convex (dorsal view) , 
glabella subrectangulaL Cranidium almost entirely covered 
with densely spaced, fine terrace lines, and the surface of the 
palpebral lobes is punctate. Pygidium shows wide, well
defined border, and axis with positive relief in larger speci
mens. Densely spaced terrace lines cover entire pygidium, 
axis inclusive, and form a characteristic forward loop across 
main part of surface. 

Description. - Medium-sized to large for a Nileus, largest 
cranidium 20 mm long, largest pygidium I l  mm long. Only 
three adult cranidia, 7. 1 ,  7. 1 and 20.0 mm (holotype) are 
measurable. Cranidium elongate, W:L ratio across palpebral 
lobes 1 . 13-1 . 14 in the two small specimens, and 1 .2 1  in the 
holotype. Sagittal convexity moderate, transverse convexity 
fairly strong in the holotype, whereas the smaller specimens 
are less vaulted. Glabella subrectangular, W:L ratio 0.75-0.77 
in the smaller specimens, and 0.81 in the holotype. Axial 
furrows virtually effaced even on internal moulds, but the 
boundary between glabella and palpebral lobes is well-de
fined owing to a marked change of slope. Anterior margin 
fairly and evenly rounded in dorsal view; a narrow fringe 
along margin is slightly less sloping, but still steep and a 

Palpebral lobe length (exsag.) Glabellar tuberde, 
distance to post. margin 

N Range Mean N Range Mean N 

5 0.42--0.45 0.43 5 0 .31  
0.43 0.30 l 

3 0.42--0.45 0.43 3 0.29--0.32 0.30 2 

pronounced flattened rim is not developed. Mesial glabellar 
tubercle relatively small (internal mould) and situated far 
back (Table 38) .  A shallow, indistinct occipital furrow is 
developed in the holotype specimen (test intact) ; it shallows 
up in abaxial direction. Occipital ring occupies (sag. ) slightly 
less than O. l of the cranidial length. Posterior fixigena short 
(tL) ,  and accounts for slightly less than O . l  of the cranidial 
width at posterior margin; exsagittal length averages 0 . 14  (N 
= 5)  of the cranidial length. Anterior branches of facial suture 
run straight forward from eye, then, one third the distance 
from anterior corner of palpebral lobe to anterior margin, 
turn outward at an angle of about 35° to sagittal line. Poste
rior branches of facial suture straight and run obliquely 
backward-outward from posterior corner of palpebral lobe, 
at an angle of about 35° to sagittal line. Holotype cranidium 
covered with dense, very fine terrace lines; only a small 
sagittal area behind the glabellar tubercle is smooth. Terrace 
lines coarser and less dense on the smaller cranidia, and the 
main posterior part of glabella is smooth. Density oflines on 
glabella of holotype is 12 lines/mm posterolaterally and 
about 15 lines/mm on anterior part; one of the smaller 
cranidia has about 10 lines/mm anteriorly on glabella. Ter
race lines are gently anastomosing, roughly transverse, but 

Fig. 208. Nileus implexus n.sp. OA-B. Holotype. Large eranidium, stereo
pair, x 1 .5, and dose-up of palpebral lobe and outer part of glabeIla, 
showing dense terraee-line pattern, x6. MGUH 22.897 (F 1 78) ,  bed 20, 
Fågelsång. De. Small eranidium showing terraee-line sculpture, stereo
pair, x4. MGUH 22.898 (K 1 176) ,  bed 8,  Killeriid site b. OD. Small 
eranidium, x9. The surface punetation is possibly secondary, x9. MGUH 
22.899 (K 1 18 Ia) ,  bed 8, Killeriid site b. DE. Juvenile cranidium, x9. 
MGUH 22.900 (K 1 183) ,  bed 8, Killeriid site b. OF. Juvenile eranidium, x9. 
MGUH 22.901 (K l i n - l ) ,  bed 8, Killeriid site b. OG. Transitorypygidium, 
stage E, showing dense terraee-line seulpture, x8. MGUH 22.902 (K 
1200a) , bed 8, Killeriid site b. OH. Latex east of transitory pygidium, stage 
E, showing dense terrace-line seulpture, x 12. MGUH 22.903 (K 1 173c), 
bed 8, Killeriid site b. Dl. Fragmentary, corroded pygidium, showing 
faintly visible terraee-line pattern and raised axis, stereo-pair, x4. MGUH 
22.904 (F 240) ,  bed 27, Fågelsång. OJ. Corroded early pygidium, showing 
faintly visible terraee-line pattern and raised axis, stereo-pair, x2. LO 7097 
(LU 58), bed k [=  7 ] ,  Fåge!sång, Ioc. E2 1a. DK. Partly exfoliated small 
holaspid pygidium showing dense terraee-line seulpture, x9. MG UH 
22.905 (K 1 1 70) ,  bed 8, Killeriid site b. DL. Internal mould of early 
pygidium showing doublure, x9. LO 7 104 (LU nal,  bed k [= 7 ] ,  Fågelsång, 
Ioc. E2 1a. DM. Slightly corroded transitory pygidium, stage D, x9. MGUH 
22.906 (K 1 166) ,  bed 8, Killeriid site b. ON. Latex east of transitory 
pygidium, stage D, x 12.  MGUH 22.907 (K 1 1 73b), bed 8, Killeriid site b. 
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Fig. 209. Nileus imple.xus n.sp. Paratype. Small pygidium showing charac
teristic, dense terrace-line pattern, x lO. MG UH 22.908 (K 1 198a), bed 8, 
Killer6d site b. 

late rally on glabeIla they run longitudinally, so anterior lines 
more or less follow the glabellar contour; posterolateral lines 
run obliquely backward-outwards to bend outwards onto 
the posterior fixigena. Outer brim ofpalpebral lobe devoid of 
terrace lines, but test surface is punctate (Fig. 208B) .  Holo
type shows 5-6 'wrinkles', up to l .S mm long, directed 
obliquely forwards-inwards, situated on the imaginary line 
connecting mesial tubercle with anterior inner corner of 
palpebral lobe. 

Librigena, hypostome and thorax UnknOWll. 
Pygidium fairly vaulted and relatively long (Table 39) .  

Axis occasionally slightly raised anteriorly, in particular in 
the larger specimens, but descends rearwards and is con
fluent with pleural fields posteriorly; it tapers only moder
ately. Pleural fields smooth, but no internal moulds are 
available to study the anterior pleural furrow. Posterior 
border well-developed, concave, almost flat, occupying 
0. 17-0. 18  (N = 3) of the sagittal length in specimens more 
than 9 mm long; a specimen about 6.5 mm long has a border 
occupying 0.24 of the pygidial length. Dorsal terrace-line 
pattern most unusual, as the entire pygidium is covered with 
densely spaced terrace lines describing a large, forward loop 
across the main part of pygidium. A few lines immediately 
adjacent to anterior margin and on the border are roughly 
paralleling the pygidial margins. About 8-9 lines/mm were 
counted on the pleurai fields in specimens 9-1 1  mm long 
and 1 0-1 1 lines/mm were counted in the paratype pygidium, 
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about 5 mm long. Doublure moderately to strongly concave, 
and provided with about 20 coarse, continuous terrace lines. 

Juveniles. - Cranidia, 2 .9-5.4 mm long, are oflow convexity 
(both ways) ,  and as long as wide (Table 38) .  GlabeIla pro
nouncedly elongate, delimited by very shallow axial furrows, 
and there is no change of slope between glabeIla and palpe
bral lobes, so glabeIla is almost confluent with palpebral area. 
Anterior margin of cranidium more rounded than in adults, 
and anterolateral expansion of glabeIla is stronger, as ante
rior branches of facial suture diverge immediately in front of 
palpebral lobes (at an angle of about 35° to sagittal line, as in 
adults) .  Some juveniles, but not all, have a slightly less steep 
fringe along the anterior margin of cranidium. Glabellar 
tubercle normally not visible on testaceous material. Juvenile 
cranidia ca. 4 mm long have a smooth test without terrace 
lines, whereas specimens 4.8 and 5.4 mm long show some 
terrace lines on anterior part of glabeIla (because of corrosion 
of the test surface these terrace lines do not show on the 
photographed specimens) .  

Four D-stage transitory pygidia are tentatively assigned to 
N. implexus n.sp. By comparison to D-stage material de
scribed elsewhere (p. 244) the specimens are rather broad 
(Table 39) and show a wide border. Test surface smooth, 
except for some terrace lines outlining the unreleased seg
ments anterolaterally and on the border along outer margin. 
The presence ofterrace lines is unusual for D-stage juveniles, 
and in combination with the wide border this feature is taken 
to support the identification. 

Seven juvenile pygidia are positively identified as N. im
plexus n.sp. ,  because of their well-developed terrace-line 
pattern, rather similar to that of the adult pygidia. Five of 
them are E-stage transitory pygidia with one unreleased 
anterior segment, outlined by a shallow furrow. Axis is 
somewhat inflated and comparatively well set off, but it is 
also outlined by the terrace-line pattern. The well-defined 
border is comparatively wide for this growth stage (Table 
39);  relative border width decreases with size, and the border 
accounts on average for 0.30 (N = 3) of the pygidial length in 
specimens 3.2-3 .3 mm long, and for 0.26 of the pygidial 
length in two specimens 3.5 and 4.6 mm long. The material 
shows an almost fully developed adult terrace-line pattern, 
which is very rare for transitory pygidia of this growth stage; 
the only difference from adults is the absence of terrace lines 
on the axial area. 

Table 39. Nileus imple.xus n.sp. Ranges for variation of pygidia, expressed as ratios. 

Pygidial L:W ratio Axial width : pygidial width Axial length : pygidial length Border length (sag.) : 
pygidial length 

Size (mm) Range Mean N Range Mean N Range Mean N Range Mean N 

2.5-2.9 [Stage D]  0.63-0.68 0.65 4 0.37-0.41 0 .38 4 0.57-0.68 0.62 4 0.24-0.32 0.29 4 
3.2-4.6 [Stage E] 0.57-0.66 0.62 5 0.35-0.41 0.39 4 0.53-0.59 0.56 3 0.26-0.3 1  0.28 5 
3.9-4.7 [Hol. ] 0.57-0.59 0.58 2 O O 0.28 
�5.2 [Hol. ] 0.58-0.62 0.60 5 0.38-0.40 0.39 2 0.57-0.60 0.59 3 0. 1 7-0.24 0. 19  4 
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Two small holaspid pygidia, 3.9 and 4.7 mm long, differ 
from the larger adults by showing a very wide border (Table 
39) .  The doublure is exposed in the smallest specimen (a 
small patch of test verifies the identification) ; the larger 
specimen, paratype K 1 198a, exhibits a fully developed adult 
terrace-line pattern (Fig. 209) .  The paratype undoubtedly 
belongs to the smallest holaspid instar, and it is rare among 
nileids that this growth stage has a fully developed adult 
terrace-line pattern. 

Affinities. -Nileus implexus n.sp. is perhaps related to the N 
depressus group but is readily separated by the unique ter
race-line pattern (both cranidium and pygidium) ,  the sub
rectangular glabella, the well-developed pygidial border, and 
the larger maximum size. N depressus subsp. A has a some
what similar cranidium, but the terrace lines are coarser and 
less dense, and it is smaller, shows a rounded central part of 
glabella, a comparatively prominent mesial tubercle and a 
more truncate anterior cranidial margin. 

Nileus implexus n.sp. occurs associated with N armadillo, 
N latifrons n.sp. and N depressus parvus n.subsp. Apart from 
the highly characteristic terrace-line pattern, N implexus 
n.sp. differs from the two last mentioned species by having a 
less strong cephalic convexity (sag. ) ,  a markedly more elon
gate glabella, a glabellar tubercle situated relatively far back, 
and a rather elongate pygidium with a distinct border. Com
pared to N armadillo, N implexus n.sp. has a slightly less 
strong cephalic convexity, no flattened rim along anterior 
cranidial margin, no mesial boss on the anterior cranidial 
margin, and the pygidium has a slightly wider concave bor
der. Juvenile cranidia of N armadillo are markedly more 
convex (sag. ) compared to N implexus, and usually have a 
flattened rim along anterior margin, provided with a mesial 
boss. 

Remarks. - The material from the M. limbata and lower A. 
expansus Zone should most likely be separated at the subspe
cies level from the younger material from the A. 'raniceps' 
Zone, but the total number of specimens is considered to 
small to formalize such a subdivision. 

Nileus Sp. B (aff. schranki n.subsp. ) 
Figs. 2 10-2 13  

Material. - Two complete specimens, 20 cranidia, 10  juvenile 
cranidia and 42 pygidia. Juvenile pygidia are described on pp. 
241-245. 

List of material. - DComplete speeimen GM 1 885.40 (pim; slightly dam
aged) [MGUH 22.9 10 ] ,  IK 8 (t) [MGUH 22.909 ] .  DCranidia S 9 (t), S 1 6a 
(pim), S 27e (pim), S 34 (im), S 42? (pim),  S 70f (im), S 98d (t) ,  S 100 (im), 
S 106 (im), S 1 35g (im), S 158 (pim) [MGUH 22.9 1 1 ] ,  S 167 (im), S 1 68b 
(pim), S 168d (im), S 168e (t), S 168g (t) ,  S 1 74 (im) [MGUH 22.9 1 3 ] ,  S 
1 89b (im), S 192 (im),  GM 1988. 1 3  (t) .  DJuvenile eranidia S 40 (im), S 54 
(pim), S 70b (t) [MGUH 22.9 12 ] ,  S 105b? (im), S 1 06e (t) ,  S 140d (im), S 
145 (im), S 1 87e (t) ,  S 2 1 5e (t), S 2 16a (im). DPygidia S 36 (t) ,  S 39a (pim), 
S 39b (d), S 41? (im),  S 44 (pim), S 45 (pim),  S 50b (t) ,  S 51 (pim), S 54b 
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Fig. 210. Cranidia and pygidia of Nileus sp. B .  Maximum width plotted 
against sagittal length. 

(pim) [MGUH 22.9 17 ] ,  S 54e (t) ,  S 56b (im), S 70e (t), S 94 (t) [MGUH 
22.9 16 ] ,  S 97 (im),  S 98a (t), S 99 (pim) ,  S lOOc (pim), S 107b (t) [MGUH 
22.9 14 ] ,  S 1 14 (im) ,  S 120 (im), S 128e (im) [MGUH 22.9 1 5 ] ,  S 1 3 1  (t) ,  S 
1 35e? (im) , S  135f(im) , S 140e (t) , S  142 (pim) , S  143 (im) [MGUH 22.920 ] ,  
S 166 (pim), S 168f (pim),  S 169b (im) ,  S 1 82 ( t ) ,  S 187b (pim), S 194 (im) , 
S 208b? (im), S 2 1 3  (im) [MGUH 22.92 I ] , S  2 1 6d? ( im) , S 2 16e? (im) , S 358 
(im), S 360 (t), S 362 (t) [MGUH 22.9 1 8 ] ,  S 1678b (pim), DGU 1-3  (t) 
[MGUH 22.9 19 ] .  

Occurrence. - The material almost exclusively comes from 
bed -2 1 at Skelbro; three pygidia are from bed -20. Both 
beds belong to the basal part of the M. polyphemus Zone. 
The museum specimens studied originate from the same 
interval. 

Description. - Largest cranidium 14. 1 mm long, largest py
gidium 15 .5 mm long (Fig. 2 10) .  The cranidia are entirely 
similar to the early representatives of N depressus schranki 
n.subsp. ,  except for having a more limited surface sculpture. 
Thus the cranidial surface of Nileus sp. B is largely smooth, 
with pitting restricted to the palpebral lobes; even the com
mon sagittal 'wrinkled' pattern is usually absent. Ranges for 
variation of various cranidial ratios are shown in Table 40. 

Thorax as in N orbiculatoides. The transverse terrace line 
on axis is effaced mesially on the posterior two segments in 
the available specimens. 

Pygidium fairly strongly vaulted. Axis is barely raised 
above the pleural fields on internal moulds, and has no 
positive relief on testaceous material, but is usually outlined 
by the lack ofterrace lines and a lighter colour of test. It tapers 
moderately in posterior direction; segmentation normally 
effaced, but internal moulds may show half-ring, four axial 
segments, outlined by lateral swellings, and a terminal piece. 
Segmental outline as in N d. schranki n.subsp. The anterior 
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Table 40. Nileus sp.  B cranidia �5.6 mm long, Skelbro. Range for variation 
of selected features, expressed as ratios of cranidial length; see also Fig. 2 1 2. 
Distances to the mesial tubercle and to the hind corner of palpebral lobe are 
measured from the posterior margin of cranidium. 

Feature Range Mean N 

Maximum cranidial width 1 .20--1 .32 1 .26 14 
Glabellar width 0.77-0.85 0 .81  14 
Palpebral lobe length 0.41-0.49 0.45 14 
Distance to mesial tubercle 0.29-0.32 0.3 1 I l  
Distance to palpebral lobe 0 . 1 3-0. 1 7  0. 1 5  9 

Table 41 .  Nileus sp. B. Ranges for variation of pygidia �6 mm long, 
expressed as ratios. 

Feature Range Mean N 

Pygidial length:width 0.53-0.63 0.58 33 
Axial width : pyg. width 0.34-0.42 0.38 28 
Axial length : pyg. length 0.55-0.69 0.61 28 
Border length (sag.) : pyg. length 0 . 1 1-0.24 0. 16  29 

pleural furrow even has a very shallow expression on testa
ceous material. Posterior border narrow and steep (Table 
4 1 ) ,  widest in the smaller specimens. Pygidia covered with an 
'orbiculatoides-type' terrace-line pattern; the line density on 
the pleural fields is rather variable (Fig. 2 1 1 I vs. J) ,  whereas 
the axial area always is devoid oflines, but show a fine pitting 
on axis and immediately behind in well-preserved speci
mens. Pygidial doublure only moderately concave, and cov
ered with 19-22 coarse terrace lines, of which the innermost 
four or five are coarser than the remaining lines. The doub
lure has a shallow, but characteristic elongate postaxial de
pression (Fig. 2 1 1H) .  

Fig. 2 1 1 .  Nileus sp. B. DA-B. Enrolled, complete specimen, dorsal views of 
cephalon and pygidium, the latter showing 'orbiculatoides-type' terrace
line pattern, x3. MGUH 22.909 (IK 8) ,  SkeIbro beds, SkeIbro. De. Dam
aged, partly exfoliated, complete specimen showing thoracic and pygidial 
'orbiculatoides-type' terrace-line pattern, x3.  MGUH 22.9 1 0  (GM 
1 885.40) ,  SkeIbro beds, Duegård, Bornholm. OD. Partly exfoliated cra
nidium showing faintly indicated paired muscle impressions on glabeIla, 
x4. MGUH 22.9 1 1  (S 1 58) ,  bed-2 1 ,  Skelbro. DE. Juvenile cranidium, x l O. 
MGUH 22.9 1 2  (S 70-2b), bed -2 1 ,  Skeibro. OF. Exfoliated cranidium, 
oblique dorsal view, x6. MGUH 22.9 1 3  (S 1 74) ,  bed -2 1 ,  SkeIbro. OG. 
Damaged pygidium showing open 'orbiculatoides-type' terrace-line pat
tern, x4. MGUH 22.9 14  (S 1 07b), bed -2 1 ,  Skelbro. OH. Fragment of 
internal mould ofpygidium showing postaxial depression in doublure, x3. 
MGUH 22.9 1 5  (S 1 28c), bed -2 1 ,  SkeIbro. DI. Pygidium showing terrace
line pattern intermediate between 'orbiculatoides-type' and 'depressus
type' , x4. MGUH 22.9 16  (S 94), bed -2 1 ,  Skelbro. OJ. Small pygidium 
showing 'orbiculatoides-type' terrace-line pattern, x9. MGUH 22.9 1 7  (S 
54b),  bed -2 1 ,  Skelbro. 
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]uveniles. - Cranidia less than 6 mm long have, compared to 
larger specimens, a more rounded front, and a narrower, 
relatively elongate glabella (Figs. 2 1 1E, 2 1 2B) .  Cranidial W:L 
ratios, measured across the palpebral lobes, are also mark
edly below adult ratios (Fig. 2 1 2A). Cranidial convexities, 
length (exsag. ) of palpebral lobes, distances from posterior 
margin to the hind corner of palpebral lobe and to mesial 
glabellar tubercle are comparable to adults (Fig. 2 12C-D) .  

For discussion of transitory pygidia and small holaspides, 
see pp. 241-245. The smallest pygidium assigned to Nileus 
sp. B is 6.0 mm long. Pygidia 6 to 8 mm long tend to show a 
comparativelywider and well-defined border, stretching for 
about 0.2 of the pygidial length. 

Affinities. - The relations between Nileus sp. B and N. depres
sus schranki n.subsp. are discussed below. 

Cranidia of Nileus sp. B are readily separated from the 
associated N. orbiculatoides (differences the same as stated 
for N. depressus schranki n.subsp. versus N. orbiculatoides) , 
while the quite orbiculatoides-like pygidia and thorax of sp. B 
are distinguished by having a less well-defined and narrower 
border, an indistinct, elongate postaxial depression in the 
doublure, coarser doublural terrace lines along the axis, and 
by exhibiting subtle differences in the dorsal test ornamenta
tion. Thus sp. B always has 4-7 continuous transverse ter
race lines along the anterior margin and several lines antero
laterally on the border, in addition to short lines on the 
pleural fields in some specimens. N. orbiculatoides shows 
fewer lines anteriorly and anterolaterally, but, in addition to 
the terrace lines, also has widely spaced small pits. Pitting is 
present only on the axis and immediately behind in Nileus 
sp. B. 

The differences between the cranidia of Nileus sp. B and N. 
exarmatus are the same as stated for N. depressus schranki 
n.subsp. versus N. exarmatus. Pygidia of N. exarmatus are 
separated from Nileus sp. B by having a different terrace-line 
pattern and a much better defined border. 

Nileus sp. B somewhat resembles N. svalbardensis (cf. 
Fortey 1975a, pp. 43--44; Pl. 1 1 : 1-13) ,  e.g., regarding the 
glabellar outline, the course of the anterior branches of facial 
suture, the relative width of the lateral cephalic border, the 
type of cuticular ornamentation (cephalon and pygidium) ,  
and the lack of a pygidial border. By comparison, Ni/eus sp. B 
has better defined cephalic axial furrows, a less distinct punc
tation of the cephalic test, generally fewer external pygidial 
terrace lines, more numerous terrace lines on the pygidial 
doublure, and commonly at least a faintly indicated pygidial 
border. 

Remarks. - Three types of Nileus cranidia, N. exarmatus (N 
= 24) , N. orbiculatoides (N = 2) and N. 'do schranH (N = 
29), were found in bed -2 1 at Skelbro (stated number of 
specimens includes juveniles) . Only two types of adult py
gidia were recorded at first, N. exarmatus (N = 16) and N. 
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Fig. 212. Cranidia of Ni/eus sp. B. DA. Ratio between maximum width across palpebral lobes and cranidial length plotted against sagittal length. DB. Ratio 
between glabeIla width (measured between posterior corners of palpebral lobes) and cranidial length plotted against cranidial length. DC Ratio between 
palpebral lobe length (exsag.) and cranidial length plotted against cranidial length. OD. Relative position of glabellar tubercle plotted against cranidial length. 

'orbiculatoides' (N = 45); the associated juvenile pygidia 
cannot be identified. In fossil materials the ratio between 
adult nileid cranidia+cephala to pygidia is usually slighdy 
below 1 :  1 ;  in N. orbiculatoides and N. depressus schranki 
n.subsp. this ratio is identically 0.75 : 1  in the available col
lection. Hence the strong disparity between 2 cranidia to 45 
pygidia shown by N. 'orbiculatoides' and 29 cranidia to O 
pygidia shown by N. 'do schrankt" from bed -2 1 was puz
zling, and a reexamination revealed that the N. ' orbicula
toides' pygidia comprise two morphs, N. orbiculatoides 
(s.str.) (N = 3) and a much more common type, referred to 
as Nileus sp. B (N = 42) . Judging from the proportional 
abundance, the sp. B pygidia must match the N. 'do 
schrankt" cranidia, although this causes bewilderment, as 

cranidia, exceedingly similar to N. d. schranki n.subsp. ,  thus 
appear to match pygidia similar to the central Swedish type 
of N. orbiculatoides. However, the inferred association was 
subsequendy verified by the entire specimen IK-8 (Fig. 
2 1 1A-B),  which kindly was handed over to me for descrip
tion by Mrs. Inga Krause, Germany (as apparent from Fig. 
2 1 1  C the cephalon of the second entire specimen at hand is 
damaged) . It is stressed that no pygidia of N. depressus 
schranki n.subsp. (5.Str. ) have been found in bed -2 1 .  Typi
cal pygidia of N. d. schranki n.subsp. turn up in bed -20, 
from which only three pygidia of sp. B have been collected, 
all from the lower half of the bed. 

I am inclined to interpret Nileus sp. B as a shallow-water 
ecophenotype of N. depressus schranki. This entails that the 
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Fig. 213. Nileus sp.  B. DA. Pygidium showing terrace-line pattern interme
dia te between ' orbiculatoides-type' and ' depressus-type', x 6, MG UH 22.9 1 8  
(S  362), bed -20, SkeIbro. DB. Pygidium showing open ' orbiculatoides
type' terrace-line pattern, x5. MGUH 22.9 19  (DGU 1-3 ) ,  SkeIbro. DC 
Internal mould of pygidium showing axis, x3. MGUH 22.920 (S 143) ,  bed 
-2 1 ,  SkeIbro. OD. Internal mould of pygidium showing doublure, x3. 
MGUH 22.92 1 (S 2 1 3) ,  bed -2 1 ,  SkeIbro. 
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intraspecific variation of N. depressus (5. 1. )  is much more 
profound than hitherto assumed. N. latifrons n.sp. may be 
another example of a 'smooth' N. depressus shallow-water 
ecophenotype. 

Family Styginidae Vogdes, 1 890 

Subfamily Stygininae Vogdes, 1 890 

Genus Stygina Salter, 1 853 

Type speeies. - Asaphus latifrons Portlock, 1 843 (SD Vogdes 
1890) . 

Remarks. - For a discussion of genus, see Warburg ( 1 925) ,  
Whittington ( 1950) and Skjeseth ( 1955) .  

Stygina n.sp. 
Fig. 2 14  

Material. - Two cranidia, 1 librigena and 5 pygidia. 

List of material. - DCranidia K 1 165 (c) ,  K 1 208 (c) [MGUH 22.926 ] .  
DLibrigena K 1023 (t) [MGUH 22.925 ] .  DPygidia K 1 065 (c) [MGUH 
22.924 ] ,  K 1 1 72 (t) [MGUH 22.927] , K 1 198 (c) [MGUH 22.922 ] ,  K 1 2 1 5  
(im) [MGUH 22.923 ] ,  K 1 345 (pim) .  

Occurrence. - The speeimens are from bed interval 0-9 of 
Killerbd site b, i .e .  the A. 'raniceps' Zone. This is the earliest 
known occurrence of Stygina. Within Baltoseandia and else
where the genus has been reported only from considerably 
younger faunas so far (cf. Pribyl & Vanek 197 1 ) .  

Description. - The material i s  rather fragmentary. Largest 
cranidium 5.5 mm long, largest pygidium ca. 7.7 mm long. 
The description of the cranidium is based on speeimen K 
1208 (Fig. 2 14E) .  Anterior margin gently convex (dorsal 
view) ; cranidium moderately convex sagitally, broad, PW:L 
ratio 1 . 16; width across palpebral lobes presumably smaller. 
Glabella gentlyto moderatelyvaulted and raised above genae 
except for outer palpebral areas ind. lobes. Glabella sub
parallei sided posteriorly, but expands in front of eyes (axial 
furrows diverge at an angle of about 30° to sagittal line) ;  
glabellar front rounded and without mesial impression. Pos
terior glabellar width is half of the anterior maximum glabel
lar width, which in turn accounts for half of the maximum 
preocular cranidial width; glabella stretches for slightly more 
than 0.7 of the cranidial length. A pair of nebulous lateral 
glabellar furrows is indicated dose to occipital furrow. Gla
bella delimited all the way by rather shallow axial and pregla
bellar furrows. A pair of indistinct fossulae occurs in the axial 
furrows ca. 0.35 of the glabellar length from front, equal to 
0.4 of the cranidial length from anterior margin; a second 
pair of depressions occurs in the axial furrows dose to 
occipital furrow. Occipital furrow narrow (sag. ) ,  rather shal-
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Fig. 214. Stygina sp. DA. Partly exfoliated pygidium showing part of doublure, x4. MGUH 22.922 (K 1 198),  bed 8,  Killeriid site b. DB. Pygidium, x5.  MGUH 
22.923 (K 12 15 ) ,  bed 9, Killeriid site b. De. Slightly corroded small pygidium, x 15.  MGUH 22.924 (K 1065) ,  bed O, Killeriid site b. OD. Internal mould of 
librigena, x6. MGUH 22.925 (K 1023), bed O, Killeriid site b. DE. Fragmentary, partly exfoliated cranidium, x9. MGUH 22.926 (K 1 208), bed 9, Killeriid site 
b. OF. Partly exfoliated pygidium, x6. MGUH 22.927 (K 1 1 72) ,  bed 8, Killeriid site b.  

low, deepest mesially. Occipital ring elevated slightly above 
rear part of glabeIla and expanded mesially, carrying a fairly 
prominent tuberde. Anterior area of fixigena strongly in
dined in anterior direction; paradoublural line not indi
cated. Anterior borderwide, flat, defined by a marked change 
of slope; frontal area accounts for about 0. 1 5  of the cranidial 
length mesially. Palpebral area of fixigenae gently convex and 
slants strongly in adaxial direction. Palpebral lobes not pre
served; lobe length (exsag. ) estimated to ca. 0. 1 5  of the 
cranidial length, distance to posterior margin is equivalent to 
less than the lobe length. Eye ridges not visible. Posterior 
fixigenae not preserved. Anterior branches of facial suture 
diverge at an angle of about 20-25° to sagittal line in front of 
eyes, then turn inwards approximately level with front of 
glabeIla to run either extremely dose to cephalic margin or in 
a marginal position. Both cranidia at hand are too corroded 
to show surface sculpture. 

Available librigena fragmentary (Fig. 2 14D) .  It is steeply 
rising to the eye; a wide, rather shallow posterior border 
furrow is indicated behind eye level. Main outer part flat
tened and constitutes a broad lateral border, which tapers 
very gently backwards, but enters genal spine. Genal angle 
continues into a broad-based prominent spine. Posterior 
margin and inner margin of spine raised. 

Pygidium subsemicircular in outline, L:W ratio 0.54-0.58 
(mean 0.57; N == 4) . Adult pygidia of low relief; a juvenile 
pygidium, 2.2 mm long, is more vaulted. Anterolateral cor
ners rounded. Axis short, stretching for 0.49-0.52 of the 
pygidial length in adults (N == 3) ,  and for 0.55 in the juvenile 
specimen at hand; axial width at anterior margin corre
sponds to 0. 18-0.20 of the maximum pygidial width in 
adults (N == 3) and 0.24 in the juvenile. Axis elevated above 
pleural fields, most strongly so in the juvenile, and tapers 
gently rearwards, posterior width (tr.) is about 0.6 of the 
anterior axial width. Articulating half-ring short (sag. ) ,  de
limited by a shallow furrow; rear axial segmentation effaced, 
even on internal moulds, where only the anterior one or two 
rings occasionally are faintly defined. No postaxial ridge. 
Axial furrows very shallow, wide, indistinct, but axis is well 
set off by a distinct change of slope. Pleural fields gently 
convex, descending smoothlyto border; no indication of ribs 
or furrows, and paradoublural line is not outlined. Border 
wide, gently concave, steeper in the juvenile specimen; it is 
defined only by a change of slope. Border accounts for 0.26-
0.27 (N == 4) of the pygidial length postaxially, but is nearly of 
uniform width throughout. Articulating facets small, the 
inner posterior part raises in a sharp crest above the pleural 
fields. Terrace lines are possibly present on the axis, but 
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otherwise the dorsal pygidial surface appears smooth (pres
ervation poor) . Doublure fairly strongly concave and very 
wide, being present below half of the pygidium (sag. ) ;  it is 
approximately of uniform width throughout. Inner margin 
shows small axial embayment. Doublure covered with 
faintlyimpressed terrace lines; it is suspected that the lines are 
disturbed in the axial area. There are about 25 lines across the 
doublure posterolaterally. 

Remarks. - The shape of the glabella, the presence of a wide 
anterior cephalic border, the posteriorly situated eyes, the 
moderately prominent, short genal spine, the comparatively 
short pygidial axis and the wide pygidial border point to an 
assignment to Stygina Salter, 1853 (compare Skjeseth 1955) .  
The material cannot belong to Raymondaspis, as representa
tives of that genus have a more strongly arched, less forward 
expanding glabella, a much narrower frontal area and ante
rior border, typically better indicated lateral glabellar fur
rows and an overall higher convexity of cranidia and pygidia 
(an exception may be the poorly known R. marginata (see 
Raymond 1925, pp. 70-71 ;  Whittington 1965, pp. 405-406), 
but the inadequate knowledge on this species is an impedi
ment to a dose comparison) .  Set against Protostygina Prantl 
& Phbyl, 1948 (see Prantl & Phbyl 1948; Phbyl & Vanek 
197 1 )  the present material seems to have a better defined, 
higher vaulted and more strongly forward expanding gla
bella, the eyes are situated further rearwards, the genal spine 
is not so bro ad-bas ed and markedly shorter, and the pygidia 
are more elongate, showing a wider border and a broader 
doublure. 

The new material does not match any of the established 
species of Stygina. S. latifrons (Portlock) (see Whittington 
1950; Skjeseth 1955) seems to have a comparatively longer 
cranidium with a narrower anterior border and a longer 
glabella with a more rounded front; the pygidium has a 
postaxial ridge, better defined axial segments and a sig
moidal doublure with a narrow, flattened inner strip. Most 
of these differences also apply to S. minor Skjeseth (cf. Skje
seth, 1955) .  S. angustifrons Warburg has a wide anterior 
cranidial border (see Warburg 1 925, Pl. 3 : 1 ) ,  but the gla

bella is narrow, elongate, the pygidium shows a distinct 
postaxial ridge and a narrow concave border, and the spe
cies is overall rather different from the Komstad Limestone 
material at hand. S. nitens (Wiman) (for generic assign
ment, see Warburg 1925) has a strongly forward expanding 
glabella, more strongly expanding than in the present speci
mens, the anterior and lateral borders of cephalon are nar
rower and the pygidium is without border. S. plautini 
(Schmidt), which is among the oldest known members of 
Stygina, has a quite wide frontal area and very faint lateral 
glabellar furrows (cf. Schmidt 1 904, pp. 62-63; Pl. 8 : 1 1 ) ,  but 
the cranidium is slightly narrower and has a slender glabella 
compared to the specimens at hand. Despite these differ
ences this species seems to be the form dosest to the present 
material. The pygidium of S. plautini is unknown. 
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Genus Raymondaspis Ptibyl, 1 948 

Pfibyl in  Prantl & Pfiby1 1948; pro HolornetopusAngelin, 1 854 ( non Milne
Edwards, 1853) and Warburgella Raymond, 1937 ( non Reed, 193 1 )  

Type speeies. - (OD) Holometopus limbatus Angelin, 1854. 

Raymondaspid material. - Seventy cranidia, 16 librigenae, 
and 99 pygidia, of which 8 fragmentary cranidia and 2 
fragmentary pygidia are indeterminable at the species level. 
No hypostomes have been identified as yet. 

Remarks on genus 
Much confusion has prevailed concerning the status of Ray
mondaspis, see Whittington ( 1 950),  Skjeseth ( 1 955) and V. 
Poulsen ( 1 969). The differences between Raymondaspis and 
the related genera Stygina Salter, 1 853, Bronteopsis Nichol
son & Etheridge, 1879, Protostygina Prantl & Piibyl, 1 948, 
and Hallanta Poulsen, 1965 are discussed by Wiman ( 1906a, 
pp. 293-294),  Skjeseth ( 1 955, pp. 10-12)  and V. Poulsen 
( 1 969, p. 409) .  Other related genera are discussed by Phbyl & 
Vanek ( 197 l ) ,  see also Lane & Thomas ( 1 983) .  

Turgicephalus Fortey, 1980, i s  rather similar to Raymond
aspis, but is diagnosed by a more strongly convex cephalon 
(sag. ) ,  blunt genal angles and a slender pygidium with small 
articulating facets, as well as other minor differences (see 
Fortey 1980a, pp. 5 1-52; Whittington 1965, pp. 406-408) .  
However, the taxon is  undoubtedly dosely related to the 
Raymondaspis group, and in order to signal the dose rela
tionship I prefer to separate Raymondaspis and Turgicepha
lus only as subgenera. 

Remarks on Baltoscandian speeies 
Angelin ( 1 854, pp. 58, 90; PIs. 33:5-7; 4 1 : 1 7) assigned H. 
aeieulatus, H. ornatus, H. limbatus and H.? elatifrons to the 
newly established genus Holometopus. The latter species was 

allocated to Orometopus by Brogger ( 1 896, p. 68) .  'H.' aeieu
latus and 'H.' ornatus must be treated as nomina dubia; 
judging from Angelin ( 1 854, Pl. 33:5, 6) these pygidia prob
ably do not belong to Raymondaspis, but are more Bronte
opsis-like (see also Olin 1906, p. 73; Pl. 4:20-2 1 ) .  

The label Holometopus [Raymondaspis] limbatus was ear
lier used as a collective term for the majority of raymond
aspids occurring in the Lower Ordovician of Scandinavia, 
and references prior to Tjernvik ( 1 956) are not reliable. The 
type material of 'H.' limbatus was redescribed by V. Poulsen 
( 1 969) . 

Apart from 'H. ' limbatus few other Baltoscandian species 
have been defined. Pompecki ( 1 890, pp. 86-87; PIs. 4: 16;  5:8, 
9) established the species Holometopus? graeilis, H.? laevis 

and H.? radiatus, based on a few pygidia deriving from erratic 
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boulders of northem Poland. 'H.'? graeilis and 'H.'? laevis 
seem to belong to Raymondaspis, whereas 'H.'? radiatus 
presumably represents a different genus (cf. Pompecki 1890, 
Pl. 4: 16) .  Unfortunately neither the description nor the fig
ures permit a confident identification, and until the type 
material has been retrieyed (it is most likely not preserved) 
and reinyestigated these names must be regarded as nomina 
dubia. 

Holometopus Tornquisti Moberg & Segerberg 1906, based 
on an isolated pygidium from the Ceratopyge Limestone of 
southem Oland, was tentatiYely allocated to Bronteopsis by 
Skjeseth ( 1 955) and Tjernvik ( 1956) .  

For remarks on non-Scandinavian species, see Ross ( 1967) 
and Fortey ( 1 980a) . 

Raymondaspis ( Raymondaspis) 
Pfibyl, 1 948 
Phbyl in  Prantl & Phbyl 1948 

Type speeies. - (OD) Holometopus limbatus Angelin, 1854. 

Fig. 215. Stratigraphical distribution of Early Ordovician Baltoscandian 
speeies of Raymondaspis. The distribution of species in mainland Sweden is 
known only in very broad outline (cf. Tjernvik 1956, 1980). 

Raymondaspis sp.  Tjernvik, 1 980 

Raymondaspis brevicauda Tjernvik, 1 956 

Raymondaspis sp.  1 Tjernvik,  1 956 

Raymondaspis infundibularis Tjernvik, 1 956 

Raymondaspis sp.  2 Tjernvik,  1 956 

Raymondaspis (Turgicephalus) neglecta n .sp .  

Raymondaspis (Raymondaspis) imparilis Paulsen, 1 965 

Raymondaspis (Raymondaspis) scitula n .sp .  

Raymondaspis spp.  Tjernvik,  1 980 

Raymondaspis (Raymondaspis) limbata subsp. Tjernvik,  1 980 

Raymondaspis (Raymondaspis) insignis n .sp .  

Raymondaspis (Turgicephalus) whittingtoni n .sp .  

Raymondaspis (Raymondaspis) sp. C 
Raymondaspis (Raymondaspis) limbata (Ange l in ,  1 854) 

Raymondaspis (Raymondaspis) sp.  A 
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Raymondaspis (Raymondaspis) limbata 
(Angelin, 1 854) 

Synonymy. -Dy 1854 Holometopus limbatus n.sp. - Angelin, 
p. 58; Pl. 33:7-7a (brief diagnosis, illustrations of cephalon 
and pygidium) .  Dy non 1906a Holometopus limbatus A -
Wiman, pp. 293-294; Pl. 29:2 1 ,  22. [R. (R.) ?cf. insignisn.sp. l .  
Dnon 1950 Raymondaspis limbatus (Angelin, 1854) - Whit
tington, pp. 549-550; Pl. 72: 1 1-14. [=R. ( T.) whittingtoni 
n.sp . l . Dy non 1952 Raymondaspis limbatus (Angelin, 1 854) 
- Skjeseth, pp. l 7 1-172; Pl. 4: 16, 1 7, 19-2 1 .  [= R. ( T. )  cf. 
negleeta n.sp . l . Dy non 1955 Raymondaspis limbatus (Ange
lin, 1854) - Skjeseth, p. 2 1 ;  PIs. 4:2, 4, 4--9; 5:6, 8 .  [Various 
species l .  Dy non 1 965 Raymondaspis limbata (Angelin, 1854) 
-V. Poulsen, p. 85-88; Pl. 6: 1-4. [= R. ( T.) negleetan.sp. l . Dy 
1969 Raymondaspis lim bata (Angelin, 1854) - Poulsen, pp. 
407-415, Textfigs. 1-2 (redescription of the type material, 
discussion of the genus, occurrence, illustrations of cepha
lon, pygidium) .  

Leetotype. - Cephalon Ar 5139b, probably the original of 
Angelin ( 1 854, Pl. 33 :7) ,  designated and refigured by V. 
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Poulsen ( 1 969, Fig. 1) .  The speeimen is from the Komstad 
Limestone of Fågelsång; it almost certainly originates from 
the basal part of the A. expansus Zone. 

Remarks. -R. limbatahas been interpreted rather disparately 
by previous authors, partly reflecting the circumstance that 
Angelin's type material for long was considered lost (cf. 
Whittington 1950; Skjeseth 1952, 1955; Poulsen 1965, 1969) ,  
and references to Holometopus [Raymondaspis) limbatus 
prior to Tjernvik ( 1 956) are not reliable. Wiman ( 1 906a, pp. 
293-294; Pl. 29:2 1 ,  22) figured a couple of pygidia identified 
with Holometopus limbatus; the speeimens were allegedly 
from the Planilimbata limestone of Oland. The material has 
been examined, and the associated trilobites point to a more 
likely provenance from the upper part of the M. polyphemus 
Zone. Tjernvik ( 1 956) assigned these pygidia to Raymond
aspis n.sp. no. 2; possibly they belong to R. seitula n.sp . .  
Whittington ( 1 950, pp.  549-550) described two pygidia 
from Fågelsång, assumed to represent R. limbata. These 
topotype pygidia, which here are attributed to R. whittingtoni 
n.sp. ,  lack a border, which led Whittington ( 1950) to exclude 
pygidia with a well-defined concave border from R. limbata. 
Skjeseth ( 1 952, pp. 1 7 l-172; Pl. 4: 16-17, 19-2 1 )  described 
sparse material, identified with R. limbata, from the Her
ramb Member, Oslo region (representing either the upper 
part of the M. estonica Zone or the M. polyphemus Zone) .  R. 
limbatus sensu Skjeseth 1952 is closely related to R. negleeta 
n.sp . .  Skjeseth ( 1 955, p. 2 1 ;  Pls. 4:2, 4-9; 5:6, 8) figured 
additional material assigned to R. limbatus, but most of it, if 
not all, do es not belong to R. limbata (s.str. ) ,  although alter
native identifications, based only on the published figures, 
are not attempted. The speeimens are from different parts of 
Scandinavia, and most often the exact stratigraphic level is 
unknown. V. Poulsen ( 1965, pp. 85-89; Pl. 6: 1-6) described 
R. lim bata from the 'Skelbro Limestone' of Bornholm, basal 
M. polyphemus Zone; that material is here distributed among 
R. (R. )  seitula n.sp. and R. ( T.) negleeta n.sp. I have found no 
specimens confidently assignable to R. (R. )  limbata (s.str. ) in 
the Komstad Limestone or the Huk Formation (compare, 
however, Raymondaspis sp. B) .  Tjernvik ( 1 980) listed the 

speeies from the M. limbata Zone of Sweden. 
The characterization of R. limbata is hampered by the 

fragmentary state of the lectotype, which at present is the 
only known cephalon of R. limbata; it is described at length 
by V. Poulsen ( 1 969) .  The speeimen has been reexamined, 
and for comparative purposes the following features are 
emphasized: Rear part of glabella unusually narrow, the 
posterior minimum width corresponds to 0.55 of maximum 
glabellarwidth, which in turn accounts for ca. 0.60 of greatest 
preocular cranidial width. Anterior fixigena extraordinarily 
wide (tr. ) .  Sagittal cranidial convexity moderate for the ge
nus; anterior concave border fairly wide; anterior margin 
very gently convex, almost truncate (dorsal view) , faintly 
swollen; glabellar muscle areas moderately impressed; para
doublural furrow (border furrow sensu Poulsen 1969) dis
tinet in comparison to other species. Judging from the pre-
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served inner part of palpebral area, the palpebral lobes are 
comparatively little elevated, and presumably about level 
with sagittal part of glabella. Paradoublural furrow of libri
gena well-marked, inner area presumably only moderately 
ascending to eye. Distinet crest on genal spine. 

Raymondaspis ( Raymondaspis) 
scitula n.sp. 
Figs. 2 1 6-2 1 8  

Synonymy. -Dv cf. 1906a Holometopus limbatusA -Wiman, 
pp. 293-294; Pl. 29:2 1 ,  22 (illustrations of pygidia) . Dv 1936 
Holometopus n.sp. - C. Poulsen, p. 49 (listed) .  Dv cf. 1955 
Raymondaspis limbatus (Angelin, 1854) [partim ) - Skjeseth, 
p. 2 1 ;  Pl. 4:4, 7 (figures oflibrigena and pygidium) .  Dv 1965 
Raymondaspis limbata (Angelin, 1 854) [partim) - V. Poul
sen, pp. 85-88; non Pl. 6: 1-4 [= R. ( T. )  negleeta n.sp . )  (de
scription, illustrations of cranidium, discussion of the genus, 
occurrence) .  O? 1980 Raymondaspis limbata (Angelin) 
subsp. - Tjernvik & Johansson, p. 1 9 1  (listed) .  

Derivation of name. - Latin seitulus = pretty, elegant. 

Holotype. -Cranidium MGUH 22.928 (S 239) (Fig. 2 1 7  A-B) 
from 3 cm above base of bed -20 at Skelbro, basal part of M. 
polyphemus Zone. 

Para type. - Pygidium MGUH 22.935 (S 123a) (Fig. 2 1 7K) 
from 4.5 cm below top ofbed -2 1 at Skeibro, basal part of M. 
polyphemus Zone. 

Additional material. -Seventeen cranidia, 5 librigenae and 12  
pygidia. 
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Fig. 216. Cranidia and pygidia of Raymondaspis scitula n.sp. Maximum 
width plotted against sagittal length. 
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Fig. 217. Raymondaspis (R.) scitula n.sp. DA-B. Holotype. Cranidium, dorsal (stereo-pair) and side views, x l O. MGUH 22.928 (S 239),  bed -20, Skelbro. DC
D. Cranidium, dorsal and frontal views, x6. MGUH 22.929 (S 250), bed -20, SkeIbro. DE. Fragmentary juvenile cranidium, x20. MGUH 22.930 (GM 
1987. 1 8a), Skelbro. DF-G. Largely exfoliated cranidium, dorsal and frontal views, x9. MGUH 22.93 1 (S 260a), bed -20, SkeIbro. OH. Small cranidium, stereo
pair, x9. MGUH 22.932 (S 1 ) ,  bed -2 1 ,  Skelbro. DI. Exfoliated librigena, x6. MGUH 22.933 (S 298-lb) ,  bed -20, Skelbro. DJ. Internal mould of pygidium 
showing doublure, x8. MGUH 22.934 (S 207), bed -2 1 ,  Skelbro. DK. Paratype. Slightly corroded pygidium, x7. MG UH 22.935 (S 123a), bed -2 1 ,  SkeIbro. 
DL. Small pygidium, x lO. MGUH 22.936 (S 297), bed -20, SkeIbro. DM. Small pygidium, x12 .  MGUH 22.937 (S 123b), bed -21 ,  SkeIbro. ON. Exfoliated 
pygidium, x lO. MGUH 22.938 (GM 1987.20), SkeIbro beds, SkeIbro. 
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List of additional material. - DCranidia 5 l ( im) [MGUH 22.932] ,  5 168 
(im) , 5 169a (pim), 5 184 (pim), 5 2 16a (im), 5 250 (t) [MGUH 22.929] ,  5 
260-1  (im) [MGUH 22.93 1 ] ,  5 260-4 (im) , 5 294 (pim), 5 372 (im) , 5 373b? 
( im) , GM 1987. 12  (im), GM 1987. 1 5  (im),  GM 1987. 16  (im),  GM 1987. 18a 
( im) [MGUH 22.930] , GM 1987. 18b (em), GM 1987. 18c (em). DLibri
genae 5 12a (im), 5 12b (is) , S 169b (pim), 5 251  b (im),  5 298b (im) [MGUH 
22.933 ] .  DPygidia 5 41 (im), 5 70 (im), 5 1 19 (im), 5 123b (im) [MGUH 
22.937 ] ,  5 126 (im), 5 1 39-1 (pim), 5 207 (d) [MGUH 22.934] ,  S 251  (im), 
5 297 (pim) [MGUH 22.936 ] ,  GM 1 987. 19  (im), GM 1 987.20 (im) 
[MGUH 22.938 ] ,  DGU 7- 1 (pim).  

Occurrence. - R. (R. )  scitula n.sp. has been found solely in 
beds -2 1 and -20 at Skelbro, i.e. lowermost part of the M. 
polyphemus Zone. The museum material examined un
doubtedly originates from the same interval. 

R. (R. )  scitula n.sp. is currently known with certainty only 
from the Komstad Limestone, but it may correspond to 
Raymondaspis limbata subsp. sensu Tjernvik ( 1 980 p. 1 9 1 ) ,  
reported from the M. polyphemus Zone of  Sweden. A couple 
of the specimens figured by Skjeseth ( 1 955, Pl. 4:4, 7) are very 
like R. scitula n.sp.; the lithology of the samples and the 
associated fossils suggest a provenance from the M. polyphe
mus Zone. Two pygidia, illustrated by Wiman ( 1 906a) , are 
likewise similar to R. scitula n.sp. ;  note that the drawings are 
inaccurate and the apparent differences in axial outline are 
not real (cf. Wiman 1906a, Pl. 29:2 1 vs Pl. 29:22) .  These 
pygidia also seems to be derived from the M. polyphemus 
Zone (see introductory remarks above) .  

Diagnosis. - Small form. Glabella expands only moderately 
forwards; frontal area extremely narrow, but anterior border 
present; occipital ring level with rear part of glabella; occipital 
tubercle comparatively prominent. Librigena with well
marked paradoublural furrow, long, slender genal spine, and 
a low crest running from posterior bend of paradoublural 
furrow and onto spine. Pygidium of low relief with long, 
slender, evenly tapering axis; doublure narrow. 

Description. - Small to medium-sized species; largest cra
nidium 6.6 mm long, largest pygidium 6.2 mm long. Cranid
ium strongly convex (sag. ) ,  with a gently convex (dorsal 
view) anterior margin. Greatest width of cranidium is across 
posterior fixigenae, FW:L ratio 1 . 34-1 .43 (mean 1 .39; N= 3 ) .  
PW:L ratio 1 .00-1 . 19, highest in  small cranidia; two juve
niles, 1 .4 and 2 . 1  mm long, showa ratio of 1 . 14-1 . 19, whereas 
specimens more than 3.4 mm long showvalues between 1 .00 
and 1 . 12 (mean 1 .05; N = 10) .  Width across palpebral lobes 
equal to greatest preocular width. Glabella prominent, 
strongly inflated; posterior part nearly parallel-sided, gently 
expanding forwards, more strongly so in front of palpebral 
area (axial furrows diverge at an angle of about 200 to sagittal 
line) ,  and glabella assumes a club-shaped outline; front 
truncately rounded. Posterior glabella width 0.57-0.67 of 
anterior (maximum) glabella width (mean 0.6 1 ;  N = l l ) ;  
maximum glabella width in turn accounts for 0.5 1-0.63 of 
the greatest preocular cranidial width (mean 0.57; N = 12) .  
Glabella on the average stretches for 0 .85 (N = l l ) of the 
cranidial length. Four pairs of lateral glabellar furrows of 
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which F3 and F4 are impressed only on internal moulds, and 
barely indicated by a slight change of terrace-line pattern on 
testaceous material; the furrows are faintly dark-coloured in 
some specimens with intact test. F4 short and shallow, situ
ated approximately 0.35 times the length of glabella from its 
front. F3 situated approximately at mid-Iength of glabella; 
these furrows are slightly longer (tr. ) than F4, but do not 
united across glabella. Fl and F2 more deeply impressed, 
situated level with palpebral lobes, converging to form a 
triangular depression on each side of glabella with apex 
touching axial furrow. These posterior depressions are also 
visible when the test is intact. Glabellar front has a shallow, 
but comparatively distinct median depression situated im
mediately above preglabellar furrow. The depression is most 
obvious on internal moulds, but is also defined on testaceous 
specimens. Glabella delimited by well-impressed axial and 
preglabellar furrows; a pair of fossulae occurs in the axial 
furrows 0.25 of the glabella length from front, and a second 
pair of depressions occurs in axial furrows level with the eyes. 
Occipital furrow fairly wide, rather deeply impressed; a pair 
of shallow lateral depressions, best defined on internal 
moulds, is situated in the occipital furrow immediately 
above junction with axial furrows. Occipital ring well-de
fined, slightly expanded mesially, carrying a comparatively 
prominent tubercle; the prominence of the tubercle may 
depend upon the small size of this species. Occipital ring 
approximately level with rear part of glabella. Anterior area 
of fixigena very strongly inclined in anterior to anterolateral 
direction; paradoublural furrow shallow, running subparal
lel to anterior margin from fossula in axial furrow to edge of 
fixigena; concave anterior border defined by a pronounced 
change in steepness of fixigenae. Border rather narrow, ex
tremely narrow in front of glabella. The test is thickened in 
the flexure, hence it is mesially twice as wide on internal 
moulds. Palpebral area of fixigena convex, gently down
sloping in anterior and posterior direction, strongly so in 
adaxial direction; width of palpebral area, exclusive of palpe
bral lobe, approaches that of the adjacent half of glabella. 
Palpebral lobes slightly elevated above glabella; they are 
situated posteriorly, hind corners positioned approximately 
0. 15  of the cranidial length from posterior margin; lobes 
small, length (exsag.) equivalent to 0.22-0.25 of the cranidial 
length (mean 0.24; N = 3 ) .  Palpebral lobes continue anteri
orly into oblique and almost straight eye ridges, best defined 
on internal moulds (vestigial on the outside of test) ,  joining 
axial furrows slightly anterior to mid-Iength of cranidium. 
Very well-preserved cranidia exhibit double eye ridges, con
sisting of two raised lines, of which the anterior one is less 
distinct, but this composite structure is generally indistin
guishable. Posterior area of fixigena narrow (exsag. ) ,  long 
(tr. ) ,  pointed; adaxial half, immediately behind palpebral 
area, slants in posterior direction, whereas abaxial slender 
half is less inclined; distal tip bends slightly backwards. Inter
nal moulds show faint border furrow on middle part of 
fixigena; it shallows up in both directions, and is almost 
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effaced on testaceous material. Anterior branches of facial 
suture diverge in front of eyes at an angle of about 30-350 to 
sagittal line, then, after intersection with paradoublural fur
row, turn inwards, intersect margin and run marginally to 
merge smoothly in front of glabella. Posterior branches of 
facial suture run straight outwards, gently backwards from 
palpebral lobes, to curve slightly back distally before inter
secting posterior margin. Terrace lines, arranged in a Bertil
lon pattern, are dense on glabella and genal region; 15-20 
lines/mm were counted on glabella in a cranidium about 5 
mm long. Terrace lines are less distinet and more dispersed 
in furrows, and the lateral glabellar furrows are outlined by 
the lack of lines. The terrace lines are concentric around the 
eyes on genae, roughly parallei to sagittal line on the palpe
bral lobes, essentially concentric around a point situated 
immediately in front of occipital furrow on the posterior part 
of glabella, whereas the lines on the anterior main part of 
glabella follow the glabellar contour. The terrace lines on the 
occipital region are semicircular around the median poste
rior point. 

Librigena sickle-shaped, about twice as wide as long 
(maximum measures) ;  outer margin evenly curved, not 
thickened. Paradoublural furrow continues from fixigena 
onto librigena, becoming better impressed, and the com
paratively distinet furrow separates a steeply rising inner part 
of librigena from a flatter outer part. Eye not preserved. 
Outer part of librigena concave, forming a continuation of 
anterior border, tapering slightly backwards, but enters genal 
spine. Genal spine fairly prominent, despite that the base is 
comparatively narrow; it projects obliquely backwards at an 
angle of about 1400 to sagittal line. A characteristic low ridge 
stretches from the posterior bend of paradoublural furrow 
and onto spine, here becoming sharper, and the outer border 
becomes correspondingly somewhat steeper. External test 
ornamentation unknown; the steep inner part has a caecate 
mould surface. Doublure appears to be strongly concave, 
almost forming a half cylinder anteriorly, widening back
wards (poorly exposed in the available material) .  

Hypostome and thorax unknown. 
Pygidium subsemicircular in outline; L:W ratio 0.53-0.61 

(mean 0.5 7; N = 13) ,  but changes during growth, and smaller 
pygidia tend to be relatively wide. Anterolateral corners 
obliquely truneate. Axis long, stretching for about 0.55-0.65 
of the pygidial length (mean 0.59; N = l l ) ,  but the axial 

Fig. 218. Cranidia of Raymondaspis scitula n.sp. and R. imparilis. DA. Ratio 
between maximum glabellar width and sagittal cranidial length plotted 
against cranidial length. DB. Ratio between glabellar length and sagittal 
cranidial length plotted against cranidial length. De. Ratio between pre
ocular cranidial width and sagittal cranidial length plotted against cranidial 
length. 
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Fig. 219. Pygidia of Rayrnondaspis scitula n.sp. and R. irnparilisDA. Pygidial 
L:W ratio plotted against pygidial length. DB. Ratio between border length 
(sag.) and length of pygidium plotted against pygidial length. 

termination is difficult to define exactly as axis continues 
smoothly into a tapering postaxial ridge, running almost to 
the posterior margin; ridge very faint on the concave border. 
Axis occupies about 0.20-0.23 of maximum pygidial width 
at anterior margin (mean 0.2 1 ;  N = 10) ;  it is slightly elevated 
above pleural fields, tapers gently, posterior width about half 
of anterior width. Articulating half-ring prominent, fol
lowed by 7 axial rings, including the acuminate terminal 
piece, separated by moderately and uniformly impressed 
ring furrows, which become progressively fainter in poste
rior direction, and the segmentation is vestigial behind the 
third ring. Axial furrows fairly deep and wide, but shallows 
up at intersection with paradoublural line. Pleural fields 
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show half rib delimited by a shallow and wide furrow, fol
lowed by 4 or 5 faint pleurai ribs, separated by nearly effaced 
pleural furrows, best seen on internal moulds; the ribs termi
nate at inner margin of doublure. Border strongly concave, 
and of nearlyuniform width throughout; it is defined only by 
a change of slope. Postaxially the border accounts for 0. 16-
0. 19  of the pygidial length (mean 0 . 18 ;  N= 1 1 ) .  Articulating 
facets comparatively large, rather steeply downsloping ante
rolaterally, oblique, situated at an angle of about 1 30-1 35° to 
sagittal line, and delimited rearwards by a distinct crest. 
Dorsal surface sculpture known only from a couple of frag
mentary pygidia. One specimen shows fairly dense, gently 
anastomosing terrace lines on the pleural fields, running 
obliquely inwards-backwards, while the anterolateral border 
is smooth; axis and posterior border exfoliated. Another 
specimen with intact test on the right pleural field seems to 
have a smooth test without terrace lines; the two specimens 
are approximately of the same size. Internal moulds show a 
fine punctation, particularly on the pleural fields. Doublure 
of pygidium pronouncedly concave, bro ad, but only moder
ately so for a Raymondaspis. The width corresponds to the 
pygidial length minus the axial length, and it approximately 
maintains the same width all the way; paradoublural line 
indicated by termination of the faint pleural furrows and 
ribs. Sagittal depression in doublure very faint. Doublure 
covered with weakly impressed, barely visible continuous 
terrace lines. A single specimen suggests the presence of ca. 
18 lines across the doublure. 

Affinities. - Raymondaspis (R.) scitula n.sp. is primarily dis
tinguished from the associated R. (R. )  imparilis Poulsen by 
the more strongly forwards expanding glabella and by the 
longer pygidial axis. Besides, R. scitula n.sp. is smaller, has a 
more pronounced sagittal convexity of the cranidium, a 
slightlymore convex anterior cranidial margin (dorsal view) , 
a narrower anterior border, comparatively less impressed 
lateral glabellar furrows, a lower occipital ring, longer poste
rior fixigenae, a different course of the anterior branches of 
the facial suture, a gracile genal spine with well-defined crest, 
and a narrower pygidial doublure and border. 

R. (R. )  scitula n.sp. is very like R. (R. )  lim bata (Angelin, 
1 854) ,  and these species are probably closely related. R. 
scitula n.sp. is distinguished by having a slightly broader 
glabella, or, more precisely, the posterior part is compara
tively broader, so the forward expansion is less pronounced, 
hence glabella is club-shaped, while the R. limbata glabella is 
somewhat pestle-shaped; the glabellar muscle areas are 
slightly less impressed, the convexity of cranidium (sag. ) is 
higher, the anterior fixigenae are narrower (tr. ) and the 
palpebral lobes are more elevated. The librigena of R. scitula 
n.sp. has a more steeply ascending inner area, and the border 
concavity is slightly stronger. The pygidial doublure of R. 
scitula n.sp. is wider than in R. limbata, so the axis is longer 
and not funnel-shaped. 
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Raymondaspis (Raymondaspis) imparilis 
Poulsen, 1 965 
Figs. 2 19-222 

Synonymy. - Dv 1936 Holometopus n.sp. - C. Poulsen, p. 49 
(listed) . Dv 1965 Raymondaspis limbata (Angelin, 1854) 
[partim] - Poulsen, pp. 85-88 (one cranidium ofR. imparilis 
included in the material, see discussion below) . Dv 1965 
Raymondaspis imparilis n.sp. - Poulsen, pp. 88-89; Pl. 6:5-6 
(description and illustrations of two pygidia) . 

Holotype. - Pygidium MGUH 945 1 from the Skeibro beds, 
Skeibro, figured by V. Poulsen ( 1 965, Pl. 6:6); herein refig
ured on Fig. 22 1K. 

Material. - Fourteen cranidia, 4 librigena, and 13 pygidia. 
Pygidia MGUH 9450 and 945 1 were figured by V. Poulsen 
( 1 965, Pl. 6:5-6) .  

List of material. - DCranidia 5 63a (im) [MGUH 22.942] ,  5 1 7 1  (pim), 5 
2 1 6b (im), 5 227 (pim) [MGUH 22.940 ] ,  5 287 (im) , 5 3 1 9  (im), 5 326 (im) , 
5 349a (im),  5 355 (pim), 5 363 (im) [MGUH 22.94 1 ] ,  5 373a (pim),  GM 
1987. 1 1  (im), GM 1987. 13  (im) [MGUH 22.939] , GM 1987. 14  (im). 
DLibrigenae 5 63b (im), 5 228 (im) [MGUH 22.944 ] ,  5 299 (im) [MGUH 
22.943] , 5 3 1 9  (im). DPygidia 5 92 (t) [MGUH 22.946 ] ,  5 230 (t) ,  5 277 (im) 
[MGUH 22.948] ,  5 295a (pim), 5 295b (im), 5 298 (im) [MGUH 22.945 ] ,  
5 3 1 2  (im), 5 3 1 6  (pim) [MGUH 22.947] ,  5 346 (im), 5 349b? (im) ,  5 364 
(pim),  MGUH 9450 (im), MGUH 945 1 (im) [holotype] .  

Occurrence. - R .  (R. )  imparilis has been found only in  beds 
-2 1 and -20 at Skeibro, i.e. lowermost part of the M. polyphe
mus Zone. The museum material investigated undoubtedly 
originates from the same beds. The species is currently not 
known from outside Bornholm. 

Diagnosis . - Medium-sized species. Sagittal convexity of 
cranidium moderate; glabella narrow (tr. ) ,  with Fl and F2 
well-impressed; anterior margin of cranidium truncate; 
wide anterolateral cephalic border; palpebral lobes approxi
mately level with crest of glabella (adult state) ;  occipital ring 
slightly elevated above rear part of glabella; occipital tubercle 
small. Genal spine broad-based and carries poorly defined 
ridge. Pygidium of low relief, with broad concave border, 
short and funnel-shaped axis and broad doublure. 
[Emended from V. Poulsen 1965.] 

Description. - Medium-sized for a Raymondaspis, largest 
cranidium 8.8 mm long, largestpygidium 7.9 mm long. Basic 
outline of cranidium like R. (R.) scitula n.sp. ,  but R. imparilis 
differs, e.g., by having a less strongly forward expanding 
glabella (differences enumerated on p. 303) .  The axial fur
rows diverge at an angle of about 16-17° to sagittal line in 
front of palpebral area, and posterior (minimum) glabella 
width is 0.6 1-0.73 times the anterior (maximum) glabellar 
width (mean 0.66; N = I l ) .  Maximum glabellar width corre
sponds to 0.50--0.61  of the greatest preocular cranidial width 
(mean 0.56; N= 10) ,  a ratio which is equal to that of R. scitula 
n.sp., and, accordingly, it is the rear part of glabella that is 
relatively wide in R. imparilis. The moderate expansion of 
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Fig. 220. Raymondaspis imparilis. Maximum width plotted against sagittal 
length of cranidia and pygidia. 

glabella amplifies its arched appearance. Glabella front 
truncately rounded; glabella accounts for 0.82-0.89 of the 
cranidial length (mean 0.84; N = 12) .  PW:L ratio 1 .00-1 .20 
(mean 1 .07; N= 10; allspecimens >3.9 mm long) ; FW:L ratio 
1 .22-1 .29 (mean 1 .25; N = 3) ,  i.e. the posterior fixigenae are 
comparatively short (tr. ) .  Compared to R. scitula n.sp. ,  the 
anterior margin of cranidium is slightly less convex and 
appears truncate (dorsal view) . Lateral glabellar furrows as in 
R. scitula n.sp. ,  but better impressed, and all furrows are 
visible even on testaceous specimens; furthermore, terrace 
lines are weakly developed or absent in the furrows. Occipital 
furrow comparatively wide, but well-impressed. Occipital 
ring slightly elevated above rear part of glabella, and some
what expanded mesially, carrying a small tubercle. Para
doublural furrow shallow, but better defined than in R. 
scitula n.sp. Anterior border comparatively wide laterally, 
very narrow in front of glabella. Palpebral lobes in a posterior 
position, distance between hind corner to posterior margin 
of cranidium equivalent to approximately 0. 1 5  of cranidial 
length; lobe length (exsag. ) equivalent to 0.2 1 of cranidial 
length in one specimen (the palpebral lobes are damaged in 
all but the one cranidium) .  Lobes are positioned at a level just 
above crest of glabella. Anterior eye ridges as in R. scitula 
n.sp., but they appear marginally better defined. Posterior 
fixigena narrow (exsag. ) ,  pointed, short (tr.) (cf. low FW:L 
ratio) ,  distal part turned somewhat backwards, more dis
tinctly so than in R. scitula n.sp .. There is a shallow, but 
comparatively well-defined posterior border furrow in the 
middle part of the fixigena. Anterior branches offacial suture 
diverge in front ofpalpebral lobes at an angle of about 25-30° 
to sagittal line. Terrace lines prominent, arranged in a pat
tern essentially like the one described for R. scitula n.sp.; the 
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Fig. 221 .  Raymondaspis (R.) imparilis Poulsen, 1965. DA-C. Exfoliated cranidium, dorsal, frontal and side views, x6. MGUH 22.939 (GM 1 987. 13 ) ,  Skeibro. 
OD. Partly exfoliated cranidium, stereo-pair, x5. MGUH 22.940 (S 227), bed -20, SkeIbro. DE. Exfoliated cranidium, stereo-pair, x5.  MGUH 22.94 1 (S 363),  
bed -20, Skeibro. OF-H. Largely exfoliated small cranidium, dorsal, frontal and side views, x9. MGUH 22.942 (S 63a) , bed -2 1 ,  Skeibro. Dl. Internal mould 
oflibrigena showing doublure, x 10. MGUH 22.943 (S 299), bed -20, Skeibro. OJ. Librigena showing surface sculpture, x l0. MGUH 22.944 (S 228), bed -20, 
SkeIbro. DK. Holotype. Exfoliated pygidium, x 12.  Previously figured by V. Poulsen ( 1 965, Pl. 6 :6) .  MGUH 945 1 ,  SkeIbro beds, Skeibro. DL. Exfoliated 
pygidium showing axis, x7. MG UH 22.945 (S 298), bed -20, SkeIbro. 
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Fig. 222. Raymondaspis (R.) imparilis Poulsen, 1965. DA. Pygidium show
ing terrace-line sculpture, x lO. MGUH 22.946 (S 92) ,  bed -2 1 ,  Skeibro. 
DB. Partly exfoliated pygidium, x6. MGUH 22.947 (S 3 16) ,  bed -20, 
Skelbro. De. Exfoliated pygidium, x6. MGUH 22.948 (S 277),  bed -20, 
Skelbro. 

lateral glabellar furrows are, though, more dearly set off by 
indistinctness or absence of ornament. About 20 lines/mm 
were counted on glabella in a cranidium ca. 8 mm long. 

Librigena readily separated from R. scitula n.sp. Para
doublural furrow comparatively less impressed and termi
nates posterolaterally in a slight depression. Inner part, in
side paradoublural furrow, apparently ascends less strongly 
to the eye, compared to R. scitula n.sp. ;  eye and eye sode not 
preserved. Outer part relatively broader, lateral border wid
ens backwards to about middle of gena, thence tapers gently 
rearwards, but enters spine. Genal spine with stout base, and 
only a weakly defined low crest, present merely on the spine, 
proper. The spine is directed obliquely backwards at an angle 
of about 1 1 5-120° to sagittal line (estimate) .  All librigenae at 
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hand are exfoliated; a latex cast (Fig. 221J) shows general 
outline of dorsal surface sculpture. Inside paradoublural 
furrow fine lines are approximately concentric around the 
eye (not visible on reproduced photo) .  The lines are twice as 
dosely spaced inside paradoublural furrow, as on the outer 
part. Doublure concave, slightly less so than in R. scitula 
n.sp. ,  widening backwards (Fig. 22 11 ) .  It is covered with 
weakly impressed, continuous terrace lines; the number 
cannot be verified. 

Hypostome and thorax unknown. 
Pygidium subsemicircular in outline, L:W ratio 0.53-D.59 

(mean 0.56; N = 1 1 ) .  Anterolateral corners obliquely trun
cate. Axis short, stretching for 0.47-D.54 of the pygidial 
length (mean 0.5 1 ;  N = 1 1 ) ;  the width at anterior margin is 
equivalent to 0. 17-D.24 of the maximum pygidial width 
(mean 0.20; N = 12) .  Axis elevated above pleural fields the 
whole way; it tapers rather evenly backwards with a slight 
decrease from the third axial ring; posterior width is about 
0.55 of the anterior axial width. Half-ring fairly prominent, 
presumably followed by 7 axial rings, induding terminal 
piece, separated by moderately and uniformly impressed 
ring furrows, which becomes progressively fainter in poste
rior direction, so the segmentation is indistinct behind the 
third ring. Terminal piece less pointed than in R. scutilan.sp., 
which, combined with the shortness of the axis, engenders a 
funnel-shaped axial appearance. Axis continues into an in
conspicuous, slender, narrowing postaxial ridge, which is 
barely indicated on testaceous material. The transition axis/ 
ridge is comparativelywell-defined. The postaxial ridge typi
cally disappears dose to the border and is followed by a 
shallow, wide impression in the concave border, but in rare 
cases it continues almost to the posterior margin (cf. v. 
Poulsen 1965, Pl. 6:5-6) .  Axial furrows wide, but deep and 
are more distinct than in R. scitula n.sp.; they shallow up at 
intersection with paradoublural line. Pleural fields show half 
rib, delimited by a shallow, wide furrow, slightly more dis
tinctive than in R. scitula n.sp. ;  segmentation of pleural fields 
vestigial on internal moulds and effaced on testaceous speci
mens. There are presumably 4, maybe 5, pairs of pleural ribs, 
terminating at paradoublural line. Border wide, of uniform 
width throughout, postaxially occupying 0.20-0.22 of the 
pygidial length (mean 0.2 1 ;  N = 9) .  Articulating facets large, 
sloping steeply in anterolateral direction, and strike at an 
angle of 130-135° to sagittal line. Dorsal terrace lines most 
dosely spaced on the surface of axis and the pleural fields 
(Fig. 222A) , and more sparse on the border. About 10 lines/ 
mm were counted on the pleural fields and less than 5 lines/ 
mm were counted on the border in a couple of pygidia, 4.4 
and 6.6 mm long. Internal moulds show no impressions of 
terrace lines, and the punctation displayed by R. scitula n.sp. 
has not been seen. Doublure basically as in R. scitula n.sp., 
but is wider, approximately twice as wide as the border, and 
more gently concave; again the width of doublure is equal to 
the pygidial length minus the axial length. The doublure is 
covered with faintly impressed terrace lines; the total num-
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ber can not be verified. Paradoublural line indicated by a 
faintly inflated crest, but is often signalled also by colour 
changes of test (probably reflecting test thickness) .  

Affinities. -R. (R.) imparilis has many points of resemblance 
to R. infundibularis Tjernvik, 1956, but is distinguished by 
the comparatively longer pygidium, with an axis less rapidly 
backward-tapering in the anterior part, and by the better 
defined, although still faint, postaxial ridge. The cranidium 
of R. infundibularis is unknown, and the subgeneric assign
ment is uncertain. 

For differences between R. (R.) imparilis and R. (R.) scitula 
n.sp., R. ( T.) whittingtoni n.sp. and R. ( T.) neglecta n.sp. ,  see 
the respective species. 

R. (R.) imparilis differs from R. (R.) limbata (Angelin, 
1 854) by having a broader glabella (tr. ) ,  especially posteri
orly, the posterior glabellar muscIe areas are better im
pressed, glabella typically has a slight median irnpression at 
front, just above preglabellar furrow, and the sagittal cra
nidial convexity is stronger. The librigena is quite different 
from R. limbata, while it at present is impossible to point to 
diagnostic differences between the pygidia. 

Remarks. -V. Poulsen ( 1 965, pp. 88-89) recognized onlythe 
pygidium of R. imparilis, but cranidium GM 1987. 16, by him 
attributed to R. limbata, actually belongs to R. (R. )  imparilis. 

One of the pygidia from the 'Planilimbata Limestone', 
figured by Wiman ( l906a, Pl. 29:2 1 ) ,  is drawn like R. im
parilis, but is inaccurately portrayed. In reality, the axis is 
longer and not funnel-shaped. 

Raymondaspis ( Raymondaspis) 
. . . 
mSlgms fl.Sp. 
Figs. 223-224 

Derivation of name. - Latin insignis = naturally remarkable, 
referring to the stout librigena of the new speeies. 

Holotype. - Cranidium LO 7086 (Fig. 223A) from Tom
marp, collected by Funkquist from 'Undra Kalken' 
(= 'Lower Limestone' ) .  The sample (LU 27) also contains 
Megistaspis limbata type 9 and Rhombampyx jratern.sp. ,  and 
undoubtedly originates from the M. simon Zone. 

Additional material. - One poor cranidium, 3 librigenae, and 
10 pygidia. 

List of additional material. -DCranidium S 841a? (em).  DLibrigenae K 688 
(t) [MGUH 22.949 ] ,  K 714 (pim) [MGUH 22.950 ] ,  LV 36 (is ) .  DPygidia S 
841b? (c) , S 865 (c) [MGUH 22.95 1 ] ,  K 584 (c) , LV 1 5a (em),  LV 1 5b (t), 
LV 1 8  (pim), LV 27b (t), LV 51 (im) [LO 7093 ] ,  LV 84 (t) [LO 7 106] , A 
7 14? (c) . 
Occurrence. - Raymondaspis (R.) insignis n.sp. has been 
found in beds -10 and -6 at Skelbro, and in beds 5, 8 and 9 at 
Gårdlosa-4a, all of which belong to the M. simon Zone. 

As far as can be established, the museum material also 
originates from the M. simon Zone. Samples LU 15  and LU 
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18  are from Andrarum, LU 51 is from Komstad and LU 84 is 
from Smedstorp. Sample LU 51 contains a characteristic 
fauna ( Cyclopyge, narrow pygidium of M. limbata type 9) ,  
and is  most likely from a level corresponding to bed -5 at 
Killerod (= beds 6 and 7 at Gårdlosa-4a). Samples LU 15  and 
LU 1 8  contain Nileus orbiculatoides and Niobe (Niobella) 
imparilimbata. 

Pygidium A 714 from bed M -5 at Slemmestad may belong 
to R. insignis n.sp. ,  but cannot be confidently identified 
(poorly preserved ). Bed M -5 is within the upper part of the 
M. simon Zone. 

R. insignis n.sp. is currently not known from the central 
Baltoscandian Confacies Belt, but see remarks below. 

Diagnosis. - Width across anterior and posterior fixigenae 
small; lateral glabellar furrows almost effaced; palpebral 
lobes large; anterior cranidial border short (both ways, and in 
fact absent in front of glabella) ; anterior branches of facial 
suture converge in front of paradoublural line. Librigena 
strongly vaulted, unusually broad (tr. ) ,  with wide lateral 
border and short, gracile genal spine. Pygidium of R. limbata 
type, but relatively longer, and the dorsal terrace-line pattern 
is denser and more extensive. 

Description. - Small to medium-sized for a Raymondaspis, 
largest cranidium (holotype) 4.5 mm long, largest pygidium 
7.4 mm long. The description of the cranidium is based on 
the holotype specimen (Fig. 223A-C). Anterior margin of 
cranidium truneate, sagittal convexity very strong; FW:L 
ratio 1 .24, which is a comparatively low value; PW:L ratio 
0.98, which is also a low value. Glabella essentially as de
scribed for R. (R. )  scitula n.sp. Posterior glabella width 
equivalent to 0.62 of the anterior (maximum) glabella width, 
which in turn accounts for 0.59 of the greatest preocular 
cranidial width; glabellar occupies 0.82 of the cranidial 
length. Lateral glabellar furrows (see R. scitula. n.sp.)  barely 
indicated by the terrace-line pattern; only the posterior com
posite pair (Fl  + F2) is very slightly impressed. Glabellar front 
shows shallow median impression (internal mould) imme
diately above preglabellar furrow; the external expression, if 
any, is unknown. Glabella delimited by well-impressed axial 
and preglabellar furrows; a pair of fossulae is situated in the 
axial furrows approximately one third of the glabella length 
from its front. Axial furrows diverge in front of eyes at an 
angle of about 15° to sagittal line. Occipital furrow moder
ately narrow, well-impressed throughout. Occipital ring as 
described for R. scitula n.sp. Anterior area of fixigena 
strongly incIined forwards; very faint paradoublural furrow 
runs from the fossula in the axial furrow and across fixigena 
to the cranidial edge. Anterior border present on each side of 
glabella, it is short both ways because of the course of the 
facial suture; no border in front of glabella. Anterior margin 
gently swollen. Palpebral area of fixigena narrow (tr. ) ,  con
vex, sloping rather strongly adaxially; width of palpebral 
area, excIusive of palpebral lobe, equivalent to slightly more 
than 0.4 of the adjacent glabellar width. Palpebral lobes large, 
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Fig. 223. Raymondaspis (R.) insignis n.sp. DA-C. Holotype. Cranidium, slightly damaged, dorsal, frontal and side views, x 10. LO 7086 (LU 27a) , Tommarp. 
OD. Librigena (edge broken) , x 10. MGUH 22.949 (K 688), bed 8, Gårdliisa-4a. DE. Partly exfoliated librigena showing part of doublure, x 10. MGUH 22.950 
(K 7 14),  bed 9, Gårdliisa-4a. OF. Same as E, latex east of external mould showing external terraee-line sculpture, x 1 0. 

the length (exsag. ) corresponds to 0.26 times the cranidial 
length, distance to posterior margin of cranidium from hind 
corner of lobe equaIs 0. 12  times the cranidial length, corre
sponding to 0.44 of the lobe length. Lobes slightly elevated 
above glabella; cranidial width across lobes (tr.) corresponds 
to 1 . 1 3  of the cranidial length. Eye ridges, as described for R. 
scitula n.sp. ,  very faintly indicated, but they are probably 
better defined on exfoliated material. Posterior area of 
fixigena as described for R. scitula n.sp. ,  but the gena is 
markedly shorter (tr. ) .  Anterior branches of facial suture 
exhibit a most unusual course, as they diverge in front of the 
eyes, running straight forwards-outwards at an angle of 
slightly less than 250 to sagittal line, then turn inwards in 
front of the indistinct paradoublural furrow, converging 
straight forwards-inwards at an angle of about 1 550 to sagit
tal line. Suture must be marginal along main cranidial front, 
as the swollen margin certainly represents the cephalic mar
gin. Posterior branches of facial suture sigmoidal, running 
concavely backwards-outwards, then straighten to turn con
vexly backwards and intersect margin. Terrace-line pattern 
basically as described for R. scitula n.sp. ,  except that the lines 

on posterior part of glabella are concentric around a point, 
situated at some distance in front of occipital furrow, and the 
lines on occipital ring are concentric around a point situated 
immediately behind the tubercle. The swollen anterior rim is 
covered with continuous, fairly coarse lines. Fifteen to 
twenty terrace lines per millimetre were counted on the 
glabella of the holotype cranidium, 4.5 mm long. 

Librigena, excl. of the spine, almost twice as bro ad (tr.) as 
long (exsag. ) ,  somewhat sickle-shaped in outline and with a 
strong relief. Paradoublural furrow deepest posterolaterally, 
but present the whole way. Inner part, inside paradoublural 
furrow, comparatively narrow, convex, strongly ascending 
to eye, which is not preserved; eye socle low. Portion outside 
paradoublural furrow wide and concave, with an outer flat
tened part forming a fairly wide lateral border. The border is 
of almost uniform width all the way to genal spine, thenee 
tapers backwards. Genal spine rather short, narrow, directed 
obliquely backwards at an angle of about 1400 to sagittal line. 
Fine terrace lines, arranged roughly concentric around the 
eye, are present on inner part oflibrigena; the inner lines on 
the middle part of the border curve inwards (Fig. 223F), 
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whereas the lines on the outer part of the border run sub
parallel to margin. It appears that the area inside paradoub
lural furrow has a caecate mould surface. Doublure com
paratively wide, concave, but only moderately strongly so. It 
is provided with about 20 faintly impressed terrace lines; 
below genal spine the lines curve inwards to follow the 
posterior margin. Lines most densely spaced dose to outer 
margin. 

Hypostome and thorax unknown. 
Pygidium quite similar to Raymondaspis limbata, but is 

more elongate with L:W ratios varying between 0.56 and 0.63 
(mean 0.60; N = 6) .  Axis also appears significantly longer 
judging by the eye, but because of the elongation of the 
pygidium the relative axial length is in fact equivalent to only 
0.50-0.56 of the pygidial length (mean 0.53; N = 6) .  Axial 
width at anterior margin corresponds to 0. 16-0.2 1 of the 
maximum pygidial width (mean 0.23; N = 6) . Pygidium 
gently to moderately vaulted and almost semicircular in 
outline, which also relates to the elongation; concave border 
accounts sagitally for 0. 16-0.21  of the length of pygidium 
(mean 0 .19 ;  N = 6) ,  with a tendency ofbeing relativelywidest 
in the smaller pygidia. Compared to Raymondaspis limbata 
the dorsal terrace lines appear to be generally more prolific in 
R. insignis n.sp. and also present on the border; the lines on 
axis are more sharply bent backwards, V-shaped, not U
shaped as in R. limbata, and the lines on anterior part of 
pleural fields are shorter, irregular, but more abundant. 
Doublure of pygidium fairly strongly concave, wide, of uni
form width throughout, the sagittal width corresponds to the 
pygidial length minus the length ofaxis. There is a very faint 
sagittal depression on the doublure, but virtually no axial 
embayment. Doublure provided with 17-18 faintly im
pressed, continuous terrace lines, most distinct dose to inner 
margin. Lines slightly irregular in the sagittal area dose to 
inner margin. 

Affinities. -The pygidium of R. (R.) insignisn.sp. is rather like 
that of R. (R.) limbata, but the resemblance most likely 
reflects a shared wide doublure, which cannot be taken as a 
synapomorphy (several species with rather dissimilar cepha
la show a wide pygidial doublure) .  

The cephalon of  R.  insignis n.sp. i s  characterized by a 
num ber of unique features, such as the size of the eyes, the 
anterior course of the facial suture, the terrace-line pattern, 
the stout and unusually broad librigena, and the species does 
not show obvious similarities to any described raymond
aspid species, induding non-Scandinavian taxa. One of the 
most similar species seems to be the slightly younger R. (R. )  

Fig. 224. Raymondaspis (R.) insignis n.sp. OA-B. Pygidium showing ter
race-line sculpture, x6, dose-up x 12. LO 7106 (LU 84), Smedstorp, SE 
Scania. De. Pygidium showing terrace-line sculpture, x8. MGUH 22.95 1 
(S 865) ,  bed -6, SkeIbro. OD. Internal mould of pygidium showing doub
lure, x8. LO 7093 (LU S I ) ,  Komstad. 
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vespertinaRoss, 1 967, but that form has a facialsuture almost 
encirding the palpebral lobe, there is no anterior conver
gence of the facial suture, and the librigena is different. 

Remarks. -R. (R. )  insignisn.sp. appears to be characteristic of 
shallow-water facies within the M. simon Zone of the Kom
stad Limestone, and is expected to occur in the mainland of 
Sweden as well. It is possibly identical to Raymondaspis 
limbata subsp. ,  listed from the M. simon Zone of Sweden by 
Tjernvik ( 1 980, pp. 1 9 1 ,  192),  but this is uncertain. The 
cranidium from 48. 1 1  m in the Finngrundet core, called 
Raymondaspis limbata subsp. by Tjernvik ( 1 980, p. 1 78) ,  has 
a very slender glabella and does not represent R. insignis n.sp; 
it looks more like R. limbata. 

Raymondaspis (Raymondaspis? ) Sp. A 
Fig. 225A-C 

Material. - Fragmentary cranidium K 998 (pim) [MGUH 
22.952] . 

Occurrence. - The specimen is from bed + 18 at Killerod, 
upper part of the M. limbata Zone. 

Description. - Specimen fragmentary, about 7 mm long. 
PW:L ratio 1 .05; sagittal convexity low, and glabella is com
paratively little inflated for a Raymondaspis. Forward glabel
lar expansion small; posterior glabellar width almost 2/3 of 
the anterior (maximum) glabellar width, which in turn ac
counts for slightly less than half of the greatest preocular 
width of cranidium. Lateral glabellar furrows very faintly 
impressed on the internal mould and apparently indicated 
only by the terrace-line ornamentation on outside of test. 
The most remarkable feature of the cranidium, apart from 
the low glabella, is the broad anterior border, which sagitally 
accounts for about O. l of the cranidial length. Facial suture 
damaged, but anterior branches appear to be rather straight, 
diverging at an angle of ca. 20° to sagittal line in front of eyes. 
Anterior margin of cranidium not swollen, and it is un
known whether the suture is marginal or runs dose to 
cephalic margin. 

Remarks. - The cranidium presumably represents a new 
species. It may be compared to the North American R. 
angelini (Billings, 1 862) ,  which also has an exceptionally 
wide frontal area, and a moderately forwards expanding 
glabella with low relief (cf. Whittington 1965, p. 405; Pl. 
56: 1 1-13) ,  but the Scanian specimen differs, e.g., by having a 
less pestle-shaped glabella. 

Raymondaspis (Raymondaspis? ) Sp. B (cf. 
limbata) 
Fig. 225D-F 

Material. - Five cranidia, 1 librigena, and 3 pygidia. 
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List of material. - DCranidia S 1 76 1 ?  (t) ,  K 971  (t) [MGUH 22.954] , GM 
1987.24 (t) ,  A 364 (em) ,  A 388 (t) [MGUH 22.953 ] .  DLibrigena S 16 17b1 
(t) .  DPygidia S 14901 (t) ,  S 1 6 1 71 (t), K 929 (t) [MGUH 22.955] .  

Occurrence. - The material is from the lower part ofbed + 1 3  
at Skeibro (top of the M. limbata Zone),  from beds + 1 5  and 
+ 16  at Killerod (upper subzone of the M. lim bata Zone) ,  and 
from beds A-23 andA-26V2 at Slemmestad (upper part of the 
M. limbata Zone) .  Specimen S 1761 is from a loose slab, 
Skeibro, presumably representing bed + 10  (upper subzone 
of the M. limbata Zone) .  Cranidium GM 1987.24 is from 
Vasegård, and originates from the uppermost part of bed 
+ 13 (base of the A. expansus Zone) .  

Description. - Largest cranidium 9.3 mm long, largest py
gidium 4.5 mm long. Anterior margin of cranidium evenly 
convex (dorsal view) , moderately strongly so for a Raymond
aspis; sagittal convexity very strong. FW:L ratio 1 .44-1 .46 (N 
= 2), PW:L ratio 1 .06-1 .08 (N = 3 ) .  Width across palpebral 
lobes large, corresponding to 1 . 1 7-1 .22 of maximum pre
ocular width (mean 1 .20; N = 3) .  Glabella distinctly inflated, 
slightly overhanging anterior cranidial margin, front 
rounded; basal circumference pyriform. Posterior glabellar 
width equivalent to 0.64-0.68 (N = 3) of anterior (maxi
mum) glabellar width; maximum glabellar width accounts 
for 0.57-0.62 of the greatest preocular cranidial width (mean 
0.60; N = 4); glabella occupies 0.82-0.85 (N = 3) of the 
cranidial length. Lateral glabellar furrow configuration as in 
R. (R. )  scitula n.sp. ,  outlined by absence of terrace lines, only 
the posterior double pair (Fl  +F2) is gently impressed. No 
mesial impression in glabellar front (test intact) .  A pair of 
well-defined fossulae situated in axial furrows 0.25 of glabella 
length from its front; a second pair of more indistinct depres
sions occurs in the axial furrows between level of posterior 
glabellar furrows and occipital furrow. Axial furrows con
verge very gently forwards from occipital furrow, then di
verge from the posterior pair of lateral glabellar furrows, 
more strongly so in front of the eyes, the re diverging at an 
angle of about 1 5-20° to sagittal line; axial furrows are 
shallow in front of the anterior pair of fossulae. Occipital 
furrow variably developed. The Norwegian specimen A 388 
(Fig. 225D) has a pronouncedly curved occipital furrow, 
bending rearwards abaxially and provided with a pair of 
lateral shallow impressions; the furrow is narrowest and 
shallowest mesially. The occipital furrow is, on the contrary, 
deepest mesially and shallow up laterally in the cranidia from 
the Komstad Limestone. All specimens have a prominent, 
long (sag. ) occipital ring, slightly raised above the rear part of 
glabella and carrying a small mesial tuberde. No paradoub
lural furrow indicated on outside of test. Anterior border 
very narrow or absent; anterior margin gently swollen. Pal
pebral lobes situated posteriorly, distance from hind corner 
of lobe to posterior margin corresponds to 0.55 of the lobe 
length (exsag. ) ,  which is equal to about 0. 1 3  of the cranidial 
length. Lobes moderately small, length (exsag. ) equivalent to 
0. 19-0.23 of the cranidial length (mean 0.2 1 ;  N = 3 ) .  Lobes 
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Fig. 225. DA-C. Raymondaspis sp. A, fragmentary, partly exfoliated cranidium, dorsal, frontal and side views, x6. MGUH 22.952 (K 998) ,  bed + 18 ,  
Killeriid. OD-F. Raymondaspissp. B. DO. Cranidium, stereo-pair, x6 .  MGUH 22.953 (A 388),  bed A-26V2, Slemmestad. DE.  Damagedcranidium, stereo
pair, x6. MGUH 22.954 (K 971 ) ,  bed + 1 6, Killeriid. OF. Slightly corroded pygidium, x l O. MGUH 22.955 (K 929), bed + 1 5, Killeriid. OG-H. 
Raymondaspis sp. C. OG. Fragmentary, partially exfoliated pygidium, x5. MGUH 22.956 (A 8 1 5a), bed M-7, Slemmestad. OH. Exfoliated, fragmentary 
pygidium, x5. MGUH 22.957 (A 8 1 5b) ,  bed M-7, Slemmestad. 

distinctly raised above the surface of glabeIla in the Norwe
gian specimens, less so in the cranidia from the Komstad 
Limestone. Posterior area of fixigena narrow (exsag. ) ,  long 
(tL) ,  pointed, and slopes rather strongly backwards for the 
whole of its length, distal tip turned rearwards. No external 
border furrow observed, but the material at hand contains 
no internal moulds. Anterior branches of facial suture di
verge in front of eyes, but bend gently and evenly inwards all 
the way, so it is difficult to measure an angle of divergence; 
the strongest divergence, just in front of eyes, is in the size 
order of 15° to sagittal line. Immediately before anterior 
margin the facial sutures turn inwards and intersect the 
margin, thence run marginally. Posterior branch of facial 

suture sigmoidal, descending concavely from palpebral lobe, 
then runs outwards, slightly obliquely backwards, being gen
tly convex to turn more sharply backwards distally and 
intersects posterior margin. Surface sculpture apparent from 
illustrated specimens (Fig. 22SD-E) . Terrace lines are absent 
on the anterolateral part of fixigenae, in axial and pregla
bellar furrows, and on the lateral glabellar 'furrows'. Thirteen 
lines per millimetre were counted on anterior part of gla
beIla, and 10 lines/mm were counted on the steep part of 
anterior fixigena in a 6.4 mm long cranidium. 

A fragmentary small librigena, presumably matching the 
described cranidia, is sickle-shaped and shows a concave 
lateral border, gently tapering rearwards, but enters genal 
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spine. Genal angle drawn out into a long, moderately slender 
spine carrying a low ridge; the spine is directed obliquely 
backwards, probably at an angle of about 130° (± 100) to 
sagittal line. Inner part of gena not preserved. 

Hypostome and thorax unknown. 
The pygidia at hand are in general poorly preserved and 

fragmentary; for remarks on identification, see below. The 
description is based on specimen K 929 (Fig. 225F) unless 
otherwise stated. Pygidium subsemicircular in outline, 
rather stronglyvaulted; L:W ratio 0.54. Axis somewhat fun
nel-shaped, stretching for 0.56 of the pygidial length; axial 
width at anterior margin equivalent to 0.23 of the maximum 
pygidial width. Axis distinctly arched, slightly raised above 
the pleural fields, most so posteriorly. The deep, wide axial 
furrows amplifies the arched appearance. Smaller pygidia 
from Skelbro show an even more distinctly inflated axis and 
shallower axial furrows. Anterior half-ring set offby a narrow 
furrow, the remaining axial segmentation is effaced (speci
men testaceous) .  Axis continues into an indistinct, short 
postaxial ridge, which tapers out before the concave border. 
No segmentation of pleural fields; paradoublural line not 
indicated. Border gently concave, moderately wide, post
axially occupying 0 . 14  of the pygidial length. Articulating 
facets and dorsal surface sculpture as described for R. (R. )  
imparilis. Specimens S 1490 and S 1617 almost lack terrace 
lines, even on the pleural fields, but this may depend upon 
the small size of the specimens (ca. 2 .5 and 3.5 mm long) . 
About 1 5  lines/mm were counted on the pleural fields of 
pygidium K 929, 4.5 mm long, but the exact density is 
difficult to state as the lines are short and irregular. Doublure 
seems to be moderately broad. 

Affinities. - Raymondaspis sp. B is distinguished from the 
other species of Raymondaspis described here by the com
paratively strongly inflated glabella with rounded front (so 
the basal circumference is pyriform), by the very strong 
cranidial convexity (sag. ) ,  by the absence of anterior border 
and paradoublural furrow, by the great width across palpe
bral lobes and posterior fixigenae, by the wide (sag.) occipital 
ring, and by the lack of a cephalic posterior border furrow. 
The pygidium is distinguished by the fairly high convexity, 
the funnel-shaped axis, the short, indistinct postaxial ridge, 
the terrace-line pattern and the concave border. The py
gidium of R. (R.) imparilis is somewhat similar, but has a 
lower relief, the border is wider, the postaxial ridge is more 
distinct, and the doublure seems to be slightly wider. 

Remarks. - The association of the described cranidia, libri
gena, and pygidia is uncertain. The cranidia from the Kom
stad Limestone, which originate from basicallythe same level 
as the librigena, exhibit a few minor differences from the 
Norwegian material. The latter cranidia have a slightly less 
convex anterior margin (dorsal view) , the sagittal convexity 
is slightly less strong, the outline of the occipital furrow 
differs a little (see description), and the palpebral lobes are 
raised significantly higher above the surface of glabella (Fig. 
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225D-E).  It is, accordingly, possible that the material is 
mixed. 

The preserved parts of the described librigena closely 
resemble the librigena of R. limbata (cf. V. Poulsen 1 969, Fig. 
lB) ,  except for the smooth test (the specimens are of equal 
size) .  The resemblance suggests that sp. B belongs to R. 
(Raymondaspis) , which is in accordance with the outline of 
the pygidia. The best preserved specimen (Fig. 225F) is very 
like R. limbata (compare V. Poulsen 1 969, Fig. 2B), and 
differs mainly by having a slightly narrower concave border. 
The variation of this character is, however, unknown, but it 
is not likely to be an important fea ture for taxonomy. Hence 
it is possible that K 929 in fact belongs to R. limbata. How
ever, the described cranidia clearly differ from R. limbata, 
e.g., by showing a much more anteriorly inflated glabella, a 
stronger sagittal convexity, higher raised palpebral lobes and 
no anterior border. 

Raymondaspis (Raymondaspis? ) Sp. C 
Fig. 225G-H 

Material. - Two cranidia and 4 pygidia, all poorly preserved. 

List ofmaterial. - DCranidia A 800 (pc) , A 8 1 2  (im) . DPygidia A 8 1 3? (c), 
A 8 1 5a (pim) [MGUH 22.956 ] ,  A 8 1 5b (im) [MGUH 22.957] ,  A 840 (c) .  

Occurrence. - The specimens are from bed M-7 at Slemme
stad, base of the M. lim bata Zone. 

Remarks. - The very poorly preserved material does not 
match any established Scandinavian species. Tjernvik ( 1 980, 
p. 192) listed Raymondaspis limbata 'with a short pygidial 
axis' from the M. limbata Zone ofSweden, but the pygidia at 
hand have a long axis and a relatively narrow border. By 
comparison to the lectotype of R. limbata the cranidia have a 
slightly stronger sagittal convexity and the glabella is more 
evenly expanding forwards, being club-shaped, less pestle
shaped. 

Subgenus Raymondaspis ( Turgicephalus) 
Fortey, 1980 

Type speeies. - (OD) Turgicephalus falcatus Fortey, 1980. 

Raymondaspis ( Turgicephalus) 
whittingtoni n.sp. 
Figs. 226-228 

Synonymy. - Ov 19 19  Ceratopyge sp. - Funkquist, pp. 2 1 ,  39 
(listed) . 0 1950 Raymondaspis limbatus (Angelin, 1 854) -
Whittington, pp. 549-550; Pl. 72: 1 1-14 (pygidia from Fågel
sång described, discussed and figured) . 
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Derivation of name. - In honour of Dr. H.B. Whittington, 
who originally described the pygidium of this species. 

Holotype. - Cranidium MGUH 22.958 (K 482) (Fig. 226A) 
from 2 cm below top ofbed l ,  Gårdlosa -4a ( upper part of the 
M. simon Zone) . 

Para type. -Pygidium MGUH 22.963 (S 1088) (Fig. 228A-B) 
from 2 cm above base ofbed + l ,  Skelbro (lower part of the M. 
limbata Zone).  

Additional material. - Nine cranidia, 2 librigenae and 32 
pygidia. 

List of additional material. - OCranidia S 1 1 30 (im) [MGUH 22.959 ] ,  S 
1 163 (pc) [MGUH 22.96 1 ] ,  S 1291  (em), S 1298 (c), K 228 (t) ,  K 486 (t) ,  K 
599 (c), K 650 (c) [MGUH 22.960] , LU 123 (c). OLibrigenae K 776 (pim) 
[MGUH 22.962] ,  IK P38b (t). OPygidia S 778 (t) [MGUH 22.968 ] , S 779 (t) 
[MGUH 22.964] , S 809a (c), S 809b (c), S 826 (c), S 914 (t), S 923 (t), S 925 
(t) ,  S 932 (t), S 96 1 (t), S 965 (t) [MGUH 22.969 ] ,  S 1054 (t) ,  S 1090 (t), S 
1 093 (c), S 1095 (em), S 1 1 14 (t), S 1 143 (c) ,  S 1 1 66 (im) [MGUH 22.965] ,  
S 1 300 (im), S 1648 (t) [MGUH 22.966] ,  S 1 659 (c) ,  S 1683 (c) ,  K 46 (t), K 
99 (t), K 167 (im/c) , K 222 (c), K 485 (t) [MGUH 22.967 ] ,  K 503 (t), K 541 
(t), K 646 (c),  K 740 (c),  K 759 (c). 

Occurrence. - R. ( T.) whittingtoni n.sp. ranges through the 
entire M. simon Zone and the lower half of the M. limbata 
Zone of the Komstad Limestone. It has been found in bed 
interval -12 to +7 at Skelbro, in bed interval l to 12 at 
Gårdlosa-4a, and in bed interval -8 to +7 at Killerod. Py
gidium S 1683 from Skeibro is not sampled in situ, but most 
likely comes from bed +9 or the lower part ofbed + l O, so R. 
whittingtoni n.sp. may range higher up than verified (i.e. into 
the basal part of the upper subzone of the M. limbata Zone).  
The new speeies was not encountered at Fågelsång; the sparse 
material described from this locality by Whittington ( 1 950) 
presurnably originates from the upper subzone of the M. 
limbata Zone. Cranidium LU 1 23 is from Komstad, most 
likely from an interval corresponding to beds -8 to -l at 
Killerod, i.e. the upper part of the M. simon Zone. 

R. ( T.) whittingtoni n.sp. is the dominant Raymondaspis 
speeies in the Komstad Limestone above the M. polyphemus 
Zone. So far, it has not been recorded outside the Komstad 
Limestone area. 

Diagnosis. - Large species. GlabeIla of low relief, pestle
shaped; usually no anterior cranidial border; anterior mar
gin of cranidium rounded (dorsal view) ; genal angle 
rounded; cephalic terrace lines sparse. Pygidium quite con
vex, short; no concave border. Axis long, slender, inconsider
ably raised above pleural fields, evenly tapering backwards. 
Surface sculpture of pygidium consists of a few vaguely 
impressed terrace lines on anterior portion of pleural fields 
dose to axis. Doublure narrow (cephalon and pygidium) .  

Description. - Large for a Raymondaspis, largest cranidium 
1 1 .5 mm long, largest pygidium 14.8 mm long. Anterior 
margin of cranidium gently rounded (dorsal view) , but 
comparatively strongly so for a Raymondaspis; margin 
slightly arched in frontal view. Cranidium markedly convex 
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sagitally; greatest width i s  across posterior fixigenae, mea
sured to 1 .29 times the cranidial length in one speeimen. 
PW:L ratio 1 .09-1 .28 (mean 1 . 19;  N = 7) (all adult speei
mens) ;  it is suspected that this range is enlarged by compac
tion. Width across palpebral lobes on the average equivalent 
to 1 .04 (N = 4) times the maximum preocular width. Gla
beIla well-defined, but comparatively little inflated, and a 
large portion of the palpebral area, induding palpebral lobes, 
is elevated above glabeIla. GlabeIla almost reaches anterior 
margin of cranidium; 'frontal area' consists only of the 
furrow between glabeIla and the swollen margin. GlabeIla 
stretches for 0.84-0.90 of the cranidial length (mean 0.87; N 
= 7);  anterior (maximum) glabellar width accounts for 0.52-
0.58 of the greatest preocular cranidial width (mean 0.55; N 
= 8 ) ; posterior (minimum) glabellar width corresponds to 
0.55-0.66 of the anterior glabellar width (mean 0.59; N = 8) 
(the variation is possibly enlarged by compaction) .  GlabeIla 
pronouncedly pestle-shaped as the anterior part expands 
strongly in front of palpebral area (axial furrows diverge at an 
angle of about 25-30° to sagittal line) and the front is trun
cate. A shallow, wide, median depression is present in gla
beIla front. Four indistinct pairs of lateral glabellar furrows 
are arranged in a configuration identical to the one described 
for R. scitula n.sp .. The furrows are, however, barely im
pressed and may be difficult to discern even on internal 
moulds. Occipital furrow fairly wide and comparatively 
shallow, but impressed throughout, joining the axial fur
rows. Occipital ring comparatively long, mesially slightly 
expanded, carrying a tuberde; it is approximately of the same 
height as the rear part of glabeIla. A pair of distinet fossulae 
occurs in the axial furrows approximately 0.2 times the 
glabeIla length from its front; the axial furrows are shallower 
and less well-defined in front of the fossulae. A second pair of 
depressions are situated in the axial furrows level with palpe
bral lobes. Anterior area of fixigena strongly indined for
wards; no paradoublural furrow. Typically no anterior bor
der, or the foremost part of fixigenae shows an insignificant 
change in steepness; two cranidia have a very narrow flat
tened border on each side of glabeIla. Anterior margin of 
cranidium swollen. Width of palpebral area exclusive of the 
palpebral lobe equivalent to about 0.6-0.7 of the adjacent 
glabellar width. Palpebral lobes situated posteriorly, distanee 
(exsag.) from posterior corners to posterior margin of 
cranidium approximately equivalent to 0. 1 5  of the cranidial 
length; lobe length (exsag.) varies between 0 . 1 8  and 0.23 of 
the cranidial length (mean 0.2 1 ;  N = 4) .  The lobes are 
comparatively highly elevated above the surface of glabeIla. 
Eye ridges faint on internal moulds and may even be vestigial; 
they are effaced on testaceous material. Posterior fixigenae 
intact in only one speeimen; they are long ( tr. ) ,  narrow, distal 
tip bent backwards; inner part quite strongly convex, sloping 
backwards-inwards. A faint posterior border furrow is indi
cated on the middle part; it shallows up in both directions. It 
is suspected that larger cranidia lack the border furrow. 
Anterior branches of facial suture diverge in front of palpe-
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Fig. 226. Raymondaspis ( T. )  whittingtoni n.sp. DA. Holotype. Slightly corroded cranidium, stereo-pair, x5.  MGUH 22.958 (K 482) ,  bed l ,  Gårdl6sa-4a. DB. 
Exfoliated, slightly damaged cranidium, x5.  MGUH 22.959 (S  1 1 30) ,  bed +3, Skeibro. OC-E. Exfoliated, slightly damaged cranidium, dorsal, frontal and side 
views, x5. MGUH 22.960 (K 650), bed 7, GårdI6sa-4a. OF-H. Corroded cranidium, dorsal, frontal and side views, x5. MGUH 22.961 (S 1 163) ,  bed +3, 
Skeibro. Dl. Partly exfoliated librigena, x6. MGUH 22.962 (K 776) ,  bed 12,  Gårdl6sa-4a. 

bral area at an angle of about 25° to sagittal line, then, after 
interseetion with paradoublural line, curve gently inwards. 
The suture is most likely marginal in front of glabella, as the 
swollen anterior rim must be the margin of eephalon. Fine 
terrace lines are present on the eranidium, arranged in a 
pattern similar to the one deseribed for R. scitula n.sp., but 
the lines are less densely spaeed. Twelve to fourteen lines per 
millimetre were eounted on glabella in a eranidium approxi
mately 5.7 mm long, and 8-9 lines/mm were counted on 
glabella in a eranidium 1 1 .6 mm long; the lines are less dense 
on the anterior fixigenae. The swollen anterior rim earries 
coarse, continuous terrace lines. 

Librigena slightly broader (tr. ) than long (exsag. ) ,  semi
parabolie in outline (Fig. 226I) .  No paradoublural furrow 

anteriorly, but a furrow, or rather terrace is indieated rear
wards. lnner part of gena raises to the eye, most steeply so 
anteriorly; eye socle very low, visual surface strongly arcuate, 
with about 8 lenses per dorso-ventral file. Outer part of 
librigena widens baekward; a narrow lateral border is defined 
anteriorly, it tapers baekwards and does not reaeh genal 
angle; outer margin distinetly swollen. Genal angle rounded. 
Widely spaced terrace lines are arranged roughly eoneentrie 
around the eye on the inner part. Continuous lines also oeeur 
on the marginal rim, while the remaining test surface is 
smooth. A faint eaeeate pattern is indieated on the mould 
surface of the inner part. Doublure not exposed, but must be 
comparatively narrow. 

Hypostome and thorax unknown. 
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Pygidium reniform in outline, distinctly convex (sag. ) ,  
about twice as  wide as  long, L:W ratio 0.48--0.61  (mean 0.53; 
N = 26; see Fig. 227B) . Anterolateral corners truncately 
rounded. Axis occupies about 0.59--0.67 of the pygidial 
length (mean 0.62; N = 26) ; the length is difficult to deter
mine as the axis tapers gently and continues into a postaxial 
ridge. This narrow ridge is of very low relief, tapers, but 
continues to the posterior margin; it is normally defined onIy 
on internal moulds, but large specimens may show an exter
nal ridge. Anterior axial width corresponds to 0. 16--0.23 of 
the maximum pygidial width (mean 0. 19; N = 25 ) . Axis 
inconsiderably elevated above pleural fields, posterior part is 
actually below the level of the adjacent pleural fields in a few 
specimens. Axis comprises articulating half-ring and at least 
7, presumably 8, axial segments, induding the acuminate 
terminal piece, but onIy the first 2 rings plus the articulating 
half-ring are dearly defined, the remaining are nebulous on 
internal moulds and virtually effaced on testaceous material, 
except in exceptionally preserved specimens. Axial furrows 
deep and wide, but shallows up at intersection with para
doublural line. Pleural fields show anterior halfrib, delimited 
by wide, fairly well-impressed furrow; no segmentation is 
otherwise apparent on testaceous material, but 4 or 5 pleural 
segments are indicated on a few internal moulds (Fig. 228E) , 
primarily by a faint reticulate pattern, the relief is negligible. 
The pattern terminates at paradoublural line. Pygidium fully 
convex, except for a single pygidium from Scania, which 
shows a narrow, steep posterior border. Articulating facets 
comparatively small, triangular, the posterior parts are rising 
somewhat above the pleural fields. The facets are rather 
steeply downsloping anterolaterally, oblique, situated at an 
angle of about 140-145° to sagittal line. Dorsal terrace lines 
sparse. Isolated, vaguely impressed terrace lines, running 
subparallel to margin, typically occur on the adaxial anterior 
part of the pleural fields, turning backwards dose to the axis, 
following the axis for some length (Fig. 2281) . Rearwards 
opening U-shaped terrace lines occur on the anterior part of 
axis; posteriorly the lines become effaced mesially (Fig. 
228B) .  A few specimens show scattered lines behind the axis, 
running subparallel to margin on the convex 'border'. The 
bulk of the pygidial surface, induding the main part of the 
pleural fields, is smooth in all but one specimen (Fig. 228C
D). This pygidium, found in the basal part of the M. simon 
Zone, has a more extensive terrace-line pattern, with widely 

Fig. 227. Raymondaspis whittingtoni n.sp. (closed symbols) and R. neglecta 
n.sp. (open symbols) .  DA. Maximum width plotted against sagittal length 
of cranidia and pygidia. DB. Ratio between sagittal pygidial length and 
maximum pygidial width plotted against pygidial length. De. Ratio be
tween pygidial border length (sag.) and sagittal pygidial length plotted 
against pygidial length. (R. neglecta only) . 
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Fig. 228. Raymondaspis (T.) whittingtoni n.sp. DA-B. Paratype pygidium, x5; dose up shows the sparse external terrace lines, x8. MGUH 22.963 (S 1088) ,  bed 
+ l, Skelbro. DC-D. Atypical pygidium almost covered with terrace lines, x5; dose up x8. MGUH 22.964 (S 779), bed -l2,  Skelbro. DE. Exfoliated pygidium 
showing reticulate pattern on pleurai fields, x3. MGUH 22.965 (S 1 166) ,  bed +3, Skelbro. OF. Small, fragmentarypygidium, x6. MGUH 22.966 (S 1 648) ,  bed 
O, Skeibro. OG. Pygidium, x5.  MGUH 22.967 (K 485) ,  bed l, Gårdlosa-4a. OH. Internal mould of pygidium showing part of doublure, x5.  MGUH 22.968 
(S 778), bed -12, Skeibro. DI-J. Fragmentary pygidium with well-preserved cutide showing moderately abundant external terrace lines, x5; dose up x8. 
MGUH 22.969 (S 965) ,  bed -4, Skelbro. 
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spaced fine terrace lines covering the entire pygidial surface. 
The lines run obliquely inwards-backwards on the pleural 
fields, are U-shaped on the axis, and run subparallel to outer 
margin on the convex 'border'. In the other end of variation 
range a few small specimens appear to lack terrace lines 
altogether. Doublure gently concave, rather steeply sloping, 
comparatively narrow, and approximately of equal width all 
the way. It is provided with 20-2 1 fine, semi-continuous 
terrace lines (counted posterolaterally) . Doublure width cor
responds to the pygidial length minus the axial length; inner 
limit of doublure is indicated on dorsal surface by a very 
shallow paradoublural furrow. 

Affinities. -The strong cephalic convexity (sag. ) ,  the glabellar 
shape, the absence of a cephalic border, the rounded genal 
angle and the slender pygidium with small articulating facets 
indicate that the new species should be attributed to R. 
( Turgicephalus) . 

Compared to Raymondaspis ( T.) neglecta n.sp. ,  R. ( T. )  
whittingtoni n.sp. has a more convex (dorsal view) , pro
nouncedly swollen anterior cranidial margin, the sagittal 
cephalic relief is stronger, the anterior lobe of glabella is less 
inflated, but more strongly forwards expanding, pestle
shaped, not dub-shaped, the genal angle is more rounded, 
the pygidium is without border, so the L:W ratio is typically 
also lower, and the axis is comparatively longer. Despite these 
differences, the two forms are rather similar and R. neglecta 
n.sp. is a plausible ancestor of R. whittingtoni n.sp . .  

Among non-Scandinavian representatives of Turgicepha
lus, viz. R. ( T. )  turgida Whittington, R. ( T.) falcatus (Fortey) 
and R. ( T.) hinlopensis (Fortey) , the new species most dosely 
resembles R. ( T. )  turgida, e.g., with respect to border mor
phology and outline of the librigena. R. ( T. )  whittingtoni 
n.sp. is distinguished by the different cephalic terrace-line 
pattern, the less distinctly indicated anterior fossulae, the less 
impressed composite posterior pair of lateral glabellar fur
rows, the longer and narrower pygidial axis and the much 
more restricted pygidial terrace-line pattern. 

Raymondaspis arcuata Dean, 197 1 ,  presumably also be
longs to R. ( Turgicephalus) , but the poor preservational 
state of the type material is an impediment to a detailed 
evaluation. 

Compared to R. (R. )  imparilis and R. (R. )  scitula n.sp. ,  R. 
( T. )  whittingtoni n.sp. is appreciably larger, the glabella is 
more strongly forward-expanding and less vaulted, an ante
rior cranidial border is absent, the anterior cranidial margin 
is more rounded (dorsal view) , the palpebral area offixigena 
is broader, the genal angle is blunt, and the pygidium is more 
slender, lacks a concave border, and the axis nearly level with 
the pleural fields. Besides, there are differences in the terrace
line pattern of the pygidium, at least by comparison to R. (R.) 
imparilis. The majority of these differences also apply to R. 
(R. )  limbata vs. R. ( T.) whittingtoni; besides, the doublure 
(cephalon, pygidium) of the latter is narrower. 
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Remarks. - Funkquist's ( 19 19 )  surprising report o f  Cerato

pyge in the Komstad Limestone was based on a tiny « 4  mm 
long) , rather poorlypreserved cranidium of R. ( T.) whitting
toni n.sp. (here numbered LU 123)  from Komstad. 

Raymondaspis ( Turgicephalus) 
neglecta n.sp. 
Figs. 227, 229 

Synonymy. - Ov aff. 1952 Raymondaspis limbatus (Angelin, 
1 854) - Skjeseth, pp. 1 7 1-172; Pl. 4: 1 6, 1 7, 1 9-2 1 (descrip
tion and illustrations of cranidia and pygidia, discussion of 
occurrence) .  Ov aff. 1955 Raymondaspis limbatus (Angelin, 
1 854) [partim] - Skjeseth, p. 2 1 ;  Pl. 5:6, 8 (description, 
illustrations of cranidium and pygidium, discussion of oc
currence and phylogeny) . O? 1956 Raymondaspis sp. no. 2 -
Tjernvik, p. 263 (brief characteristic of pygidium, occur
rence) .  Ov 1 965 Raymondaspis limbata (Angelin, 1 854) 
[partim] - V. Poulsen, p. 87; Pl. 6: 1-4 (description and 
illustrations ofcranidium and pygidium) . 0 1971 Raymond
aspis sp. - Neben & Krueger, Pl. 1 3 : 1 3  (illustrations of py
gidium) .  

Derivation of name. - Latin neglectus = neglected, over
looked. 

Holotype. - Cranidium MGUH 22.97 1 (S 234) (Fig. 229B) 
from 3.5 cm below top of bed -20, Skelbro (base of the M. 
polyphemus Zone) .  

Paratype. - Pygidium MGUH 9449 (Fig. 2291) from the 
Skelbro Beds, most likely bed -2 1 ,  Skelbro (base of the M. 
polyphemus Zone) . Previously figured by V. Poulsen ( 1 965, 
Pl. 6:4) . 

Additional material. - Nine cranidia, 1 librigena, and 1 7  
pygidia. 

List of additional material. - DCranidia S 394 (t) [MGUH 22.970 ] ,  S 448 
(im), S 588a (im), S 588b? (t) ,  S 595-5? (c) ,  S 629? (t) ,  S 7 17? (t) ,  S 757 (t) 
[MGUH 22.972 ] ,  GM 1 936.87 (im). DLibrigena IK P25d (t) [MGUH 
22.973 ] .  DPygidia S 383 (im) [MGUH 22.977 ] ,  S 387 (c), S 390 (im) 
[MGUH 22.975 ] ,  S 4 17a (im) [MGUH 22.976 ] ,  S 4 17b (im), S 472 (im), S 
576 (c) ,  S 595-4 (t), S 670 (im) [MGUH 22.974] , S 699 (im), S 708 (c) ,  GM 
1948.5 (im), GM 1988. 1 5  (c), IK P25a ( im), IK P25b (c) ,  IK P25c (im), IK 
P29 (im). 

Occurrence. -R. ( Turgicephalus) neglecta n.sp. is typical of the 
upper part of the M. polyphemus Zone at Skelbro, bed inter
val-19 to -14, but ranges from the base of the zone (bed -2 1 ) .  
The bulk o f  the museum material studied originates from 
bed interval -19 to -14 of Skelbro, but cannot be assigned 
precisely to specific beds. 

R. ( T. )  neglecta is currently not known from outside Born
holm, but a dose form occurs in the Herram Member of 
Ringsaker (M. estonica or M. polyphemus Zone), southern 
Norway (see discussion below) . 
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Fig. 229. Raymondaspis (T.) neglecta n.sp. DA. Cranidium, stereo-pair, x5.  MGUH 22.970 (S 394) ,  bed -20, SkeIbro. DB. Holotype. Cranidium, stereo-pair, 
x5. MGUH 22.971 (S 234), bed -20, SkeIbro. OC Juvenile cranidium, x l0. MGUH 22.972 (S 757), bed -14, SkeIbro. OD. Exfoliated librigena, x5. MGUH 
22.973 (IK P-25d) , SkeIbro. DE. Exfoliated large pygidium, almost laeking a concave border, and showing reticulate pattern on pleural fields, x5. MGUH 
22.974 (S 670) ,  bed -16, Skelbro. OF. Exfoliated medium-sized pygidium showing fairly wide concave border, x5. MGUH 22.975 (S 390), bed -19,  Skelbro. 
OG. Fragmentary, exfoliated pygidium showing reticulate pattern on pleural fields, x5. MGUH 22.976 (S 4 17a), bed -16, SkeIbro. OH. Exfoliated small 
pygidium showing wide concave border, x5.  MGUH 22.977 (S 383) ,  bed -19, SkeIbro. DI. Paratype. Internal mould of pygidium showing doublure, x5.  
Previously figured by V. Poulsen ( 1 965, Pl .  6:4) .  MGUH 9449, Skelbro beds, Skelbro. 
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Diagnosis. - Like R. ( T. )  whittingtoni n.sp. ,  but glabella is less 
forward-expanding and stronger inflated; anterior cranidial 
border defined; cephalic terrace-line pattern denser; pygidia 
show a concave border, which, though, diminishes in dis
tinctness during growth, and the largest pygidia are fully 
convex; pygidia tend to be more elongate than those of R. 
( T.) whittingtoni n.sp. 

Deseription. - Medium-sized to large for a Raymondaspis, 
largest cranidium 8 mm long, largest pygidium 13 .8 mm 
long. R. ( T. )  neglecta n.sp. is rather similar to R. ( T. )  whitting
toni n.sp. ,  and the description focuses primarily on the 
differences between these species. Com paring the cranidia, 
R. negleeta n.sp. has a less forward expanding, slightly more 
inflated glabella, the cranidial convexity (sag.) is less pro
nounced, the anterior margin is less or not swollen, and less 
convex in dorsal view and may even be rather truncate, there 
is an anterior border of variable width, and the paradoub
lural furrow is visible also on testaceous specimens; the 
palpebral area excl. of palpebral lobes is narrower (tr. ) ,  the 
occipital furrow shows lateral depressions, and the external 
terrace-line ornamentation is denser and slightly better im
pressed. Thirteen to sixteen lines per millimetre were 
counted on glabella in a couple of cranidia, 8 mm long. FW:L 
ratio 1 . 2 1  in one specimen; PW:L ratio 1 .05-1 .20 (mean 1 . 1 1 ;  
N = 4 ) ,  the variation is not size related. Width across palpe
bral lobes about 1 .05-1 .06 (N = 2) of the maximum pre
ocular cranidial width; frontal lobe of glabella occupies 0.52-
0.60 of the cranidial preocular width (mean 0.55; N= 4), and 
glabella stretches for 0.83-0.91 of the cranidial length (mean 
0.86; N = 4) .  Minimum posterior glabellar width equivalent 
to 0.60-0.62 (N = 4) of the maximum glabellarwidth. Length 
of palpebral lobe not revealed by the material. A couple of 
minute cranidia, 1 .4 and 2.2 mm long, dosely resemble the 
adults and differ only by having more strongly inflated 
glabellas, stronger cranidial convexities (sag. ) and a more 
truncate margin (Fig. 229C) . 

Available librigena (Fig. 229D) slightly impaired, but ap
pears similar to that of R. ( T. )  whittingtoni n.sp. ,  except for a 
marginally better defined paradoublural furrow anteriorly. 
Main part of specimen exfoliated; the mould surface is 
smooth. 

The most distinct difference between the pygidia of R. ( T.) 
whittingtoni n.sp. and R. ( T. )  neglecta n.sp. is the presence of 
a concave border in the latter. However, the border becomes 
increasingly steeper and relatively narrower with increasing 
size (Fig. 227C) , and the largest pygidia lack a border and are 
exceedingly like pygidia of R. ( T.) whittingtoni n.sp. Because 
of the presence of a border, the pygidia of R. ( T.) negleeta 
n.sp. tend to be relatively longer than those of R. ( T. )  whit
tingtoni n.sp., L:W ratios varies between 0.5 1 and 0.62 (mean 
0.55; N = 12 ) ,  and axis is therefore generally relatively 
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shorter, stretching for 0.52-0.63 of the pygidial length (mean 
0.58; N = 13 ) .  Axis occupies at anterior margin 0. 1 7-0.24 of 
the pygidial maximum width (mean 0.20; N = 13 ) ;  the 
variation does not reflect preservational distortion. All testa
ceous pygidia are poorly preserved, but external terrace-line 
ornamentation appears very limited and is presumably iden
tical to that of R. ( T. )  whittingtoni n.sp. 

Affinities. - R. ( T.)  neglecta n.sp. is a likely ancestor of the 
succeeding R. ( T. )  whittingtoni. Both species are large, gla
bella is of comparatively low relief, anterior border of cra
nidium is narrow or not defined, the cranidial terrace-line 
ornamentation is rather dispersed, the librigenae are very 
similar, and the pygidia exhibit a sparse terrace-line orna
mentation. Large pygidia of the two species are similar for all 
practical purposes. Differences are highlighted in the de
scription above. 

Librigena and pygidium of R. neglecta n.sp. is of typical 
Turgicephalus outline, whereas the cranidium is rather Ray
mondaspis-like. The species is possibly an early member of 
Turgicephalus, dose to the split from Raymondaspis. 

Compared to the associated R. (R. )  seitula n.sp. and R. (R. )  
imparilis, R .  ( T.)  negleeta n.sp. i s  larger, the glabella i s  less 
distinctly vaulted, the anterior border is narrower, the cra
nidial terrace-line ornamentation is less dense, the genal 
angle is blunt, and the pygidial border is narrower or even 
absent. Besides, it appears that the pygidial terrace-line orna
mentation is very sparse in R. negleeta n.sp. Most of these 
differences also apply to Raymondaspis ( T.) negleeta n.sp. 
versus R. (R. )  limbata. 

Remarks. - The paratype pygidium of R. neglecta n.sp. was 
described and figured by V. Poulsen ( 1965, p. 87; Pl. 6:4), 
who assigned it to R. limbata. The associated cranidium, 
figured by V. Poulsen (Pl. 6: 1-3) ,  is probably from bed -20. 

The material from Herramb, identified with R. lim bata by 
Skjeseth ( 1 952, 1955) ,  is dearly related to R. ( T. )  negleeta 
n.sp. ,  but the pygidia are unusually short and have numerous 
terrace lines on the pleural fields. The cranidium is poorly 
preserved (Skjeseth 1952, Pl. 4: 19-20) ,  but has a wide (tr. ) 
palpebral area, in this respect resembling R. ( T. )  whittingtoni 
n.sp. R. limbatus sensu Skjeseth was considered identical to 
the so-called Raymondaspis sp. no 2 by Tjernvik ( 1 956, p. 
263) ,  hence this old form may also be related to R. ( T.) 
negleeta n.sp. 

Genus Hallanta Poulsen, 1 965 

Type speeies. - (OD) Hallanta modesta Poulsen, 1965. 

Remarks. - See V. Poulsen ( 1965, p. 83) and PIibyl & Vanek 
( 197 1 )  for a discussion of genus. 
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Hallanta cf. modesta Paulsen, 1 965 
Fig. 230. 

Synonymy. -Ov cf. 1965 Hallanta modesta n.sp. -V.Poulsen, 
pp. 84-85; Pl. 5 :8-12 (description, occurrence, illustrations 
of cranidia) .  

Holotype. - Cranidium MGUH 9446, figured by V.  Poulsen 
( 1 965, Pl. 5:8-10) .  

Material. - Two cranidia (internal moulds; specimens S 980 
and S 1 758 [MGUH 22.978 ] ) .  The material originally de
scribed by Poulsen ( 1965) has also been examined. 

Occurrence. -Both specimens are from SkeIbro, S 980 is from 
bed -4 (M. simon Zone) ,  and S 1758 is from a loose slab. The 
latter in all probability originates from bed -20 (lower part of 
the M. polyphemus Zone) ,  judging from the lithology and 
associated trilobites, notably Nileus exarmatus. Hallanta mo
des ta has previously been described from beds -2 1 and -20 
by V. Poulsen ( 1965) .  

During the present study no  specimens referable to  Hal
lantawere found in Scania. Funkquist ( 19 19,  Pl. 2 :8) figured 
a 'head of trilobite' from Komstad, which may represent 
Hallanta. According to V. Poulsen ( 1 965, p. 85) ,  who exam
ined the specimen, the preservation is insufficient for de
tailed study, but it may represent a new species, characterized 
by a slightly less truncate glabella. 

Remarks. -For description, see V. Poulsen ( 1 965, pp. 84-85) ,  
although both specimens are slightly different from his ma
terial, and they may belong to a new species, or, alternatively 
and more likely, H. modesta is more variable than hitherto 
recognized. The differences regard the glabella, which ex
pands just slightly more in anterior direction, the glabellar 
front is less truncate and exhibits a shallower median impres
sion. The anterior part of the cranidia is difficult to prepare 
(the matrix adheres to the test), which renders observation 
difficult, but it appears that the anterior cranidial margin is 
slightly more convex in dorsal view, with only a faint median 
introflexion, and the lateral anterior border is even narrower 
than in H. modesta. 

There are also differences between the two specimens 
described by V. Poulsen ( 1965) .  Specimen MGUH 9447 
(Poulsen 1965, Pl. 5 : 1 1-12) shows by comparison to the 
holotype (Poulsen 1965, Pl. 5:8-10) a slightly less forward 
expanding glabella (not obvious on the plates! ) ,  a more 
distinct median impression in the glabellar front, a stronger 
inflated glabella, better impressed occipital and axial fur
rows, and the posterior pair of lateral glabellar furrows are 
deeper, so the rear part of glabella is hump-shaped. The new 
cranidia, one of which is from a somewhat higher level than 
the specimens described by Poulsen ( 1 965),  most closely 
resemble the holotype, but until more material is available it 
is preferred to treat them as Hal/anta cf. modesta Poulsen, 
1965. The new specimens appear identical, albeit the com
parison is hampered by the circumstance that cranidium S 
980 is flattened and the test is dissolved. 
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Fig. 230. Hal/anta cf. modesta Poulsen, 1965. Exfoliated cranidium, dorsal 
and frontal views, x3. MGUH 22.978 (S 1 758) ,  Skeibro. 

Subfamily Bumastinae Raymond, 1 9 1 6  

Genus Dysplanus Burmeister, 1 843 

Type speeies. - Asaphus (Illaenus) centrotus Dalman, 1 827 
(SD Hawle & Corda 1 847) . 

Material O!DySPLANUS. - Four complete specimens, 3 cepha
la, 34 cranidia and I l  pygidia. 

Remarks. -Dysplanus is assigned to the Styginidae, following 
Lane & Thomas ( 1983) .  Only two Scandinavian species have 
been described so far, viz. Dysplanus acutigenia Jaanusson, 
1957, and Dysplanus centrotus (Dalman, 1 827).  The eastern 
Baltic Dysplanus muticus Volborth, 1 863, which Holm 
( 1 886) regarded synonymous with 'Illaenus' centrotus, is 
inadequately known, but Volborth's ( 1 863, p. 3 1 )  descrip
tion leaves no doubt that it is of 'acutigenia type' .  The lack of 
genal spines suggests that D. muticusprobably is not identical 
to D. acutigenia acutigenia. For the time being D. muticus 
must be regarded a nomen dubium. Illaenus bisulcatus Pom
pecki is also clearly of' acutigenia type' (cf. Pompecki 1 890, p. 
67; Pl. 3 : 18 ) .  The peculiar longitudinal furrows on the gla
bella indicate that it is not identical to D. acutigenia (s.str. ) ,  
but may be regarded as  a related species or subspecies. 
Tjernvik ( 1 956) mentioned two cranidia, tentatively as
signed to Dysplanus, from the M. planilimbata and M. dale
carlicus Zones of Sweden, and Lamansky ( 1 905) listed Dys
planus from all zones of BIl. Hence additional species and/or 
subspecies of Dysplanus may remain to be recognized. In the 
present con text a new subspecies, D. acutigenia vetustus 
n.subsp. ,  is described from the M. polyphemus Zone. 

Dysplanus centrotus (Dalman, 1 827) 
Figs. 23 1-232 

Synonymy. - (Key papers only, see Jaanusson ( 1957) for 
further references) 0 1 882 Dysplanus centrotus Dalm. 
[partim. ] - Brogger, p. 96; Pl. 6:5; non Pl. 2:4, 4a-b [= Dys
planus acutigenia Jaanusson, 1954] (occurrence, illustration 
of complete specimen) . 0 1957 Dysplanus centrotus (Dal
man, 1 827) -Jaanusson, pp. 95-99; Pl. l :  1-9; Textfigs. 1 0-1 1 
(description, occurrence, illustrations of cephala, pygidia 
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Fig. 231 .  Dysplanus centrotus (Dalman, 1 827) .  DA-B. Partlyexfoliated cranidium showing paired muscle impressions on glabeIla, stereo-pair and frontal view, 
x l .5. MGUH 22.979 (A 447) ,  bed A-34, Slemmestad. DC LargeJy exfoliated cephalon, x2. MGUH 22.980 (GM 1969. 1 7 1 ) ,  Lysaker Member, Slemmestad. 
DD-E. Fragmentary cephalon, dorsal and side views x2. MGUH 22.98 1 (A 435),  bed A-3 1 ,  Slemmestad. 

and complete speeimens) .  0 1 980 Dysplanus centrotus (Dal
man) - Reyment, Fig. 2d [ sic) ; Fig. 4a ( non Fig. 4b! )  (illustra
tions of lectotype; see notes below) . 

Lectotype. -Enrolled speeimen, assumed original ofDalman 
( 1 827, Pl. 5 : 1 a--c) ,  figured by Reyment ( 1 980, Fig. 4) .  

Material. - Four complete speeimens, 3 cephala, 9 cranidia, 
and 4 pygidia. 

List of material. - DComplete specimens A 441 (im), A 444 (im), A 460 
(poor; im) , A 471  (im) .  DCephala K 905 (c; with thoracic segments), A 435 
(t) [MGUH 22.980] ,  GM 1969. 1 7 1  (pim) [MGUH 22.980] . DCranidia A 
430a? (t), A 430b (pim),  A 442 (im), A 447 (pim) [MGUH 22.979 ] ,  A 461 
(im) , A 477 (pim) , A 484 (pim) , A  1 1 1 1  (im) , A  1 1 53 (pim).  DPygidia K 352 
(c) ,  K 1 342 (c) ,  A 4 19  (im),  A 458 (im) [MGUH 22.982 ] .  

Occurrence. -The bulk of  the material is from the A.  expansus 
Zone of Slemmestad. The speeies has been found in bed 
interval A-29-A-5 1  of the Lysaker Member, but is most 
frequent in beds nos. A-3 1-A-36. Cephalon MGUH 22.980 
is from the Lysaker Member at Slemmestad, exact level 
unknown. A few speeimens are from bed + 22 ( upper part) to 
+24 at Killerod; this interval corresponds to the lowermost 
part of the A. expansus Zone. D. centrotus is characteristic of 
the A. expansus Zone of Sweden (Jaanusson 1957) .  

Remarks. - For description, see Jaanusson ( 1 957) .  The mate
rial has not been studied in greater detail, but appears in all 

Fig. 232. Dysplanus centrotus (Dalman, 1 827) .  Internal mould of pygidium 
showing doublure, x2.5. MGUH 22.982 (A 458),  bed A-36, Slemmestad. 
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aspects to comply with this description; the stratigraphic 
range seems to be as stated by Brogger ( 1 882) and J aanusson 
( 1 957) .  

Reyment ( 1 980) figured the presumed original of D. cent
rotus, but the figures were erroneously mixed with Calymene 
polytoma, and, thus, the expIanation called Fig. 2d ( ' c. poly
toma') refers to Fig. 4a, whereas the text Iabelled Fig. 4b ( 'D. 
centrotus' ) corresponds to Figs. 2a-c. 

Dysplanus acutigenia acutigenia 
Jaanusson, 1 957 
Figs. 233-234 

Synonymy. - (See also Jaanusson 1957) 0 1 882 Dysplanus 
centrotusDalm. [partim] - Brogger, p. 96; Pl. 2:4, 4a-b (short 
description, occurrence, illustrations of cephalon) .  Def. 
1890 Illaenus sp. - Pompecki, p. 72; Pl. 3:20 (illustrations of 
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cranidium) .  Ov 1936 Illaenus sp. - Poulsen, p. 48 (listed) . 
0 1 957 Dysplanus acutigenia n.sp. - Jaanusson, pp. 99-104; 
PIs. 1 : 1 0-13;  2 : 1-8; Textfig. 12 (description, occurrence, 
illustrations of complete specimen, cephala, cranidium, py
gidia) .  0 1 960 Dysplanus acutigenia Jaan. - Jaanusson, p. 345 
(occurrence). 0 1980 Dysplanus acutigenia Jaanusson -
Tjernvik & Johansson, p. 192 (listed) . 

Holotype. - (OD) Enrolled specimen Ar 1747 1 ,  figured by 
Jaanusson ( 1 957, Pl. 2:6-8) .  

Material. - Twenty-two cranidia and 7 pygidia 

List of material. - DCranidia S 795 (t) [MGUH 22.986 ] ,  K 83 (t) ,  K 390 
(pim) [MGUH 22.983 ] ,  LU 36 (pim) [LO 709 1 ] ,  A 765 (pim),  A 806 (im), 
A 813 (pim), A 817 (im) , A 868 (pim), A 9 1 1  (im), A 913 (t) ,  A 916 (pim) 
[MGUH 22.985 ] ,  A 927 (im) , A 935 (im) , A 944? (im),  A 978 (im),  A 985 
(im), A 1005 (im), A 1010  (im), A 10 13a (im), A 10 l3b (im), A 380 (im) 
[MGUH 22.984] . DPygidia GM 1 835.44 (im) [MGUH 22.987] ,  K 689 
(im), A 8 19? (im), A 933 (im), A 988 (im),  A 993 (im), A 995 (im) . 

Fig. 233. Dysplanus acutigenia acutigenia Jaanusson, 1957. DA-C. Partly exfoliated cranidium, dorsal, frontal and side views, x3. LO 709 1 (LU 36),  Andrarum. 
DD-E. Partly exfoliated fragmentary cranidium, dorsal and frontal views, x4. MG UH 22.983 (K 390), bed -7, Killeriid. DF-G. Exfoliated late cranidium, 
looking intermediary towards D. centrotus, dorsal and side views, x4. MGUH 22.984 (A 380), bed A-26, Slemmestad. OH-I. Small, partly exfoliated 
cranidium, x6. MG UH 22.985 (A 916) ,  bed M-9, Slemmestad. 
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Occurrence. -D. acutigenia acutigenia is rare in the Komstad 
Limestone, and has been found in SE Scania only in the 
upper part of the M. simon Zone (beds -6 and -7 at Killerod; 
bed 9 at Gårdlosa-4a [== lower part of bed -6 at KillerodJ ) .  
Cranidium LU 36 i s  from Andrarum (level unrecognizable) .  
An isolated cranidium was found in bed -12, M. simon Zone, 
Skelbro, and pygidium MGUH 22.987 is from an unknown 
level at the same locality. 

D. a. acutigenia is frequent in bed interval M -7 to M - 1 1  at 
Slemmestad, i.e. the lower part of the M. limbata Zone; a 
single speeimen is from the top ofbed M-6, which is corre
lated with the M. simon Zone, and another isolated speeimen 
is from bed A -26, which is dose to the top of the M. limbata 
Zone. The latter cranidium (Fig. 233F-G) has a slightly lower 
convexity (sag. ) ,  compared to the older representatives, and 
is perhaps transitional to D. centrotus. 

Dysplanus acutigeniahas previously been mentioned from 
the Hukodden Limestone by Brogger ( 1882, p. 96) and 
Jaanusson ( 1960, p. 345) .  Jaanusson stated that speeimens 
were collected from 'the lowermost part of this limestone at 
Slemmestad' which has caused some confusion (e.g., S. Berg
strom 1986, p. 65) ,  as D. acutigenia has been taken as indica
tive of the M. limbata Zone. No speeimens have been found 
in the lowermost part of the limestone at Slemmestad during 
the present study, the first specimen was collected 2 cm 
below top ofbed M -6, i.e. ca. 0.9 m above the Tøyen Shale, 

Fig. 234. Dysplanus acutigenia acutigenia Jaanusson, 1957. DA. Strati
graphically important cranidium from bed -12,  SkeIbro. x3, MGUH 
22.986 (S 795) .  DB. Exfoliated pygidium showing axis and reticulate 
pattern on pleuraI fields, x2.5. MGUH 22.987 (GM 1835.44) ,  SkeIbro. 
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and the last typical speeimen was found in bed M - 1 1 , ca. 1 .3 
m above base of Hukodden Limestone. 

D. acutigenia acutigenia has hitherto been regarded char
acteristic of the M. limbata Zone (Jaanusson 1957; Tjernvik 
1980), which is also basically the case at Slemmestad, but the 
subspecies actually appears already in the uppermost part of 
the M. simon Zone (Slemmestad and SE Scania), and even 
earlier at Skelbro (which, however, still may be in the upper 
part of the M. simon Chronozone) .  D. a. acutigenia also 
occurs in the 'Lepidurus Limestone' of northern Oland. 

Remarks. - For description, see Jaanusson ( 1 957) .  Speeimen 
MGUH 22.987 (Fig. 234B),  listed by C. Poulsen ( 1 936),  was 
suggested to represent a new speeies of Dysplanus by J aanus
son ( 1 957, p. 14 1 ,  footnote) .  In my opinion the pygidium 
cannot be separated from D. acutigenia acutigenia. Unfortu
natelythe exact stratigraphic provenance is unknown, except 
that the speeimen is from below the A. expansus Zone. The 
internal mould is well-preserved, and shows traces of 9-10 
axial rings; the pleural fields exhibit a reticulate pattern with 
4-5 nebulous pairs of ribs; the paradoublural line is rather 
sharply indicated by a change in ornamentation of mould 
surface from reticulate to smooth; the entire pygidium ind. 
the smooth 'border' area and axis shows a widely spaced fine 
punctation; a very shallow median furrow leads from the axis 
and to the posterior pygidial margin. 

Dysplanus acutigenia vetustus n. subsp. 
Fig. 235 

Synonymy. - D? 1905 Illaenus centrotus Dalm. [partim?] -
Lamansky, pp. 53, 54, 67, 169 (listed). D? 1957 Dysplanus cf. 
acutigenia [partim?] - Jaanusson, pp. 102, 103, 104 (brief 
discussion of the eastern Baltie '1. centrotus' sensuHolm 1886, 
and Lamansky 1905) .  

Derivation ofname. -Latin vetustus= ancient, old-fashioned, 
alluding to the early occurrence and the primitive features of 
this form. 

Holotype. - Cranidium MGUH 22.990 (S 1660) (Fig. 235C
D) from a loose slab, Skeibro, believed to represent bed -16 
(M. polyphemus Zone) .  

Para type. - Pygidium MGUH 22.992 (S 712) (Fig. 235H-I) 
from 3.5 cm below top ofbed -15 ,  Skeibro (upper part ofthe 
M. polyphemus Zone) . 

Additional material. - Two cranidia and l pygidium. 

List ofadditional material. - DCranidia S 698 (im) [MGUH 22.988 ] ,  S 705 
(im) [MGUH 22.989J . DPygidium S 757 (im) [MGUH 22.99 1 J .  

Occurrence. - The new subspecies has been found in beds 
interval nos. -16 to -14 at Skelbro, representing the upper 
half of the M. polyphemus Zone. Sample S 1660 (with holo
type) is a loose slab from Skelbro; the lithology indicates 
beyond reasonable doubt that it represents the same interval, 
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Fig. 235. Dysplanus acutigenia vetustus n.subsp. DA-B. Exfoliated, fragmentary small cranidium, dorsal and frontal views, the latter showing anterior 
'dysplanid' pit, x l0. MGUH 22.988 (S 698), bed -16, Skeibro. De-D. Exfoliated cranidium, dorsal and side views, x4. MGUH 22.989 (S 705) ,  bed -16, 
Skeibro. DE-F. Holotype. Exfoliated small cranidium, side and dorsal views, x6. MGUH 22.990 (S 1660), SkeIbro. OG. Partly exfoliated pygidium showing 
faint axis, x4. MGUH 22.99 1 (S 757), bed -14, SkeIbro. OH-I. Paratype. Pygidium, dorsal and side views, x4. MGUH 22.992 (S 712 ) ,  bed -12,  SkeIbro. 

presurnably bed -16.  It is possible that D. a. vetustus n.subsp. 
also occurs in the eastern Baltie area, see discussion below. 

Diagnosis. - Cranidial angle ca. 90° or even slightly over
turned; glabella narrow (tr. ) ,  insignificantly inflated, and 
with minute median tuberele situated near posterior margin; 
rudimentary eye ridges. Pygidium moderately convex; inter
nal moulds show barely indicated, long, slender, hourglass
shaped axis, which is effaced on testaceous material. Doub
lure of pygidium wide with broad median inner bulge. 
External surface ornamentation restricted (cranidium and 
pygidium) .  

Description. - Small form, largest cranidium 8.4 mm long, 
largest pygidium 8 . 1  mm long (paratype) . Anterior margin 
of cranidium slightly swollen, rather convex (dorsal view) , so 
cephalon is most likely about semicircular in outline. Poste
rior part of cranidium almost flat, horizontal; anterior part 
vertically bent down; cranidial angle about 90° or even less 
(80°, overturned, in one speeimen) .  Greatest cranidial width 
is across posterior fixigenae, FW:L ratio slightly greater than 
1 .6 in one cranidium (N = 1 ) ;  width across palpebral lobes 

slightly more than 1 . 5  times the sagittal length (N = 1 ) ;  PW:L 
ratio 1 .25-1 .39 (mean 1 .32; N = 3) .  Glabella comparatively 
narrow, occupying 0.3 of the posterior cranidial width (N = 

l ) .  Glabella defined only posteriorly, delimited by subparal
leI, fairly impressed axial furrows; it is very little arched (tr. ) ,  
hardly rising above level of fixigenae. Axial furrows shallow 
up on the flexure to the steep anterior part of cranidium; no 
preglabellar furrow. On internal moulds a vague anterior 
continuation of axial furrows may be present, diverging 
forwards from the flexure towards two rather distinetly im
pressed pits near anterior margin; it is unknown whether 
these pits are visible on testaceous material. A diminutive 
median tuberele is situated posteriorly on glabella near pos
terior margin; it may correspond to an occipital tuberele. 
Lateral glabellar furrows and occipital furrow effaced. Shal
low lateral pits occur in the axial furrows approximately at 
level with anterior corner of palpebral lobe. No anterior 
border. Palpebral area offixigenae ratherwide, barelyconvex 
and almost flat; width of palpebral area excl. of palpebral lobe 
is two thirds of the adjacent glabella width, width inel. 
palpebral lobe is slightly less than 0.9 of the adjacent glabellar 
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width. Palpebral lobes situated immediately behind steep 
part of cranidium; distance to posterior margin is equal to 
the lobe length (exsag. ) ,  which in turn is equivalent to about 
0.2 of the cranidial length (sag. ) .  Outline of lobes as in D. 
acutigenia acutigenia; they are slightly below the level of 
glabella. It appears that the palpebral lobes continue anteri
orly into faint, oblique and almost straight eye ridges, termi
nating immediately in front of the axial furrows. These 
inconspicuous ridges may, alternatively, be interpreted as 
creases connected with the marked change of cranidial slope. 
Posterior area of fixigenae continues posterolaterally into 
thorn-like, backwards curving projections. Adaxial main 
portion of posterior gena almost flat, sloping gently rear
wards, distal tip insignificantly flexed downwards. No poste
rior border furrow on testaceous specimens; internal moulds 
show a 'furrow' or, rather, depression running next to poste
rior margin. Anterior branches of facial suture parallel in 
front of eyes, descending straight to anterior margin. Poste
rior branches of facial suture are gently convex, diverging 
obliquely backwards-outwards from palpebral lobe. Except 
for a few isolated terrace lines running along anterior margin 
of cranidium, the dorsal surface is devoid of lines. The 
surface of the flat posterior part of cranidium is covered with 
fine, openly spaced pits except on the central and posterior 
part of glabella and in the axial furrows. It is unknown 
whether or not the anterior steep part is pitted. 

Librigena, hypostome and thorax unknown. 
Pygidium semicircular in outline, rather strongly vaulted, 

L:W ratio about 0.55-0.60. Anterior margin straight; antero
lateral corners rather acute. No axial relief on outside of test, 
except dose to anterior margin, where it is gently vaulted; 
width of axis at anterior margin equivalent to 0.5 of the 
pygidial width. The available internal mould shows a barely 
raised, slender axis, stretching for about 0.6 of the pygidial 
length (Fig. 235G); it tapers gently backwards to a constric
tion 0.6 of the axial length from front, and then expands, so 
outline is hourglass-shaped. Axial segmentation nebulous 
and onlythe anterior articulating half-ring is dearly set offby 
a shallow furrow. Pleural fields slope evenly towards margin, 
and no border is defined. Segmentation of pleural fields 
effaced, even on the internal mould, which shows a low 
anterior half rib delimited by a shallow furrow. Articulating 
facets small, triangular, slanting laterally at an angle of about 
450 from horizontal. Facet delimited rearwards by a very low 
crest, which is directed obliquely backwards at an angle of 
about 1400 to sagittal line. A few terrace lines occur on 
posterior part of articulating facets, otherwise the dorsal 
surface of pygidium is without lines. The test of pleural fields 
and axial area show dusters of fine pits, but it cannot be 
verified whether the pitting is original or caused by second
ary corrosion; it is believed original. 'Border region' smooth. 
Doublure not exposed; paradoublural line is indicated on the 
intern al mould by a slight textural change of the mould 
surface. The doublure appears slightly broader (all the way) , 
and with a slightly broader (tr. ) and therefore more smooth 
inner median bulge, compared to D. acutigenia acutigenia. 
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Affinities. -D. acutigenia vetustus n.subsp. is smaller than D. 
acutigenia acutigenia Jaanusson, and is characterized by hav
ing a more prominent glabellar tuberde, by showing faint 
eye ridges, the bend between posterior and anterior cranidial 
parts is sharper, the external test ornament of the cranidium 
is finer, the pygidium appears to be slightly more rounded in 
outline (pygidia of D. acutigenia acutigenia display a hint of 
triangularity) with a more hour-glass-shaped axis, axial fur
rows effaced, the pygidial doublure is probably slightly 
broader and with a wider (tr. ) more smooth inner median 
bulge, and the surface sculpture of the pygidium lacks the 
distinct punctation seen in D. a. acutigenia. 

The relative prominence of the mesial glabellar tuberde 
and the possible presence of eye ridges, and perhaps also the 
finer surface pitting, may be regarded as primitive characters, 
and, supported by the stratigraphical distribution, makes D. 
acutigenia vetustus n.subsp. an obvious candidate for an 
ancestor of D. acutigenia acutigenia Jaanusson. 

D. acutigenia vetustus n.subsp. is readily distinguished 
from D. centrotus (Dalman), e.g., by having a much smaller, 
comparatively shorter, broader cephalon and pygidium, by 
the much stronger cephalic convexity (sag. ) ,  by the far more 
distinct anterior pits near cephalic margin, by the lack of 
well-defined cephalic posterior border furrows, and by pos
sessing a narrower and almost effaced pygidial axis. 

The inadequate knowledge on D. muticus Volborth, 1 863 
hinders a comparison, in particular because the librigena of 
D. acutigenia vetustus n.subsp. is unknown. 

Remarks. - It is uncertain whether D. acutigenia vetustus 
n.subsp. is identical to the oldest representatives of the East 
Baltic 'Illaenus' centrotus, reported from the BIla Zone by 
Lamansky ( 1 905; see also Jaanusson 1957, pp. 1 02-104) .  The 
pygidium figured by Holm ( 1 886, Pl. 10:9) should probably 
not be assigned to D. a. vetustus n.subsp., as the axis is toa 
well-defined. 

Genus Platillaenus Jaanusson, 1 954 

Type speeies. - (OD) Illaenus ladogensis Holm, 1 886. 

Platillaenus aff. ladogensis (Holm, 1 886) 

Material. - One poorly preserved cranidium (A 55 1 ) .  

Occurrence. - The specimen i s  from bed A-56 o f  the Lysaker 
Member at Slemmestad (upper part of the A. expansus 
Zone) .  

Remarks. - Platillaenus is  assigned to Styginidae, following 
Lane & Thomas ( 1 983) .  Two species are known, P. ladogensis 
(Holm, 1 886) ,  occurring in the A. expansus Zone, and P. 
mirus (Wiman, 1907), occurring in the A. 'raniceps' Zone 
and perhaps also in younger strata (Jaanusson 1957) .  The 
former has also been reported from the southern Urals 
(Ancigin 1977). The available cranidium resembles P. lado-
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gensis, but the convexity (both ways) is slightly stronger, the 
anterior fixigena looks slightly narrower (tr. ) immediately in 
front of eye (perhaps because the glabella is broader),  the 
axial furrow does not continue anteriorly into a lateral 'bor
der' furrow, and the palpebral lobe may be more arcuate, but 
the outline may be incidental, as the posterolateral margin is 
damaged. It cannot be excluded that distortion caused by 
compaction is responsible at least for some of the apparent 
differences. The specimen is not suited for illustration. 

Family Panderiidae Bruton, 1 968 

Genus Panderia Volborth, 1 863 
pro Rhodope Angelin, 1 854 (non Kolliker, 1 847) and Pogrebovites 
Balashova, 1976 

Type speeies. - (OD) Panderia triquetra Volborth, 1 863. 

Remarks. -The Panderia group is ranked as a family, follow
ing Lane & Thomas ( 1983) .  For discussion of genus, see 
Volborth ( 1 863) ,  Holm ( 1 886), Jaanusson ( 1954),  and in 
particular Bruton ( 1 968) .  

Balashova ( 1976, p. 1 32) erected Pogrebovites to accom
modate a group of species, which, however, previously had 
been included in Ottenbyaspis by Bruton ( 1 968) (see discus
sion of Ottenbyaspis herein) .  Despite the fact that Pogre
boviteswas intended to cover Ottenbyaspis, the genus is more 
likely a subjective synonym of Panderia, as the type species 
from the A. expansus Zone, 'Niobe' volborthi Schmidt, 1907, 
presumably belongs to that genus. This species is peculiar in 
having a fairly well-defined concave border (cephalon and 
pygidium) , but is otherwise characterized by rounded genal 
angles, a central glabellar tubercle, eight thoracic segments, 
and a strongly vaulted, cylindrical pygidial axis (Balashova 
1976, pp. 1 33-134; Pl. 40:4) .  

Panderia cf. triquetra Volborth, 1 863 
Fig. 236A-C, E-F 

Synonymy. - (Key papers only, see Bruton 1968 for addi
tional references. )  Dcf. 1 863 Panderia triquetra n.sp. - Vol
borth, pp. 32-34; Pl. 3: 1 3-17  (description, occurrence, illus
trations of complete enrolled specimens) .  Dcf. 1 886 Illaenus 
triquetrus (Volborth) 1 863 - Holm, pp. 1 59-162; Pl. 1 1 :5-10  
(description, occurrence, illustrations of  complete speci
mens, cephala, pygidium) .  Dcf. 1968 Panderia cf. triquetra 
Volborth, 1 863 - Bruton, pp. 9-10; Pl. 1 : 1-6 (description of 
cranidium, discussion of species, occurrence, illustrations of 
cranidia) .  

Type material. - Not designated. 

Material. - One cranidium and 4 pygidia. All specimens are 
internal moulds. 

FOSSILS AND STRATA 38 ( 1 995) 

List of material. - DCranidium A 322 [MGUH 22.993 ] .  DPygidia A 295 
[MGUH 22.994 ] ,  A 298, A 314 [MGUH 22.995] ,  A 319 .  

Occurrence. - The specimens are from bed A- 19  of the 
Lysaker Member at Slemmestad (upper part of the M. lim
bata Zone) .  Panderia triquetra is characteristic mainly of the 
Kunda Stage elsewhere in Baltoscandia (Bruton 1 968) ,  but it 
perhaps occurs also in the M. limbata Zone, see remarks 
below. 

Description. - Cranidium ca. 2 .5 mm long (anterior margin 
damaged) , largest pygidium 3.3 mm long. The cranidium 
(Fig. 236A-C) is like P. cf. triquetra sensu Bruton ( 1968, pp. 
9-10; Pl. 1 : 1 ,  3-5) ,  except that the cranidial angle is over
turned (ca. 65°) , and the course of the axial furrows may be 
described as intermediate between P. cf. triquetra and P. 
baltica (cf. Bruton 1968) .  

Pygidium subsemicircular in outline, L:W ratio varies 
between 0.58 and 0.64 (mean 0.6 1 ;  N = 4);  convexity moder
ate in comparison to other illaenimorphs. Axis distinctly 
arched and barelytapers backwards, i.e. is roughly cylindrical 
in outline, terminal piece truncately rounded; axis stretches 
for O.67-D.73 ofthe pygidial length (mean 0.7 1 ;  N= 4);  width 
at anterior margin corresponds to 0.30-D.33 of the maxi
mum pygidial width (mean 0.3 1 ;  N = 4) .  Anterior half-ring 
delimited by a rather shallow furrow, succeeded by six very 
faintly outlined axial segments including the terminal piece; 
the segmentation is indicated by paired lateral swellings, 
which probably are effaced on testaceous material. Pleural 
fields flat; anterior half rib delimited by a moderately im
pressed furrow, otherwise the pleural fields are smooth, or a 
nebulous anterior pair of ribs may be indicated. A border 
region is delimited by a low paradoublural crest; border 
generally convex, gently downsloping, and of equal width 
throughout; anterolaterallythe inner halfis gently concave in 
the two largest specimens (3 and 3 .3 mm long; Fig. 236E). 
Dorsal surface sculpture not revealed by the exfoliated speci
mens. Doublure stretches inwards for about 0.3 of the sagit
tal length postaxially; it is of equal width throughout, and 
inner margin parallels the outer pygidial margin; no axial 
incision. The smallest pygidia, 2.2-3 .0 mm long, have a 
concave doublure without indications of terrace lines. The 
largest pygidium, 3 .3 mm long, has a sigmoidal doublure, the 
inner half is gently concave, outer half convex (Fig. 236F) ;  six 
continuous fine terrace lines are present on the inner half. 

Affinities. - Early representatives of Panderia are poorly 
known, and only a few crania have been described in some 
detail so far (Bruton 1968) . Compared to P. baltica, the 
Norwegian cranidium has a more even and stronger sagittal 
curvature, and a carinate, less convex (tr. ) glabella, and it is 
very like the larger and somewhat younger specimen de
scribed as P. cf. triquetra by Bruton ( 1968, Pl. 1 : 1 , 3-5) .  The 
similarity is greater than to the coeval cranidium from the 
'Lim bata Limestone' described by Bruton ( 1 968, Pls. 1 : 7-8, 
2: 1-2) .  
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Fig. 236. DA-C, E-F. Panderia cf. triquetra Volborth, 1 863. DA-C. Exfoliated small cranidium, dorsal, side and frontal views, x 12.  MGUH 22.993 (A 322), 
bed A- 19, Slemmestad. DE. Largely exfoliated pygidium, x 1 8. MGUH 22.994 (A 295), bed A- 19,  Slemmestad. OF. Internal mould of pygidium showing 
doublure, x 12 .  MGUH 22.995 (A 3 14),  bed A- 19, Slemmestad. OD. Panderia sp. A. Partly exfoliated pygidium, left side showing doublure, x 16. MGUH 
22.996 (K 1 2 13 ) ,  bed 9, KilIerod site b. 

The available pygidia resemble those of P. baltica very 
much, but the axis of the latter appears even more promi
nent, being marginally longer and broader (cf. Bruton 1968, 
Pl. 2 :9) .  The differences between P. baltica and P. triquetra 
pygidia are, however, uncertain (Bruton 1968) .  

Panderia cf. triquetra i s  distinguished from most other 
species of Panderia by the pronouncedlyvaulted, rather long 
pygidial axis. 

Remarks. - The Norwegian pygidia closely resemble the 
material of P. triquetra, figured by Volborth ( 1 863, Pl. 3 : 1 7) 
and Holm ( 1 886, Pl. 1 l :6b) ,  and the biometric ratios are 
identical for all practical purposes (compare Holm 1886, p. 
1 6 1 ;  the sagittal length used here corresponds to 'Lange nach 
der Krummung gemessen') .  On the other hand there may be 
some difference with regard to the distinctness of the axial 
segmentation (cf. Volborth 1 863, p. 33; Pl. 3 : 1 7) .  Volborth 
( 1 863, p. 33)  and Holm ( 1 886, p. 160) wrote that the doub
lure of the pygidium is narrow and of equal width through
out, but no further details were mentioned. As the current 
knowledge of the P. triquetra pygidium is limited, and even 
the identification of the cranidium is problematic (Bruton 
1 968, p. lO) ,  it is preferred to refer to the new material as P. cf. 
triquetra. 

Panderia triquetra Volborth is believed to occur in the 
lower part of the Kunda Stage (Bruton 1968), but a single 
very ' triquetra like' specimen originating from the 'Limbata' 
Limestone ofOland was mentioned by Bruton ( 1968, p. 10) ,  

which at that time was the oldest known Baltoscandian 
representative of the genus. However, Tjernvik ( 1 980) listed 
Panderia from the upper part of the M. polyphemus Zone, the 
M. simon Zone (frequent) and the M. lim bata Zone; the 
assignment to species was not discussed, and these old forms 
remain to be studied. 

Tjernvik ( 1980, Fig. 3) found a single pygidium of Pan
deria at 4 1 .0 m in the Finngrundet core, i.e. at a level roughly 
corresponding to bed A- 19  at Slemmestad. The ca. 2 .5 mm 
long specimen is poorly preserved, but, compared to the 
Norwegian specimens, seems to have a significantly less 
arched axis, the posterior axial termination is, consequently, 
less well-defined, the border limit is ill-defined and the 
border is less steeply sloping. It is, accordingly, unlikely that 
the pygidium from the Finngrundet core is conspecific with 
the coeval Norwegian material. 

Panderia Sp. A (cf. ramosa) 
Fig. 236D 

Synonymy. - cf. 1968 Panderia ramosan.sp. - Bruton, pp. 12-
13 ,  Pl. 12 : 1-3, 5, 6 (description, occurrence, illustrations of 
complete specimen and cephalon) . 

Material. - One pygidium (K 12 13 ,  pim) [MGUH 22.996] . 

Occurrence. -The specimen is from the lower part ofbed 9 at 
Killerod site b. This horizon constitutes the very top of the 
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Fig. 237. Ottenbyaspis sp. DA-D. Exfoliated cranidium, dorsal, oblique dorsal, side and frontal views, x12. MG UH 22.997 (5 1 54) ,  bed -2 1 ,  5kelbro. 

local A. expansus Biozone, which, however, is suspected to 
equal the basal part of the A. 'raniceps' Chronozone. 

The range of P. ram osa is uncertain; it has, so far, been 
reported only from the A. expansus and/or early A. 'raniceps' 
Zone of Ostergotland, Sweden (Bruton 1968) .  

Description. - Pygidium 1 .8 mm long; outline subsemi
circular, L:W ratio 0.58. Axis rather low, best defined on the 
exfoliated half; it stretches for two thirds of the pygidial 
length, width at anterior margin about 0.25 ofpygidial width. 
The exfoliated part shows an articulating half-ring, bounded 
by a shal10w furrow; this furrow continues onto the pleural 
field, delimiting a low anterior half rib. The furrow is effaced 
on the part with intact test. Axial furrows wide, shal1ow, axis 
defined mainly by a change of slope. Pleural fields show no 
trace of segmentation, and merge smoothly with the convex 
border region, descending to outer margin. Dorsal test sur
face smooth. Doublure gently convex; the width is slightly 
increasing rearwards to attain a maximum postaxially, there 
stretching for about one third of the pygidial length. Indis
tinet terrace lines are indicated on the doublure; the number 
cannot be verified. 

Remarks. - The juvenile pygidium matches Bruton's ( 1 968) 

description of P. ram osa, notably with regard to the less 
prominent axis in comparison to the otherwise similar P. 
triquetra and P. baltica, but it is impossible to confidently 
identify the isolated tiny specimen. 

Family Panderiidae? Bruton, 1 968 

Genus Ottenbyaspis Bruton, 1 968 

Type speeies. - (OD) fllaenus oriens Moberg & Segerberg, 
1906. 

Remarks. - Ottenbyaspis is tentatively assigned to the Pan
deriidae, fol1owing Lane & Thomas ( 1983) .  The reader is 
referred to Bruton ( 1 968) for a short discussion of genus and 
further referenees. For comments on Pogrebovites Balashova, 
1976, see remarks on Panderia above. 

Ottenbyaspis Sp. 
Fig. 237. 

Synonymy. - ov 1965 Symphysurina? sp. - Poulsen, pp. 72-
73; Pl. 3 :3--6 (description, occurrence, discussion of generic 
assignment, illustrations of cranidium) .  

Material. - Cranidium S 154 (im) [MGUH 22.997 ] .  

Occurrence. -The speeimen is from bed -2 1 at SkeIbro, basal 
part of the M. polyphemus Zone. 

Remarks. - The cranidium corresponds in all features to the 
speeimen described as Symphysurina? sp. by V. Poulsen 
( 1965, pp. 72-73),  and which Bruton ( 1968, p. 29) allocated 
to Ottenbyaspis. The two known specimens from the base of 
the Komstad Limestone on Bornholm most likely represent 
a new and rather late species of Ottenbyaspis. 

Family Illaenidae Hawle & Corda, 1 847 

Subfamily Illaeninae Hawle & 
Corda, 1 847 

Genus Illaenus Dalman, 1 827 

Type speeies. - Entomostracites crassicauda Wahlenberg, 
( 1 8 18 )  1 82 1  (SD Miller 1 899) . 

Material ofILLAENus. -Twenty complete specimens, 3 cepha
la, 30 cranidia and 59 pygidia, of which l cranidium and 3 
pygidia are too damaged to be identified at the species level. 

Remarks. - Illaenus contains a bewildering multitude of 
species; the reader is referred to the excellent review and 
discussion by Jaanusson ( 1 957, pp. l lO-l l3 ) .  Other impor
tant contributions dealing with Baltoscandian illaenids were 
published by Holm ( 1 883, 1886) . 

Within Baltoscandia the genus generally turns up at the 
base of the A. expansus Zone and then ranges upwards, but 
seattered representatives of fllaenus occur already in the 
uppermost part of the M. limbata Zone of the Komstad 
Limestone and the Huk Formation. A single, damaged cra-
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nidium from the much older Megistaspis armata Zone of 
Vastergotland was tentatively assigned to Illaenus by Jaanus
son ( 1957, pp. 1 1 3-1 14), but it presumably belongs to a new 
genus within the Illaeninae. However, Zhou & Fortey ( 1986) 
reported nIaenus from the Upper Tremadoc of northeastern 
China. 

Jaanusson ( 1 957) divided the plexus of illaenid species 
among the nIaenus sars� the I. excellens, the I. suleifrons, and 
the I. crassicauda groups; the Middle-Late Ordovician Paril
laenuspossibly constitutes a fifth gro up (Jaanusson 1954, pp. 
574-575; 1957, p .  1 13; but see Lane & Thomas 1983) .  These 
gro ups are primarily differentiated by the outline of the 
pygidial doublure (Textfig. 14 in Jaanusson 1957) .  All nIaen
us species in the Komstad Limestone and the HukFormation 
are members of the I. sarsi species group. 

Illaenus fornicatus n.sp. 
Figs. 238-240 

Synonymy. - Dv 1936 nIaenus revaliensis Holm - Poulsen, 
pp. 48, 51 (listed) . 

Derivation of name. - Latin fornicatus = vaulted, alluding to 
the pronouncedly vaulted, narrow glabella. 

Holotype. - Cranidium MGUH 22.998 (S 1 735) (Fig. 238A
C) from the uppermostpart ofbed + 1 3  at Skelbro, base of the 
A. expansus Zone. The speeimen is an internal mould with a 
patch of test preserved anteriorly. 

Paratype. - Pygidium MGUH 23.004 (S 1 746) (Fig. 240C), 
Skelbro, from the same level as the holotype. 

Additional material. - Three complete speeimens (com
pacted) , 4 cranidia and 18 pygidia, plus 2 complete speci
mens, 3 cranidia, and 2 pygidia, treated as I. cf. fornicatus 
n.sp. 

List of additional material. - DComplete speeimens K 328 (c) [MGUH 
23.005 ] ,  K 904 (c), LU 1 54b (c) .  DCranidia S 1497 (im) [MGUH 23.000 ] ,  
GM 1878. 1 546 (im) [MGUH 22.999 ] ,  GM 1878. 1 547 ( im) ,  K 338? (c) .  
DPygidia S 1456 (im), S 1 542 (im), S 1 575 (im) [MGUH 23.007 ] ,  S 1 582 
(im), S 1 602 (im), S 16 17  (pim), S 1697 (im), S 1 704 (im), S 17 14  (im) 
[MGUH 23.009 ] ,  S l 7 l 8  (im), K 363 (im) [MGUH 20.006 ] ,  K 1264? (t), K 
1291  (im), K 1297 (pc) [MGUH 23.003 ] ,  K l 3 l 5  (pim) [MGUH 23.008 ] ,  
G M  1984. 1 804a (im), L U  70? (im), LU 1 5 2  (im). 

Other material. - (I. cf. fornicatus n.sp . )  DComplete specimens A 498 (t) 
[MGUH 23.002 ] ,  PMO 83725 (t) .  DCranidia A 370 (im), A 371 (pim) 
[MGUH 23.00 1 ] ,  A 4 16  (im) . DPygidia A 404b? (im), A 406 (pim). 

Occurrence. - I. fornicatus n.sp. occurs sparsely in the upper
most part of the M. limbata Zone on Bornholm (lower part 
of bed + 13) ,  but is much more frequent in the A. expansus 
Zone of the Komstad Limestone, in particular in the lower 
part of the zone. It has been found in the uppermost part of 
bed + 13 at Skelbro, in the uppermost part of bed +22 and in 
bed +32 at Killerod, and in beds 1 3-19 at Killerod site b. 
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Cranidia MGUH 22.999 and GM 1878. 1 547 are from 
Duegård, Bornholm. The former appears to be from the 
lower part ofbed + 13 ,  i.e. M. limbata Zone, while the latter is 
from the upper 6 cm of bed + 13 ,  that is, the base of the A. 
expansus Zone. Complete speeimen LU 1 54b from Komstad 
is presumablyfrom a level corresponding to the upper part of 
bed +22 at Killerod; pygidium LU 152 from Andrarum in all 
probability originate from the A. expansus Zone. Pygidium 
LU 70 is from an unknown level at Fågelsång. 

The material referred to as I. cf. fornicatus n.sp. is from 
beds A-25, A-28, A-29 and A-41 of the Lysaker Member, 
Slemmestad. The latter two beds belong to the A. expansus 
Zone, whereas beds A -25 and A-28 represent the uppermost 
part of the M. limbata Zone. 

nIaenus fornicatus n.sp. (and I. cf. fornicatus n.sp.)  appears 
to be the earliest nIaenus representative known at present 
from Baltoseandia. 

Diagnosis. - Cranidium elongate with moderate sagittal con
vexity; glabella narrow (tr. ) ,  posteriorly distinetly arched; 
external terrace-line ornamentation dense. Pygidium mod
erately convex (sag. ) ,  axis narrow (tr. ) ,  fairly strongly vaul
ted; postaxial ridge well-marked on internal moulds. Exter
nal ornamentation of pygidium approximately as in I. sarsi, 
but normally more extensive. Pygidial doublure of I. sarsi 
type with dense terrace lines. 

Description. -Comparatively large speeies, largest cranidium 
(holotype) 26 mm long, largest pygidium 3 1 .3 mm long. 
Cranidium roughly quadratic in outline, length (sag.) equal 
to preocular width, or the width may slightly exceed the 
length; anterior margin evenly convex (dorsal view) , gently 
swollen. Width across posterior fixigenae equal to width 
across palpebral lobes, FW:L ratio 1 .09- 1 . 1 2  (N = 3) .  Cra
nidium strongly convex sagitally, but the curvature is mod
erate for an nIaenus. At the same time the cranidium is 
comparatively long, so the cranidial angle is, nevertheless, 
about 90° or even down to 80° ( 'overturned') ;  the angle is 
difficult to measure exactly, because of the even curvature. 
Glabella moderately narrow (tr. ) ,  posterior width equivalent 
to 0.52-0.57 of the maximum cranidial width (mean 0.54; N 
= 3) ;  posterior part of glabella strongly vaulted and rises 
markedly above fixigenae. Glabella delimited by rather well
impressed axial furrows, at least on internal moulds, with 
distinet lateral pits situated approximately at mid-level of 
eyes. Anterior sections of axial furrows run almost straight 
forward from lateral pits; they are long, but get progressively 
shallower and disappear approximately one third of the 
cranidial length from anterior margin on internal moulds; 
the furrows are probably notably shorter on testaceous ma
terial. Faint anterior continuations are indicated on a small 
internal mould (Fig. 238J-L),  where they run almost parallel 
for a short distance, then turn inwards to die out very dose to 
anterior margin of cranidium without uniting. Posterior 
sections of axial furrow short, well-impressed, diverging 
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backwards, but gradually less so, and they intersect posterior 
margin perpendicularly. lnternal moulds show a diminutive 
median tuberde, situated immediately in front of posterior 
margin, and it presumably corresponds to an occipital tu
berde; it is probably not visible on testaceous specimens. 
Lateral glabellar furrows and occipital furrow generally not 
defined; a single well-preserved internal mould shows faint 
paired musde scars (Fig. 238J-L) . This specimen and an 
additional internal mould have a pair of vague longitudinal 
furrows running adjacent to median line from a point level 
with anterior co mers of palpebral lobes to a shallow, median 
impression situated immediately above anterior margin of 
cranidium. This anterior impression appears to be visible on 
outside of test as well. Palpebral area of fixigenae faintly 
convex, almost tlat, sloping in abaxial direction; palpebral 
lobes show a very slight decrease of slope. Width of palpebral 
area, exdusive of the lobe, approaches 0.4 of the adjacent 
glabella width, narrower in small specimens, wider in large 
specimens. Palpebral lobes situated posteriorly, the distance 
from posterior margin to hind corner approximately equiva
lent to half the length of lobe. Lobe rather narrow (tr. ) ,  
falcate, but comparatively long, length (exsag. ) equivalent to 
0.23 (N = 3) of the cranidial length; the relative length is 
small, because of the cranidial elongation. Faint double eye 
ridges are indicated on well-preserved internal moulds, run
ning from anterior corner of palpebral lobe obliquely in
wards to die out short off axial furrow. Posterior area of 
fixigena narrow (exsag. ) ,  posterolaterally continuing into an 
obliquely backwards directed projection, which is short, 
pointed triangular in outline. lnternal moulds show a deeply 
impressed furrow parallei to posterior cranidial margin, 
turning backwards near distal corner; the furrow, which is 
effaced on testaceous specimens, retlects a thickening of the 
test, most likely fitting into the articulating furrow of the 
succeeding thoracic segment. Anterior branches of facial 
suture run almost straight forward from eyes to anterior 
margin, and then become marginal. Posterior branches of 
facial suture short, gently convex, running backwards-in
wards from eyes, but curve gently to diverge slightly back
wards. 

Librigenae distorted in the available material; genal angle 
blunt; visual surface rather narrow; eye sode low. 

External terrace lines on cephalon are prominent, widely 
distributed, and most often impressed also on internal 

Fig. 238. DA-C, G-L. Illaenus fornicatus n.sp. DA-C. Holotype. Largely 
exfoliated large cranidium, side view, x l .5, dorsal view, stereo-pair, X l .5, 
and frontal view, stereo-pair, x l .5. MGUH 22.998 (S 1 735) ,  bed + 13, 
SkeIbro. DB. As A, DC. As A, OG-I. Exfoliated cranidium, dorsal, frontal 
and side views, x2. MGUH 22.999 (GM 1 878. 1 546), Duegård, Bornholm. 
DJ-L. Exfoliated small cranidium showing sagittal furrows; side view, 
dorsal view (stereo-pair) and frontal view, x3. MGUH 23.000 (S 1497), bed 
+ 13, SkeIbro. DD-F. Illaenus cf. fornicatus n.sp. Partly exfoliated cranidi
um, side, dorsal (stereo-pair) and frontal (stereo-pair) views, x2. MGUH 
23.001 (A 371 ) ,  bed A-25, Slemmestad. 
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moulds; the pattern is apparent from Fig. 238. Palpebral area, 
induding lobes and main inner part of posterior fixigenae, is 
presumably smooth. The anterior transverse lines continue 
onto anterior part of librigena, while the posterior part of 
librigena presumably is smooth (specimens corroded) .  The 
terrace-line density of the holotype cranidium, 26 mm long, 
is about 2 lines/mm on the anterior part. No punctation of 
test (or internal moulds) has been seen in any specimen. 
Cephalic doublure not exposed in the material at hand. 

Hypostome unknown. 
Ten thoracic segments. Axis quite arched, occupying less 

than half of the pleural width on anterior segment (in the size 
order of about 0.45) ,  tapering backwards to about 0.75 of the 
anterior axial width. The inner, tlat portion of the pleura 
correspondingly becomes progressively wider in posterior 
direction. No pleural furrows. Single transverse terrace lines 
occur on axis, no terrace lines have been seen on the inner 
part of pleural fields, and no punctation of test surface has 
been observed, but this may relate to preservation. 

Pygidium semicircular to slightly parabolic in outline, 
L:W ratio 0.64-0.75 (mean 0.68; N = 13 ) ;  the ratio is dearly 
intluenced by size, the largest specimens being the most 
elongate (Fig. 239A) . Sagittal convexity moderate for an 
Illaenus, and the pygidia appear elongate. Axis funnel
shaped, comparatively long and narrow, stretches for 0.38-
0.47 ofthe pygidial length (mean 0.42; N= 14) ,  and occupies 
0.26-0.32 of the pygidial width at anterior margin (mean 
0.29; N = 13 ) .  Axis tends to be relatively shortest in the largest 
specimens (Fig. 239B) ,  whereas the relative width is not 
intluenced by size (Fig. 239C) .  Axis tapers backwards, dearly 
less so behind the third or fourth axial ring (Fig. 240C); 
terminal piece evenly rounded. Articulating half-ring ill
defined, separated by a shallow furrow; remaining axial 
segmentation indistinct, but internal moulds show traces of 
about seven segments, ind. the terminal piece. Axis fairly 
convex anteriorly, but descends in posterior direction, and 
the terminal part is only slightly elevated above adjacent 
pleurai fields. Axial furrows wide and moderately impressed 
on internal moulds, effaced on testaceous material. lnternal 
moulds show a slender postaxial ridge, running to posterior 
margin (Fig. 240H) ;  the ridge is absent on outside of test. 
Pleural fields gently convex, almost tlat, showing a weakly 
developed half rib delimited by a shallow, rather wide fur
row, the distinctness ofwhich varies from vaguely to moder
ately impressed on internal moulds; it is effaced on testa
ceous material. Segmentation of pleural fields effaced when 
the test is intact; internal moulds exhibit five indistinct pleu
ral ribs, terminating at paradoublural line (Fig. 240F) .  A faint 
paradoublural furrow is occasionally developed on internal 
moulds; on testaceous specimens the pleural fields smoothly 
pass into the convex 'border area', descending to outer 
margin. 'Border area' widest postaxially, accounting for 
about half of the pygidial length. Articulating facets small, 
triangular in outline, steeply downsloping anterolaterally; 
the bend between facet and 'border area' strikes at an angle of 
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0.80 about 40-450 to sagittal line. W ell-impressed, roughly trans-
L :  W ratio A verse external terrace lines are present on the pleural fields, 

• entering the lateral parts of axis (Fig. 240B) .  A few forward 
0 .75 

curving lines even crosses the anterior part of axis, but its 
• • main posterocentral part is smooth; no lines present on the 

0.70 
• convex 'border area'. Three to four lines per millimetre were • • counted on the pleural fields dose to axis in a pygidium, 20 

• • 

0.65 , .. mm long. Test punctate, not only on the pleural fields, but 
• also on the entire 'border'; the punctation is almost absent on 

axis. Well-preserved internal moulds also reveal this puncta-

0.60 tion (Fig. 240G), whereas terrace lines rarely are impressed. 
The evenly distributed punctation consists of numerous 

0.55 
small and fewer larger pits. Pygidial doublure is, as typical for 

N = 1 3  illaenids, very broad, postaxially stretching for more than 

Length (mm) half of the pygidial length; combined width (tr., both sides 

0.50 incl.) behind articulating facets approximately half of post-

O 5 1 0  1 5  20 25 30 35 40 axial doublure length. The convex doublure is very dosely 

0.60 
reflexed against dorsal test. A mesial furrow runs from inner 

Ratio axial length : pygidial length B margin of doublure to stop short off posterior margin. luner 
margin of 'sarsi type' (cf. Jaanusson 1954, p. 56 1 )  with a 

0.55 
median, falciform incision, flanked by small acuminations 
(Fig. 240E) .  Doublure covered with coarse, rather continu-

0.50 ous terrace lines; the lines on the main posterior part are 
• approximatelytransverse, and therefore meet the outer mar-

0.45 • • • gin discordantly. The lines are gently disturbed in the inner 

• • • • axial area, curving backwards. There is a total of about 18-20 
• 

0.40 
• lines postaxially. The terrace lines are indicated on the dorsal • • • side of doublure by rows of minute tuberdes; rather densely 

0.35 spaced tuberdes also occur in between the 'lines' .  

Affinities. - Illaenus fornicatus n.sp. belongs to the 1. sarsi 
0.30 N = 1 4  species group (see Jaanusson 1957, p .  1 10) ,  also holding the 

Length (mm) Scandinavian species 1. sarsi Jaanusson, 1. aduncus Jaanus-

0.25 son, 1. incisus Jaanusson and 1. schuberti n.sp. Compared to 

O 5 1 0  1 5  20 25 30 35 40 the three first mentioned, the cephalon of 1. fornicatus n.sp. is 

0.40 distinguished by the strongly arched and narrow (tr. ) gla-

Ratio axia l  width : pygidia l  width C bella, the relatively long axial furrows, the moderate sagittal 
curvature, the generally more extensive terrace-line orna-
mentation, and by being overall comparatively more elon-

0.35 gate. The thorax has a relatively narrow and stronglyvaulted 
axis. The pygidium of 1. fornicatus n.sp. is more general in 
outline, but internal moulds may be identified by the com-

• • paratively strongly vaulted, narrow axis, which at anterior • 

0.30 • margin typically accounts for about 0.3 of the pygidial width, • 
• whereas for instance the contemporaneous 1. sarsi shows • 

• • • values around 0.35-0.40. The terrace-line patterns of 1. ad-
• • 

• 
0.25 

N = 1 3 Fig. 239. Pygidia of fllaenus fornicatus n.sp. DA. Ratio between maximum 

Length (mm) width and sagittaJ length plotted against length. DB. Ratio between axial 

0.20 
length and pygidial length (sag. ) plotted against pygidial length. De. Ratio 
between anterior axial width and maximum pygidial width plotted against 

O 5 1 0  1 5  20 25 30 35 40 pygidiaJ length. 
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Fig. 240. DA. fllaenus cf. fornicatus n.sp. Pygidium showing few, well-impressed terrace lines, x3.  Complete speeimen MGUH 23 .002 (A 498) ,  bed A-41 ,  
Slemmestad. DB-H. fllaenus fornicatus n.sp. D B .  Somewhat corroded pygidium showing comparatively dense terrace-line pattern, x2.5. MGUH 23.003 ( K  
1297), bed 1 5, Killeriidsite b .  De. Paratype. Internal mould ofpygidium showing part ofdoublure, stereo-pair, x l .  MGUH 23.004 (S 1746), bed + 1 3 ,  SkeJbro. 
OD. Somewhat corroded pygidium showing comparativelydense terrace-line pattern, x2. Complete speeimen MGUH 23 .005 (K 328), bed + 22, Killeriid. DE. 
Internal mould ofpygidium showing doublure, stereo-pair, x l .5. MGUH 23.006 (K 363), bed +32, Killeriid. OF. Exfoliated pygidium showing segmentation 
of pleuraI fields, x3.  MGUH 23.007 (S 1575) ,  bed + 13 ,  SkeIbro. OG. Partly exfoliated pygidium showing pitted mould surface with imprints from external 
terrace lines, oblique dorsal view, x3. MGUH 23.008 (K 1 3 1 5) ,  bed 19, Killeriid site b. OH. Exfoliated pygidium showing axis and postaxial ridge, x2.5. MGUH 
23.009 (S 17 l4),  bed + 13 ,  SkeJbro. 
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uncus and I. incisus pygidia are dearly different from that of 
I. fornicatus n.sp., while the terrace-line patterns of I. sarsi 
and I. fornicatus n.sp. are of similar type, but the lines are 
commonly more numerous and more densely spaced in I. 
fornicatus n.sp. The terrace-line pattern is, however, more 
variable in I. sarsi than hitherto recognized (see section on I. 
sarsi) , and it is suspected that the line densities reflect envi
ronment. The I. fornicatus n.sp. pygidium has markedly 
higher number of terrace lines on the doublure than any 
other Scandinavian species of the I. sarsi group, and, besides, 
the lines appear to be more distinctly impressed. 

I. schuberti n.sp. is the most fornicatus-like member of the 
I. sarsi group, showing a very similar glabellar outline, but I. 
fornicatus n.sp. differs by being significantly larger, markedly 
more elongate, the glabella is even more arched, the pygidial 
surface sculpture is more extensive and the pygidial doublure 
shows denser terrace lines. 

I. polymitus Ancigin, 1977 from the Lower Ordovician of 
the southern Urals also has a strongly vaulted glabella, but 
apparently less so than I. fornicatus n.sp. ,  and the adjacent 
lateral pits are less distinctly impressed; it cannot be ascer
tained which species group the Russian species belongs to. 

The coeval I. oscitatus Fortey, 1980 from Spitsbergen 
(member of the sarsigroup) ,  has a much less vaulted glabella, 
flanked by less distinct lateral pits, a different surface sculp
ture of cranidium and pygidium, and does not seem dose to 
I. fornicatus n.sp. None of the approximately coeval North 
American illaenid species described by Hintze ( 1953) ,  Whit
tington ( 1 963, 1965), or Ross ( 1 967) resemble I. fornicatus 
n.sp. ,  for instance they all have a less inflated glabella. 

The Upper Arenigian illaenid material from the Sobova 
Formation, Turkey, referred to as I. cf. herculeus Gortani by 
Dean ( 1 973) ,  resemble I. fornicatusn.sp and, even more so, I. 
schuberti n.sp. (q.v. ) .  

Remarks. - A few speeimens from the Lysaker Member, 
treated as I. cf. fornicatus n.sp., are strongly similar to the 
material from the Komstad Limestone and should either be 
induded in I. fornicatus n.sp. or separated at the subspecies 
level only. The Norwegian specimens differ by having 
slightlY less arched glabellas (Fig. 238D vs. A), the lateral 
impressions in the axial furrows are faint, and almost do not 
affect their course, the posterior branches ofaxial furrows are 
nearly straight, and the cranidial terrace-line pattern is less 
dense (e.g., Fig. 238F vs. C).  The pygidia are basically like 
those from the Komstad Limestone; one Norwegian speci
men has a less dense terrace-line pattern (Fig. 240A vs. B) ,  
but the variability of this character remains to be docu
mented. The Norwegian material is dearly different from the 
associated I. sarsi, separated by the same features as listed for 
I. fornicatusn.sp. versus I. sarsi, i.e. a strongly convex glabella, 
elongate cranidium and pygidium, a narrow pygidial axis, 
and more numerous terrace lines on the pygidial doublure. 

C. Poulsen ( 1 936) listed Illaenus revaliensis Holm [= I. 
wahlenbergi (Eichwald, 1 825) ) from Bornholm. The mate-
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rial (comprising cranidia MGUH 22.999 (Fig. 238G-I) and 
GM 1878. 1547) was examined by Jaanusson ( 1957, p. 14 1 ) ,  
who remarked that they belong to  a new species in  the I. 
excellens group. However, the associated pygidia clearly 
prove that this new species belongs to the I. sarsi group. 

Illaenus schuberti il.Sp. 
Figs. 241-242 

Derivation of name. - In honour of the Austrian composer 
Franz Schubert ( 1 797-1828) . The species was conceived 
while I was listening to Schubert's quintet 'The Trout'. 

Holotype. - Exfoliated cranidium MGUH 23.0 1 1  (F 270) 
(Fig. 24 lD-F) from 2-6 cm below top ofbed 28, Fågelsång, 
A. 'raniceps' Zone. 

Additional material. - Nine cranidia and 18 pygidia. 

List of additional material. - OCranidia K 886 (im) [MGUH 23.0 10 ] ,  K 
1 103 (pim), K 1 106 (pim), K 1 1 10 (pim) [MGUH 23.0 12 ] ,  K 1 1 1 1  (im), K 
1 167 (t), K 1 204 (im), K 1 206 (t), LU 1 59 (im).  OPygidia K 825 (im) 
[MGUH 23.0 13 ] ,  K 826 (pim),  K 859 (im and is), K 868 (im),  K 876 (pim), 
K 889 (pim),  K 101 1 (im), K 103 1 (im), K 1043 (im), K 1 1 16 (im), K 1 164 
(t) [MGUH 23.0 15 ] ,  K 1 172 (im) [MGUH 23.0 14 ] ,  K 1 1 79a (t), K 1 1 79b 
(im), K 1 180 (im), K 1 192 (pim) [MGUH 23.0 16 ] ,  K 1207 (im),  K 12 10  
(im). 

Occurrence. -The bulk of the material is from Killerod site b, 
bed interval 0--8, representing the A. 'raniceps' Zone. A few 
specimens are from beds 26--28 at Fågelsång, also belonging 
to the A. 'raniceps' Zone. Cranidium LU 1 59 is from Fågel
sång, and may originate from the same interval, but a posi
tive identification of level is not possible. 

Diagnosis. - Small species of 'sarsi-type' .  Posterior part of 
glabella highly vaulted, anterior part of cranidium short 
(sag. ) ,  sagittal convexity high, and cranidial angle is over
turned. Pygidium of moderate convexity (sag. ) ;  axis triangu
lar, long postaxial ridge defined on internal moulds; surface 
sculpture sparse. 

Description. -Small species, largest cranidium 15 .8 mm long, 
largest pygidium l 3 .0 mm long. The cranidium is rather 

Fig. 241 .  Illaenus schuberti n.sp. DA-C. Exfoliated cranidium showing 
imprints of external terrace lines; dorsal, frontal and side views, x3.  MGUH 
23.0 10 (K 886), bed 6, Killer6d site b. OD-F. Holotype. Exfoliated cranidi
um showing imprints of external terrace lines; dorsal (stereo-pair), side and 
frontal (stereo-pair) views, x2.5. MGUH 23.0 1 1 (F 270), bed 28, Fågelsång. 
OG-H. Partly exfoliated small cranidium, dorsal and frontal views, x5 .  
MGUH 23.0 12  (K 1 1 10) ,  bed 6, Killertid site b.  Dl.  Internal mould of 
pygidium showing axis and doublure, oblique dorsal view (stereo-pair) ,  
x5.  MGUH 23.013 (K 825), bed l ,  Killertid site b. OJ-K. Internal mould of 
small pygidium showing doublure, posterior and dorsal views, x6. MGUH 
23.0 14 (K 1 172) ,  bed 8, Killertid site b.  OL-M. Slightly corroded small 
pygidium, dorsal and posterior views, x6. MGUH 23.0 1 5  (K 1 164) ,  bed 8, 
Killertid site b. ON. Partly exfoliated pygidium showing postaxial ridge, 
oblique posterior view, x5.  MGUH 23.0 16  (K 1 192),  bed 8, Killertid site b. 
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similar to that of I. fornicatus n.sp. ,  but has a markedly 
shorter anterior part. Because of this 'shortness' the width 
across palpebral lobes is equivalent to about 1 .2 times the 
cranidial length, the PW:L ratio is about 1 . 1 ,  the sagittal 
convexity is stronger, and the cranidial angle is overturned, 
reading at around 600• Glabella is slightly wider than in I. 
fornicatus n.sp. ,  so the convexity (tr. ) appears less distinct; 
the posterior glabellar width is, nevertheless, equivalent to 
only about 0.55 times the width across palpebral lobes (ratio 
approximately the same as to the width across posterior 
fixigenae, but which are damaged in most specimens) .  This 
relatively low ratio reflects that the posterior branches of 
axial furrows are virtually straight, diverging only slightly 
backwards from lateral impressions, so glabella is approxi
mately of the same width all the way, while the glabella of I. 
fornicatus n.sp. rapidly widens backwards from lateral im
pressions. The cranidial terrace-line patterns are similar in I. 
schuberti n.sp. and I. fornicatus n.sp. 

Pygidium subsemicircular in outline; L:W ratio 0.59-0.76, 
but changes during growth (Fig. 242A) , so pygidia less than 
4.5 mm long show L:W values between 0.59 and 0.62 (mean 
0.60; N = 6) and pygidia more than 4.9 mm long show L:W 
values between 0.62 and 0.76 (mean 0.69; N = 10 ) .  Sagittal 
convexity comparatively moderate for the genus. Axis ap
pears short with rounded terminal piece on testaceous mate
rial, longer and more triangular with pointed terminal piece 
on internal moulds, but the relative length is also influenced 
bysize (Fig. 242B) ;  pygidia less than 4.5 mm long have an axis 
stretching for 0.40-0.48 of the pygidial length (mean 0.43; 
N = 5), whereas this L:L ratio for pygidia more than 4.9 mm 
long varies between 0.34 and 0.42 (mean 0.39; N = 9); this 
change reflects the pygidial elongation relating to growth 
(Fig. 242A) . Axial width at anterior margin equivalent to 
0.25-0.33 of the pygidial width (mean 0.28; N = 14; Fig. 
242C) .  Axis of rather low relief, moderately vaulted anteri
ody, descending rearwards, delimited by wide and indistinct 
axial furrows, which shallow up posteriody, and axis merges 
smoothly with postaxial area (Fig. 241L) .  Axial relief more 
pronounced on internal moulds, showing a well-defined axis 
all the way, continuing into a low postaxial ridge (effaced on 
outside of test) ,  running almost to posterior margin of py
gidium (Fig. 241N) . An articulating half-ring is defined on 
internal moulds, delimited by a shallow furrow; remaining 
axial segmentation effaced. Pleural fields very slightly con
vex, almost flat; segmentation effaced, apart from an anterior 

Fig. 242. Pygidia of IIlaenus schuberti n.sp. DA. Ratio between maximum 
width and sagittal length plotted against length. DB. Ratio between axial 
length and pygidial length (sag. ) plotted against pygidial length. DC Ratio 
between anterior axial width and maximum pygidial width plotted against 
pygidial length. 
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half rib delimited by a shallow furrow, visible only on inter
nal moulds. Paradoublural line not indicated; area above 
doublure convex, sloping strongly towards outer margin. 
Articulating facets fairly large, triangular in outline. A few 
fine terrace lines present anteriorly on pleural fields and on 
axis, but most of the test surface is smooth. The fine terrace 
lines may be very difficult to discern [and do not survive 
photographic reproduction l ,  and no lines are impressed on 
internal moulds. The smallest pygidia seem to be smooth; it 
is possible, but not likely, that this is a preservational artefact. 
Doublure ofpygidium convex, doselyreflexed against dorsal 
test, stretching for slightly more than half of the pygidial 
length postaxially; it is only half as wide anteriorly behind the 
articulating facets. Doublure is of 'sarsi-type' with a median 
falciform incision in inner margin, flanked on both sides by 
small blunt projections (Fig. 24 1 I-J) ;  a mesial furrow runs 
from inner margin to stop short off posterior margin. Doub
lural terrace lines arranged roughly parallei to outer margin, 
but with some irregularities in the sagittal area. The lines are 
rather faint, best impressed on the inner half, indistinct on 
the outer half; there seems to be a total of about 12-13 lines 
adjacent to sagittal line. 

Affinities. - Illaenus schuberti n.sp. is a member of the I. sarsi 
group (see Jaanusson 1957, p. 1 10) .  By comparison to the 
other Scandinavian members of this group (I. sarsi Jaanus
son, I. aduncus Jaanusson, I. incisus Jaanusson and I. forni
catus n.sp.)  I. schuberti n.sp. appears to be distinctly smaller, 
the glabeIla is quite arched (almost like in I. fornicatus n.sp. ) ,  
and the pygidial terrace-line pattern is  very restricted. It  may 
relate to poor preservation, but none of the exfoliated pygidia 
show axial segmentation or indications of ribs on pleural 
fields, which are usually seen in well-preserved specimens of 
other species. 

I. cf. herculeus Gortani sensu Dean ( 1 973) ,  described from 
the Sobova Formation (Upper Arenig) of Turkey, seems 
dose to I. schuberti n.sp. ,  but the Scandinavian species differs 
by showing no anterior divergence ofaxial furrows, and the 
sagittal convexity of the cranidium is less strong. The limited 
material originally separated as I. herculeus by Gortani 
( 1934) appears to have a not quite as strongly vaulted gla
beIla, and the cranidium is overall broader than that of I. 
schuberti n.sp. (cf. Gortani 1934, Pl. 19: 1 ) .  

Remarks. - I. schuberti n .  sp. may b e  identical o r  related to a 
new Illaenus species (of I. excellens group?), mentioned by 
Jaanusson ( 1957, p. 1 59) from the Raniceps Limestone of 
Gland. 

Illaenus sarsi Jaanusson, 1 954 
Fig. 243 

Synonymy. - (Key papers only, see Jaanusson 1957 for fur
ther references.) 0 1 882 Illænus Dalmani, v. Volborth, Holm 
- Brogger, p. 97 (occurrence) .  0 1 954 Illaenus sarsi n.sp. -

Lower Ordovician trilobites from Scandinavia 337 

Jaanusson, pp. 575-576; Pl .  1 : 1-2, ?3 (definition of species, 
occurrence, illustrations of hypostome and cephalic test) . 
01957 Illaenus sarsj Jaanusson, 1954 - Jaanusson, pp. 1 14-
123; Pl. 4: 1-9; Textfigs. 2-6, 14-18  (description, discussion 
oftaxonomy, occurrence, illustrations ofholotype and addi
tional complete specimens, pygidia) . 0 1 973 Illaenus sarsi 
Jaanusson - J. Bergstrom, Pl. 5:5-6 (illustrations of indi
vidual in supposed life position) . 0 1 976 Illaenus sarsi (Jaa
nusson) - Reyment, p. 1 0; Figs. 28a-b (illustrations of com
plete specimen) . 0 1 980 Illaenus sarsi Jaanusson - Tjernvik & 
Johansson, p. 194, Textfig. 2 (occurrence) .  

Holotype. - Entire specimen Ar 10343, figured by J aanusson 
( 1957, Pl. 4: 1-3) .  

Material. - Nineteen complete specimens, 3 cephala (ind. l 
with some thoracic segments) ,  7 cranidia and 16  pygidia. 

Listofmaterial. -DCompletespecimens K 3 1 3  (c), LU 1 54a (c) , A 453 (im), 
A 465 (im) [MGUH 23.020 ] ,  A 469 (im), A 475 (im), A 485 (im), A 486 
(im), A 488 (im) [MGUH 23.0 19 ] ,  A 494 (pim), A 500 (im), A 504 (im), A 
531  (im) , A  534 (im), A 543 (im) , A 549 (im) , A 556 (pim),  A 1 1 16 (im), A 
1 130 (im).  DCephala K 331  (c) , A 407 (pim) [MGUH 23.0 17 ] ,  A 536 (im) .  
DCranidia K 908 (im), K 909 (im), A 393 (im), A 404a (pim),  A 409 (im), 
A 532 (im), A 578 (im).  DPygidia A 398 (im), A 4031 (im), A 414 (t) 
[MGUH 23.022] , A 452 (im), A 4641 (im) , A 468a (im) , A 468b1 (im) , A 474 
(im), A 480 (im) , A 4811 (im) , A 489 (t) [MGUH 23.02 1 ] , A  5 161 (im) , A 528 
(im), A 550 (im), A 1 1 1 3 (t) [MGUH 23.0 18 ] ,  A 1 14 1  (pim). 

Occurrence. - The species is frequent in bed interval A-28-
A-57 at Slemmestad, of which bed 28 is correlated with the 
top of the M. limbata Zone, whereas the remaining beds 
belong to the A. expansus Zone. A few specimens were found 
at Killerod in beds + 22 and + 32, representing the A. expansus 
Zone. Complete specimen LU 1 54a is from Komstad, pre
sumably from a level corresponding to bed + 22 of Killerod. 

Illaenus sarsi is typical of the A. expansus Zone of Sweden 
(Jaanusson 1954, 1957; Tjernvik & Johansson 1 980) . 

Remarks. - See Jaanusson ( 1957, pp. 1 1 7-123) for descrip
tion. The material from the Komstad Limestone in all pre
served features matches this description, but the important 
surface sculpture is not preserved, as the only testaceous 
specimens are somewhat corroded. The comparatively low 
glabellar convexity (tr. ) and the cranidial broadness distin
guish the specimens from the coeval I. fornicatus n.sp .. Fur
thermore, the thoracic axis is distinctlywider and less arched 
than in I. fornicatus n.sp. ,  and the pygidia are less elongate 
and show a wider, less vaulted axis. 

The material from Slemmestad has not been studied in 
detail, but dosely matches Jaanusson's ( 1 957) account of 
Illaenus sarsi, except that the pygidial terrace-line pattern is 
somewhat more variable. The majority of the early pygidia 
are exfoliated, but a single specimen from bed A-29 shows 
numerous terrace lines, covering almost the entire dorsal 
surface (Fig. 243H) .  Pygidia from about bed A-39 and up
wards show coarse, openly spaced terrace lines on the pleural 
fields, and the steep 'border' is without lines (Fig. 243G). 
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Fig. 243. IIlaenus sarsi jaanusson, 1954. DA-C. Partly exfoliated cranidium, dorsal (stereo-pair), frontal (stereo-pair) and side views, x2. MGUH 23.0 17  (A 
407) ,  bed A-29, Slemmestad. DD. Fragmentary pygidium showing moderately dense external terrace lines, x3.  MGUH 23.0 18  (A 1 1 13 ) ,  bed A-45, 
Slemmestad. DE. Internal mould ofpygidium showingdoublure, x2. Complete specimen MGUH 23.0 1 9  (A 488), bedA-40, Slemmestad. DF. Internal mouJd 
of pygidium showing doublure, x2. Complete speeimen MGUH 23.020 (A 465) ,  bed A-36, Slemmestad. DG. Pygidium showingvery sparse external terraee
line sculpture, x2. MGUH 23.02 1 (A 489) ,  bed A-40, Slemmestad. DH. Pygidium showing comparatively dense external terrace-line pattern, x3 .  MGUH 
23.022 (A 414) ,  bed A-29, Slemmestad. 
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Fig. 244. IIlaenus aduncus Jaanusson, 1957.  DA-C. Corroded, partly exfoliated cranidium, dorsal, frontal and side views, x2. MGUH 23.023 (K 1 104), bed 6,  
Killerod site b. DD-E. Largely exfoliated cranidium showing imprints of external terrace lines on glabeIla, dorsal and frontal views, x2. LO 7125 (LU 155) ,  
Fågelsång. DF-G. Small cranidium showing external terrace-line pattern, side and dorsal views, x8. MGUH 23.024 (K 1 093),  bed 6 ,  KilIerod site b. OH.  Well
preserved pygidium showing external terrace-line pattern, x5. PMO 1745, Svartodden Limestone, Tollboden, Oslo (Bjørlykke coll . ) .  Dl. Internal mould of 
pygidium showing doublure and axis, x3.  MGUH 23.025 (F 303) ,  bed 27, Fågelsång. DI. Internal mould of pygidium showing part ofdoublure, oblique dorsal 
view, x4. MGUH 23.026 (K 876) ,  bed 6, Killerod site b. 

Actually, no ne of the pygidia from the upper part of the A. 
expansus Zone have lines on the 'border', but in all other 
respects they (many of which are from articulated entire 
speeimens) are indistinguishable from 1. sarsi, and should 
not be separated from the speeies. The terrace-line pattern 
was most likely affected by the environment, which poten-

tially debases the separation of 1. sarsi and 1. incisus. The latter 
species(?) is characteristic of the A. expansus / A. 'raniceps' 
boundary interval (Tjernvik & Johansson 1980), which was a 
time of sea-Ievel lowstand; the early, highly ' incisus-like' 
pygidium from bed A-29 (base of A. expansus Zone) at 
Slemmestad is also from a shallow-water interval. 
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Illaenus aduncus Jaanusson, 1 957 
Fig. 244 

Synonymy. - (Key papers only, see Jaanusson 1957 for fur
ther references. )  0 1 957 Illaenus aduncus n.sp. - Jaanusson, 
pp. 123-129; Textfigs. 19-20; Pls. 5: 1-8; 6:6 (description, 
occurrence, illustrations of complete specimen, cephalon 
and pygidia) .  01980 Illaenus aduncus Jaanusson - Tjernvik 
& Johansson, p. 194; Textfigs. l, 10L (occurrence, illustration 
of pygidium) .  0 1 984 Illaenus aduncus Jaanusson, 1957 -
Wandås, p. 233; Pl. l lM-Q (occurrence, illustrations of 
cephala and pygidia) .  

Holotype. - Entire specimen Ar 4207, figured by Jaanusson 
( 1 957, Pl. 5: 1-3) .  

Material. - Four cranidia, and 2 tentatively assigned pygidia. 

List afmaterial. -DCranidia K 10 13  (t), K 1093 (pim) [MGUH 23.024 ] ,  K 
1 104 (pim) [MGUH 23.023 ] ,  LU 155 (im) [LO 7125 ] . DPygidia K 876? 
(im) [MGUH 23.026] , F 303? (d) [MGUH 23.025 ] .  

Occurrence. -Sample LU 1 5 5  is from Fågelsång; the lithology 
suggests a provenance from a level above bed 23. This may be 
the A. expansus Zone or, more likely, the A. 'raniceps' Zone. 
The remaining material is from Killerod site b, beds O and 6, 
which are correlated with the A. 'raniceps' Zone. 

I. aduncus is typical of the A. 'raniceps' Zone ofSweden (see 
Jaanusson 1957, pp. 1 56-160; Tjernvik & Johansson 1980) .  
The species also occurs in the Svartodden Limestone of the 
Oslo area (Fig. 244H) ,  and Wandås ( 1 984) reported it from 
the base of the succeeding Elnes Formation, i.e. M. gigas-M. 
obtusicauda Zone. 

Remarks. - The available cranidia are in gross outline 'sarsi
like', but the glabella is even flatter, and the anterior cranidial 
part is comparatively steeper and more sharply downflexed. 
Transverse lines cross the anterior part, being most distinct 
anteriorlyand rather faint just below the cranidial flexure; U
shaped lines bend around the middle part of glabella. All of 
these characters, and especially the terrace-line pattern, con
form to Jaanusson's ( 1957) description of I. aduncus. 

By comparison to I. incisus the cranidia at hand are rela
tively broader, have a marginally less convex (tr. ) glabella, 
and are covered with more densely spaced terrace lines. The 
aduncus cranidia are readily separated from those of the 
associated I. schuberti n.sp. ,  which have a much more 
strongly vaulted glabella, and a less ' sarsi-like' outline. 

The available pygidium is exfoliated, but most likely 
matches the more readily identified cranidia. It differs from 
the associated pygidia of I. schuberti n.sp. by having a differ
ent axial outline, and the sagittal convexity is stronger. 

Family Raphiophoridae Angelin, 1 854 

Raphiophorid material. - Four complete specimens, 338 cra
nidia and 72 pygidia, of which 29 cranidia and 4 pygidia were 
too poorly preserved to be identified at the species level. 
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Remarks on Early Ordovician Baltoscandian speeies 
These introductory remarks are kept at the family level in 
order to avoid recapitulations, since the individual raphio
phorid species often have been variouslyassigned to different 
genera during the passage of time. Ampyx, Rhombampyx, 
Lonchodomas, Cnemidopyge and Globampyx are represented 
in the available material. For a general discussion of the 
family, see Harrington et al. ( 1 959) ,  Whittington ( 1959) and 
Fortey ( 1 975a) . 

Ampyx costatus 'Boeck' was firstly described by Angelin 
( 1 854), and the authorship is he re attributed to him (cf. 
Størmer 1941 ,  pp. 1 3 1-132) .  'A. '  costatus was originally 
included in Ampyx mammilatus by Sars ( 1835) ,  see discus
sion and figures byStørmer ( 194 1 , pp. 13 1-132; Pl. 2 : 1 3-18) .  
I t  i s  characteristic of the Llandeilo-Caradoc of Scandinavia, 
but Brogger ( 1 887) listed 'A. ' costatus also from the 'Frag
ment Limestone' [Killingen Member l of the Oslo area; how
ever, Wandås ( 1984) did not find the species in this interval. 
Schmidt ( 1 894) tentatively assigned a few specimens to A. 
costatus, originating either from the upper part of BIll or 
from Cl (compare Schmidt 1894 vs. 1907) . 'A. '  costatus 
(s.str. ) ,  which was transferred to Cnemidopyge by Whittard 
( 1955),  thus occurs at levels well above the Komstad Lime
stone (Størmer 1941 ;  Hadding 19 13 ) ,  but a closely related 
form, referred to as Cnemidopyge costatus n.subsp. A, has 
been collected from the base of the A. expansus Zone of the 
Komstad Limestone. 

Lonchodomas domatus Angelin, 1854 was originally re
ported from the Ceratopygebeds ofHunneberg and Oslo; the 
species has not been found since then (cf. Linnarsson 1 869; 
Brogger 1882; Moberg & Segerberg 1906; Tjernvik 1956). 
The material referred to as L. cf. domatus by Weber ( 1 948) 
was separated as L. karakanensis by Chugaeva ( 1958) .  Bala
shova ( 1 966) remarked that the cephalon of L. domatus 
resembles Ampyx simonkovensis, while it was suggested that 
the pygidium of L. domatus might be an incorrect recon
struction including too many segments. There is no valid 
basis for the latter assumption, but the cephalon of L. do
matus is actually strikingly similar to the 'Ampyx' pater
glaber-frater species group, characterized by a highly vaulted 
and smooth glabella (diagnostic characters of L. domatus 
according to Angelin 1854, p. 83) .  The prominent spine 
drawn by Angelin ( 1 854, Pl. 40: 16) is clearly indicated as a 
reconstruction, which is possibly incorrect. The pygidium, 
on the other hand, resembles the pygidium of Globampyx 
obtusus (compare Moberg & Segerberg 1906, Pl. 7:7b vs. 
7: 10) .  Hence it is possible that the enigmatic L. domatus is a 
hybrid pieced together of two species, and its cephalon may 
eventually prove conspecific with Ampyx cf. pater sensu 
Tjernvik ( 1956, 1980; see below) . This suggestion remains 
speculative, though, and, pending retrieval of the type mate
rial, which appears to be lost, Lonchodomas domatusAngelin, 
1854 must be regarded a nomen dubium (see also comments 
by Moberg & Segerberg 1906, p. 100) .  
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A supplementary description of Ampyx pater Holm, 1882 
was presented by Tornquist ( 1 884) and Tjernvik ( 1 956); a 
lectotype was designated by Skjeseth ( 1 952) (figured by 
Holm 1882, Figs. 1 3-14, 16) .  The species, which here is 
transferred to Rhombampyx, occurs in the M. dalecarlicus 
and M. estonica Zones (Tjernvik 1956, 1980) . A similar form, 
referred to as Ampyx cf. pater by Tjernvik ( 1 956, 1980), 
occurs in the M. armata and M. planilimbata Zones, and it 
may be dose to or conspecific with Lonchodomas domatus 
Angelin and/or 'Ampyx' [Rhombampyx] simonkovensisBala
shova, occurring around the Tremadoc-Arenig boundary 
(see above remarks ). Another form, referred to as Ampyx aff. 
pater, was listed from the M. polyphemus Zone of Sweden by 
Tjernvik ( 1 980); the relationship to the coeval Rhombampyx 
glaber (Poulsen, 1 965) is uncertain. The R. pater-glaber-frater 
n.sp. species gro up has a long stratigraphic range, occurring 
from the base of the Hunneberg Stage (or even from the A. 
serratus Zone) to the middle of the Volkhov Stage. The 
strong similarity of these species suggests that they are dosely 
related and presumably represent a single, or, at least, a 
simple evolutionary line. 

Ampyx linnarssoni Schmidt, 1 894, occurs in the Huk
odden Limestone at Slemmestad; it or a dosely related form 
also occurs in the M. polyphemus Zone of Sweden (Tjernvik 
1980) . The species is now transferred to Globampyx Fortey, 
1975. G. linnarssoni resembles the older 'Ampyx obtusus (see 
Moberg & Segerberg 1906, pp. 1 00-101 ,  and Tjernvik 1956, 
pp. 27 1-272) ,  which occurs throughout the Billingen Stage 
(Tjernvik 1980), and the two species are probably dosely 
related. A possible third member of this species group is the 
still older 'Ampyx' brevicauda Wirnan, 1 905, occurring in the 
Hunneberg Stage (Tjernvik 1980) . 

Ampyx volborthi Schmidt, 1894, now assigned to Loncho
domas, is here subdivided into two subspecies, L. volborthi 
volborthi, occurring in the M. (M.) limbata Zone, and L. 
volborthi schmidti n.subsp., occurring in the A. expansus 
Zone. Ampyx knyrkoi Schmidt, 1 907, is possibly a junior 
synonym of L. v. volborthi. L. balticus Modlinski, 1973 seems 
near the L. volborthi group, but the species is insufficiently 
known, and, besides, the name is probably a secondary 
homonym of L. balticus (Kummerov, 1928) .  The material 
identified with Lonchodomas volborthi by Skjeseth ( 1 952) 
(see also Fortey 1975a, p. 69) is related to Lonchodomas tenuis 
n.sp. ,  found in the lower half of the M. polyphemus Zone on 
Bornholm. 

Ampyx nasutoides Regnell, 1940 is insufficiently known, 
but presumably belongs to Lonchodomas, and it may be dose 
to L. tenuis n.sp. The species occurs around the M. estonica
M. polyphemus zonal boundary. 

Genus Ampyx Dalman, 1 827 

Type species. -Ampyx nasutus Dalman, 1 827 (by monotypy) . 
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Ampyx nasutus (Dalman, 1 827) 
Figs. 245-247 

Synonymy. -O 1 827 Asaphus (Ampyx) nasutus- Dalman, pp. 
68-69; Pl. 5:3a-c (description, occurrence, illustrations of 
entire specimen) .  Ov 1 882 Ampyx nasutus, Dalm. - Brogger, 
p. 58; Pl. 5: 15 ,  I Sa, 1 5b (occurrence, illustrations ofcomplete 
specimen) .  0 1 894 Ampyx nasutus Dalm. - Schmidt, pp. 77-
80; Pl. 6 : 1-10 (description, occurrence, illustrations of 
cephala, pygidia, complete specimens) .  Ov 1936 Ampyx na
sutus Dalm. [partim] - C. Poulsen, p. 48 (listed) . 0 1 950 
Ampyx nasutus Dalman, 1 827 - Whittington, pp. 554-556; 
Textfig. 6A-B; Pl. 74:3-9 (description of neotype, illustra
tions of cranidia, pygidia, complete specimens) .  0 1 973 
Ampyx nasutus Dalman, 1 827 - Modliilski, p. 57; Pl. 5 : 1  
(description and illustration of  cranidium) .  0 1 973 Loncho
domas volborthi (Schmidt, 1 894) - Modliilski, Pl. 5:2 (illus
trations of pygidium) .  01973 Ampyx nasutus Dalman - J. 
Bergstrom, Pl. 5:2. 0 1980 Ampyx nasutus - Tjernvik & 
Johansson, pp. 176-1 77, 194 (occurrence) .  0 1 980 Ampyx 
nasutus Dalman - Reyment, Fig. 1a-b (designation and 
illustrations oflectotype) . Ov 1984 Ampyx nasutus Dalman, 
1827 - Wandås, p. 235; Pl. 12D-F, I (occurrence, illustra
tions of cranidium, cranidia) .  

Lectotype. - Enrolled specimen Og 1 10, figured by Dalman 
( 1 827, Pl. 5 :3) ,  designated by Reyment ( 1 980), and replacing 
the neotype chosen by Whittington ( 1950). 

Material. - Three complete specimen, 51 cranidia, and 16 
pygidia. 

List of material. - (Internal moulds if not otherwise stated) . OComplete 
specimens A 1 164, LU 126 (pim),  K 905 (c) .  OCranidia S I S lO, S 153 1 ,  S 
1 538, S 1 595, S 16 10  [MGUH 23.028] ,  S 16 19, S 1 685a [MGUH 23.029 ] ,  S 
1685c, S 1 694, S 1 708, S 1709, S 1722, S 1729 [MGUH 23.030 ] ,  K 368 (t), K 
877, K 878 (pim),  K 882 (pim), K 893 (t), K 1004 (t), K 1036a? (t), K 1036b 
(t), K 1042 (t), K 1091 (t), K 1093b, K 1099?, K l IOO?, K 1 108a?, K 1 108b, 
K l 109a, K I 1 10a, K 1 1 10b (t), K I l I la? (t), K I l l?? (pim),  K 1 125a (pim),  
K 1 125b (t), K I 1 3 1 a, K 1 1 3 1b, K 1 1 33, K 1 1 34?, K 1 138?, K 1 146 (t), K 1 1 76 
(pim), K 1 223?, K 1239 (pim), K 1253 (t), A 538, GM 1987.2 1 ,  GM 1 987.22 
(pim) [MGUH 23.027] , LV 100a [LO 7109] , LV 100b, LV 146 (c) .  OPy
gidia S 1541 [MGUH 23.03 1 ] ,  S 1 575, S 172 1 ,  S 1 759 (t), K 881 ,  K 1093a 
(pim), K 1 l08d?, K 1 128 (t), K 1 1 32 (t), K 1 166 (t), K 1 1 75 (pim), K 1 1 79 
(t) [MGUH 23.032 ] ,  K 1227 (em), K 1340 (t), GM 1984. 1 804a, LV 34? 

Occurrence. -A. nasutus ranges from the base of the Asaphus 
expansus Zone and into the A. 'raniceps' Zone of the Komstad 
Limestone. The species is confined to the uppermost 6 cm of 
bed + 13 at Skeibro, that is, the very base of the A. expansus 
Zone; the GM samples listed are from the same level at 
Vasegård. The species is frequent at Killerod, and ranges 
from the basal part of the A. expansus Zone and upwards 
(beds +22, +35, 10-l l ) ,  with an acme in the A. 'raniceps' 
Zone (beds 6-8 and O, site b) .  A. nasutus occurs sparsely at 
Fågelsång, although I did not find any new material; mu
seum specimens LU 100a, b are from the basal part of the A. 
expansus Zone; complete specimen LU 126 is from another, 
presumably higher level. Additional LU-samples are from 
erratic boulders of Komstad Limestone at Andrarum. 
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Fig. 245. Ampyx nasutus (Dalman, 1827) .  DA. Maximum width plotted 
against sagittal length of cranidia and pygidia. DB. Ratio between maxi
mum glabeIla width and cranidial length (sag. ) plotted against cranidial 
length. 

Single specimens have been found in the Lysaker Member 
at Slemmestad, complete specimen A 1 164 was not sampled 
in situ, cranidium A 538 is from bed 55, Zone of A. expansus. 

Ampyx nasutus is a typical element of the fauna in the A. 
expansus and A. 'raniceps' Zones ofSweden (see, e.g., Tjern
vik & Johansson 1980), and it also occurs in the same interval 
of the eastern Baltic area (Schmidt 1 894, 1907) . At least in 
Norway it ranges upwards into the M. obtusicauda / gigas 
Zones (Wandås 1984) . Schmidt ( 1 907) also listed it from the 
top of the Volkhov Stage, which, though, remains to be 
documented. 

Description. - See Schmidt ( 1 894) and Whittington ( 1 950); 
the present remarks are supplementary to those descrip-
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tions. Whittington ( 1 950) described three pairs of glabellar 
musde areas (Whittington 1950, p. 554 and Textfig. 6A) . 
The material at hand shows that the anterior pair is compos
ite, consisting of a main posterior impression and a min ute 
anterior impression situated just above the axial furrow, so 
that F3 is grossly rounded L-shaped in outline (right lateral 
view; cf. Fig. 246C) .  The lectotype specimen, illustrated by 
Reyment ( 1 980), has a dearly bicomposite F3. Glabellar 
spine subcircular in cross-section, curving upwards; spine 
length 0.8-1 .0 times the length of glabella. Wandås ( 1984, Pl. 
12E) figured a cranidium with a spine approaching 1 .5 times 
the length of glabella. It appears that Schmidt ( 1 894) was of 
the impression that some specimens of A. nasutus lack a 
spine, and the longest preserved spine in the eastern Baltic 
material was half as long as glabella (Schmidt 1 894, p. 78) . It 
cannot be exduded that spine length relates to environment, 
with a short spine in specimens that lived on coarser sub
strate and a long spine in individuals that lived on a muddy 
substrate. Alternatively there may be an evolutionary trend 
towards a longer spine. Faint, oblique genal ridges cross the 
fixigenae ofinternal moulds, running from a point level with 
F3 towards genal angles, but are cut by the facial suture 
shortly in front of the genal angles (Fig. 246D) .  The ridges, 
which are effaced on testaceous material, are double, and the 
two branches diverge gently away from axis in the adaxial 
part, but then run almost parallel. In exfoliated specimens 
the foremost part of the fixigenae, anterior to the genal 
ridges, is occasionally covered with a rather coarse puncta
tion, sometimes arranged in 'reticulate' rows, especially 
dose to the gen al ridges, and which generally radiate away 
from axis. The genal ridges and the radiating pattern are 
fairly distinct on internal moulds of large specimens, 
whereas smaller cranidia occasionally show a smooth mould 
surface. The reticulate pattern is not reflecting the external 
ornamentation. Whittington ( 1 950, p. 555) described the 
cephalic posterior border as convex. In the specimens at 
hand the border is flat or gently concave, slanting forwards. 
It is characteristic for A. nasutus that the cephalic posterior 
border furrow is almost straight, with a posterior turn only 
in the extreme distal part. The minute impression in the 
distal part of the furrow is here described as weakly (adults) 

Fig. 246. Ampyx nasutus (Dalman, 1 827) .  DA-C. Largely exfoliated cra
nidium, dorsal (stereo pair) and side views, x3.  Close up in C shows 
anterior glabellar muscle insertion site (F3) ,  x8.  LO 7109 (LU lOOa), lower 
beds, Fågelsång, Ioc. E2 1b. DD-E. Partly exfoliated cranidium, dorsal 
(stereo pair) and side views, x3.  MGUH 23.027 (GM 1987.22), Vasegård, 
Bornholm. OF. Exfoliated cranidium showing proximal part of glabellar 
spine, x5.  MGUH 23 .028 (S 16 10) ,  bed + 13 ,  SkeIbro. OG. Largely exfoli
ated cranidium, x3. MGUH 23.029 (S 1685a), bed + 13 ,  Skeibro. OH. 
Largely exfoliated small cranidium, x6. MGUH 23.030 (S 1 729),  bed + 13, 
SkeIbro. DI-J. Exfoliated pygidium showing axis and border, dorsal and 
posterior views, x5.  MGUH 23.03 1 (S 1541 ) ,  bed + 13 ,  Skeibro. DK-L. 
Partly exfoliated pygidium showing curved pleural furrow, dorsal and 
oblique posterior views, x6. MGUH 23.032 (K 1 179) ,  bed 8, KilIerod site b. 
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to moderately (juveniles) impressed (cf. Whittington 1950, 
p. 555) ;  it is much more distinct on internal moulds. When 
the test is intact the pit is somewhat elongate, whereas inter
nal moulds show a simple round shape. An additional shal
low impression is developed in the proximal part of the 
posterior border furrow, dose to the triple junction between 
the border furrow, the axial furrow and the occipital furrow. 
The slighdy elongate impression, which is visible also on 
outside of test, continues onto the anterior part of the poste
rior border. 

The test surface of cranidium is finely punctate; the sculp
ture, however, is distincdy coarser than in the coeval Loncho-
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domas volborthi (Schmidt, 1 894) ,  especially on glabella; it is 
less distinct on the posterior half of fixigenae, and the glabel
lar mus de areas are smooth. 

Affinities. -A. nasutus (Dalman) is superficially quite similar 
to Lonchodomas volborthi (Schmidt, 1 894) ,  and isolated skel
etal parts, notably cranidia and juveniles, may be difficult to 
assign, despite the circumstance that the two species belong 
to different genera. By comparison the cranidium of A. 
nasutus is slighdy less convex (exsag. ) ,  the glabella is less 
pointed, broader (Fig. 247 A) , without preoccipital lobes, F3 
is less obviously composite, the spine base is positioned at a 
relatively lower level above anterior border, the posterior 
border is narrower, delimited by an almost straight border 
furrow, the minute impression in the posterior border fur
row near genal angle is indistinct (or nearly effaced), when 
the test is intact, and developed as a simple round hole (not 
slit-like) on internal moulds, and the test surface is more 
coarsely pitted, especially on glabella. Specimens of L. vol
borthi with intact test show an angular glabellar spine, not 
round as in A. nasutus; the spine is, however, almost round in 
intern al moulds of L. volborthi. The pygidium of A. nasutus is 
readily separated from L. volborthi by showing no distinct 
edge or sharp bend between the pleural fields and the border, 
the axis is broader (tr. ) (see Fig. 247B),  and the terrace lines 
of the border region typically continue onto the outer part of 
the pleuraI fields. It is also characteristic that the anterior 
furrow, delimiting the anterior half rib, is curved, not straight 
as in L. volborthi. 

Compared to adults the juvenile cranidium of Ampyx 
nasutus is more convex (exsag. ) ,  the glabella tend to be 
relatively narrower (tr. ) ,  the pit in posterior border furrow 
near genal angle is better defined, so the overall appearance is 
quite 'volborthi-like' .  Juvenile cranidia of A. nasutusare sep a
rated from L. volborthi by the lack of preoccipital lobes, the 
narrower posterior border, the round frontal spine, and the 
different test ornamentation. The juvenile pygidia of A. 
nasutus have a 'volborthi-like' marked edge between the 
border and pleural fields, and which may even be rim-like, 
but the pygidia are identified by the broad axis (tr.) and the 
curved anterior pleural furrow. 

A. nasutus is distinguished from other species of Ampyx by 
its large size, the broad, virtually non-carinate, glabella with 
distinct F1-F2, the bro ad pygidial axis, the curved anterior 
pleural furrow of pygidium, and a few terrace lines often 
continues from pygidial border onto outer part of pleural 
fields. 

Remarks. - Lonchodomas volborthi is the dominant raphio
phorid species in the Lysaker Member at Slemmestad, and it 
is likely that material was identified with A. nasutus by 
Brogger ( 1 882) .  However, the complete specimen figured by 
Brogger ( 1 882, Pl. 5 : 1 5, a, b; refigured by Wandås 1984, Pl. 
121) does represent A. nasutus, and the collections at the 
Paleontological Museum, Oslo, contain surprisingly few L. 
volborthi, but several specimens of A. nasutus. This bias is 



FOSSlLS AND STRATA 38 ( 1 995) 

presumably retlecting the different size of these species. The 
pygidium figured by Modlillski ( 1 973, Pl. 5 :2 ) ,  identified 
with L. volborthi, has a curved anterior pleural furrow, and 
appears to belong to A. nasutus. 

Genus Rhombampyx Fortey, 1 975 

Type species. - (OD) Rhombampyx rhombos Fortey, 1975. 

Remarks. - Rhombampyx was erected to accommodate two 
Spitsbergen speeies, R. rhombosand R. tragula, and the South 
American Raphiophorus? lamasi Harrington & Leanza, 1957 
(Fortey, 1975a) . The pygidium of R. tragula is unknown, and 
l strongly doubt that it truly belongs to Rhombampyx, as the 
glabeIla appears rather specialized, and the backward protru -
sion of the occipital region is a unique feature. Typical 
representatives of Rhombampyx are smallish, characterized 
by a highly intlated glabeIla with effaced or faintly impressed 
muscle areas, and a salient feature is the unusually short 
pygidium with a high border, delimited from the pleural 
fields by a narrow rim. The Chinese species Ampyx yii Lu in 
Lu et al. , 1965 (Arenig) complies with these characteristics 
and should be transferred to Rhombampyx as indicated by 
Zhou et al. ( 1984) (see especially Lu 1975, Pl. 40: 12, 14) .  
These authors also compared R. yii to Ampyx priseus Thoral, 
1 935, but that speeies has a typical long Ampyx pygidium, 
and should not be included in Rhombampyx. The Spits
bergen speeies Ampyxoides inermis Fortey, 1975 has a rather 
Rhombampyx-like pygidium, but the indicated absenee of a 
glabellar spine (cf. Fortey 1975a) would be unusual for the 
genus. The North American material referred to as Ampyx 
sp. by Ross ( 1 967 p. 22, Pl. 7:20-2 1 )  almost certainly repre
sents Rhombampyx. 

The Baltoscandian speeies Ampyx pater Holm, 1882, Am
pyx simonkovensis Balashova, 1 966, and Ampyx glaber Poul
sen, 1965 are here assigned to Rhombampyx, together with a 
new speeies, R. frater n.sp. ,  as they are characterized by a 
highly intlated, smooth glabeIla, and a short, very character
istic pygidium with high border. The inadequately known 
Lonchodomas domatus Angelin, 1854 may also belong to this 
group, see introductory remarks on family above. 

Rhombampyx glaber (Poulsen, 1 965) 
Figs. 248-250 

5ynonymy. - Dv 1936 Ampyx volborthi Schm. - C. Poulsen, 
p. 48 (listed) . Dv 1936 Ampyx n.sp. - C. Poulsen, p. 48 
(listed) . Dv cf. 1 952 Ampyx pater Holm [partim ] - Skjeseth, 
pp. 176-178; Pl. 5 :4b, 7; non Pl. 5:2, 12-16 [= Rhombampyx 
pater (Holm) ] (illustrations of cranidium) .  Dv 1965 Ampyx 
glaber n.sp. [partim] - V. Poulsen, pp. 98-101 ;  Pl. 8:5-7, 1 1 ; 
non Figs. 8-10  [= Lonchodomas tenuis n.sp. ] (description, 
occurrence, illustrations of cephalon and cranidium) .  
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Cranidia. Ratio between maximum gIabeIla width and cranidial length 
(sag. ) plotted against cranidial length. 
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Holotype. - Cranidium MGUH 9463 from the Skelbro beds, 
Skeibro, figured by V. Poulsen ( 1 965, Pl. 8:5-7) .  

Material. - 166 cranidia and 19 pygidia, plus cranidium A 
609c (im) and pygidium A 633 (im) [MGUH 23.044] , re
ferred to as R. cf. gla ber. 

List a! material. - DCranidia S 4 (im), S 7 (im) [MGUH 23.033 ] ,  S 12 (im), 
S 16  (t), S 1 8a (im), S 2 1  (im), S 30 (im), S 40 (pim), S 45a (im), S 51 (t), S 
63a (im), S 63b (im), S 8 1a  (t), S 83 (im), S 94 (t), S 105 (im), S 107 (pim), 
S 130a (im), S 130b (im), S 136a (im), S 1 36b (im), S 1 39 (im),  S 140 (t), S 
146 (im), S 1 5 1 a  (im), S 1 5 1b (im), S 161  (im),  S 173 (im), S 179 (im),  S 185a 
(im), S 185b (im), S 186 (im), S 206a (im), S 206b (im), S 207 (im) [MGUH 
23.034] , S 2 1 0  (im), S 2 12  (im), S 2 16  (im), S 238b (c), S 244 (im), S 250 
(im), S 253 (im), S 256 (im), S 257 (im), S 260 (im), S 269 (c), S 276a (im), 
S 276b (im), S 276c? (im), S 295 (pim), S 296 (pim), S 298 (im), S 300 (pim), 
S 302 (t), S 305 (pim), S 3 10? (im) , S 3 1 8  (im), S 322 (t), S 346 (im), S 351  
(pim), S 353  (pim),  S 394 (pim), S 4 15  (im), S 416  (pim),  S 42 1 (im), S 426? 
(im), S 440 (im), S 458 (im), S 465 (pim), S 468 (im), S 483a (im), S 483b 
(im), S 486 (im),  S 488 (im), S SOla (im) [MGUH 23.036] , S 50lb (t), S SO le  
(t), S 504a (im), S 504b (im),  S 504c (im), S 505a (t), S 505b (im), S 507a (t) 
[MGUH 23.035 ] ,  S 507b (im), S 518 (pim), S 520a (im), S 520b (pim), S 
532a (im), S 532b (im), S 533a (im), S 533b (t), 533c (im), S 544b (im), S 
552b (pim), S 553a (pim), S 553b (im), 558 (im), S 588a (pim), S 588b 
(pim), 588c (im), S 588d (im), 588e (t), S 588f (im),  S 588g (im), S 588h 
(im), S 588i (im), S 594a (im), S 594b (pim), S 594c (im), S 595a (im),  S 
595b (im), S 595c (im), S 595d (im), S 595e (im), S 595f (pim) ,  S 595g (im), 
S 595h (im), S 595i (im), S 595k (im), S 5951 (im), S 597 (t), S 598 (im), S 
606 (t), S 607a (im), S 607b (im), S 6 1 1 a  (im), S 6 1 1b (im), S 6 12a (im), S 
6 12b (im), S 614  (t), S 6 17  (im), S 6 18  (pim),  S 6 19 (im), S 628a (im), S 628b 
(im), S 632? (im), S 633 (im), S 635a (im), S 639a (im), S 639b (t), S 639c (t), 
S 639d (t), S 63ge (pim),  S 639f (t), S 639g (t), S 639h (pim), S 639j (im), S 
642a (im),  S 642b (im), S 647a (t), S 647b (pim), S 650 (im), S 654a (pim), 
S 654b (t), S 654c (im), S 66 1 (im), S 693 (im), S 700 (t), S 1678 (im), GM 
1987.5 (im), GM 1987.6 (im), GM 1987.8 (im) , GM 1987. 10  (im),  GM 
1987. 12  (im), GM 1987. 18a (im), GM 1987. 18b (im) . DPygidia S 18b (im),  
S 25 (t), S 28 (t)  [MGUH 23.038 ] ,  S 45b (pim) [MGUH 23.039 ] ,  S 8 1b? (t) 
[MGUH 23.04 1 ] ,  S 106 (em), S 164 (im), S 187 (im) [MGUH 23.040 ] ,  S 
208b (im) [MGUH 23.043 ] ,  S 297 (im), S 345 (im), S 380 (t) [MGUH 
23.037 ] ,  S 544a (t), S 552c (im), S 595j (im), S 596 (c), S 635b (t) [MGUH 
23042] ,  S 639i (im), GM 1871 . 1025 (im). 

Occurrence. - The speeies occurs in great abundance in beds 
interval -2 1 to -18 at Skeibro, single speeimens have been 
found in bed -16. The entire interval belongs to the lower 
half of the M. polyphemus Zone. 

The material referred to as Rhombampyx cf. glaber is from 
bed M - l  at Slemmestad, representing the upper part of the 
M. polyphemus Zone. R. glaber, or a dosely related form, also 
occurs in the Herramb Member at Ringsaker (M. polyphe
mus or M. estonica Zone) ,  see discussion below. 

Rhombampyx gla ber has not been reported from Sweden 
or the eastern Baltie area, but it is unknown what Ampyx aff. 
pater sensu Tjernvik ( 1 980), listed from the M. polyphemus 
Zone of Sweden, encompasses. 

Diagnosis. - Cranidium strongly convex (exsag. ) ,  glabeIla 
distinetly vaulted, pointed, overhanging anterior margin; 
glabellar musde scars almost effaced; posterior border nar
row, delimited by nearly straight border furrow; cephalic test 
surface smooth. Pygidium short with high border; axis con
tinues onto border, although with a very low relief. [Emen
ded from V. Poulsen 1965. ]  
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Description. - Small for a raphiophorid, largest cranidium 
6.7 mm long, largest pygidium 2 . 1  mm long. The cephalon is 
exhaustively described by V. Poulsen ( 1 965, p. 99) .  Maxi
mum glabeIla width equivalent to 0.29-0.41 of the cranidial 
width (mean 0.35; N == 78, see Fig. 248C).  

Hypostome and thorax unknown. 
The pygidia originally described as Ampyx gla ber by V. 

Poulsen ( 1965, pp. 99-100) are here identified with Loncho
domas tenuisn.sp. ,  and another group of pygidia is attributed 
to Rhombampyx glaber. Pygidium subfalcate in outline with 
straight anterior margin and acute anterolateral corners; 
L:W ratio 0.32-0.35 in speeimens longer than 1 .2 mm, and 
0.27-0.3 1 in shorter ones (Fig. 250A) . Axis moderately 
vaulted and roughly of the same height all the way back; it is 
comparatively narrow, the width at anterior margin ac
counts for 0.24-0.27 of the pygidial width in most speci
mens, but those from bed -18 have a ratio of about 0.3 .  Axis 
delimited by shallow, wide axial furrows, which are more 
distinct on internal moulds; it tapers evenly backwards, but 
even speeimens with intact test show an indistinct axial 
extension onto the border, which terminates short off poste
rior margin (Fig. 249T) .  Anterior portion of axis comprises 
three faint axial rings in addition to the anterior, well-sepa
rated, short (sag. ) ,  articulating half-ring; no rings are dis
cernible in the axial part on the border. Two rows of dark
coloured musde markings are occasionally present in the 
ring furrows. The markings consist of subround, compara
tively large and distinct distal spots situated dose to the axial 
furrows, and small, more indistinct spots positioned dose to 
sagittal line. The inner spots are often joined across midline 
by a narrow band. Three such double pairs of markings are 
situated on the axis between anterior margin and border; in 
one instance four additional single pairs occur on the poste
rior part of the axis in the border region, where only the inn er 
pair is present. Pleural fields virtually flat, with indistinct 
segmentation, apart from the anterior half rib, separated by 
a shallow, indistinct furrow. Border gently convex, steeply 
downsloping, in juvenile specimens subvertical; border area 
is well set offby a marked change of slope, and a narrow rim 
is developed in some specimens at the edge of the pleural 
fields. In a minute juvenile pygidium (Fig. 249R), 0.4 mm 

Fig. 249. DA-H, J-T. Rhambampyx glaber (Poulsen, 1965) .  DA-B. Exfoli
ated small cranidium, dorsal (stereo-pair) and side views, x 14. MGUH 
23.033 (S 7), bed -2 1 ,  Skeibro. DC-E. Exfoliated cranidium, dorsal, frontal 
and side views, x9. MGUH 23.034 (S 207), bed -2 1 ,  SkeIbro. DF-H. Partly 
exfoliated cranidium with transparent cutide showing dark coloured gla
bellar musde insertion sites, dorsal (non-whitened), frontal and side views, 
x9. See also K. MGUH 23.035 (S 507a) , bed -2 1 ,  SkeIbro. DJ. Partly 
exfoliated cranidium, side view showing upturned glabellar spine, x6. 
MGUH 23.036 (S SOla) ,  bed -18, Skeibro. DK. Same speeimen as F-H, 
dorsal view, x9. DL. Pygidium showing terrace-line pattern on border, x9. 
MGUH 23.037 (S 380), bed -19, SkeIbro. DM-N. Tinyjuvenile pygidium, 
dorsal and oblique posterior views, x25. MGUH 23.038 (S 28) ,  bed -2 1 ,  
SkeIbro. DO. Largely exfoliated pygidium showing axis continuing onto 
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border, oblique posterior view, x9. MGUH 23.039 (5 45b) ,  bed -2 1 ,  Skelbro. DP-Q. Exfoliated tiny juvenile pygidium, dorsal and posterior views, the latter 
showing distinet mesial arch, x20. MGUH 23.040 (5 187),  bed -2 1 ,  Skelbro. DR. Exfoliated tiny juvenile pygidium, dorsal view, x 1 5. MGUH 23.041 (5 8 1 ) ,  
bed -2 1 ,  Skelbro. DS-T. Pygidium showing undetached thoracic segment, dorsal and oblique posterior views, the latter showing axial continuation onto 
border, x 12.  MGUH 23.042 (5 635b),  bed -18,  SkeIbro. DU. Exfoliated tiny pygidium, x25. MGUH 23.043 (5 208), bed -2 1 ,  Skelbro. DL Rhombampyx cf. 
glaber (Poulsen, 1965) .  Exfoliated cranidium, x8. MGUH 23.044 (A 609) ,  bed M-I ,  Slemmestad. 



348 Arne Thorshøj Nielsen 

0.40 

L : W ratio of pygidia o 

0 .38 • R. glaber, N = 1 3  

0 .36 
o R. frater n .sp. , N = 1 

• 
0 .34 •• 

• 

• 
0 .32 • 

• • 
0 .30 • • 

• • 

0.28 

A • Length (mm) 

0.26 

O 0 .5  1 .5 2 2.5 

0 .60 

Ratio border length : • • 
pygidial length • • • 

• 
0 .50 o 

• • • 

0 .40 • 

0 .30 

• • 

0.20 • N = 1 3  + 1 

B Length (mm) 

0 . 1 0  

O 0 .5  1 .5 2 2.5 

Fig. 250. Pygidia of Rhombampyx gla ber (Poulsen, 1 965) (e) and Rhomb
ampyx frater n.sp. (D). DA. Pygidial L:W ratio plotted against pygidial 
length. DB. Ratio between maximum border width (adjacent to mesial 
arch) and pygidial length plotted against pygidial length. 

long, the border is bent down only posteriorly, while the 
anterolateral parts are confluent with the pleural fields with
out change of slope. Maximum border width is attained 
adjacent to the gende mesial arch; the relative border width 
increases markedly with size up to a pygidial length of 1 mm 
and then remains largely constant (Fig. 250B).  In small 
specimens the mesial arch even creates an incision in the 
margin when viewed dorsally (Fig. 249P) .  Articulating facets 
very small, pointed triangular, subvertical, situated roughly 
at an angle of 45° to sagittal line. Test surface of pleural fields 
smooth; border area covered with fine, dosely spaced terrace 
lines (Fig. 249L) . The lines curve slighdy forward-upwards 
mesially. Doublure not visible in the available material. 

FOSSILS AND STRATA 38 ( 1 995) 

Affinities. -R. gla ber is rather like R. pater (Holm),  R. simon
kovensis (Balashova), and R. fratern.sp., and these species are 
inferred to be dosely related. Shared features are moderate 
size, a strongly inflated, almost smooth glabella, and a simi
lar, very characteristic type of pygidium. 

R. gla ber is distinguished from R. pater by the more in
flated glabella, dearly overhanging anterior margin, the cra
nidium is more trapezoidal in oudine owing to the wider 
anterior border (tr. ) ,  the cephalic posterior border furrow is 
almost straight, not curving forwards distally, the pygidium 
has a broader border, relatively smaller pleural fields and a 
wider axis with fewer axial rings. 

R. simonkovensis is inadequately known (cf. Balashova 
1966, pp. 2 1-22; Pl. 2: 1-2) ,  but R. glaber presumably has a 
more inflated glabella with a stronger sagittal curvature, 
slighdy more convex fixigenae and a shorter pygidium with 
fewer axial rings. 

Differences from R. frater n.sp. are enumerated in the 
section on that species. R. glaberis readily distinguished from 
species of Ampyx by the prominendyvaulted glabella, dearly 
pointing forwards and overhanging anterior margin, the lack 
of glabellar musde impressions, the almost straight posterior 
cephalic border furrow, the smooth cephalic test, and the 
remarkable, short (sag. ) pygidium with a steep, wide border 
showing a vestigial continuation of axis. 

Remarks. - A slighdy damaged cranidium and pygidium 
from bed M - 1  at Slemmestad match the Bornholm material 
in all preserved features, except that the anterior glabellar 
overhang is minimal. It is preferred to treat the sparse Nor
wegian material as R. cf. glaber awaiting recovery of better 
preserved specimens, but it certainly more dosely resembles 
R. gla ber than R. fra ter n.sp. 

One of the cranidia identified with Ampyx pater by Skje
seth ( 1952, Pl. 5:4b, 7) was assigned to A. gla ber by V. Poulsen 
( 1 965, p. 10 ) .  The specimen has been studied, and such an 
identification is possible, but owing to the lack ofpreparation 
the anterior glabellar overhang is exaggerated, and the gla
bella falsely appears more slender than it is in reality. How
ever, the posterior border furrow do es not curve forwards 
distally, which is a very characteristic feature of R. pater, and 
an assignment to that species cannot be upheld. The cra
nidium is tentatively allocated to R. glaber. 

For remarks on Ampyx volborthi sensu Regnell ( 1942) ,  
tentatively assigned to  R.  glaber by V. Poulsen ( 1 965) ,  see 
Lonchodomas volborthi volborthi (Schmidt, 1 894) .  

Rhombampyx frater n. Sp. 
Figs. 250-252 

Synonymy. -O? 1980 Ampyx pater nasutus Dalman - Tjern
vik & Johansson, p. 192 (listed) . 

Derivation of name. - Latin fra ter = brother. 
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Fig. 251 .  Rhombampyxfrater n.sp. DA-C. Holotype. Cranidium, dorsal view (stereo-pair), side view and frontal views, x8. MGVH 23.045 (5 974), bed -4, 
5kelbro. OD. Paratype. Cranidium, x5.  MGVH 23.046 (5 944), bed -4, 5kelbro. DE-F. 5mall craniclium, dorsal and side views, x8. LO 7082 (LV 25b), 
Tommarp. 

Holotype. - Cranidium MGUH 23.045 (S 974) (Fig. 25lA
C) from 2 cm belowtop ofbed -4, Skelbro, Zone of M. simon. 

Paratypes. - Cranidium MGUH 23.046 (S 944) (Fig. 25lD) 
from 3 cm below top ofbed -4, Skelbro; pygidium LO 7083 
(LU 25c) (Fig. 252) from an unknown level at Tommarp. 

Additional material. - Twenty-four cranidia and 3 pygidia. 

List ofadditional material. - DCranidia 5 857 (t), 5 870 (t), 5 880 (c),  5 943 
(t), 5 952 (t), 5 985 (t), 5 992 (t), 5 999 (t), 5 10m (t), 5 l l45 (im), 5 l l62? 
(c), 5 l l 8 1  (c), 5 1 223 (c), 5 1235 (c), 1 257? (c), 5 1 657 (t), 5 12571 (im), K 
26 (t), K 647a? (c),  K 647b? (c), LV 25b (t) [LO 7082] ,  LV 27a (t), LV 27b 
(t), LV 27c? (t). DPygidia 5 869 (c), 5 1 027 (c), LV 25d? (em). 

Occurrence. -Rhombampyx fratern.sp. occurs in bed interval 
-7 to +6 at Skelbro, representing the upper part of the M. 
simon Zone and the lower part of the M. limbata Zone 
(infrequent) .  A few speeimens have been found within the 
M. simon Zone of SE Scania at Gårdli:isa-2 (bed L) and 
Gårdli:isa-4a (beds 4, 7) .  The museum speeimens examined 
are from an unknown level at Tommarp. 

Diagnosis. - As R. gla ber, but glabella is just slightly more 
inflated, posterior border of cranidium is wider, and raised 
higher above fixigenae; glabellar muscle scars vestigial; py
gidium relatively narrower, with less vaulted axis. 

Description. -Small for a raphiophorid, largest cranidium ca. 
7.2 mm long, largest pygidium 2. 1 mm long. Cranidium 
subtrapezoidal in outline, about twice as wide as long, with 
strongly inflated glabella, and is basically alike the cranidium 
of R. glaber, described by V. Poulsen ( 1 965 p. 99); the follow
ing remarks supplement that account. Glabella occupies 
about one third of the cranidial width, maximum glabella 
width attained at about one third of the cranidial length from 
front; it is round-arched in frontal view, posteriorly pseudo-

Fig. 252. Rhombampyx frater n.sp. Paratype. Pygidium, x 12. LO 7083 (LV 
25c), Tommarp. 

carinate. Fl and F2 occasionally very faintly impressed, but 
normally glabellar muscle areas are not indicated on testa
ceous speeimens; no internal moulds have been available for 
study. A small depression, possibly corresponding to FO, 
occurs at the triple junction ofaxial, occipital, and posterior 
border furrows. Occipital ring somewhat raised above the 
rear of glabella. Anterior border of cranidium gently forward 
sloping, almost horizontal, about twice as wide (tr. ) as gla
bella (maximum width) .  Anterior margin gently and 
broadly arched in frontal view. Genal ridges not observed 
(no internal moulds available) .  Posterior border somewhat 
raised above fixigenae, especially in the distal half; adaxial 
part slopes moderately forward, abaxial part steeper. Cra
nidial test surface smooth. 

Librigena, hypostome and thorax unknown. 
Pygidium exceedingly alike R. gla ber, but is relatively nar

rower, about 2.5 times as wide as long, and for the same 
reason the axis accounts for 0.3 of the pygidial width at 
anterior margin; it is slightly less vaulted than in R. glaber. It 
cannot be excluded, however, that the low pygidial W:L 
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ratio is due to the comparatively large size of the specimen 
(cf. Fig. 250A) . 

Affinities. - Rhombampyx frater n.sp. is rather like R. glaber 
Poulsen, R. pater (Holm) , and R. simonkovensis (Balashova), 
and is almost certainly related to these species. 

R. fratern.sp. is distinguished from R. glaber by the slightly 
wider (exsag.) anterior and posterior cranidial border (the 
latter is also raised higher above the fixigenae) ,  the less 
vaulted pygidial axis and the wider pygidial border. Besides, 
it is believed that R. frater attains larger sizes than R. glaber. 
Because of the pronounced convexity of R. frater n.sp. ,  the 
glabella of this species also gives the impression of being 
relatively wider and higher raised above the fixigenae. The 
separating characters for R. gla ber versus R. pater and R. 
simonkovensis also apply to R. frater n.sp. compared to these 
speCles. 

The new species is separated from the Spitsbergian R. 
rhombos Fortey by its more strongly inflated, broader gla
bella, the wider posterior cephalic border, the shorter py
gidial axis, and the unsegmented pleurai fields of pygidium. 

The Chinese material of R. yii (Lu) , figured by Lu ( 1975, Pl. 
40:8-14) is somewhat compacted, hence the prominence of 
the glabella is difficult to evaluate. The new Baltoscandian 
species seems, at least, to have a broader posterior cephalic 
border, but the glabella is also surmised to be more strongly 
inflated. 

Remarks. - It is possible that R. frater n. sp. is identical to 
Ampyx pater nasutus sensu Tjernvik ( 1 980, p. 192) ,  reported 
from the M. simon Zone of mainland Sweden. In some 
respects the cranidium of the new species looks intermediate 
between R. pater and A. nasutus, but the designation A. pater 
nasutus is invalid, and the respective pygidia are much differ
ent. It is unlikely that the two species are closely related. 

Genus Cnemidopyge Whittard, 1955 

Type speeies. - (OD) Trinucleus nudus Murchison, 1839. 

Cnemidopyge costatus n.subsp. A 
Fig. 253 

Material. - Four cranidia and l pygidium. 

List of material. - DCranidia S 1685 (im) [MGUH 23.047] ,  F 190? (c) 
[MGUH 23 .048 ] ,  LU 139 (im), LU 1 5 1  (im) [LO 7124] . DPygidium F 166 
(im) [MGUH 23 .049 ] .  

Occurrence. - C. costatus subsp. A occurs in the basal part of 
the A. expansus Zone at Skeibro (top ofbed + 13)  and Fågel
sång (beds 19-20) . Museum specimens from Rostånga (LV 
139) and Fågelsång (LV 1 5 1 )  are most likely from a similar 
level. 
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The upper Arenigian C. costatus n.subsp. A appears to be 
the earliest known representative of Cnemidopyge. For a 
discussion of British species of Cnemidopyge, see Hughes 
( 1 969) and Kennedy ( 1 989) . 

Description. - Largest confidently identified cranidium 9.4 
mm long (Fig. 253A) ; the tentatively assigned cranidium F 
190 is about 12 mm long (Fig. 253B-C) .  Pygidium F166 is 
about 8 mm long. Cranidium roughly triangular in outline, 
about twice as wide as long. Glabella pyriform, distinctly 
vaulted, with a gentle convex sagittal curvature; it is pro
nouncedly triangular in frontal view, profile highest at about 
midline. Glabella fairly slender (tr. ) ,  occupying less than 0.3 
of the maximum cranidial width, greatest glabella width is 
attained about 0.2 of the cranidial length from anterior 
margin. Glabellar front, which overhangs cranidial margin, 
is drawn into a broad-based, carinate spine, triangular in 
cross-section, length unknown. Spine base rather lowered, 
height above anterior cranidial margin equal to about one 
third of the maximum glabella width. Proximal part of the 
stout spine presumably approximately horizontal; distal 
part unknown. F l  and F2 large and very deeply impressed, 
giving a characteristic double constricted appearance to the 
posterior part of glabella; F3 obscure. Preoccipital lobes 
faintly inflated. All specimens, including F 190, show an 
elongate, narrow (tr. ) ,  gently convex glabellar portion be
tween the lower limit of the well-impressed muscle areas and 
the axial furrow, extending to the anterior, obscurely indi
cated muscle area (F3) .  The axial furrows are actuaUy bulg
ing slightly outwards at level with F1-F2 (Fig. 253A, D) .  
Occipital furrow rather shaUow and wide throughout, curv
ing faintly backward mesiaUy, joining the axial furrows later
aUy. Occipital ring narrow (sag. ) ,  convex, slightly elevated 
above rear part of glabella, not separated from posterior 
border by axial furrows; posterior margin slightly arcuate 
backwards. Axial furrows and preglabellar furrow narrow 
and shaUow, but better defined than in the other raphio
phorid species described here. SmaU, comparatively indis
tinct fossulae situated in the axial furrows just in front of 
maximum glabellar width. Anterior border of cranidium 
flat, uniformly very narrow throughout (sag. , exsag. ) ,  and 
rather long (tr. ) being almost twice as long as maximum 
glabellar width. Anterior margin of cranidium is broadly, 
evenly and gently arched in frontal view (Fig. 253F) . Fixi
genae gently convex, sloping moderately forwards; intern al 
moulds show very faint genal ridges extending from a level 
adjacent to glabellar F3 towards genal angle; the ridges are 
not likely to be visible when the test is intact. Posterior 
border narrow (exsag. ) ,  barely concave, slanting forwards, 
especiaUy so in the distal half, while the proximal part is 
nearly confluent with fixigenae. Posterior border furrow 
almost effaced and the border is defined just by a slight 
change of slope. Patches of intact test anteriorly on glabella 
and on fixigenae covered with a fine, dense punctation. 
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Fig. 253. Cnemidopyge costatus n.subsp. A .  DA. Fragmentary, exfoliated cranidium, x S .  MGUH 23.047 (S 1685) ,  bed + 1 3 ,  SkeIbro. OB-C. Corroded, large, 
tentatively assigned cranidium, dorsal and side views, x3. MGUH 23.048 (F 190),  bed 20, Fågelsång. OD-F. Fragmentary exfoliated small cranidium, dorsal, 
side and frontal views, x 10. LO 7 124 (LU 1 5 1 ) ,  Rostånga. OG-I. Exfoliated pygidium, dorsal and posterior views, x5, and dose-up ofaxis, x 10 .  MGUH 23 .049 
(F 1 66), bed 19, Fågelsång. 

Pygidium F 1 66 (Fig. 253G-l) ,  most likely matching the 
cranidia described above, is triangular in outline, almost 
twice as wide as long, anterior margin impaired but appears 
straight, anterolateral corners acute. Axis gently vaulted; the 
width at anterior margin accounts for about 0.25 of the 
pygidial width; it is long, tapering evenly backwards to termi
nate shortly in front of posterior margin; terminal piece 
acutely rounded. Axis consists of 16 or 17 rings, separated by 
shallow transverse furrows, even less deep mesially, plus 

terminal piece and anterior half-ring. The lateral parts of 
each of the anterior five axial rings are divided into two crests 
encircling a shallow central impression (Fig. 253H) .  The 
crests of adjacent rings are closely set, and the anterior 
transverse furrows are therefore very narrow laterally. Pleu
ral fields gently convex. Eight or nine faint pleural ribs are 
indicated, each consisting of two ridges of about equal 
height, running outwards, slightly backwards, distally curv
ing in anterolateral direction, terminating short off margin. 
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Anterior half rib raised above pleural fields, from which it is 
delimited by a moderately impressed, narrow furrow run
ning outwards-backwards, to curve forwards distally. A nar
row border area is vaguely defined by termination of the faint 
pleural ribs and by a change of surface ornamentation . • , 

, \  
Pygidial margin thickened, particularly so in the posterior 
half; mesial arch indistinct. A fewpatches oftest preserved on i I. 
the pleural fields show a very fine, dense punctation. lmpres-
sions of fine terrace lines are visible on the mould surface in 
the border area; they are roughlyparallel to but join the outer 
margin at a low angle. The lines fade out posteriorly, close to 
sagittal line. 

Affinities. - Cnemidopyge costatus n.subsp. A closely re
sembles C. costatus costatus, but differs by having a slightly 
narrower glabella (tr. ) ,  the inflated basal glabellar areas are 
marginally smaller, and the pygidium has a less inclined, 
comparatively ill-defined border. The shared similarities are 
so obvious, however, that the Komstad Limestone material is 
separated only at the subspecies level, and it represents a 
probable ancestor of C. costatus costatus. 

Cnemidopyge mammilatus (Sars) is separated from C. 
costatus by having a plump glabella not overhanging anterior 
margin, and it presumably lacks a spine (possibly rudimen
tary) ; the pygidium shows a better-defined border and dif
ferently shaped pleural ribs. 

Remarks. - The large, poorly preserved cranidium F 190 is 
suspected to have been compacted, so the carinate appear
ance of glabella is lost. The glabellar spine, on the other hand, 
is very prominent, situated at a low level, which in combina
tion with the elongate, convex small areas beneath the poste
rior muscle scars on glabella, suggest that the specimen 
presumably is conspecific with the better preserved museum 
material from the locality. 

Whittard ( 1955) allocated 'Ampyx' costatus to Cnemido
pyge. This genus apparentlY evolved in Baltoscandia during 
the Arenigian, and subsequently migrated to Great Britain 
(during the Llandeilo) and to North America (during the 
Caradoc) (Hughes 1969, p. 63 ) .  

The 'mid' Arenigian Ampyxsalteriwas allocated to Cnemi
dopygeby Fortey & Owens ( 1 987); in my opinion the pygidial 
structure ofthat species (as well as the not so well-impressed 
glabellar muscle areas) are more Ampyx-like. 

Genus Lonchodomas Angelin, 1 854 

Type speeies. -Ampyx rostratus Sars, 1835 (SD Bassler 19 15 ) .  

Lonchodomas volborthi (Schmidt, 1 894) 

Remarks. - The species was described in some detail by 
Schmidt ( 1 894), but confusion later arose with regard to the 
limits of this taxon (e.g., Skjeseth 1952; V. Poulsen 1965) .  It 
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is here suggested to recognize two subspecies, L. volborthi 
volborthi (Schmidt, 1894) ,  occurring in the M. limbata Zone, 
and L. volborthi schmidti n. subsp. ,  ranging from the upper 
part of the M. limbata Zone and into the A. expansus Zone. It 
appears, however, that the former subspecies has a longer 
range in the eastern Baltic area (see below) , and it is possible 
that the two forms merely represent ecophenotypes. 

Lonchodomas volborthi volborthi 
(Schmidt, 1 894) 
Fig. 254-255 

Synonymy. - ov 1882 Ampyx nasutus Dalm. [partim] -
Brogger, p. 58 (occurrence) .  0 1 894 Ampyx Volborthi n.sp. -
Schmidt, pp. 80-83;  Pl. 6: 1 1-20 (description, occurrence, 
illustrations of complete specimens, cephala, pygidia) . 
0 1 905 Ampyx Volborthi F.S. - Lamansky, p. 170 (listed) . 
0 1 907 Ampyx Volborthi m. - Schmidt, pp. 64, 95 (listed) . O? 
1907 Ampyx Knyrkoi m. - Schmidt, pp. 65, 95; Pl. 3 : 1 1 ,  12, 
12a (short description of cephalon, occurrence, illustrations 
of cephala) .  Ov non 1936 Ampyx volborthi Schm. - C. Poul
sen, p. 48 [= Rhombampyx glaber Poulsen and Lonchodomas 
tenuis n.sp. ] .  0 1 942 Ampyx volborthi F. Schmidt - Regnell, 
pp. 3-4; Textfig. 4 ( occurrence, illustration of pygidium) . ov 
non 1952 Lonchodomas volborthi (Schmidt, 1894) - Skjeseth, 
pp. 1 78-179; Pl. 5: 1 , 3 , 5, 8, 9, I l . [= L. cf. tenuis n.sp. ] .  onon 
1973 Lonchodomas volborthi (Schmidt, 1 894) - Modlillski, 
Pl. 5 :2 [=Ampyx nasutus] . ov non 1 975a Ampyx volborthi 
Schmidt, 1 894 (sensu Skjeseth 1952) - Fortey, p. 69; Pl. 23:2. 
[=  L. cf. tenuis n.sp. ] .  Ov cf. 1 980 Ampyx spp. - Tjernvik, p. 
192, Textfig. 3 (occurrence) .  

Lectotype. - Here designated, complete specimen figured by 
Schmidt ( 1 894, Pl. 6: 1 1 ) .  

Material. - Fifteen cranidia and 4 pygidia. 

List of material. - (Internal moulds if not otherwise stated) . DCranidia F 49 
(t), F 62, LU 75 (t) [LO 7105 ] ,  A 745, A 806 [MGUH 23.050] , A 823, A 870, 
A 940, A 947, A 949 (pim), A 955, A 966 (pim) [MGUH 23.05 1 ] ,  A 995?, A 
1054? (t), PMO S 3247 (pim) .  DPygidia A 8 1 3  [MGUH 23.052 ] ,  A 854 
(compacted) ,  A 9 10  (pim) [MGUH 23.054 ] ,  A 1064 [MGUH 23.053 J .  

Occurrence. - Lonchodomas volborthi volborthi (Schmidt) 
occurs fairly frequently in bed interval M-6-M- l O  at Slem
mestad, and sparsely in bed interval M - l l-M - 14; except for 
bed M-6, belonging to the M. simon Zone, both intervals 
represent the lower subzone of the M. limbata Zone. Mu
seum specimen PMO S 3247 is most likely from the upper 
part of the Hukodden Limestone. L. volborthi volborthi also 
occurs infrequently in the upper part of the M. limbata Zone 
at Fågelsång, whereas the subspecies has been found neither 
on Bornholm nor in SE Scania. 

L. V. volborthi (Schmidt) has been reported from the east
ern Baltic BIIla Zone (Schmidt 1894, 1907; Lamansky 1905) 
and also from the upper part of BIl (Schmidt 1907, p. 95). 



FOSSILS AND STRATA 38 ( 1 995) Lower Ordovician trilobites from Scandinavia 353 

Fig. 254. Lonchodamas volborthi volborthi (Schmidt, 1 894) .  OA-B. Exfoliated cranidium, dorsal view (stereo-pair) and frontal view, x4. MGUH 23 .050 (A 
806),  bed M-7, Slemmestad. De. Partly exfoliated, somewhat compacted cranidium, dorsal view, x4. MGUH 23.05 1 (A 966), bed M-lO, Slemmestad. OD
F. Partly exfoliated cranidium with transparent cuticle showing coloured glabellar muscle insertion sites, dorsal, frontal and side views, x6. LO 7 105 (LU 75), 
Fågelsång, loe. E2 l .  OG. Fragmentary, exfoliated pygidium, x6. MGUH 23.052 (A 8 13 ) ,  bed M-7, Slemmestad. OH. Partly exfoliated, compacted pygidium, 
x4. MGUH 23.053 (A 1064), bed M- 1 4, Slemmestad. DI. Corroded pygidium, x4. MGUH 23.054 (A 910) ,  bed M-9, Slemmestad. 

The latter occurrence is possibly an error, as the extended 
range appears only from a list and is not discussed in the text, 
but also A. knyrkoi Schmidt, 1907 (a possible synonym of L. 
volborthi) , was stated to occur in the upper part of BIl 
(Schmidt 1907) . L. volborthi, described by Regnell ( 1 942) ,  
presumably originated from the A. lepidurus Zone of north
em Oland. Ampyx 'spp. ' sensu Tjemvik ( 1 980), here identi
fied with L. volborthi, ranges through the middle third of the 
M. limbata Zone in the Finngrundet core. 

Diagnosis. - Glabella distinctly inflated, pointed, glabellar 
spine angulate; glabella with well-impressed F l ,  composite 
F3, and preoccipital lobes; fixigenae pronouncedly convex 
(exsag. ) ;  anterior and posterior borders of cranidium wide 
(exsag. ) ,  posterior border furrow curved slightly backwards 
distally; surface sculpture of fine pits typically present only 
on anterior half of glabella. Pygidium with raised rim, sepa
rating pleural fields from steeply sloping border; anterior 

furrow on pleural fields straight, test surface of pleural fields 
smooth. [Emended from Schmidt 1894. )  

Description. - Medium-sized for a Lonchodomas, largest cra
nidium 1 1 .3 mm long, largest pygidium 7.9 mm long. Cra
nidium triangular to subtrapezoidal in outline, cranidial 
L:W ratio 0.5-0.6 (N = 9) .  Glabella distinctly inflated and 
raised well above fixigenae, basal circumference pyriform; it 
is faintly triangular in frontal view, posteriorly weakly cari
nate, with a very gentle sagittal convex curvature; profile 
highest at base of spine or slightly behind. Glabella moder
ately narrow (tr. ) ,  occupying 0.3-0.4 of the cranidial width 
(tr. ) (mean 0.35; N = 9) (Fig. 255B); maximum width at
tained at about 0.2 of the cranidial length from anterior 
margin. Glabellar front overhanging cranidial margin; sum
mit drawn into a long forward-upward pointing spine, pen
tagonal in cross-section. Height of spine base above pregla
bellar furrow corresponds to 0.4-0.5 (N = 10) of the 
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Fig. 255. Cranidia of Lonchodomas volborthi volborthi (Schmidt, 1 894) ( ) 
and L. v. schmidti n. subsp. (.) .  DA. Cranidial L:W ratio plotted against 
cranidiallength. DB. Ratio between maximum glabeIla width and cranidial 
width plotted against cranidial length. 

maximum glabeIla width. Spine definitely more than 0.3 
times as long as cranidium (excl. spine) ,  presumably about 
0.8, but it is broken in all specimens at hand. Four pairs of 
round to ovoid musde areas on glabeIla, of which the ante
rior (F3) and posterior (FO) pairs are visible only in speci
mens showing coloured musde markings. The following 
description is based primarily on specimen LO 7 lO5 (Fig. 
254D-F).  FO small, situated in occipital furrow and on ante
rior part of occipital ring; it is V -shaped with apex pointing 
adaxially, the posterior branch of the V is situated anteriorly 
on occipital ring, the anterior branch is pointing obliquely 
forward-outward into occipital furrow; both branches ter
minate dose to base of axis. Fl is the most conspicuous of 
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the musde areas, being just slightly smaller than F2, but 
better impressed; F l  situated adjacent to axial furrows in 
front of occipital furrow, from which it is separated by the 
gently inflated preoccipital lobes, accentuating the im
pressed appearance of F l ,  which therefore is fairly distinct 
also on internal moulds (Fig. 254A) . F2, the largest of the 
four pairs, is situated roughly at midline some way up gla
beila, though still in the lower part of glabeIla; it is ovoid in 
outline, and generally visible also on internal moulds as 
obscure shallow impressions. F3 small, situated very dose to 
axial furrows about one third of glabeIla length from front. 
It actually consists of two, partly fused coloured areas, of 
which the lower one adjacent to axial furrow is the largest, 
rather irregular in shape, presumably indicating a duster of 
several small fused spots, while the upper one is smaller, 
situated slightly anterior to the lower marking, to which it is 
connected by a narrow band. The double or even triple 
nature of the anterior musde area was considered an im
portant diagnostic feature by Schmidt ( 1 894, p. 8 1 ) .  Occipi
tal furrow moderately impressed and wide throughout, 
curving slightly backwards mesially, laterally joining poste
rior border furrows. Occipital ring narrow (sag. ) ,  convex, 
slightly arcuate backwardly and not separated from poste
rior border by axial furrows. Axial and preglabellar furrows 
narrow and shallow, but glabeIla is well set off by a distinct 
change of slope; deep elongate fossulae situated anteriorly 
in axial furrows just in front of maximum glabeIla width . 
Anterior cranidial border somewhat variable. The Norwe
gian specimens show a short (tr. ) border, the transversal 
length is about 0.6 times the maximum width of glabeIla 
(Fig. 254C); the border is flat, fairly wide (sag. ) ,  sloping in 
abaxial direction owing to the mesial arch. The Scanian 
specimens show a transversely longer border (Fig. 254E) , of 
about the same length (tr. ) as maximum glabeIla width, so 
the cranidia assume a subtrapezoidal outline. The Norwe
gian cranidia have a mesial arch (frontal view) , but it is 
suspected that the arch is less obvious in cephala. The 
Scanian specimens show a more gently and broadly arched 
anterior margin. Fixigenae triangular in outline, convex, 
sloping anterolaterally. Eyes absent. Genal ridges weakly 
indicated on some internal moulds; they are of very low 
relief, straight, apparently single, running from a position 
level with anterior musde area (F3) towards genal angles. 
Posterior border comparatively wide (exsag. ) ,  almost flat, 
sloping forwards, moderately so in the adaxial half, more 
steeply so in the abaxial half; it is delimited by a wide, fairly 
impressed border furrow, distally turning backwards to
wards genal angle. Elongate pit situated in the furrow just 
inside genal angle. The material shows some variation with 
regard to the steepness of posterior border, particularly the 
distal part. Facial suture marginal only in front of glabeIla, 
then crosses the gena, running almost straight to genal 
angle. Test surface covered with small, weakly impressed, 
densely spaced pits on the anterior half of glabeIla, remain
ing parts of cranidium smooth; an exception is the large 
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Scanian specimen F 49, in which also the fixigenae are 
covered with small pits. The general lack of ornament is 
probably real and not depending on imperfect preservation. 
Schmidt ( 1 894, p. 82) mentioned that a fine ornamentation 
may be present on the cephalon. No librigenae available, see 
Schmidt ( 1 894) for a brief description. 

Hypostome unknown. 
Thorax consists of five segments according to Schmidt 

( 1 894, p. 8 1 )  (see remarks below); there are no articulated 
specimens in the material at hand. 

Pygidium broadly triangular in outline, about 2.0-2.3 
(N = 3)  times as wide as long, anterior margin straight, 
anterolateral corners acute. Axis gently vaulted, only slightly 
raised above pleural fields; width at anterior margin accounts 
for 0.26-0.27 (N = 2) of the pygidial width. It tapers evenly 
backwards, but reaches posterior border, terminal piece 
acutely rounded. Twelve to thirteen axial segments were 
counted on an internal mould in addition to the articulating 
half-ring, but this is a minimum number; only articulating 
half-ring and anterior two axial rings are fairly defined, 
separated by moderately impressed ring furrows. Axial fur
rows shallow and axis is essentially defined by a change of 
slope. Pleural fields slightly convex, sloping gently down 
posterolaterally; pleural region may show up to five indis
tinct pleural ribs in addition to anterior half rib, which is 
delimited by a moderately well-impressed, rather wide, 
straight furrow. The faint pleural ribs are visible on internal 
moulds as well as on testaceous material. On internal moulds 
the adaxial half of each rib is double, consisting of two low 
crests; these crests are united in the abaxial half. Border 
delimited by a thickened, narrow, raised rim at outer edge of 
the pleural fields, which actually slightly overhangs border; 
rim most conspicuous when the test is intact. Border very 
steep, almost vertical, and roughly of equal width through
out. It is unknown if a median arch is present. Surface 
sculpture of border consists of fine, dosely spaced terrace 
lines, running parallel to outer margin, whereas pleural fields 
and axis are smooth. A single specimen with intact test 
shows, however, the presence of peculiar, narrow ridges of 
very low relief on the crests of the pleural ribs, two on each, 
running almost from axis to border. Doublure not visible in 
the specimens at hand. 

Affinities. - L. volborthi volborthi and L. v. schmidti n.subsp. 
are separated as chronosubspecies; the differences are dis
cussed in the section on L. v. schmidti n.subsp. 

Lonchodomas v. volborthi is superficially rather like Ampyx 
nasutus, and identification of isolated skeletal parts may 
occasionally be troublesome as already mentioned by 
Schmidt ( 1 894, p. 79); differences are enumerated in the 
section on A. nasutus (see also remarks below) . 

L. v. volborthi may be compared to the North American L. 
normalis (Billings, 1 865) (see Whittington 1965),  but the 
Baltoscandian species has a more strongly inflated glabella, 
and the anterior border is narrower (tr. ) .  
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The relation to Ampyx knyrkoi Schmidt, 1 907 is discussed 
below. L. v. volborthi is distinguished from other species of 
Lonchodomas by the more convex cranidium (exsag. ) ,  the 
markedly inflated and only inconspicuously carinate gla
bella, and by the sharp edge between border and pleural fields 
of the pygidium. 

Remarks. - The material identified with Lonchodomas vol
borthi by Skjeseth ( 1 952, pp. 1 78-1 79) has been examined, 
and although the generic assignment appears correct, it 
seems to represent a new taxon, which presumably should be 
ranked as a subspecies of L. tenuis n.sp. Skjeseth ( 1 952) 
assigned volborthi to Lonchodomas, partly because 'Ampyx' 
volborthi in the original description is stated to have only five 
thoracic segments. V. Poulsen ( 1 965, pp. 100-10 1 )  re
marked that the number of thoracic segments in A. volborthi 
actually may be six and not five, as the position of the 
cephalon in the complete specimen figured by Schmidt 
( 1 894, Pl. 6: 1 1 ) is such that the anterior segment may be 
covered. However, Schmidt had additional complete speci
mens at his disposal (cf. Schmidt 1894, Pl. 6: 1 7, 1 7a, 18 ) ,  and 
he stated that thorax dearly consists of five segments 
(Schmidt 1894, p. 8 1 ) .  The presence ofa four-edged glabellar 
spine and only five thoracic segments suggest an assignment 
to Lonchodomas. 

Schmidt ( 1 894) emphasized the dose resemblance to A. 
nasutus (Dalman), but by comparison the following charac
ters were regarded diagnostic of L. volborthi: The double or 
even triple nature of the anterior cephalic musde area, the 
more elongate glabella with impressec posterior musde pair, 
the outline of the anterior cephalic border, the moderately 
sloping posterior cephalic border, the posteriorly directed 
genal angles, the finer cephalic surface sculpture, the pres
ence of only five thoracic segments and the development of a 
distinct, or even raised edge delimiting the pygidial pleural 
fields from the border, the lack of surface ornamentation on 
the pygidial pleural fields and the occasional presence of 
vague pygidial pleural ribs. The Scanian and Norwegian 
specimens are in accordance with these characteristics, al
though the former have an anterior cranidial border which is 
longer (tr.) than typical. In this respect the Scanian speci
mens may be described as transitional to Lonchodomas vol
borthi schmidti n.subsp. 

The shape of the glabellar spine was not referred to by 
Schmidt ( 1 894, pp. 80-82), but from the context it may be 
assumed round. This is supported by the short description 
of Ampyx knyrkoi (see Schmidt 1907, p. 65) ,  as this species 
is stated to be entirely identical to A. volborthi except that 
the glabellar spine is distinctly four-edged with a longitudi
nal furrow on each side. The material at hand (particularly 
of L. volborthi schmidti n.subsp. )  shows, however, that it is 
essential to distinguish between testaceous and exfoliated 
specimens. Internal moulds show an almost round glabel
lar spine, whereas specimens with preserved test have a 
distinctly angulate spine. It is therefore suspected that the 
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indicated difference between A. knyrkoi and A. volborthi is a 
matter of preservation, and A. knyrkoi Schmidt, 1907 may 
eventually turn out to be a synonym of A. volborthi 
Schmidt, 1894. 

Ampyx nasutus, listed from the entire Huk Formation of 
the Oslo area by Bri:igger ( 1 882), probably included Loncho
domas v. volborthi. A single cranidium from the collections of 
Paleontological Museum, Oslo (PMO S 3247; old number: 
52) ,  was labelled Ampyx, but belongs to L. volborthi volborthi. 

Regnell ( 1942, pp. 3--4) figured and shortly described a 
pygidium of 'A '. volborthi from the 'Lower Asaphus Lime
stone' of northern Oland; the validity of this identification 
was later questioned by V. Poulsen ( 1 965, p. 100) . However, 
the figured pygidium (Regnell 1942, Textfig. 4) undoubtedly 
belongs to Lonchodomas volborthi, and presumably to L. v. 
volborthi, as indicated particularly by the distinctive raised 
edge of pleural fields towards the border area, but it also 
appears from the figure that vague pleural ribs are present 
and that the anterior furrow is straight. 

Modlinski ( 1973, Pl. 5:2) identified a ca. 6 mm long 
pygidium as Lonchodomas volborthi. The slight development 
of a rim, separating the pleurai fields from the border, must 
be due to its small size, as the curved anterior furrow, sepa
rating the half rib, and the relatively broad axis (occupying 
ca. 0.30 of pygidial width) clearly points to an identification 
with Ampyx nasutus. 

The poorly preserved material from the M. limbata Zone 
of the Finngrundet core, referred to as Ampyx spp. by Tjern
vik ( 1 980), has been examined; it belongs to Lonchodomas 
volborthi, and no evidence suggests that more than one 
species is present (but the material is admittedly rather 
fragmentary) . A couple of fairly preserved pygidia (from 
40.64 and 41 .69 m in the core) have a distinctly raised rim 
between the pleural fields and border, and this feature points 
to an identification with L. V. volborthi. 

Lonchodomas volborthi schmidti n.subsp. 
Fig. 2S5-256 

Synonymy. - O? 1882 Ampyx nasutus Dalm. [partim?) -
Bri:igger, p. 58 (occurrence) .  Def. 1973 Lonchodomas balticus 
n.sp. - Modlinski, pp. 57-58; Pl. 5 :3 (diagnosis, description 
and figure of one cranidium) .  

Derivation of name. - In  honour of  academician F. Schmidt, 
who made an outstanding pioneering work on the eastern 
Baltic Ordovician trilobites. 

Holotype. - Cranidium MGUH 23.057 (A 382a) (Fig. 256D) 
from bedA-261f2, Lysaker Member, Slemmestad, uppermost 
part of the M. limbata Zone. 

Paratypes. - Complete specimen MGUH 23.055 (A 443) 
(Fig. 256A-G) (bed A-34) , cranidium MGUH 23.056 (A 
383) (Fig. 256B--C) (bed A-261f2) and pygidia MGUH 23.060 
(A 233) (Fig. 256H) (bed A- 13 ) and MGUH 23.06 1 (A 3 14) 
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(Fig. 2561-J) (bed A- 19) ,  all from the Lysaker Member at 
Slemmestad. Except for specimen MGUH 23.055, which is 
from the lower part of A. expansus Zone, the specimens are 
from the upper part of the M. limbata Zone. 

Additional material. - Thirteen cranidia and l pygidium. 

Listofadditional material. -DCranidiaA 242a (t) , A 242b (t) , A 242c (pim),  
A 246 (pim) , A 247 (c), A 2S 1  (pim), A 255 (im), A 283 (im), A 289 (pim), 
A 30S (pim) [MGUH 23.058 ] ,  A 382b (pim) [MGUH 23.0S9] , A  402 (pim),  
A 409? (pim) .  DPygidium A 319 ( im) .  

Occurrence. - Lonchodomas volborthi schmidti n.subsp. is 
common in bed interval A - 1 3-A -34 of the Lysaker Member 
at Slemmestad, representing the upper part of the M. limbata 
Zone and the lower part of the A. expansus Zone. The 
subspecies has not been found in the Komstad Limestone, 
but perhaps occurs in Poland (see discussion below) . 

Diagnosis. - As for L. volborthi volborthi (Schmidt, 1 894) but 
the test surface of cranidium and pygidium (pleural fields) is 
finely pitted except from on muscle areas and in depressions; 
anterior cranidial border is shorter (tr. ) ,  so the cranidial 
outline is trapezoidal, glabellar overhang is more pro
nounced, and the pygidial border is less steep, and separated 
by a less distinct rim. 

Description. - Largest cranidium about I l  mm long, largest 
pygidium 5.4 mm long. Cranidial L:W ratio and relative 
glabella width are shown in Fig. 255. By comparison to L. 
volborthi volborthi the cranidium is more trapezoidal in 
outline, and glabellar front is more pronouncedly overhang
ing cranidial margin in most specimens. It is also suspected, 
but not satisfactorily proven by the material, that the glabel
lar spine is slightly more prominent in L. volborthi schmidti 
n.subsp. Configuration of muscle areas as in L. volborthi 
volborthi, but individual muscle areas of the composite F3 are 
larger and F3 is overall more distinct; FO is difficult to discern 
in all specimens available. Anterior cranidial border typically 
flat, gently forward sloping or almost horizontal, transversal 
length equivalent to l to 1 .5  times the maximum glabellar 
width. Although slightlyvariable the border is typically com
paratively broad (exsag. ) ;  anterior margin gently and 
broadly arched in frontal view in most specimens, a few 
cranidia show a more distinct median arch, thus resembling 
L. volborthi volborthi. Posterior border as in L. volborthi 
volborthi, but the distal bend of the bounding border furrow 
is more pronounced, and the elongate pit situated in the 
furrow just inside genal angle is more distinct, deeper. Facial 
suture differs from L. volborthi volborthi by being marginal 
anteriorly for a longer stretch before crossing the gena. The 
different outline influences the transversal width of the ante
rior cranidial border, and thereby the general outline of 
cranidium. Genal angle continued into an oblique spine, 
diverging backwards at an angle of about 45°; spine at least as 
long as cranidium, but presumably longer. Posterior border 
furrow continues onto the spine. Test surface typically cov
ered with small densely spaced pits except on glabellar 



FOSSILS AND STRATA 38 ( 1 995) Lower Ordovician trilobites from Scandinavia 357 

Fig. 256. Lonchodomas volborthi schmidti n. subsp. DA. Paratype. Largely exfoliated, fragmentary cephalon, showing genal spine, x4.  Complete speeimen 
MGUH 23.055 (A 443) ,  bedA-34, Slemmestad. See also G. DB-C. Paratype. Largely exfoliated cranidium showing edged glabellar spine, side and dorsal views, 
x6. MGUH 23.056 (A 383), bed A-26V2, Slemmestad. OD. Holotype. Partly exfoliated cranidium, dorsal view, stereo-pair, x3.  MGUH 23.057 (A 382a), bed 
A-26V2, Slemmestad. DE. Partly exfoliated, somewhat compacted cranidium showing posterior border, x2.5. MGUH 23.058 (A 305), bed A- 19, Slemmestad. 
OF. Partly exfoliated cranidium, dorsal view, stereo-pair, x4. MGUH 23.059 (A 382b), bed A-26V2, Slemmestad. OG. Para type. Largely exfoliated, 
fragmentary hypostome, x9. Complete speeimen MGUH 23.055 (A 443) ,  bed A-34, Slemmestad. OH. Paratype. Largely exfoliated small pygidium, x8. 
MGUH 23.060 (A 233) ,  bed M-13, Slemmestad. 01-]. Paratype. Partly exfoliated fragmentary pygidium showing axis and raised inner edge of border, dorsal 
and posterior views, x4. MGUH 23.061 (A 3 14),  bed A- 19, Slemmestad. 

muscle areas, but some cranidia show ornamentation only 
on the anterior part of glabeIla like L. volborthi volborthi. 
Ornamentation weakly impressed. A few terrace lines 
present along outer margin of the genal spine. 

A damaged hypostome was found inside enrolled speei
men MGUH 23.055 (Fig. 256G) . It is slighdy longer than 
broad, presumably roughly pyriform in oudine (margins 
pardy injured) . Anterior margin curved; edge distincdy 
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flexed in ventrai direction. Anterior wings, if any, not pre
served. Median body shield-shaped, gently inflated. A nar
row, shallow, but distinct border furrow separates median 
body posterolaterally and posteriorly from the border area, 
which is raised (ventral view) adjacent to the furrow, sloping 
strongly outwards. Broad triangular projection situated on 
the lateral margin one third of the hypostomal length from 
posterior end, but the margin is injured anterior to the 
projection and the outline may be incidental. Posterior mar
gin straight, truncate, continuing laterally into short and 
narrow (exsag. ) posterior wings pointing in dorsal direction. 
Test preserved on one half of the hypostome. Very shallow 
elongate macula indicated on the exfoliated half dose to 
posterior end of median body; the corresponding macula in 
the test-covered part is effaced. Test surface of median body 
finely pitted, except dose to the border furrow (smooth); 
border area carries terrace lines on the raised edge adjacent to 
border furrow, the lines fan out on the triangle leading to 
posterior wing; outer part of border area smooth. 

Thorax presumably consists of five segments (see remarks 
on L. volborthi volborthi) ; only four segments are preserved in 
the specimen at hand. Articulating half-ring well-developed, 
accounting for about 0.4 of the segmental length (sag. ) ,  
separated by a deep, well-defined articulating furrow. Axis 
fairly wide (tr. ) ,  at most occupying about one third of total 
segmental width, probably somewhat less; it is moderately 
raised above pleuraI region, separated by shallow, wide axial 
furrows. Proximal part of pleura flat, cut by an oblique, 
shallow pleuraI furrow, which, however, appears fairly dis
tinct as the pleuraI part behind the furrow is slightly raised 
with a concave forward-slope, very gentle in the proximal 
part, but with an increased steepness abaxially. Distal parts of 
thorax not preserved. Test surface of thorax shows a fine 
punctation, except on articulating half-rings and in articulat
ing furrows, which are smooth. The punctation is arranged 
in rows on axis, resembling terrace lines, running obliquely 
backward-downwards; obscure radiating rows of pits are 
also present on the pleurae, arranged roughly parallei with 
and dose to the pleuraI furrows. 

Pygidium as described for L. volborthi volborthi, W:L ratio 
2.2-2.5 (N = 4) .  Axis possibly stronger vaulted, and seems to 
have a better defined segmentation, but both characters may 
relate to preservational differences; axial width at anterior 
margin accounts for 0.27 (N = 4) of the pygidial width. 
Fifteen axial segments were counted on an internal mould in 
addition to articulating half-ring, but the true number of 
segments is presumably higher. PleuraI fields slightly convex, 
especially in small specimens; segmentation effaced. Border 
separated by a narrow raised rim, less prominent than in L. 
volborthi volborth� it is subvertical anterolaterally, though 
overall slightly less steep than in L. volborthi volborthi; maxi
mum border width attained just next to the median arch. 
Surface sculpture of border consisting of fine, dosely spaced 
terrace lines, whereas the pleurai fields exhibit a fine puncta
tion. A very faint punctation also occurs on the axis, at least 
rearwards. 
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Affinities. - Lonchodomas volborthi schmidti n.subsp. is con
sidered a subspecies of L. volborthi volborthi, but it cannot be 
exduded that it merely represents an ecophenotype. Differ
ences are highlighted in the description above. 

L. volborthi schmidti n.subsp. may be compared to the 
North American L. clavulus Whittington, 1965, showing the 
same basic outline of all skeIetal parts, induding hypostome 
(cf. Whittington 1965, Pl. 1 1 : 1 1 ) .  The Baltoscandian form 
has, however, a well-defined anterior cephalic border, the 
hypostome is relatively elongate, and the pygidial axis ap
pears to be but slightly narrower (cf. Whittington 1965, Pl. 
1 1 :4) .  

The relation to Ampyx knyrkoi Schmidt, 1907 is discussed 
in the section on L. volborthi volborthi. The distinction from 
other raphiophorid species is based on the same characters as 
stated for L. volborthi volborthi. 

Remarks. - Schmidt ( 1 894) particularly emphasized the 
morphology of the anterior cephalic border and the absence 
of ornamentation on the pygidial pleuraI fields of 'Ampyx' 
volborthi. The above described material has a different out
line of the anterior border, and the pleuraI fields are finely 
pitted. The new subspecies is known only from the Oslo 
region so far; it appears to be contemporaneous with L. 
volborthi volborthi (Schmidt, 1894) in the eastern Baltic area 
(cf. Schmidt 1 894, 1907; Lamansky 1905),  and presumably 
also in the Swedish area (Tjernvik 1980; Regnell 1942; see 
section on L. volborthi volborthi) . 

The new subspecies is the most common raphiophorid in 
the Lysaker Member at Slemmestad, and was in all prob
ability induded in A. nasutus by Brogger ( 1 882) .  However, 
no specimens of L. volborthi schmidti n.subsp. have been 
seen in the collections of the Paleontological Museum, 
Oslo. 

Ampyx balticus Kummerov, 1928 looks dose to L. rostratus 
and should rather likely be allocated to Lonchodomas. This 

entails that L. balticus Modlinski, 1973, based on a single 
cranidium from the Goldap- 1 drill-core, Poland, becomes a 
secondary homonym and ought to be renamed. This should 
not be done without a redescription of the holotype, as the 
species is inadequately characterized, and the original figure 
is rather poor (cf. Modlinski 1973, pp. 57-58; Pl. 5 :2) ;  it has 
proved impossible to retrieve the original specimen. J udging 
from the published information, it apparently belongs to the 
L. volborthi gro up, and it may correspond to L. volborthi 
schmidti n.subsp. ,  as the test surface is finely pitted (Mod
linski 1 973, p. 58) .  

Lonchodomas tenuis n.sp. 
Fig. 25?A-J 

Synonymy. - Ov 1936 Ampyx volborthi Schm. [partim ] - C. 
Poulsen, p. 48 (listed) . Ov 1965 Ampyxglabern.sp. [partim] 
- V. Poulsen, pp. 98-101 ;  Pl. 8 :8-10 (description and figures 
of two pygidia) . 
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Derivation of name. - Latin tenuis = narrow or slender, 
alluding to the comparatively narrow glabella of the new 
speeies. 

Holotype. -Cranidium MGUH 23.065 (S 108) (Fig. 257H-I) 
from l cm below top of bed -2 1 ,  Skelbro, Zone of M. 
polyphemus. 

Paratype. - Pygidium MGUH 9461 from the Skelbro beds, 
Skelbro, Zone of M. polyphemus, figured by V. Poulsen 
( 1 965, Pl. 8:8-9) .  

Additional material. - Thirteen cranidia and 8 pygidia. 

List ofadditional material. - OCranidia S 186 (im), S 4 15  (im), S 466 (im), 
S 532 (em), S 552 (im), S 565 (im), S 570 (im), S 588 (pim), S 595 (im), S 63 1  
(im), S 632 (im), S 634 (im), S 647 (im) [MGUH 23.062 ] .  OPygidia S 40 
(pim) [MGUH 23.064 ] ,  S 98 (t), S 2 1O (im), S 520 (em) , S 553 (im) [MGUH 
23.066 ] ,  S 639 (em),  GM 1987.7 (im) [MGUH 23.063 ] ,  GM 1987.9 (em) . 

Occurrence. -L. tenuis n.sp. occurs in bed interval -2 1 to -18 
at  Skelbro, i.e. the lower half of the M. polyphemus Zone. The 
museum speeimens studied undoubtedly originate from the 
same interval, as proven by the lithology of the samples. 
Similar material, treated as L. cf. tenuis n.sp. ,  was found in 
bed M - l  at Slemmestad; it is described separately below. 

L. tenuis n.sp. is arnong the earliest representatives of 
Lonchodomas in Scandinavia; the relationship to Loncho
domas sp. Tjernvik ( 1 956, p. 272) from the M. estonica Zone 
is uncertain. 

Diagnosis. - Cranidium distinetly triangular in outline with 
only a short ( tr. )  anterior border; glabella narrow ( tr. ) ,  mod
eratelyinflated, with weakly impressed musde scars; convex
ity (exsag.) of fixigenae low; pygidium with slender (tr. ) axis, 
narrow, steep border and a restricted median arch; convexity 
overall low. 

Description. -Medium-sized for a Lonchodomas, largest cra
nidium 8.7 mm long, largest pygidium 6. 1 mm long. Cra
nidium triangular in outline, about twice as wide as long. 
Glabella moderatelyvaulted, slender (tr. ) ,  only slightly raised 
above fixigenae posteriorly; basal circumference approxi
mately diamond-shaped, maximum width attained at about 
one third the length of cranidium from anterior end; front 
(exduding spine) level with or slightly overhangs anterior 
cranidial margin. Glabella triangular in frontal view with 
highest profile at base of spine; it is faintly carinate on 
internal moulds (whether this also is the case, when the test is 
intact, is unknown).  Summit of glabella drawn into a long 
forward-upward pointing spine, four-edged trapezoidal in 
cross-section, with the shortest side upwards. Longitudinal 
shallow furrows present on each side of the spine on testa
ceous material; these furrows are absent on internal moulds. 
Spine about 1 .5  times as long as the cranidium, with a very 
slight downwards curvature (Fig. 2571) .  Four pairs of round 
to ovoid musde areas of which FO, F2 and F3 are very faint 
and occasionally not discernible. FO situated distally in the 
occipital furrow and abuts axial furrow; F l  moderately im-

Lower Ordovician trilobites from Scandinavia 359 

pressed, situated just in front of occipital furrow, almost 
forming a shallow transverse glabellar furrow; F2 is the 
largest pair, situated midway between axial furrow and sagit
tal line; F3 small, situated on glabella very dose to axial 
furrows shortly in front of F2. Elongate preoccipital lobes 
situated immediately behind F l ;  they are of moderate relief, 
but add to the distinctness of F l .  Occipital furrow shallow, 
curving slightly backwards mesially and joins posterior bor
der furrows laterally. Occipital ring narrow (sag. ) ,  not sepa
rated from posterior border by axial furrows; posterior mar
gin slightly arcuate backwards. Axial and preglabellar 
furrows very shallow, indistinct, and glabella is defined es
sentially by a change of slope. Deep elongate fossulae situated 
anteriorly in the axial furrows, just in front of maxirnum 
glabellar width. Cranidial anterior border flat, narrow (sag. ) 
and short (tr . ) ,  not exceeding the width of glabella; border 
boomerang shaped in dorsal view. Border furrow effaced, 
and the anterior border is defined by a change of slope. 
Median arch moderately developed (frontal view) . Fixigenae 
triangular in outline, gently convex, sloping anterolaterally. 
Faint, almost straight genal ridges of very low relief run from 
axial furrows immediately behind F3 to cranidial margin just 
in front of genal angles on internal moulds. Rarely a second 
pair of faint ridges splits from the first ridges. It is unknown 
whether the genal ridges are visible on testaceous material. 
Posterior border narrow (exsag.) ,  concave, somewhat raised 
above the level of fixigenae, especially distally, slanting mod
erately (inner half) to rather steeply (outer half) forwards, 
delimited by a wide, fairly impressed border furrow, which 
has a distinctive deep pit situated just inside genal angle. 
Suture marginal anteriorly for a short distance, then crosses 
gena in a faintly sigmoidal fashion, in the anterior half 
curving gently inwards, then gently outwards running to 
genal angle. All speeimens exfoliated; well-preserved internal 
moulds are finelypitted on the fixigenal region; no ornamen
tation on glabella. 

Librigena, hypostome and thorax unknown. 
Pygidium broadly triangular in outline, about 2 . 1  to 2 .5 

times as wide as long; small speeimens are widest. Anterior 
margin straight, anterolateral corners acute. Axis gently 
vaulted, only slightly raised above pleural fields; width at 
anterior margin accounts for 0 .22-0.23 of the pygidial width. 
Axis tapers evenly backwards, but extends to posterior bor
der; terminal piece rounded. Only about twelve rings are 
discernible on internal moulds, but at least fourteen, perhaps 
fifteen, axial segments in addition to the terminal piece can 
be counted in a speeimen showing coloured musde mark
ings (Fig. 257E) . In this pygidium the narrow (sag. ) articulat
ing half-ring is followed by eight fairly defined axial rings, 
separated by shallow furrows. Double pairs of round musde 
markings are arranged in two rows in the anterior eight ring 
furrows; the largest and most distinet pair is situated dose to 
axial furrows, the second, less conspicuous pair is situated 
slightly posterior to the first pair, roughly midway up the 
axis. The inner pair is joined across midline by a narrow band 
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in the first few segments. Behind axial furrow no. 9 the outer 
pair disappears and only the inner pair is visible in the 
posterior six or seven ring furrows. Axial furrows very shal
low, and axis is defined mainly by a change of slope. Pleural 
fields very gently convex, almost horizontal, showing six 
pairs of obscure pleural ribs with interjacent furrows on 
internal moulds. Segmentation effaced in some specimens, 
and it is probably absent on testaceous material. Articulating 
half segment depressed below the level of pleural fields; it is 
delimited by a fairly deep furrow. This furrow and the faint 
interpleural furrows of the pleural fields terminate at the 
inner edge of border, demarcated by a narrow, raised rim. 
Border steep, subvertical, in posterior view showing a minor 
median arch; maximum border width attained adjacent to 
this arch. Border covered with fine, dosely spaced terrace 
lines, arranged parallel to outer margin, whereas the surface 
of pleural fields appears smooth (see discussion below) . The 
surface of the available internal moulds is smooth. 

Affinities. - Lonchodomas tenuis n.sp. is separated from L. 
volborthi subspp. by the lower convexity of cranidium, the 
less prominent glabella (narrower, less inflated) ,  the shorter 
(tr.) anterior border, the presence of a median arch and by 
the comparatively narrower (exsag. ) posterior border; the 
pygidium is distinctly longer, more triangular in outline, and 
the anterior half rib is less well-defined. 

Lonchodomas 'volbortht" sensu Skjeseth ( 1 952; see also 
Fortey 1975a, Pl. 23:2) is dose to L. tenuis n.sp. ,  but differs 
from the Bornholm material, for example in that the py
gidium is relatively longer, with about nineteen axial seg
ments, and the boundary between the pleurai fields and 
border is less sharp. 

L. tenuis n.sp. resembles 'Ampyx' nasutoides RegnelI, 
which is insufficiently known, but the new species seems to 
be distinguished by a comparatively stronger vaulted and 
broader glabella and by a different outline of the cranidium 
(triangular, not semicircular) .  See also Lonchodomas sp. I .  

Remarks. - The assigned pygidia were identified with 'A. ' 
glaberby V. Poulsen ( 1965, Pl. 8:8-10) .  The lower number of 
axial segments stated by Poulsen reflects that he had mainly 

Fig. 257. DA-J. Lonchodomas tenuis n.sp. DA-B. Exfoliated eranidium, 
dorsal and frontal views (stereo-pairs) ,  x4. MGUH 23.062 (S 647), bed-18,  
SkeIbro. DC-D. Exfoliated pygidium, dorsal and posterior views, x4. 
MGUH 23.063 (GM 1 987.7), SkeIbro. DE-G. Partly exfoliated pygidium 
with transparent eutide, dorsal and posterior views, x9; non-whitened 
dose-up ofaxis shows coloured musde insertion sites, x 18 .  MGUH 23.064 
(S 40) ,  bed -2 1 ,  Skelbro. OH-I. Holotype. Internal mould of eranidium 
(test dissolved) ,  dorsal and side views, x4. MGUH 23.065 (S 108) ,  bed -2 1 ,  
SkeIbro. D J .  Exfoliated pygidium, x 8 .  MGUH 23.066 (S 553) ,  bed -18, 
Skeibro. DK-P. Lonchodomas cf. tenuis n.sp. DK. Exfoliated pygidium, x8. 
MGUH 23 .067 (A 608e) , bed M-l ,  Slemmestad. DL. Exfoliated pygidium, 
x4. MGUH 23.068 (A 645) ,  bed M-l ,  Slemmestad. DM-O. Exfoliated 
eranidium, dorsal, frontal and side views, x4. MGUH 23 .069 (A 608d), bed 
M- l ,  Slemmestad. DP. Compaeted, exfoliated cranidium, x4. MGUH 
23.070 (A 603) ,  bed M- l ,  Slemmestad. 

Lower Ordovician trilobites from Scandinavia 361 

internal and external moulds at his disposal. V. Poulsen 
( 1965, p. 100) also described the pygidial test surface as finely 
punctate, and the apparent smoothness of the available 
single speeimen with patches of intact test may relate to 
preservational shortcomings. It has not been possible to 
locate the testaceous pygidium studied by Poulsen. 

Lonchodomas cf. tenuis n.sp. 
Fig. 257K-P 

Material. - Three cranidia and 3 pygidia, all internal moulds. 

List of material. - DCranidia A 603 [MGUH 23.070 ] ,  A 608d [MGUH 
23.069 ] ,  A 608e (fragmentary). DPygidia A 608e [MGUH 23.067] ,  A 60ge, 
A 645 [MGUH 23.068 ] .  

Occurrence. - All specimens are from bed M- 1 at Slemme
stad, Zone of M. polyphemus. 

Remarks. - The material is quite like Lonchodomas tenuis 
n.sp. ,  but the cranidia have a slightly narrower (tr. ) glabella, 
fainter preoccipital lobes, and a slightly less raised posterior 
edge, and the pygidia have a comparatively broader and 
more prominent axis. The shared similarities are, however, 
so striking that the Norwegian material at most should be 
separated at the subspecies level from L. tenuis n.sp. 

Lonchodomas sp. I 
Fig. 258. 

Synonymy. - Dv 1936 Ampyx nasutus Dalm. [partim] - C. 
Poulsen, p. 48 (listed) . Def. 1 940 Ampyx nasutoides n.sp. -
RegnelI, pp. 4-5; Pl. 1 :2-3 (short description, occurrence, 
illustrations of two cranidia) .  

Material. - Cranidium GM 1987.23 (im) [MGUH 23.07 1 ] .  

Occurrence. - The cranidium is from Vasegård, Bornholm. 
According to the lab el it was collected from the 'Lower 
Asaphus Limestone', and if so, it probably originates from 
bed interval -5 to -3 (Zone of M. simon) . The lithology and 
associated fossils, however, point to a more likely prov
enance from beds -2 1 or -20 (M. polyphemus Zone) .  

Description. - Cranidium exfoliated, 5.9 mm long, semicir
cular in outline, but the anterior border may be impaired; 
L:W ratio about 0.45. Glabella comparatively little vaulted 
(tr. ) ,  with nearly no sagittal curvature, and basically no 
anterior overhang. Axial musde areas weakly impressed. 
Preoccipital lobes only gently inflated. Occipital ring narrow 
(sag. ) ,  slightly raised above the rear part of glabella, posterior 
margin curves gently backwards. Axial furrows not devel
oped, the indistinct preglabellar furrow is narrow and shal
low. No anterior cranidial border, it may, however, be bro
ken off. Posterior border faintly convex and raised above the 
fixigenae, in particular distally, sloping gently ( inner half) to 
rather steeply (outer half) forwards; it is delimited by a wide, 
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shallow, border furrow, which has a pit situated just inside 
genal angle. Minute patches ofintact test indicate that at least 
parts of fixigenae are finely pitted; the mould surface shows 
traces of a faint reticulate pattern posteriorly on fixigenae. 

Affinities. - The cranidium resembles Lonchodomas tenuis 
n.sp. ,  but is relatively shorter, semicircular (not triangular) 
in oudine, and has a less vaulted glabeIla, and perhaps no 
anterior border. These features also separate Lonchodomas 
sp. I from the other species of Lonchodomas described here. 
The cranidium may be compared to that of Ampyx cetsarum 
Fortey & Owens, 1978, sharing a grossly similar oudine, but 
L. sp. I has better defined preoccipital lobes and is likely to 
have a different cutide ornamentation. 

Lonchodomas sp. I may be identical to Ampyx nasutoides 
RegnelI. The original description and associated figures are, 
however, insufficient for a confident identification (cf. Reg
nell 1940, p. 4; Pl. 1 :2-3) .  The comparison is also hampered 
by the fact that the spine base is slighdy damaged in the 
available specimen, obscuring the oudine of glabeIla, which 
was emphasized as taxonomically important by RegnelI. 

Lonchodomas Sp. Il 
Fig. 259A 

Material. - One pardy exfoliated pygidium (A 5 10) [MGUH 
23.072 ] .  
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Fig. 258. Lonchodamas sp. !. DA-B. 
Exfoliated cranidium, dorsal and 
frontal views, stereo-pairs, x4. 
MGUH 23.07 1 (GM 1 987.23), 
Vasegård, Bornholm. 

Occurrence. - The specimen is from bed A-5 1 of the Lysaker 
Member, Slemmestad (upper part of the A. expansus Zone) .  

Remarks. - The isolated pygidium may represent a new 
subspecies of L. volborthi. Compared to L. volborthi volborthi 
and L. volborthi schmidti n.subsp. ,  the specimen is relatively 
shorter (sag. ) ,  the axis is more inflated, the mesial arch is 
better defined, and patches of preserved test on the pleural 
fields are densely pitted. Furthermore, the bend between 
pleural fields and border is sharp, but without thickened rim. 

Lonchodomas? Sp. III 
Fig. 259B 

Material. - Cranidium A 388 (t) [MGUH 23.073 ] .  

Occurrence. - The specimen is from bed A-26V2 o f  the Lys
aker Member, Slemmestad, i.e. uppermost part of the M. 
lim bata Zone. 

Description. - Cranidium ca. 7.3 mm long (excl. spine) ,  
pronouncedly triangular in oudine, and about l . S  to 1 .6 
times as wide as long (lateral parts damaged) . GlabeIla nar
row (tr. ) ,  occupying not more than one third of the maxi
mum cranidial width; it is slighdy to moderately vaulted, 
with a gendy convex sagittal curvature; circumference pyri-

Fig. 259. DA. Lonchodomas sp. Il. Largely exfoliated pygidium, x5.  MGUH 23.072 (A 5 10) ,  bed A-5 1 ,  Slemmestad. DB. Lonchodamas? sp. Ill. Partly exfoliated 
cranidium, dorsal view, stereo-pair, x4. MGUH 23.073 (A 388), bed A-26V2, Slemmestad. 
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form. Glabellar front slightly overhanging margin of cranid
ium; spine very broad-based, and apparently trapezoidal in 
cross-section with the shortest side upwards. F l  and F2 
weakly impressed, rounded and large, almost reaching from 
base to crest of glabella. Preoccipital lobes indistinct. Occipi
tal furrow narrow, very shallow, but amplified by the pre
occipital lobes and the raised occipital 'ring'. The latter is ill
defined, confluent with posterior border, and curves slightly 
backwards; like the border it is essentially flat, slanting mod
erately forwards. Axial and preglabellar furrows effaced. A 
pair of slit-like fossulae situated in the flexure ('axial furrow') 
just behind maximum glabellar width. Anterior border flat, 
almost horizontal, defined only by a change of slope. No 
median arch. Fixigenae slope very gently. Posterior border 
unusually wide ( exsag. ) ,  virtually flat, defined only by a small 
change of slope. Distal part of border slightly narrower 
(exsag. ) ,  but with a similar slope as the proximal part. Test 
surface shows a faint punctation on glabella front, on poste
rior part of fixigenae, and on posterior borders; remaining 
surface seemingly smooth. 

Remarks. - The cranidium exhibits a number of unique 
features, dearly separating it from the other raphiophorid 
species described here. It may represent a new genus. 

Genus Globampyx Fortey, 1 975 

Type speeies. - (OD) Globampyx trinucleoides Fortey, 1975. 

Remarks. - Globampyx was erected to accommodate G. 
trinucleoides, which occurs abundantly in the Profilbekken 
Member of Spitsbergen. The genus is characterized by a 
remarkably inflated, spineless glabella, no distal pit in the 
posterior cephalic border, five thoracic segments and faint 
pleural furrows on the pygidium (Fortey 1975a) . A second 
species, G. sinalae, was described by Norford & Ross ( 1 978) 
from the upper Arenig of western Canada. 

Fortey ( 1975a, pp. 76, 79) suggested that the Scandinavian 
species Ampyx obtusus Moberg & Segerberg, 1906 and Am
pyx linnarssoni Schmidt, 1 894, may belong to Globampyx. It 
is evident that both species show points of resemblance to G. 
trinucleoides, and, pending a more thorough examination, 
they may conveniently be assigned to the same genus, as they 
definitely are not congeneric with Ampyx (s.str. ) However, it 
is suspected that the apparent resemblance between the 
Scandinavian species and the genus from Spitsbergen may 
reflect convergent evolution and not a true dose relationship 
(see also Tjernvik 1 980, p. 1 86) .  It is for instance pointed out 
that the strongly inflated glabella is more keel-shaped in the 
Scandinavian species, whereas it is rounded in the Spits
bergian as well as the Canadian species. The segmentation of 
the pygidial pleural fields also looks different. 

The poorly known Ampyx brevicauda Wiman, 1905 is 
possibly an early member of the Globampyx obtusus- linnars

son i species group. 
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Globampyx linnarssoni (Schmidt, 1 894) 
Figs. 260--261 

Synonymy. -o 1 885 Hypocephalus Hauchecornei gen. et spee. 
nov. - Remele, p. 1032 (short description) .  [Nomen nudum] . 
[See Schmidt 1 907, p. 64] .  0 1 894 Ampyx Linnarssoni n.sp. -
Schmidt, pp. 83-84; Pl. 6:2 1-23 (description, occurrence, 
illustrations oftwo cranidia and a pygidium) . 0 1 905 Ampyx 
Linnarssoni F.S. - Lamansky, p.  1 70 (listed) . 0 1907 Ampyx 
Linnarssoni ill. - Schmidt, p. 64 (listed) . 0 1 971  Ampyx 
linnarssoni Schmidt, 1894 - Neben & Krueger, PIs. 2 :7-9; 
3:9-10 (illustrations of cranidia and pygidium) . O? 1980 
Ampyx? cf. linnarssoni F. Schmidt - Tjernvik & Johansson, p. 
191 (listed) . 

Lectotype. - Here designated, cranidium figured by Schmidt 
( 1 894, Pl. 6:2 1 ) .  

Material. - Six cranidia and 1 1  pygidia. 

List of material. - (Internal moulds if not otherwise stated) . DCranidia A 
583, A 584 (pim) [MGUH 23.075 ] ,  A 590, A 608a [MGUH 23.074] , A 609b 
[MGUH 23.076 ] ,  A 609d. DPygidia A 591, A 598a (pim), A 598b, A 607 
[MGUH 23.080] , A 608b (pim), A 609a, A 634a [MGUH 23.078 ] ,  A 634b 
[MGUH 23.079 ] ,  A 634c, A 637 [MGUH 23.077 ] ,  A 644 (pim) . 

Occurrence. - All specimens are from the upper half of bed 
M- 1 at Slemmestad, which belongs to the M. polyphemus 
Zone. 

Globampyx linnarssoni (Schmidt, 1 894) was originally re
ported from the BIla Zone of Estonia and eastern Russia 
(Schmidt 1 894, 1907; Lamansky 1 905) and Ampyx? cf. lin
narssoni was listed by Tjernvik ( 1 980, p. 1 9 1 )  from the M. 
polyphemus Zone of Sweden. G. linnarssoni is very frequent 
in the top bed of the Bruddestad Formation at Haget, north
ern Oland (unpublished data);  the trilobite assemblage of 
this bed points to a correlation with the M. polyphemus Zone. 

Diagnosis. - Glabella strongly inflated, keel-shaped, not 
overhanging anterior margin; a minute mesial tuberde is 
situated near summit of glabella, no spine; anterior border of 
cranidium wide (sag. ) .  Pygidium with deeply impressed, 
wide axial and anterior pleural furrows, the latter delimiting 
a straight anterior half rib. No surface sculpture (both 
cranidium and pygidium) ,  except on the border region of 
pygidium. No median arch (both cranidium and pygidium) . 
[Emended from Schmidt 1 894. ] 

Description. - Oniy the cranidium and pygidium are known 
(see also Schmidt 1 894; Neben & Krueger 1 97 1 ) .  Small to 
medium-sized raphiophorid, largest cranidium about 7.2 
mm long, largest pygidium 7.0 mm long; Schmidt ( 1 894, p. 
84) listed a cranidium 8.5 mm long. 

Cranidium subtrapezoidal in outline, and about half as 
long as wide. Glabella exceedingly inflated, and raised mark
edly above fixigenae, basal circumference pyriform; maxi
mum height equivalent to just slightly less than maximum 
width, which is attained at about one third of the cranidial 
length from anterior margin, actually level with summit of 
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Fig. 260. Globampyx linnarssoni. Maximum width plotted against sagittal 
length of cranidia and pygidia. 

glabella. Maximum glabella width corresponds to about one 
third of the maximum width of cranidium, i.e. glabella is 
comparatively narrow (tr. ) .  Front of glabella subvertical, 
with only a minimal overhang, and anterior margin of cra
nidium is visible in dorsal view (Fig. 26 1A, C) .  Sagittal 
curvature gently convex posterior to glabella summit, almost 
straight, descending gradually rearwards. Glabellar outline 
like a Roman arch in frontal view, posteriorly slightly cari
nate; juvenile cranidia, about 3--4 mm long, show a more 
distinctly keel-shaped, rather carinate glabella (Fig. 26 1B) .  
No frontal spine, but a minute glabellar tubercle is  situated 
immediately in front of top point (all specimens are exfoli
ated) . Obscure median keel, running almost to occipital 
furrow, indicated behind glabellar tubercle in a few speci
mens. The keel is not likely to show on testaceous material. 
Four pairs of round to ovoid muscle areas in the axial region, 
all of which are rather faint, and best defined in specimens 
showing coloured muscle markings. FO situated antero
laterally on occipital ring, reaching down into occipital fur
row; size moderate, only inconsiderably impressed and vir
tually effaced on internal moulds. Fl and F2 comparatively 
large and visible as shallow scars also on internal moulds. F l  
situated shortly in front of  occipital furrow, reaching from 
about one third up glabella and downwards, continuing 
obliquely backwards into axial furrow. F2, which is slightly 
larger than Fl ,  situated a little in front of F l ,  reaching from 
one third up glabella and down to axial furrow. F3 small, 
bicomposite, consisting of a lower round area situated adja
cent to axial furrow, shortly in front of F2, and an upper 
slightly smaller round area situated immediately above. F3 
defined on internal moulds as shallow, inconspicuous im
pressions. Occipital furrow moderately impressed, curving 
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slightly backwards mesially; juvenile specimens show a more 
deeply impressed furrow. It shallows up laterally, and are 
replaced by small faintly inflated areas, situated adjacent to 
the axial furrow in the distal part of occipital 'furrow', imme
diately above posterior boundary of F l .  Occipital ring nar
row (sag. ) ,  convex, confluent with posterior border; it is 
somewhat raised above rear part of glabella, and occipital 
furrow is therefore defined also laterally despite the basal 
inflated areas. Axial furrow and preglabellar furrow narrow 
and shallow, but glabella is well set offby a marked change of 
slope. Minute, elongate, moderately deep fossulae situated in 
axial furrows just in front of maximum glabellar width. 
Anterior border of cranidium comparativelywide (sag. ) and 
long (tr. ) ,  rather flat, sloping gently forwards; no border 
furrow present and the border is essentially defined by a 
change of slope. Anterior margin gently and broadly arched 
in frontal view (Fig. 26 1D) .  Fixigenae triangular in outline, 
gently convex, sloping anteriorly. Genal ridges not seen. 
Posterior border of cranidium slightly concave, almost 
straight, slanting forwards; adaxial half moderately elevated 
above fixigenae, abaxial half slightly more so; it is delimited 
by a shallow, though comparatively well-defined, straight 
border furrow. It is suspected that no pit is developed in the 
furrow near genal angle, but this cannot be verified (extreme 
distal part poorly preserved in all specimens available) .  Facial 
suture marginal anteriorly, then crosses the genae, being 
gently concave, almost straight, running to genal angle. A few 
patches of preserved test on anterior border and inner poste
rior portion of fixigenae and posterior border appears to be 
smooth; surface sculpture generally unknown as the avail
able specimens are exfoliated; surface of internal moulds 
smooth. 

Pygidium broadly triangular in outline, about 2 . 1  to 2.4 
times as wide as long, anterior margin straight, anterolateral 
corners acute. Axis gently vaulted, gradually descending 
rearwards, and terminal piece levels with the adjacent pleural 
fields. Axial width at anterior margin equivalent to 0.26-0.30 
of maximum pygidial width. Axis tapers evenly backwards, 
but reaches posterior border; terminal piece acutely 
rounded. Eight axial segments were counted on an internal 
mould in addition to the articulating half-ring, but the true 
number of axial segments may be slightly higher, as the 
indistinctly segmented posterior part possibly contains two 
to four rings. Only the articulating half- ring is well set offby 
a well-defined furrow; rearwards the ring furrows are very 
shallow, vaguely indicated laterally, effaced mesially. Axial 
furrows wide, deeply impressed, more distinctly so than in 
most raphiophorids. Pleural fields almost flat, horizontal; 
pleural region without segmentation apart from the ante
rior, moderately impressed, straight furrow, delimiting the 
anterior half rib; on external side of test this furrow is shal
low. Three or four pleural ribs are vaguely indicated on a few 
internal moulds. The general absence of pleural furrows 
perhaps relates to poor preservation; the pygidia figured by 
Schmidt ( 1 894, Pl. 6:23) and Neben & Krueger ( 1 97 1 ,  Pl. 2:9) 
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Fig. 261 . Globampyx linnarssoni (Schmidt, 1 894) .  All specimens are from bed M-1, Slemmestad. DA-B. Largely exfoliated cranidium, dorsal and frontal views, 
stereo-pairs, x4, MGUH 23.074 (A 608a) . De-D. Exfoliated, slightly fragmentary cranidium, dorsal and frontal views, x4, MGUH 23.075 (A 584). DE. 
Exfoliated small cranidium, x6, MGUH 23.076 (A 609b) .  OF. Exfoliated pygidium, x4, MGUH 23.077 (A 637). OG. Two exfoliated pygidia, x5, MGUH 
23.078 and 23.079 (A 634a, bl. OH-I. Exfoliated small pygidium, posterior and dorsal views, x8, MGUH 23 .080 (A 607). 

show such furrows. Border well set offby a marked change of 
slope; the flexure is gently rounded in adult speeimens (all 
internal moulds) ,  juveniles show sharper bend; it is incon
clusively indicated by the material that the bend is most 
distinet on testaceous speeimens. Border steep, sloping 
strongly in posterolateral direction, and of nearly uniform 
width all the way except at the intersection with axial fur
rows; the margin is slightly, broadly and evenly arched in 
posterior view. Border covered with closely spaced terrace 
lines arranged parallei to outer margin; pleural fields appear 
smooth (material badly preserved) . Test is not preserved on 
the axis, and the doublure is not visible in the available 
material. 

Affinities. - Globampyx linnarssoni is distinguished from G. 
trinucleoides by the stronger inflated, more carinate glabella 
with somewhat less deeply impressed F l  and F2, of which 
F l  enters the axial furrow, which does not seem to be the 

case in G. trinucleoides (cf. Fortey 1975a, Pl. 29: 1 ) .  The 
pygidium of G. linnarssoni differs by being relatively longer 
(sag. ) ,  the axial furrows are more impressed, pleural fur
rows are absent or vestigial, and a mesial arch is not devel
oped. Although only partially known, the external orna
mentation of G. linnarssoni appears quite different from 
that of G. trinucleoides. 

G. linnarssoni must be closely related to the but slightly 
older G. obtusus, sharing the same inflated glabella, and the 
respective pygidia are also strongly similar. G. obtusus is 
distinguished by the characteristic elongate mesial keel on 
glabella, running backwards from a small tubercle, and from 
which a glabellar spine rises, pointing backwards. Globam
pyx obtusus is a potential candidate for an ancestor to G. 
linnarssoni, and the rudimentary glabellar keel of G. linnars
soni could be interpreted as another synapomorphy. 

Ampyx brevicauda Wiman, 1905, was suggested closely 
related to 'Ampyx' linnarssoniby Wiman ( 1 905, p. 12 ) ,  based 
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on the lack of a glabellar spine, and the presence of a faint 
mesial glabellar keel. Apart from the mentioned similarities, 
the two species seem rather different, but 'Ampyx' brevicauda 
is insufficiently known, preduding a detailed comparison. 

Globampyx linnarssoni is readily distinguished from most 
other raphiophorids by the characteristic strongly inflated, 
spine-Iess glabella. Schmidt ( 1 894, p. 83) regarded 'Ampyx' 
linnarssoni as the ancestor of A. nasutus, and he stressed the 
identical pattern of musde areas on glabella, the short gla
bella (not overhanging anterior cranidial margin) ,  and the 
only faintly indicated glabellar spine as features in common. 
The pattern of musde areas must be regarded as a plesio
morphic feature, shared with most other raphiophorids, the 
similar shape of glabella stated by Schmidt is not strikingly 
obvious, and a fairly well-developed glabellar spine seems 
generally to be present in A. nasutus. Accordingly, there is no 
evidence for a dose relationship between the two species. 

Remarks. - Schmidt ( 1 894, p. 83) wrote that the glabella 
shows a mesial keel running forwards to a small tuberde 
from which the spine ( 'Horn') rises. No such spine is evident 
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