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Type and additional material of the trilobite genus Panderia Volborth,
1863 is described from sections and borings in the Ordovician of Sweden,
Norway, Estonia, and Latvia. This work supports previous conclusions
that Panderia is an illaenid but that it differs from all other members of
the family Illaenidae to an extent that the new subfamily Panderinae
subfam. nov. is established. The presence of a triangular rostral flange
similar to that known for Stenopareia suggests that Panderinae is more
closely related to the Illaeninae than to the Bumastinae. Panderia to
gether with Dysplanus (Bumastinae) and 1//aenus (Illaeninae) from the
Lower Ordovician of Scandinavia, are among the earliest illaenids so far
known and possible ancestors of Panderia are forms from the late
Tremadoc of Oland and the Oslo region and early Arenig in Viistergotland.
The new genus Ottenbyaspis gen. nov. (type species 1//aenus oriens
Moberg & Segerberg, 1906) is created for these early forms which, how
ever, are still insufficiently known to be assigned to any known family.
Study of the ventral sutures of the Panderia species examined, shows
that there is a development from the earliest forms, in which connective
sutures and rostral plate are present (eu-ptychopariid type), to later
forms in which the connective sutures are lacking and the ventral chcxk
and connecting doublure are fused (levisellid type). At the same time,
migration to a ventro-marginal position of the transverse suture takes
place in the youngest species. Twelve Panderia species are described of
which nine are new.

I NTR ODUCTION
In 1863, Volborth (pp. 31-34, Pl. 3, Figs. 13-17) described a new tribbite genus
and species named Panderia triquetra together with other illaenid genera from
the Lower Ordovician of the Leningrad district. He recognized (loe. cit, foot
note p. l) that Angelin's illaenid genus Rhodope (type species R. lineata Angelin,
1854, pp. 38-39, Pl. 22, Fig. 17) was congeneric but that this name was a junior
homonym of Rhodope Kolliker, 1847, as applied to a gastropod genus.
Holm (1882, p. 117) was unable to find Angelin's type specimen in any Swedish
collection and to my knowledge it has still not been traced. The spe::imen
probably came from beds of the Kunda Stage in Ostergotland but it is impossible
to judge from Angelin's illustration and diagnosis whether R. lineata is also
conspecific with P. triquetra from beds of similar age. However, Holm (1886)
did prove that P� minima Volborth, 1863, is a syn:mym of P. triquetra.
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Linnarsson (1869), Holm (1882), Wiman (1907) and Warburg (1925) in
Sweden, and Salter (1867) in England, each described further species and fully
discussed the genus which they all considered to be an illaenid. This present
work supports this conclusion.
Over the past twenty or so years, Dr Valdar Jaanusson has assembled a large
collection of Panderia from the Ordovician of Sweden. This includes specimens
collected by himself and colleagues as well as those found by him during his
search for ostracodes in material obtained from the borings at File Haidar,
Gotland and Bada Hamn, Oland, and in the series of samples collected by Dr
Stig Bergstrom from the main section at Fjacka, Siljan district (see Jaanusson
1963, p. 22). Because of their small size, specimens of Panderia are rarely seen
in hand specimen and only come to light when samples are examined for ostra
codes.
With this material and collections of type specimens from the Palaeontological
Institute, Uppsala University (hereafter abbreviated UM), the Swedish Museum
of Natura! History, Stockholm (RM), and the Palaeontological Institute,
Lund University (LO), it was Dr Jaanusson's intention to monograph the genus
Panderia. However, time and pressure of other work has not permitted this and
so, in the autumn of 1966, he generously loaned me the material for study in
connection with my own work on the Scandinavian Ordovician illaenids. In
addition to the Swedish material, Dr. Ralph Mannil, Geological Institute,
Estonian Academy of Sciences (EA) Tallinn, has also sent me a representative
collection of specimens obtained from the numerous bore core sections recently
made in Estonia and Latvia (Mannill966). I have also collected specimens from
the Ordovician of the Oslo region and have supplemented these with those found
in the collections of the Paleontological Museum, University of Oslo (PMO).

ORIENTATION AND ILLUSTRATION OF SPECIMENS
Because of the extreme convexity of the cephala and cranidia, two orientations
have been used when photographing the specimens from the dorsal side (Text
Fig. 1). These have been termed the dorsal view when the specimen is orientated
dv
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Text-Fig. l. - Orientations
used in the illustration of
Panderia cephala and cran
idia. A) cephalon seen in
lateral view. B) cephalon
tilted so that the plane of the
palpebral lobe is at right
angles to the direction of
view, pv, here called the
palpebral view. av- anterior
view, dv- dorsal view.
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so that the plane passing through the posterior margin of the cranidium is
vertical ( cf. Whittard 1939, pp. 276-77, Whittington & Evitt 1954, p. 11) and the
palpebral view when the specimen is orientated so that the plane of the palpebral
lobes is at right angles to the direction of view. Lateral and anterior views have
been taken when the specimen is orientated according to the assumed dorsal
view. Other views have been taken when they have helped to show particular
features. Before photographing, each specimen was painted with a dilute
'Opaque' and then coated with a light covering of ammonium chloride. Isolated
specimens were mounted on pins and these have been blacked out where they
showed on the print, otherwise the photographs have not been retouched. All
photographs have been taken by the author using a similar apparatus and
fluorescent ring light illuminator to those described by Whittington (1956, p.
756).
TERMINOLOGY
Most terms used are defined in Harrington, Moore & Stubblefield (in Moore,
1959, pp. 0117-0126), but I have followed Jaanusson (1956, pp. 36-37) in using
the terms rachis (=axis) and dorsal furrow (=axial furrow).
Additional terms used are:
Cranidial doublure (Text-Fig. 2): the reflexed continuation of the dorsal exo
skeleton of the cranidium onto the ventral side which is delimited laterally by
the anterior ends of the facial sutures, and posteriorly, by the rostral suture
when a rostral plate is present or transverse suture when the rostral plate is absent.
The cranidial doublure may be relatively wide as in P. lerkakensis (Pl. 4, Fig. 8),
very narrow as in P. insulana (Pl. 8, Fig. 5) or reduced as in P. edita (Pl. 9, Figs.
3, 4).
Marginal rim (Whittington 1965, p. 395): a projection caused by a thickening
of the exoskeleton along the anterior edge of the cranidium and free cheek at the
junction between the dorsal exoskeleton and the doublure (Pl. 3, Fig. 4. Pl. 4,
Fig. 6). The marginal rim is common in many illaenids and is present in all
Panderia species with the exception of P. edita (PI. 9, Figs. 3, 4) where its absence
on the cranidium is probab1y related to the ventral marginal position of the
transverse suture.
Connecting doublure (Text-Fig. 2): a bridging piece which medially joins the
doublures of the free cheeks in forms which lack connective sutures and a rostral
plate but possess a ventral transverse suture. If connective sutures were pre.>ent
the connecting doublure would frequently correspond to the rostral plate.
Family ILLAENIDAE Hawle & Corda, 1847
Subfamily PANDERINAE subfam. nov.

Differs from all other members of the family in the following ways:
Cephalon relatively small, rarely exceeding 5.0 mm in transverse width
measured across the palpebral lobes. 2. Cephalon strongly convex with glabella
outlined by shallow dorsal furrows which diverge outwards and forwards from
DIAGNOSIS.
l.

-
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posterior margin.

3.

Lateral cranidial scar absent.

4. Internal moulds of cranidia

have a characteristic small median glabellar tubercle positioned well forward of
the posterior edge of the eye lo be.
DISCUSSION.

- The

above combination of characters serves to distinguish the

type genus Panderia Volborth 1863 from all other members of the family and for
this reason the new subfamily has been established. The strong anterior diver
gence of the dorsal furrows is unique amongst illaenids (cf. Jaanusson 1957, p.

92, Text-Fig. 8).

The furrows run dose to the palpebral lobes and the absence of

the lateral cranidial scar is probably a result of this.
I have examined species of 11/aenus, Stenopareia, Bumastus, and Bumastoides
which have a small glabellar tubercle visible on the internal mould, but in these
genera the tubercle is near the posterior margin whereas in Panderia it is between
the palpebral lobes. Despite these differences, the type of rostral flange, thoracic
pleurae and overall configuration of the cephalon and pygidium, suggests that
Panderia should be assigned to the Illaenidae.
The presence of a triangular rostral flange similar to that known for Steno
pareia (cf. Jaanusson

1954,

Pl.

2, Fig. 5, this paper Pl.

3, Fig.

7) seems to indicate

that the subfamily Panderinae is more closely related to the Illaeninae than to
the Bumastinae.
Panderia, together with Dysp/anus (Bumastinae) and Il/aenus (Illaeninae)
from the Lower Ordovician of Scandinavia, are among the earliest illaenids so
far known and their ancestors must be among the earlier Cambrian and Tremadoc
illaenid-like trilobites. Possible ancestors of Panderia are forms from the late
Tremadoc and early Arenig of (>land and early Arenig of Våstergotland described
by Tjernvik

(1956,

pp.

216-19,

Pl.

3,

Figs.

12-18, 19, 22) as Symphysurina? oriens

(Moberg & Segerberg) and S.? perseverens, and a cranidium provisionally
assigned to Symphysurina? by Poulsen

(1965,

p.

72,

Pl.

3,

Figs.

3-6)

from the

Volkhovian of Bornholm, Denmark. In his discussion of these species Poulsen

(1965,

p.

73)

noted that the reference to Symphysurina was one of practical

convenience and it is clear from the differences listed by him that the Scandin
avian material does not be1ong within this genus.
I have not examined the material figured by Tjernvik and Poulsen but have
been fortunate enough to study topotype material of oriens which includes
several cranidia and complete pygidia the latter of which are hetter preserved
than those previously figured. In addition, Mr. Ornulf Fjelldal has shown me
one cranidium collected by him from the Ceratopyge Limestone in the Oslo
region, Norway, which is not unlike the specimen from Bornholm. All this
material is definitely illaenid-like as previously recognised by Moberg & Seger
berg

(1906,

p.

98);

and Holm, who collected the topotype material in

1886,

suggests this when he labelled his specimens ' (Panderia)- Illaenus'. Unfortunately
complete heads and details of the thorax are hitherto unknown and all that is
known about the ventral cephalic sutures is that a transverse suture is present.
Nevertheless, known features of the cranidium agree with those of Panderia
except that the glabellar tubercle is situated nearer the posterior margin and
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about level with the posterior edge of the palpebral lobes, the dorsal furrows
diverge less anteriorly, the eyes appear to be shorter (Pl. 12, Figs. 7, 9, 11) and
the anterior marginal rim is more pronounced (cf. Tjernvik 1956, Pl. 3, Figs. 12,
15). The pygidium differs from that of Panderia in having more convex pleural
areas and a rachis which is strongly segmented on the internat mould (Pl. 12,
Figs. 4, 8, 10, 12). There is nothing in these dorsal features to suggest that this
Tremadoc-Arenig material could not be a possible ance3tor to the Panderia-like
illaenids but not until details of the thorax and ventral cephalic suture3 are known
can this hypothesis be fully tested. Nevertheless, the material needs a new name
and I here propose to erect a new genus, Ottenbyaspis gen. nov. (type specie3
Il/aenus oriens Moberg and Segerberg, 1906) to embrace the type, a second and
possibly a third species. A formal diagnosis of the genus is given on page 29.

Genus PANDERIA Volborth, 1863
Synonym Rhodope Angelin, 1854 (non Kolliker, 1847)
Type species: Panderia triquetra Volborth, 1863.
DIAGNOSIS.- To the features listed under the diagnosis of the subfamily may be
added: In front of dorsal furrows glabella not defined and frontal part slopes
steeply down to the anterior margin which may or may not have a rim marking
outer edge of cranidial doublure. Eyes long, narrow and cre3cent-shaped with
numerous small, closely packed hexagonal facet3. Free cheek with broadly
rounded genal angle and shallow vincular notch in border below eye. Anterior
branches of facial suture convergent and joined on ventral side by transverse or
rostral suture. Course of transverse suture outlined by unequal spacing between
terrace lines on cranidial doublure and flattened edge of rostral plate or connect
ing doublure. Connective sutures present or apparently lacking. When present
they are directed inwards and converge on underside of rostral plate with
formation of triangular rostral flange. Hypostoma unknown. Thorax with 8
segments. Rachis broad, moderately convex, tapering posteriorly. Pleurae
smooth, shortened on anterior segments, increasing progressively in width
posteriorly; distal ends bluntly terminated. Pygidium smaller than cephalon,
rounded in outline. Rachis long, slightly tapered, moderately convex and well
defined anteriorly. Dorsal furrows shallowing posteriorly and tip of rachis level
with downward slope of posterolateral margin which reflects line of inner edge of
pygidia1 doublure. Latter roughly parallel to the pygidial margin. Dorsal exo
skeleton smooth, mould of inner surface commonly pitted.

STRATIGRAPHIC AND GEOGRAPHIC RANGE.- Lower Ordovician to Upper Ordo
vician; Scandinavia, U.S.S.R. (Estonia, Latvia, Ingermanland), Britain,
Spain?, Portugal?, Brittany?
SPECIES.- The following species from Scandinavia, Estonia and Latvia are
assigned to the genus:
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Panderia triquetra Volborth, 1863 (p. 9)
P. baltica n. sp. (p. Il)
P. ramosa n. sp. (p. 12)
P. parvula (Holm 1882) (p. 14)
P. lerkakensis n. sp. (p. 17)
P. derivata n. sp. (p. 18)
P. migratoria n. sp. (p. 19)
P. hadelandica n. sp. (p. 21)
P. erratica n. sp. (p. 23)
P. insulana n. sp. (p. 24)
P. edita n. sp. (p. 25)
P. megalophthalma Linnarsson, 1869 (p. 26)
P. lewisi Salter 1867 from the Ashgillian? of Shropshire, England, has also been
included in the discussion (p. 28) and is figured on Pls. 10, 11.
Nileus Beaumonti Rouault (see Born, 1916, p. 356, Pl. 27, Figs. 4a-c and syno
nyms) from the lower Middle Ordovician of Spain, Portugal, and Brittany may
also be a species of Panderia.

Table I. The stratigraphic and geographic distribution of the Panderia species
discussed in this paper.
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Panderia sp. . .................. + . . . ..... ....... ... .... . .. ... .... .. +
P. baltica n. sp.

.. . ............. + . . . .. . . . . ... ....... . . .. . . .. ... . . . . +

P. ramosa n. sp.................. + .................................. +
P. /erkakensis n. sp.

. . . . .............. + ................ + ..... .. .. . +

P. derivata n. sp.. . .................... + .................. .......... +
P. parvula (Holm) . .................... + ................ + .......... +
P. migratoria n. sp. .

. . .. .. ... .... .. .. .. + ............................ + ... +
.. . ... . . .. . .. . .. . . + ................ + . . .. + . .. . . . ... +
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P. insulana n. sp. . .. ... ......... .. .. . . ... .... + ...................... .. ... +
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P. hade/andica n. sp. .

P. edita n. sp................................ + ...................... +
P. lewisi Salter

. . .. ... ... . .. . . . .... .. . .. . . ... + .................................. +
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Reasons for
the inclusion of Panderia within the Illaenidae have been discussed by Salter
(1867), Holm (1882; 1886), and more recently by Jaanusson (1954). The present
work supports this and the excellent preservation of the material has allowed
additional observations on the nature of the rostral plate and ventral sutures
previously neglected in earlier descriptions. On all specimens examined, the ends
of the anterior sections of the facial sutures are joined on the ventral side by a
transverse (rostral) suture which runs inside the anterior margin thus delimiting
a cranidial doublure between the latter and the suture. A rostral plate delimited
by connective sutures has been recognised in P. lerkakensis (Text-Fig. 2A; Pl.
4, Fig. lO) and P. ramosa (Pl. 12, Fig. 3) and in P. parvula it has been possible to
prepare the rostral flange which forms a broad triangular extension on the
underside of the plate (Pl. 3, Fig. 7). A similar condition is apparent!y the case in
P. triquetra (see Volborth 1863, p. 33). Thus in these older forms the ventral
sutures are of the eu-ptychopariid type (Jaanusson 1956, p. 38, Text-Fig. lA).
However, despite excellent preservation it has not always been possible to trace
connective sutures on some specimens of P. parvula (possibly because of small
size or because the rostral plate is not displaced) and in younger species it
appears as if the connective sutures are absent and the connecting and cheek
doublures are continuous. In the Upper Ordovician species a similar condition is
found but the absence of connective sutures is also accompanied by the migration
of the transverse suture to a more marginal (ventral) position as in P. insulana
(Text-Fig. 2C; Pl. 8, Fig. 5) or with an almost complete reduction of the cranidial
doublure as in P. edita (Text-Fig. 2D, Pl. 9, Figs. 3, 4). Here then, within a fairly
well established natural group, we have a most unexpected change in the type of
ventral cephalic sutures from the eu-ptychopariid type to levisellid type (Text
Fig. 2).
Anteriorly fused free cheeks characterize the family Nileidae and also other
features of Panderia resemble those of nileids to a certain extent, particularly the
position of the glabellar tubercle. However, other facts clearly indicate that the
forms of Panderia which lack connective sutures cannot be related to nileids.
There is ample stratigraphic evidence in the material studied suggesting a deriva
tion of Panderia forms with fused cheek and connecting doublures from those in
which connective sutures are present. Moreover, in the former type, the margin
of the connecting doub1ure still turns under whereas in nileids it does not.
Nileids 1ack a rostral flange and the transverse suture is dorso-marginal. In
addition, the thoracic doublure of Panderia (Pl. 6, Fig. 9) is typically illaenid
and unlike that of Nileus (cf. Whittington 1965, Pl. 31, Fig. 8) which is character
istically very wide and extends inwards almost to the rachis.
Within Panderia it is possible to distinguish two species groups viz., the edita
group represented by P. edita (Pl. 9, Figs. 3-8; Pl. 10, Figs. 1-3, 8), P. megal
ophthalma (Pl. 10, Figs. 5, 6, 9) and P. lewisi (Pl. 10, Fig. 7; Pl. 11, Figs. 2, 3) and
the parvula group with P. parvula (Pl. 3, Figs. 3, 4, 5) and the remaining species.
The edita group of species are larger and have a longer and apparent!y narrower
cephalon which is reflected in the stronger convexity forward from the eyes.
DISCUSSION INCLUDING REMARKS ON VENTRAL CEPHALIC SUTURES.

-
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Text-Fi g. 2. - Diagram showing the development with
time, of ventral sutures in Panderia. A)P. /erkakensis (C11).

A

B) P. erratica (Fy). C ) P. insulana (4d). D) P. edita (F11).
cd - connectin g doublure, crd - cranidial doublure, es connective suture, rs- rostral suture, ts- transverse suture.

However, I have found in illaenid and nileid species that the variation in con
vexity, and hence proportions of cranidia, is considerable on the area in front of
the palpebral lobes but not behind them; thus these feature3 are not reliable for
separating the edita and parvula groups at the generic leve!.
In P. edita the transverse suture is more marginal than in other species and
the cranidiai doublure is extremely narrow to lacking. Thus the anterior margin
al rim which, in the parvula group, marks the outer part of the cranidial doublure
is also lacking. These feature3 are likewise variable within closely related
specie:; of Illaenus and Stenopareia and their taxonomic value is doubtful. Dr
Jaanusson has kindly shown me specimens of/. chiron (�ee Holm 1882, Pl. 3,
Figs. 4, 8) which has a relatively wide cranidial doublurc and a well defined
marginal rim, and I. incisus (see Jaanusson 1957, Pl. 7, Fig. 3) in which the doub
lure is narrow and the marginal rim weakly developed or totally lacking.
A further difference between the two groups is the position of the glabellar
tubercle. In P. edita (Pl. 10, Fig. l) it is in front of a line joining the midpoint of
the palpebral lobes but is somewhat behind this line in P. parvula and others.

•
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Panderia cf. triquetra Volborth, 1863
Plate l , Figures 1-6
cf. 1863 Panderia triquetra n. sp.- Volborth, p. 32, Pl. 3, Figs. 13-17.
cf. 1863 Panderia minima n. sp.- Volborth, p. 34, Pl. 3, Figs. 18-19.
cf. 1867 l/laenus (Panderia) triquetrus (Volborth)- Salter, p. 184, Fig. 47.
cf. 1882 Illaenus triquetrus (Volborth)- Holm, p. 113.
cf. 1886 l/laenus triquetrus (Volborth)- Holm, p. 159, Pl. 11, Figs. 5-10.
cf. 1954 Panderia triquetra (Volborth)- Jaanusson, p. 565, Text-Fig. I l .
cf. 1959 Panderia triquetra (Volborth)- Jaanusson in Moore, p. 0373, Fig. 5.
TYPE MATERIAL.-

Not traced.

TYPE LOCALITY.-

Pavlovsk, Leningrad district.

TYPE HORIZON.- Not known with certainty but probably from beds of the

Kunda

Stage (Bm).
MATERIAL - One cranidium (RM Ar. 22977), an internat mould from the
Raniceps Limestone (BnrP) between Pinnekulla and Koping, 6land, Sweden;
one small cranidum (UM 61 1323) from the same horizon in the Boda Hamn,
Oland bore core (level 30.17 m; see Bohlin 1955, p. 114) and one cranidium
(EA. Coll.) from the lowermost Hunderum Substage (Brua), Lynna river,
Volkhov area U.S.S.R.
DESCRIPTION.- In dorsal view the anterior outline of the cranidium is pointed
with the maximum length (sag.) approximately one half the width (tr.) across the
palpebral lobes. On the largest cranidium, an internat mould, the broad, deep,
curved dorsal furrows outline the oval glabella as seen in palpebral view (Pl. l,
Fig. 1). The glabella is wide:>t oppositc the midpart of the palpebral lobe and
narrows backwards to slightly more than two thirds this width at the anterior
margin. Forward of the anterior edge of the palpebral lobe, the dorsal furrow
is not defined and the flat to gently convex(tr.) frontal part slores straight down
and slightly inwards to the anterior margin and rim. On the smaller specimen,
which retains the exoskeleton, the dorsal furrow is much shallower and only
appears to extend for about two thirds the length of the palpebral lobe. The
smooth curvature is less pronounced and the section of the furr ::>w behind the
posterior edge of the palpebral lobe is straighter but be::ome3 sharply incurved
just inside the posterior margin. This constriction Iie.; at the outer end of the
doublure, visible on the internat mould (Pl. l , Fig. 3) as a narrow band. On the
internat mould a faint median ridge on the glabella (a light line on Pl. l, Figs.
1-3) forms the apex of the low triangular outline of the glabella in anterior view
(Pl. l, Fig. 5). On this line is a small glabellar tubercle positioned level with the
midpart of the palpebral lobes. The large palpebral lobe has a broadly curved
outer edge and maximum width about one fifth that of the glabella. The anterior
branch of the facial suture is straight to slightly convergent, crosses the anterior
margin and rim and the transverse suture runs along the cranidial doublure well
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inside the margin. Details of the rostral plate and sutures unknown. The short
posterior branch curves strongly inwards behind the eye and is directed out
wards at about 70 degrees and crosses the posterior margin in line with the outer
edge of the palpebrallobe. No free cheeks and pygidia have been found with the
present material.
DISCUSSION.- Unfortunately it has not been possible to obtain the type material,
if it still exists, of P. triquetra figured by Volborth (1863) and Holm (1886). It is
generally believed that the specimens of these two authors came from beds of
the Kunda Stage (Bm) of the Leningrad district, but the exact stratigraphic
horizon is unknown. One cranidium (Pl. l, Figs. 2, 6) recently collected by Dr R.
Mannil from the Hunderum Substage (Brua) of the Volkhov area and two
cranidia from the Lower Raniceps Limestone (BnrP), Oland, closely fit the
description of P. triquetra but I have prefered to use the designation cf. triquetra
for them. The Russian specimen cannot be regarded as a topotype since the
Volkhov area and the type areas of Pulkova and Pavlovsk near Leningrad are
separated geographically.
Holm (1886, p. 159-60, Pl. 11, Figs. 5, 7, 9) figured specimens of P. triquetra
from the Volborth Collection and gave an additional description as well as
pointing out that a second species described by Volborth as P. minima, was based
on a badly worn specimen of P. triquetra. The figures given for P. triquetra by
Holm and by Volborth differ considerably and in some features, principally
proportions and convexity, it is difficult to decide whether they are closer to the
specimens here called P. cf. triquetra or to other specimens from the uppermost
Kunda Stage of Gotland which I have described as P. baltica n. sp. However, the
latter does not have the smooth bow-shaped dorsal furrows which the present
material of P. cf. triquetra has and which Holm and Volborth also clearly illu
strated and described for P. triquetra.
A stra tigraphically older cranidium (Pl. l, Figs. 7, 8; Pl. 2, Figs. l, 2), in fact
the earliest Panderia hitherto known, comes from the Volkhov Stage (Limbata
Limestone) on Oland and in general features this is very like P. cf. triquetra.
Minor differences include the relatively shorter (tr.) glabella, the greater distance
between the dorsal furrow and the outer edge of the palpebral lobe and the
straighter anterior course of the anterior facial suture. The dorsal exoskeleton
appears to have been partly stripped thus revealing the minutely pitted inner
surface.
AND STRATIGRAPHIC RANGE.- U.S.S.R.: Leningrad district;
Kunda Stage, Hunderum Substage (Bura). SwEDEN: Oland, Raniceps
Limestone, Valaste Substage (BnrP).
0CCURRENCE
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Panderia baltica n. sp.
Plate 2, Figures 3-9
DERIVATION OF NAME.-

From the name of the type area.

The cranidium (SGU), Pl. 2, Figs. 3, 4, 6, 7.
Kunda Stage, Aluoja Substage (B111y). level
342.20--342.29 m. of the File Haidar bore core, Gotland, Sweden.
HOLOTYPE.-

TYPE HORIZON AND LOCALITY.-

MATERIAL. - In addition to the holotype, one small cranidium, one free cheek
and one pygidium from the same bore core level.
DIAGNOSIS AND DESCRIPTION.- The shorter (sag.) and more rounded outline in
dorsal view (Pl. 2, Fig. 7), the strong convexity of the posterior part of the glabeila
in anterior and lateral view (Pl. 2, Figs. 3, 4) and the differences in the outline of
the dorsal furrows, immediately separate this species from P. triquetra. In
palpebral view (Pl. 2, Fig. 6) the dorsal furrow is at first deep and straight for a
distance equal to about one fifth the width of the rachis at the posterior margin.
From this point the furrow curves outwards, makes a sharp angled bend oppo
site the midpart of the palpebral lobe and then becomes shallow and gently
curved inwards dying out level with the anterior edge of the palpebral lobe.
Forward of this limit, the frontal part of the glabella slopes steeply downward
and curves under to the marked rim of the cranidial doublure. The palpebral
lobe is positioned about one third its length from the posterior margin and is
about one and a half times as long as its greatest width lying on a transverse line
drawn through the bend of the dorsal furrow. The long, narrow eye lobe is
asymmetrical when viewed dorsally, the posterior portion being short and
strongly curved, the anterior portion, longer and straighter. The anterior branch
of the facial suture is gently curved outwards at midlength but curves inwards
and crosses the anterior margin at a point on a projected line drawn midway
between the outer edge of the palpebral lobe and the dorsal furrow. The posterior
branch makes a short, strong curve inwards at about 40 degrees and crosses the
margin slightly outside a line drawn through the outer edge of the palpebral lobe.
The narrow corner of the fixed cheek between the anterior suture and the dorsal
furrow is flat for about half its width (tr.) but is curved and concave along the
line of the suture. The free cheek (Pl. 2, Fig. 8) has its greatest width (tr.) on a
line drawn through the posterior edge of the eye lobe and a length about one and
a half times this distance. The genal angle is rounded and the narrow rim of the
doublure extends from below the midpoint of the eye lobe along the straight
anterolateral margin. A broad shallow furrow at approximately midcheek width,
extends from the anterior suture, curves inwards at the genal angle and dies out
towards the posterior suture and midway between the posterior edge of the eye
lobe and the posterior margin. This furrow, which reflects the trace of the doub
lure, separates the almost flat cheek border from the more convex area below the
eye. The cheek has a very fine pitting which also occurs on the cranidium. The
pygidium (Pl. 2, Figs. 5, 9) has a well defined and strongly convex rachis out
lined by deep dorsal furrows. The rachis tapers slightly backwards, is bluntly
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terminated and extends for slightly more than two thirds the length of the
pygidium. The faint raised ridge extending backwards from the tip of the rachis
is a result of a disruption in the exoskeleton. The anterior margin runs straight
outwards for about half its width and is flexed backwards with a short steeply
sloping facet. Immediately behind the flexure, a curved furrow extends from
inside the lateral margin but dies out towards the rachis. The pleural area slopes
steeply outwards and downwards outside a line drawn parallel to the posterolater
al margin from the midpoint of the facet to the tip of the rachis but is flat inside
this line. Thus on the dorsal surface this change of slope reflects the outline of
the ioner edge of the doublure. The pitted surface is not obvious on the pygidium
which suggests that what we see here is the true dorsal exoskeleton whereas the
pitted surface on the cranidium and free cheek represents the mould of its
internal surface.

DiscussioN.- The specirr..�ns of P. baltica have been found amongst material
from the lowermost Ordovician section of the File Haidar bore core. These levels
(according to personal communication by Dr Jaanusson) correspond to the
uppermost Kunda Stage (B111y), Aluoja Substage, i.e. to beds equivalent to the
zones of Megistaspis obtusicauda and M. gigas on the Swedish mainland, and
are thus considerably younger than beds on Oland and in the Volkhov area
containing P. cf. triquetra. However, comparison between Volborth's (1883,
Pl. 3, Fig. 13) illustration of P. triquetra and the cranidium of P. ba/tica (Pl. 2,
Fig. 3) shows that both have a similar strongly convex glabella in anterior view
but Holm's (1886, Pl. 11, Figs. 5b, 7b, lOb) figures of the same view show a
lower outline, and the pygidium also figured (Pl. 11, Fig. 6b) is less like the
pygidium of P. baltica than that given by Volborth (Pl. 3, Fig. 17) for P. triquetra.
This problem cannot be solved until Volborth's specimens are located and
redescribed but it is clear that my material of P. cf. triquetra is different from P.
baltica and both S{:ecies are well located stratigraphically.

0CCURRENCE AND STRATIGRAPHIC RANGE. - SWEDEN:

Gotland, Kunda Stage,

Aluoja Substage (Bn1y).

n. sp.
Plate 12, Figures 1-3, 5, 6
Panderia ramosa

DERIVATION OF THE NAME.- From Latin ram us, branch, referring to the branching
areas outlining muscle scars on the pygidium.
HoLOTYPE.-

An articulated exoskeleton (RM Ar. 17833), Pl. 12, Figs.

- Probably from the Kunda Stage (B111), Expan
or lower Raniceps Limestone, Kungs-Norrby, Ostergotland, Sweden.

TYPE HORIZON AND LOCALITY.
SUS

l, 2.
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In addition to the type, one cephalon (RM Ar. 14925), from the

type locality.
DIAGNOSIS AND DESCRIPTION. - This species differs from P. cf. triquetra, but
appears to be more like P. baltica (Pl. 2, Figs. 3-9). Features of similarity include
the shape and direction of the dorsal furrows, the convex posterior part of the
glabella, and the lateral glabellar profile. Minor differences include the apparently
narrower (tr.) free cheek with more rounded genal angle in P. ramosa, the
narrower (tr.) palpebral lobe, and the straighter posterior branch of the facial
suture. On the isolated cephalon (Pl. 12, Figs. 3, 6) the right free cheek is dis
placed along the line of the anterior suture but is still attached to the rostral
plate which also has separated along the rostral suture so that it lies slightly above
the cranidial doublure. From the end of the anterior suture on the right free
cheek, a line of separation interpreted as being the connective suture occurs
between the cheek doublure and the rostral plate. This line slants inwards at
about 40 degrees and appears to curve under the posterior margin of the plate.
The line is regular, unlike others on the cheek doublure which are obviously
cracks in the exoskeleton, and its position and the shape of the rostral plate is
similar to that described for P. lerkakensis(Pl. 4, Fig. 10). The pygidium (Pl. 12,
Figs. l, 2) is readily distinguished from that of P. baltica (Pl. 2, Fig. 9) in having
a shorter (sag.) lower rachis, narrower (tr.) pleural area and a longer, more
steeply sloping facet behind which the furrow is absent. Muscle scars on the
rachis occur as dark elliptical areas outlined by narrow lighter zones which
branch outward from the median line. At least four paired muscle scars are
visible on the posterior two thirds of the rachis and, although fewer in number,
are similar to those illustrated by Volborth (1863, Pl. 3, Fig. 17) for P. triquetra.
Whittington (1954, Pl. 61, Fig. 6) has shown a similar arrangement on the
pygidium of Illaenus laceratus and it seems reasonable to suppose that the light
areas correspond to a relict segmentation of the rachis.
DrscusSION. - Without the articulated exoskeleton of P. ramosa it would be
very difficult to separate isolated cranidia of this species from those of P. baltica.
However, the pygidia of the two are quite different. Again, it is difficult without
Volborth's types to compare P. ramosa and P. triquetra, although the former is
quite different from the material figured herein as P. cf. triquetra (Pl. l, Figs.
1-6). P. rainosa might well be the same species as P. lineata (Angelin, 1854, p. 38,
Pl. 22, Fig. 17) which probably came from similar beds in <::htergotland. How
ever, Angelin's type specimen has not been traced (cf. Holm 1882, p. 117) and
his illustration of it is quite inadequate. It seems therefore, advisible not to use
the name lineata.
OccURRENCE AND STRATIGRAPHIC RANGE.- SWEDEN:

lower Raniceps Limestone.

Ostergotland, Expansus or
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Panderia parvula (Holm,

1882)
Plate 3; Plate 4, Figures 1-6, 9

1882 Illaenus parvulus n. sp.- Holm, p. 113, Pl. 5, Figs. 9-14.
1954 Panderia parvula (Holm)- Jaanusson, p. 565.
1960 Panderia parvula (Hclm)- Jaanusson, p. 277 (pars).
1963 Panderia parvula (Holm)- Jaanusson, Figs. 9-10.
1966 Panderia parvula (Holm)- Månnil, p. 45, Figs. 14,15.
non Illaenus parvulus (Holm)- Wiman 1917, p. 138, Pl. 8, Figs. 20-22 [=Panderia erratica

n.

sp.]
non Illaeus cf. parvulus (Holm)- Warburg 1925, p. 135, Pl. 2, Figs. 6, 7 [=Panderia editan. sp.]
non Illaenus parvulus (Holm)- Stormer 1945, p. 411, Pl. 4, Figs. 7, 8 [=Panderiacf. megaloph
thalma Linnarsson], Fig. 9 [=Panderia hadelandica n. sp.]

LECTOTYPE (here chosen). -The incomplete articulated thorax and pygidium
(RM Ar. 84 14a) adjacent to a detached cephalon, the original of Holm 1882,
Pl. 5, Fig. 14 and figured herein as Pl. 3, Figs. l, 2.
TYPE HORIZON AND

LOCALITY.- Lowermost

Dalby Limestone, Kårgarde,

Siljan district, Sweden.
MATERIAL. -In

addition to the lectotype all of Holm's figured specfmens:
Pl. 5,Figs. 9, 1 1 (RMAr. 84 14b); Figs.lO, 13(RMAr. 84 14a);Fig. 12(L0469t).
Additional material to Figures 9, 1 1 are two cranidia (LO 467T and LO 468t).
Other material: This includes 15 cephala, 7 cranidia and 13 pygidia collected at
the following localities:
l. The main section at Fjacka, Siljan district. Dalby Limestone.
a. Localities 6 to 8. One cephalon, 3 cranidia and 9 pygidia (LO 42 19-423 1t)
from samples collected by Dr Stig Bergstrom at levels 0.9 to 16.75 metres below
the upper boundary of the Dalby Limestone.
b. Locality 6. Two cephala (UM DI304-5) 18.5- 19 metres below the lower
boundary of the bentonite complex marking the top of the Dalby Limestone,and
2 cephala (UM D 1306-7) from the lower parts of the Dalby Limestone.
c. Locality 7. One cranidium (UM D 1308) 12- 13 metres from the lower bound
ary of the bentonite.
d. Locality 8d. One cephalon (UM Dl309) 1.35-1.40 metres below the lower
boundary of the bentonite.
2. The main section at Fjacka, locality 9. Skagen Limestone. One cephalon
(UM D 13 15) from the middle part of the Skagen Limestone,one pygidium (UM
D 13 10) and one cranidium (LO 4234t) 10. 10 metres and 6. 15-6.26 metres
respectively below the top of the Macrourus Limestone.
For locality numbers 6 and 7 see Jaanusson 1947,Fig. l; Jaanusson & Martna
1948, Fig. l,and locality numbers 8 and 9 see Jaanusson 1947,Fig. l. For vertical
range, see Jaanusson 1963, Figs. 9, 10.
3. Kårgarde quarry, Siljan district (Jaanusson 1963, Fig. 8) Three cephala
(UM D 13 1 1- 13). Lowermost Dalby Limestone.
4. Amtjarn, southern quarry, Siljan district. Two cephala (RM Ar. 42842-43;
Isberg Collection). Upper Dalby Limestone.
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5. Vikarbyn quarry at Kalkbacken. One small cephalon (UM Dl314). Dalby
Limestone.
6. File Haidar bore core, Gotland (see Thorslund & Westergård 1938). One
complete cephalon and one incomplete pygidium from levels 325.12-325.26
metres and 323.08-323.28 metres respectively. SGU Collection.
7. Boda Hamn bore core, Oland (see Jaanusson 1960, Fig. 5). One incomplete
cranidium (UM LH.1324) from level 2.12 metres. Lower Dalby Limestone.
8. One cephalon (UM O1.1322) from the Dalby Limestone on the beach at
Boda Hamn, Oland.
9. From Estonia there is one cranidium (E.A. Coll.) from the Idavere Stage
(C111) of the Kaagvere boring at leve! 291.2 metres (see Mannil 1966, p. 43,
Fig. 14) and two pygidia (E.A. Coll.) from the Keila Stage (D11) of the Nova bor
ing at level 212.2 metres.
DESCRIPTION. In dorsal view the cephalon is almost elliptical in outline with
the maximum width (tr.), approximately three times the Iength, and the free
cheeks slope outwards and steeply downwards. The glabella has a smooth
gently rounded forward outline which is continuous with the outward slope of the
palpebral lobes. The dorsal furrows curve strongly inwards from behind a
transverse line drawn through the posterior edge of the palpebral lobe; forward
of this line they curve slightly inwards, become subparallel and extend forwards
dying out level with the anterior third of the palpebral lobes. Thus in palpebral
view (Pl. 3, Fig. 5), the glabeila is U-shaped with a strong backward curve of the
posterior part. Posteriorly the glabella is gently convex medially but in the
posterolateral corners it becomes bent vertically down to the dorsal furrows.
This feature is obvious in the larger specimens but is not as marked on the small
specimen (Pl. 4, Fig. 1). In lateral view (Pl. 3, Fig. 4) the glabella is highest on a
transverse line drawn through the eye lobe and slopes backwards to the posterior
margin and more strongly downwards anteriorly becoming slightly incurved
towards the anterior margin and rim. When viewed dorsally, the large palpebral
lobes are positioned about half their length from the posterior margin and have
a broad, curved outer edge; in lateral view they slope steeply downwards. The
fixed cheek slopes gently down from the dorsal furrow but nattens out towards
the suture. The posterior margin is directed straight outwards to a point directly
below the posterior edge of the palpebral lobe, makes a strong curve backwards
forming a notch, and then curves gently inwards to the suture. This notched
border (Pl. 3, Fig. 3; Pl. 4, Fig. l) accommodates the pleural region of the first
thoracic segment during enrollment. The branch of the posterior facial suture
runs straight outwards and backwards, curves more strongly outwards just
inside the margin and crosses the latter on a projected line drawn through the
base of the eye lobe (Pl. 4, Fig. 6). The anterior branch slants straight down to
the marginal rim on a projected line through the dorsal furrow, makes a sharp
angled turn inwards across the cranidial doublure, and the rostral suture (Pl. 4,
Figs. 3, 7) runs well inside the margin. On many of what are otherwise well pre
served specimens, the sutures are very faint and on some, hardly visible except in
-
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reflected light. The ends of the anterior facial sutures are just visible on the speci
rr:en (PL 4, Fig.

3)

and the junction between the cranidial doublure and the

rostral plate is marked by the flattened anterior edge of the latter and a wider
space between the terrace lines on both. It is impossible to trace the connective
suturcs on this specimen but another (Pl. 4, Fig.

7)

shows the faint line which

slants inwards at about 30 degrees from the end of the facial suture (on the left
side) and cros�es the straight posterior margin of the rostral plate where the
latter makes an angle with the curved margin of the adjacent cheek doublure.
The connective suture then curves under the plate and converges on the under
side towards the median line and outlines a triangular rostral flange (Pl.

7). Thus the presence of a
Stenopareia (see Jaanusson

3,

Fig.

rostral flange similar to that known for the genus
1954, Pl.

2, Fig. 5), can be used as an argument for
parvula despite the fact that it is often

the presence of connective sutures in P.

impossible to trace them on all the specimens examined. The posterior border
of the free cheek has a shallow notch immediately outside the facial suture and
the flattened edge is bent downwards and under. This notch servc3 the same
function as that in the posterior margin of the cephalon, but accommodates the
distal part of the thoracic segment during enrollment (Pl. 4, Fig. l). Along the
anterolateral margin, the rim of the doublure is continuous with that on the
cranidium but dies out towards the broadly rounded genal angle. The doublure
narrows laterally and there is a broad shallow notch in the anterolateral margin
below the anterior orre third of the eye. It seems likely that this vincular notch,
which is common in other illaenids, accommodate> the facet and part of the
anterior margin of the pygidium during enrollment. Behind this notch, at the
genal angle, the doublure slopes vertically under and is smooth, unlike the flat
surface which is crossed by terrace lines similar to those on the rostral plate.
(Pl.

3,

Fig. 8; Pl. 4, Fig. 5). Although the cephalon (Pl.

3,

Fig. 5) still retains the

dorsal exoskeleton, it is possible to see the trace of the glabellar tubercle as a
white area on the photograph. One specimen is known in which the cephalon is
articulated with four complete thoracic segments and parts of two more (PL 4,
Fig.

l) and the lectotype (Pl. 3, Figs. l, 2) shows seven (the eighth is missing)

incomplete segments articulated with a pygidium lying dose to a complete
cephalon. The moderately convex rachis tapers slightly backwards and is out
lined by well marked dorsal furrows, The flat pleurae are bent sharply downwards
at the fulcrum, curved backwards and bluntly terminated. A forward change of
slope along a line drawn from the fulcrum to the midpart of the distal end, marks
the long narrow facet which extends beneath the posterior margin of the pre
ceding segment. The partly enrolled spe eimen (PL 4, Fig. l ) shows that the
pleural area is wider (tr.) on the second and succeeding segments, the first being
shortened to fit the outline of the cephalic margin. The pygidium (PL

3, Figs.
6, 9-10; Pl. 4, Fig. 4) is approximately twice as wide (tr.) as long and has a broad,
low rachis extending backwards for about two thirds the length of the pygidium.
The well marked dorsal furrows slightly converge backwards and become in
curved posterioriy but do not circumscribe the tip of the rachis which is level and
continuous with the downward slope of the posterior border. The anterior
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margin is directed straight outwards for a distance of about one half the width
of the rachis and then turns backwards at approximately 30 degrees with the
formation of a short triangular facet which slopes forward and downwards.
Outside a line drawn parallel to the posterolateral margin from the inner corner
of the facet around the tip of the rachis, the pleural area is flattened and slopes
outwards and downwards laterally but is more steeply curved medially (Pl. 3,
Fig. 6). Inside the line, the pleural area is flat. This line marking a change in
slope, corresponds to the shape of the inner edge of the doublure (Pl. 4, Fig. 9).
The terrace lines on the mould of the external surface of the doublure run parallel
to the inner edge. Terrace lines are not present on the dorsal exoskeleton of the
pygidium but one specimen(Pl. 4,Fig. 4) shows the mould of the inner surface to
be pitted. The pits are closely spaced and are concentrated only on the flat
pleural areas and rachis. On the latter they appear to be arranged in narrow
transverse rows.
DISCUSSION.- Jaanusson ( 1963 p. 26-27, Figs. 9, 10) has illustrated the vertical
range of P. parvula from the Dalby Limestone at Fjåcka and my examination of
the material confirms this data. I have been unable to discern any significant
variation within the specimens from different levels with the possible exception
of one pygidium obtained from level 5.20-5.25 metres (from the top of the Dalby
Limestone). This pygidium {Pl. 5, Fig. 7) is not well preserved but it has a more
rounded posterolateral outline, a steeper sloping facet and a narrower (tr.)
pleural area than is usual. One cephalon (Pl. 4, Figs. 3, 5) and one pygidium (Pl.
4, Fig. 4) from the middle part of the Skagen Limestone at Fjåcka, locality 9, is
identical with those from the underlying Dalby Limestone and one cranidium
(Pl. 4,Fig. 2) from a level 6. 15-6.26 metres below the top of the Macrourus Lime
stone at the same locality also appears to belong to P. parvula. Dr Jaanusson
informs roe (verbal communication) that this level corresponds to the topmost
part of the Skagen Limestone. The examination of specimens from the Idavere
(C1u) and Keila (Du) Stages shows a similar vertical range for P. parvula in
Estonia (see Månnil 1966, Figs. 14, 15).
0CCURRENCE AND STRATIGRAPIDC RAN GE.

- SWEDEN: Siljan district, Gotland,
Oland. Dalby and Skagen Limestone. ESTONIA: Kaagvere boring, Idavere
Stage (Cm), Nova boring, Keila Stage (Du).

Panderia lerkakensis n.

sp.
Plate 4, Figures 8, 10, 1 1; Plate 5, Figures

DERIVATION OF NAME.-

l,

2, 8- 10

From Lerkaka, a small village on the northeast coast of

the island of Oland.
HOLOTYPE.- A

cranidium {RM Ar. 22952), Pl. 5, Figs. 8- 10.

Kalla Limestone, lowermost Uhaku Stage
(C1c), between the village of Lerkaka and the beach, Oland, Sweden.

TYPE HORIZON AND LOCALITY.-

2
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MATERIAL.- In addition to the holotype, one cephalon (RM Ar. 22952b) and
three cranidia (RM Ar. 22950-51, 23755) from the type locality and one pygidium
(E.A. Coll.) possibly belonging to this species from the Lava boring, level 274.2
metres, Estonia.
DIAGNOSIS AND DESCRIPTION.- This species is distinguished from P. parvu/a in
the following important ways: l. The longer (sag.) triangular outline of the
cranidium in dorsal view (Pl. 5, Fig. 9) and hence the stronger (tr.) convexity of
the glabella opposite the palpebral lobes. 2. The flatter and gently convex pos
terior margin of the glabella outlined by very shallow dorsal furrows which are
straight to gently curved outwards and extend slightly forward of the posterior
one third of the palpebral lobes. 3. The posterolateral corner of the glabella is
not turned downward alongside the dorsal furrow and in palpebral view (Pl. 5,
Fig. l ) the posterior margin is not strongly curved backwards. 4. The eye lobe is
lower, positioned farther forward and the furrow around the base is less impressed
5. The free cheek lacks the shallow notch in the posterior border adjacent to the
suture. The small cephalon (Pl. 4, Fig. 11) has the free cheeks and rostral plate
in position and the latter has been very slightly displaced along the line of the
rostral suture. The ends of the facial sutures slant inwards across the cranidial
doublure and the rostral suture runs transversely parallel to and well inside the
curved anterior margin of the cephalon (Text-Fig. 2a). The anterior margin of
the rostral plate has a flattened edge which corresponds to an unequal spacing
between the narrowly spaced terrace lines on the cranidial doublure and similar
lines on the rest of the rostral plate. The connective sutures make a slight angle
with the ends of the facial siture but continue to slant inwards and curve under
the rolled posterior margin of the rostral plate. The latter is thus widest along the
anterior margin. Although all the ventral sutures are obvious when the specimen
is viewed under the microscope, only the ends of the anterior facial sutures and
rostral suture appear clearly when photographed with a coating of ammonium
chloride (Pl. 4, Fig. 8). Thus the same specimen (Pl. 4, Fig. 10) was taken without
this coating and the connective sutures are clearly visible. Details of the rostral
flange and thorax are not known nor have any pygidia been found associated
with the Swedish cranidia. However, a pygidium (Pl. 5, Fig. 2) from the Uhakuan
(C1c) part of the Lava boring, Estonia, is tentatively assigned here and it differs
from P. parvula in being longer (sag.) with a narrower and more strongly tapered
rachis.
OccuRRENCE AND STRATIGRAPHIC RANGE. - SwEDEN:

Oland, Kalla Limestone,

Uhaku Stage (C1c). EsTONIA:? Lava boring, (C1c).

n. sp.
Plate 5, Figures 4, 6

Panderia derivata

DERIVATION OF NAME.HoLOTYPE.-

From Latin derivativus, arising from.

A cranidium (UM OL 1321), Pl. 4, Figs. 4, 6.
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5.25
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metres

of the Boda Hamn bore core, Oland, Sweden.
MATERIAL.- In addition to the holotype, one cranidium (UM

01. 1325) from

the 4.14 metre level of the same bore core.
DiscussiON. - Jaanusson

(1960,

p.

277) records Panderia parvu/a from the lower

two to three metres of the Dalby Limestone on northern Oland but my exami
nation of two cranidia from these beds shows that they are different from P.
parvu/a as found in the uppermost part. One cranidium from the 4.4 metre leve!
of the Boda Hamn bore core (see Jaanusson loe cit, p.

236,

Text-Fig.

5)

occurs

with Steusloffia multimarginata Opik which species is restricted to the lowermost
Dalby Limestone on Oland and is associated with an ostracode fauna known also
from the underlying beds. The two cranidia are thought to represent a transitional
form between P. parvula and P. lerkakensis.
DIAGNOSIS AND DESCRIPTION. -P. derivata differs from P. /erkakensis in the

following ways: l. In dorsal view the anterior outline is not as pointed but is
more rounded and convex with a steeper lateral slope to the palpebral lobes (cf.
Pl.

5,

ward.

Figs.

3.

6

and

9). 2.

The palpebral lobes are narrower (tr.), and farther for

The posterior facial suture is longer and curves more strongly outwards

distally cutting the posterior margin outside an exsagittal line drawn through
the outer edge of the palpebral lobe. 4. In both dorsal and palpebral view the
glabella is more convex with a marked rather than smooth shallow change in
slope at the dorsal furrow.

5.

The stronger convexity of the glabella is obvious

in both lateral and anterior view and in P. derivata the frontal part of the gla beila
is more strongly curved under to the cranidial doublure.

6.

The dorsal furrows

are deeper and become more inwardly curved posteriorly resembling those found
in P. parvu/a. However, unlike the latter, the inward curve is less marked, the
posterolateral corners of the glabella are not bent sharply downwards, and in
palpebral view (cf. Pl.

3,

Fig.

5 and Pl. 5,

Fig. 4) the posterior part of the glabella

is not strongly curved backwards. It is however, more curved than in P. lerkaken
sis (cf. Pl.

5,

Fig. l and 4).

OccURRENCE

AND

STRATIGRAPHIC

RANGE. - SwEDEN:

Oland,

Lowermost

Dalby Limestone.

Panderia migratoria n. sp.
Plate 5, Figure

5;

Plate

6

DERIVATION OF THE NAME.- From Latin migrator, wanderer.
HOLOTYPE.- A cranidium (P M O

70041),

Pl.

6,

Figs. l,

3, 7.

TYPE HORIZON AND LOCALITY.- Upper Chasmops Shale (4by), road section at

entrance to Rud farmhouse, Røysetangen, Ringerike, Norway.
MATERIAL.- In addition to the holotype, one partly exfoliated cranidium (PMO
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70042) from the type locality and horizon, an incomplete internal mould of an
enrolled cephalon and thorax (PMO 64157) from the Cyclocrinus Beds (4by),
Lunner-Gran, Hadeland, Norway, and the following material from locality 9
of the main section at Fjacka, Siljan district, Sweden (see Jaanusson 1947, Fig.
l); the figures in brackets refer to the level below the top of the Macrourus
Limestone from which the specimen was collected: small incomplete cranidium
and pygidium (3.70-3. 80 metres), one cranidium with partly damaged glabella
(5.15-5.25 metres) LO 4232t, 4233t, 4235t; one pygidium (2.4-2.5 metres) and
one cranidium (2.5-2.6 metres) UM D. 1316-17. One damaged cranidium and a
complete pygidium (RM Ar. 47425-26) from the upper part of the Skagen
Limt.""tone (7.45-7.55 metres below the top of the Macrourus Limestone) at
locality 9, also appear to belong to this species.
DIAGNOSIS AND DESCRIPTION. Cranidia of this species are exceedingly like
those of P. parvula in dorsal view (cf. Pl. 6, Fig. l and Pl. 4, Fig. 2) but differ
mainly in relative proportions and convexities. In palpebral view (Pl. 6, Fig. 4)
the glabella is broader (tr. ), the dorsal furrows are more curved, and on the
internal mould extend almost to the anterior edge of the palpebral lobe. 2. The
palpebral lobe is positioned more forward, the posterior branch of the facial
suture is straighter and hence the fixed cheek and posterior margin is narrower
(tr.). 3. The anterior branch of the suture is longer and in lateral view (cf. Pl. 6,
Fig. 7 and Pl. 3, Fig. 4) is directed more steeply downwards. The longer, steeper
sloping frontal part of the glabella is flatter (tr.) and the distance between the
anterior edge of the palpebral lobe and the front of the glabella is narrower.
On three of the cranidia examined the dorsal furrows behind the posterior edge
of the palpebral lobe are straighter and shallower in dorsal view than in P.
parvula and the downward bend of the posterolateral corner of the glabella less
marked. All cranidia have an obvious swelling in the posterolateral corner which
is outlined by a short bifurcation of the dorsal furrow just inside the posterior
margin. This is not obvious on P. parvula and P. lerkakensis but it is present on
P. cf. triquetra. The internal mould (Pl. 6, Fig. 4) shows the low median glabellar
ridge with small tubercle positioned level with the rnidpoint of the palpebral
lobes and what appears to be four or possibly five shallow muscle scar impressions
which, on the photograph, show up as dark, transverse areas on the outer slope
of the glabella. Text-Fig. 3 shows the shape and position of these impressions
which are numbered according to the notation given by Harrington (in Moore,
1959, p. 095-6, Fig. 69). The position of the scars 1-4 corresponds well with those
known for other illaenid genera (Jaanusson 1954, text-Fig. 3 and discussion pp.
549-553) but it is difficult to decide from the material available here whether the
fifth represents an additional scar or is part of a larger fourth scar (=occipital of
Jaanusson). The anterior branch of the facial suture curves gently outwards at
midlength but then curves more strongly inwards and crosses the cranidial
doublure. The ends of the sutures are joined by the transverse suture which runs
well inside the anterior margin on the ventral side. As far as can be judged an
incomplete enrolled cephalon and thorax (fl. 6, Fig. 6, 9) from the Cyclocrinus
-
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n. sp. A sketch of the

cranidium illustrated, Pl. 6, Fig. 4, on which part of the
exoskeleton has been stripped to reveal five muscle scar
impressions 1-5, on the internat mould of the glabeila. The
muscle scars have been numbered according to the notation
given by Harrington

(in Moore, 1959, p. 095-097).

Muscle

scars 1-4 are common in illaenids and it is possible that
No. 5 may be only part of a larger No. 4. x6 approx.

Beds (4by). Hadeland, Norway, appears to betong to this species. Preserved as
an internat mould, the specimen shows deep pits lying in the dorsal furrow and
the mould of the external surface of the short pleural doublure which extends
inwards for about one fifth pleural width. The pits are not obvious on specimens
which have the exoskeleton preserved (cf. Pl. 3, Fig. l) and each must therefore
represent the mould of a ventral thickening of skeletal material forming an
articulating boss. No pygidia have been found in the type horizon. However,
two specimens, one from the Macrourus Limestone (level 2. 4-2. 5 metres) and
one from the upper part of the Skagen Limestone at the Fjacka section, Sweden
are thought to betong here and the former has been found with a cranidium
which is identical with those from the type horizon in Norway. The pygidium
(Pl. 5, Fig. 5) differs from P. parvula but resembles P. hadelandica (cf. Pl. 5,
Fig. 5 and 3) in having a more rounded posterolateral outline, a shorter (tr. )
anterior border and a steeper sloping facet. P. hadelandica however, has a longer
pygidium with a broader posterolateral margin and a more clearly defined rachis,
that of P. migratoria being only outlined anteriorly by the dorsal furrows.
0CCURRENCE AND STRATIGRAPHIC RANGE. - NORWAY: Ringerike, Upper
Chasmops Shale (4by); Hadeland, Cyclocrinus Beds (4by). SWEDEN: Siljan
district, Upper part of the Skagen Limestone and Macrourus Limestone.

Panderia hadelandica n. sp.
Plate 5, Figure 3; Plate 7, Figures 1-7
1945 Il/aenus parvulus Holm-Stormer (pars), p. 411, Pl. 4, Fig. 9.
1966 Panderia sp. Mannil, p. 39, Fig. 12.
DERIVATION OF THE NAME. - From the type area of Hadeland, Norway.
HOLOTYPE. - The articulated exoskeleton with damaged cephalon (PMO 7 0043) ,
Pl. 7, Figs. l, 2, 4, 6.
TYPE HORIZON AND LOCALITY. - Gagnum Shale (4bJ2), Grimsrud, Hadeland,
Norway.
MATERIAL. -In addition to the holotype, an incomplete articulated thorax and
pygidium (PMO 65182) from the type horizon at Rokotjern, Hadeland, plus
the following material from the Blidene Mari (Dm) of Latvia and Estonia:
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Otepåå boring, 4 pygidia from levels 444.3m, 445.7-9m and 446.1-2m: Karula
boring, 2 pygidia from leve! 400.5-6m (for section see Mannil 1966, p. 39, Fig.
12); Engure boring, one cranidium and pygidium from level 933.6m; Estonia
boring N2323, one pygidium from level l 64.35m.
DIAGNOSIS AND DESCRIPTION. -As far as can be judged, the cranidium differs
from P. migratoria in being shorter (sag.) (cf. Pl. 7, Fig. 2 and Pl. 6, Fig. 7) with a
shorter frontal part of the glabella which is wider and flatter (tr.) in anterior
view. Only the right free cheek is preserved on the holotype and this is wider than
the cheek of P. parvula with a more pointed genal angle. Careful preparation of
this specimen has revealed part of the internal mould of the eye lobe (Pl. 7, Fig.
6) showing tiny hexagonal facets arranged in diagonal rows. The anterior branch
of the facial suture curves gently outwards at midlength and curves more strongly
inwards and crosses the cranidial doublure. The ends of the sutures are joined
by the transverse suture which is clearly visible on the specimen as a red iron
stained line anterior to which part of the cranidial doublure is broken (Pl. 7,
Fig. 4). Behind the transverse suture is a flattened area which has been interpreted
as being the anterior edge of the rostral plate in P. lerkakensis and P. parvula, but
in P. migratoria it is not possible to trace connective sutures, and the cheek and
connecting doublure are continuous. Details of the thorax are known from the
holotype and from one incomplete articulated thorax and pygidium (Pl. 7, Figs.
3, 5). There are 8 segments in the thorax, the rachis of which is widest (tr.) on the
first segment and tapers strongly backwards to about two thirds this width
posteriorly. Conversely, the pleura increase in width posteriorly, the first
segment being shortened (tr.) to fit the posterior margin of the cranidium. The
pygidia articulated with the thoracic segments are incomplete but judging from
the mould of the posterior border of the specimen (Pl. 7, Fig. 3), the pygidium is
longer (sag.) with a more rounded outline than that of P. parvula and is identical
with well preserved isolated specimens assigned to P. hadelandica from approxi
mately equivalent horizons in Estonia and Latvia. Two well preserved pygidia
(Pl. 5, Fig. 3; Pl. 7, Fig. 7) show that in addition to the longer more rounded
posterolateral outline, the pygidium of P. hadelandica differs from P. parvula in
having a narrower (tr.) anterior border, a steeper sloping facet and more clearly
defined posterior part of the rachis. The specimen (Pl. 5, Fig. 3) shows three pairs
of circular depressions on the posterior part of the rachis which may well repre
sent muscle scars.
DISCUSSION. - The holotype comes from an unknown level in the Gagnum
Shale at Grimsrud, Hadeland and details of the thorax and pygidium show that
it is identical with a second specimen also from an unknown leve! in the type
horizon along the northeast shore of Rokotjern to the east. The latter, an
articulated thorax and pygidium (Pl. 7, Figs. 3, 5) was thought by Stormer (1945,
p. 411) to belong to a cranidium collected from a leve! in the Gagnum Shale, 2
metres (not 6 metres as Stormer states) below the Gagnum Limestone at Gran,
Hadeland, and both were referred to ' II/aen us ' parvu la (Storm er 1945, Pl. 4, Figs.
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7-9). Examination of the cranidium (Pl. 10, Figs. 4-6, 9) shows that it is quite
unlike P. parvu/a and P. hadelandica and is referred to P. cf. megalophthalma
Linnarsson, a species common in the Tretaspis Series of Sweden (see p. 26).
The Estonian and Latvian material of P. hadelandica comes from the greenish
gray marls of the Blidene Beds corresponding to the Oandu Stage (Du1), i.e.,
to the zone of Dicranograptus clingani (for stratigraphy see Mannill966, Table
l). Thus the distribution of P. hadelandica in the Baltic area lends support to the
suggestion by Stormer (1945; 1953, p. 94) that the Gagnum Shale can be corre
lated with the upper parts of the Upper Chasmops Limestone (4bå2). However,
the occurrence of P. cf. megalophthalma in the upper part of the Gagnum Shale
may indicate that the boundary between the latter and the Lower Tretaspis
Shale (4ccx) is somewhere below the Gagnum Limestone. A younger age for
the Gagnum beds has also recently been suggested by Mannil (1966, pp. 85-86).
0CCURRENCE AND STRATIGRAPHIC RANGE. -NORWAY: Hadeland, Gagnum
Shale (4b02). EsTONIA: Otepaa boring, Karula boring, Estonia boring N2323,
Blidene Marl, Oandu Substage (D1u). LATVIA: Engure boring (Dm).

Panderia erratica n. sp.
Plate 7, Figures 8, 9; Plate 8, Figures 1-4; Plate 9, Figure l
1907 Illaenus parvulus Holm- Wiman, p. 13 8, Pl. 8, Figs. 20-22
DERIVATION OF THE NAME. -From Latin errator referring to the erratic boulder
containing the holotype.
HoLOTYPE. -A partly exfoliated cephalon (UM B 159), Pl. 7, Figs. 8, 9; Pl. 8,
Figs. l, 4.
TYPE LOCALITY AND HORIZON. -The holotype comes from an erratic boulder
(Tomta No. 3) of the Ostersjo Limestone of the submarine South Bothnian area.
MATERIAL. -In addition to the holotype, one cephalon (RM Ar. 22675) and five
pygidia (RM Ar. 22943-46; 47415) from erratic bou1ders of Tretaspis seticornis
beds, Hulterstad, Oland.
DIAGNOSIS AND DESCRIPTION. - In dorsa1 and lateral view this species differs
from P. migratoria in having a more pointed forward outline and longer g1abella
with the frontal part sloping steeply downwards and not incurved at the anterior
margin. The palpebral lobe is flatter and not as steeply inclined and the distance
between the anterior edge and the front of the glabella is greater. The anterior
branch of the facial suture slopes less steeply downwards and in anterior view is
straighter, more convergent and not strongly curved at the anterior margin. Thus
the frontal part of the glabella is more rectangular than in P. migratoria with the
transverse width between the anterior edge of the palpebral lobes approximately
three times the sagittal length. The outline of the posterior part of the dorsal fur
row is similar in both species but in P. erratica the furrow is shallower anteriorly
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and when the exoskeleton is preserved, only extends for a bout one half the length
of the palpebral lobe. On the internal mould however, the furrow is deeper and
extends farther forward. The free cheek is like that of P. parvula and has the small
shallow notch in the posterior border, but is wider and more flaplike than in this
species and the genal angle is broadly rounded and not pointed as in P. hadeland
ica. In ventral view (Pl. 8, Figs. l , 3), the ends of the facial sutures slant inwards
across the cephalic doublure, and the transverse suture, marked by the unequal
spacing between the terrace lines of the cranidial doublure and connecting doub
lure, runs well inside the anterior margin. Like in P. migratoria, no connective
sutures are visible and the cheek and connecting doublure is continuous. The
exoskeleton is thick and on the holotype fine pits are most conspicuous on the
posterior part of the glabeila, palpebral lobes and free cheek but are less obvious
on the frontal part of the glabella. These pits are not visible on the partly pre
served exoskeleton of a second cephalon (Pl. 8, Fig. 7) suggesting that on the
holotype the exoskeleton has been partly stripped and the pitted surface repre
sents the mould of the internal surface of the true dorsal exoskeleton. The
glabellar tubercle is visible on the internal mould and is positioned slightly be
hind a transverse line joining the midpoints of the palpebral lobes.
The holotype is from an erratic boulder of the Ostersjo Limestone
from the South Bothnian area. In the absence of an associated fauna it is impos
sible to give the exact stratigraphic horizon and information of the stratigraphy
of the South Bothnian and Central Baltic calcilutite succession of which the
Ostersjo Limestone forms part, is still incomplete. All that can be said is that the
specimen comes from within the Harjuan succession corresponding to beds E to
Fxc, i.e. from the Rakvere to Pirgu stages of the Estonian sequence and beds of
pre-Tommarpian age on the Swedish mainland (for stratigraphy see Jaanusson
1963). However, the cephalon from Oland (Pl. 8, Fig. 7) which occurs in boulders
from the Lower Jonstorp Formation (=Green Tretaspis Shales) is indistinguish
able from the holotype suggesting that in all probability the latter is also from
beds of equivalent age.

DiscussiON. -

OccURRENCE AND STRATIGRAPHIC RANGE.- SWEDEN: Uppland (erratics), Oster
sjo Limestone. Oland, Lower Jonstorp Formation (erratics).

Panderia insulana n. sp.
Plate 8, Figures 2, 5, 6, 8, 9; Plate 9, Fig. 2.

From Latin insula, island, refering to the type
locality, the island of Frognoya.

DERIVATION OF THE NAME.-

HOLOTYPE.-

A cephalon (PMO 70044), Pl. 8, Fig. 2, 5, 6, 8, 9.

Isotelus Limestone (4d), northern shore section,
Frognoya, Tyrifjord, Ringerike, Norway.
TYPE HORIZON AND LOCALITY.-
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DIAGNOSIS AND DESCRIPTION.- In dorsal and palpebral view this species resembles

the younger P. edita in the forward pointed outline of the glabella and the
straight, divergent posterior part of the dorsal furrow, but differs in that the
glabella is shorter (sag.) in front of the eyes and in this respect is more like P.
erratica. However, in the latter species the profile of the glabella as seen in lateral
view is quite different (cf. Pl. 8, Figs. 2 and 4). The free cheek of P. insulana is
narrower and less flap-like than in P. erratica and the anterior facial suture is
more convergent. A shallow furrow on the dorsal cheek surface of P. insulana
(Pl. 8, Fig. 2) reflects the trace of the inner edge of the doublure, the extemal
mould of which has been prepared on the right side of the specimen (Pl. 8, Fig. 6).
The doublure is gently concave and is broader towards the genal angle unlike
P. migratoria (cf. Pl. 6, Fig. 8) and a narrow fold in the outer edge onto which the
terrace lines converge, represents the vincular notch. The anterior facial suture
(Pl. 9, Fig. 2) curves inwards, crosses the anterior marginal rim and the transverse
suture runs a short distance in front of the anterior margin. Connective sutures
are not present. The cranidial doublure is very narrow and unlike the afore
described species, is not flat but slopes downwards and under from the ijlar
ginal rim. It is crossed by fine terrace lines unlike those on the connecting doub
lure which are stronger behind the flattened edge marking the junction with the
transverse suture. Thus in this species the trasvere suture is intermediate in po
sition between a type like P. erratica and P. edita (cf. Pl. 8, Fig. 3 and 5; Pl. 9,
Figs. 3, 4; see also Text-Fig. 2 B-D). The dorsal exoskeleton of P. insulana is
smooth and it is not possible to see the median glabellar tubercle. The holotype
is the only specimen presently known.

Panderia edita n. sp.
Plate 9, Figures 3-8; Plate 10, Figures 1-3, 8.

1925 Illaenus cf. parvulus Holm- Warburg, p. 135, Pl. 2, Figs. 6-7
DERIVATION OF THE NAME.-

From Latin

editus,

high, 1ofty, referring to the long

frontal part of the glabella.
HOLOTYPE.
TYPE

- The partly exfoliated cephalon (UM 09), Pl. 9, Figs. 3-8.

HORIZON

AND

LOCALITY. -

Boda Limestone, Osmundsberget, Siljan

district, Sweden.
MATERIAL. - In addition to the holotype, one well preserved cranidium (RM
Ar. 10216), an internal mould, from the type horizon and locality.
DIAGNOSIS AND DESCRIPTION. - In dorsal view (Pl. 9, Fig. 6) the glabella has a
strongly rounded anterior outline and tapers backwards with the transverse
width at the posterior margin approximately equal to the length. On the internat
mould (Pl. 10, Fig. 3) the dorsal furrows are very deep especially behind the
posterior edge of the palpebral lobe and are incised at the margin where they

26

DAVID L. BRUTON

outline small posterolateral swellings of the glabella. In palpebral view (Pl. l O,
Fig. l) the anterior part of the furrow curves inwards and extends forward dose
to the palpebral lobe and then curves outwards terminating a short distance in
front of it. The exoskeleton is thick and when stripped reveals a small median
tubercle positioned in front of a line joining the midpoint of the palpebral lobes.
The mould of the occipital doublure is also visible as a narrow band. In anterior
view (Pl. 9, Fig. 7; Pl. l O, Fig. 2) the glabeila is strongly convex between the
palpebral lobes and in lateral view (Pl. 9, Fig. 5) it curves steeply downwards and
the long, frontal part curves more strongly under. The anterior margin is smooth
and lacks the rim. The long palpebral lobe is situated about one half its length
from the posterior margin and slopes gently outwards and downwards laterally.
The long anterior branch of the facial suture is straight to very gently curved
outwards for approximately two thirds its length and then curves more strongly
inwards forming a broadly rounded anterolateral corner of the cranidium. The
transverse suture is marginal but just ventral (Pl. 9, Fig. 3, 4; Text-Fig. 2D) and
there is no true cranidial doublure. Connective sutures are apparently lacking
and the connecting and cheek doublure are continuous. The posterior sutural
branch curves gently inwards behind the eye and then more strongly outwards
distally crossing the margin just inside a projected line drawn through the outer
edge of the palpebral lobe. The free cheek is directed almost vertically downwards
when the specimen is viewed dorsally. The posterior margin is straight and the
genal angle broadly rounded. Along the anterolateral margin is a broad shallow
notch which Iies beneath the anterior one third of the eye lobe. Presumably this
notch accommodates the edge of the pygidium during enrollment. The thorax
and pygidium are not known.
DISCUSSION. - This species is the youngest so far known and differs from the

others in having a marginal transverse suture and an anterior margin which
Iacks the rim.
0CCURRENCE AND STRATIGRAPHIC RANGE. - SWEDEN: Siljan district, Boda

Limestone.

Linnarsson, 1869
Plate 10, Figures 5, 6, 9; Plate 11, Figures l, 5-10.

Panderia megalophthalma

1869 Panderia mega/ophtha/ma n. sp.- Linnarsson, p. 78, Pl. 2, Fig. 45.
188211/aenus megalophthalmus (Linnarsson)- Holm, p. 110, Pl. 6, Figs. 12-14.
189911/aenus (Panderia) megalophtha/mus (Linnarsson)- Ravn, p. 56.
1906 Jllaenus mega/ophthalmus (Linnarsson)- Olin, p. 65, Pl. 3, Figs. 12-13.
194511/aenus parvulus Holm- StOrmer (pars), p. 411, Pl. 4, Figs. 7, 8.
1954 Panderia mega/ophthalma (Linnarsson)- Jaanusson, p. 565.
1960 Panderia mega/ophtha/ma (Linnarsson)- Kielan, p. 93, Pl. 12, Fig. 6.
1961 Panderia mega/ophtha/ma (Linnarsson)- Glimberg, p. 84.
1963 Panderia megalophthalma (Linnarsson)- Jaanusson, p, 123.
1966 Panderia mega/ophtha/ma (Linnarsson)- Mannil, Fig. 29.
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(by monotypy, type lost). - The articulated exoskeleton figu red by
Linnarsson 1869, Pl. 2, Fig. 45.

HoLOTYPE

TYPE HORIZON AND LOCALITY. - Upper Jonstorp Formation (Red Tretaspis
Mudstone), Skogatorp, Vastergotland, Sweden.
The pygidium (RM Ar. 66) and the cranidium (UM Vg. 6) figured
by Holm 1882, pl. 6, Figs. 13, 14; the two articulated exoskeletons (LO 1960t,
LO 1961t) figured by Olin 1906, Pl. 3, Figs. 12, 13, and the cranidium figured by
Olin 1906, Figs. 6a, b (LO 1954T) as Symphysurus superstes n. sp. Additional
material includes the internat and external moulds of an articulated exoskeleton
(UM Vg. 730a-b) from the type horizon and locality, one cranidium and pygidium
(RM Ar. 17654, 17658) and one small cephalon (RM Ar. 17662) from the type
horizon at Motala Råsnaset, Ostergotland.
MATERIAL. -

The cranidium of this species varies considerably
in size, the smallest having a transverse width between the palpebral lobes of 4
mm, the !argest 8 mm. All the previously figured Swedish specimens have
suffered some degree of flattening or distortion in shale and the frontal part of
the glabella is thus much shorter than is shown by the two undistorted cranidia
(Pl. 10, Figs. 5, 9; Pl. 11, Fig. 5). The cranidium is distinguished from that of
P. edita in having straighter dorsal furrows in palpebral view and a more rec
tangular glabella which is not strongly curved backwards posteriorly (cf. Pl. 10,
Figs. l and 6). The dorsal furrow curves inwards forward of a line drawn through
the midpart of the palpebral lobe and then curves slightly outwards near the
anterior edge of the lobe becoming shallower and dying out adjacent to the
anterior facial suture. On the large specimens the glabella is long and strongly
convex both at the posterior margin and between the palpebral lobes, while on
the smaller specimens it is narrower and flatter. Most specimens still retain the
dorsal exoskeleton and the median glabellar tubercle described by Linnarsson
has not been seen (cf. Holm 1882, p. 111; Kielan 1960, p. 94). The dorsal surface
appears to be smooth but the cranidium (Pl. 10, Fig. 5) has a few wavy terrace
lines on the frontolateral part of the glabella. Only the smallest cranidium has
the anterior border complete and undistorted and it appears as if the transverse
suture runs ventromarginally. The thorax has a moderately convex and tapering
rachis outlined by well defined dorsal furrows and smooth pleurae which are
bluntly terminated distally. The most complete specimen has seven segments
and the remnant of the eighth tucked beneath the cephalon which is tilted back
wards. The two partly articulated specimens figured by Olin 1906 (this paper
Pl. 11, Figs. 8, 9) only have parts of six segments preserved but it seems likely
that these are moulted exoskeletons and the two anterior segments have either
been detached during the moult stage or are obscured beneath the displaced
cephalon. The !argest pygidium (Pl. 11, Fig. l ) is complete and undistorted and
still retains the dorsal exoskeleton. The outline is rounded to tapered backwards
and a marked change of slope of the convex border marks the line of the inner
edge of the doublure (Pl. 11, Fig. 7) which is widest posteriorly but narrows
DIAGNOSIS AND DESCRIPTION. -
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towards the facet. The mould of the ventral surface shows faint, narrowly
spaced terrace lines. The rachis is weakly defined on the dorsal surface and the
dorsal furrows are shallow. On the internat mould they are deeper. On the
lateral part of the rachis of the specimen (Pl. 11, Fig.l) are four pairs of circular
depressions which presumably represent muscle scars but there is no obvious
segmentation on the dorsal surface or internat mould (cf. Kielan 1960, p. 94).
DiscussiON. - Unfortunately it has not been possible to trace Linnarsson's type

specimen in the collections of the Geological Survey Museum, Stockholm.
Among the existing topotype material from the Upper Jonstorp Formation at
Skogatorp, Vastergotland, is the pygidium figured by Holm (1882, Pl. 6, Fig. 13)
and one complete but flattened articulated specimen (UM Vg 730a-b). As far as
can be judged, the latter appears to be identical with hetter preserved but incom
plete articulated specimens figured by Olin (1906) from older horizons in Scania
(see Kielan 1960; Glimberg 1961). The examination of additional material from
the upper part of the Gagnum Shale, Hadeland, Norway, the Ålleberg Beds,
Ållebergsande, Vastergotland, and the Upper Jonstorp Formation, Råsnaset,
Ostergotland, suggests that it is all P. megalophthalma, thus indicating that the
species has a fairly wide stratigraphic range.
OccURRENCE AND STRATIGRAPHIC RANGE. - SwEDEN: Vastergotland, Oster

gotland, Lower to Upper Jonstorp Formation, Ålleberg Beds, Scania, Jerrestad
Formation. NoRWAY: Hadeland, Uppermost Gagnum Shale. ?LATVIA: Adze
boring (F1c) (Mannill966, p. 91, Fig. 29).

Panderia lewisi (Salter 1867)
Plate 10, Figure 7; Plate 11, Figures 2-4.

1867 I/laenus (Panderia) Lewisii n. sp. - Salter, p. 183, Pl. 26, Figs. 2, 2a, b.
DiscussiON. - Professor H. B. Whittington has kindly allowed me to borrow the

holotype of P. lewisi (SM A. 42,656) from the Sedgwick Museum, Cambridge
and I have figured it herein for the sake of comparison with the Scandinavian
and other species. The specimen is labelled 'Bala Limestone, near Llanymynech
quarry, Moelydd, Oswestry' but there is some confusion about this locality
because Moelydd is a hill of igneous rock (see Whittington 1938) and the loca
tion of Llanymynech quarry is in doubt. Professor Whittington informs me
(personal communication 2.12.1966) that he has not collected any specimens
like P. lewisi from the Ashgill rocks which form the nearest strata to the locality.
In dorsal view P. lewisi is like P. cf. megalophthalma from the Gagnum Shale,
Norway (cf. Pl. 10, Fig. 4 and Pl. 11, Fig. 3) but in palpebral view the glabella is
narrower (tr.) and in both anterior and lateral view it is more like P. edita (cf.
Pl. 10, Fig. 7, Pl. 9, Fig.

5). The holotype of P. lewisi is a complete enrolled

internat mould which has been rather badly worn and it has not been possible to
prepare details of the ventral suture. However, it appears as if the transverse
suture might well be ventro-marginal.
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Family and Subjamily UNCERTAIN

Genus

OTTENBYASPIS

n. gen.

Type species: Il/aenus oriens Moberg & Segerberg, 1906 (see Tjernvik 1956, p.
217, Pl. 3, Figs. 12-14).
Cranidia like that of Panderia but differing in that the dorsal
furrows are straighter and diverge less anteriorly, the eyes are shorter (exs.), the
glabellar tubercle is situated near the posterior margin about level with the
posterior edge of the palpebral lobe, and the anterior marginal rim is stronger
and projects more forward. The pygidium has strongly convex pleural areas and
the rachis is obviously segmented on the internal mould. Details of the thorax
not known.
DIAGNOSIS.

-

GEOLOGICAL RANGE AND GEOGRAPHICAL DISTRIBUTION.
Late Tremadoc and
early Arenig: Sweden (Oland, Vastergotland), Denmark (Bornholm), and Nor
way (Oslo region).
-

DISCUSSION. - Tjernvik (1956) has illustrated the type specimen of the type
species along with a second closely related species Ottenbyaspis perseverens
(Tjernvik 1956, Pl. 3, Figs. 19-22) and both he and Poulsen {1965) have discussed
these and an additional species in detail. Topotype material of the type species
from the Grey Ceratopyge Limestone, Ottenby, Oland, is figured herein for
completeness and this is hetter preserved than that previously illustrated. The
two pygidia (Pl. 12, Figs. 8, l O) still retain the exoskeleton and are not compressed.
The family and subfamily assignment of the genus Ottenbyaspis cannot be
decided until details of the thorax and cephalic sutures are made known. Never
theless, there appears to be no dorsal feature of the cranidium or pygidium which
suggests that the genus could not be a possible illaenid ancestor.
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x11.
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Free cheek with eye lobe attached, interna! mould: lateral view,

5, 9. ?Pygidium: (5) right lateral view,

pygidium are from the same leve! as the cranidium.
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EXPLANATION OF PLATE 3
Figs.
Panderia parvula (Holm, 1882) (p. 14)
l, 2. Lectotype, incomplete pygidium and parts of seven articulated thoracic segments lying
adjacent to a detatched cephalon:

(l) dorsal and (2) oblique right lateral views, x8. Speci

men the original of Holm, 1882, Pl. 5, Fig. 14. Dalby Limestone, Kårgiirde, Siljan district,
Sweden. (RM Ar. 8414a.)
3, 4, 5. Complete cephalon: (3) dorsal view, xll, (4) right lateral and (5) palpebral views, x10.
Dalby Limestone, Fjiicka section, locality Sd, 1.35-1.40 metres below the bentonite
complex, Siljan district, Sweden. (UM D. 1309, Coll. V. Jaanusson and J. Martna, 1949.)
6, 9, 10. Pygidium: (6) dorsal, (9) left lateral and (10) posterior views, x14. Dalby Limestone,
Fjiicka section, 6.45-6.50 metres, Siljan district, Sweden. (LO 4227t, Coll. S. Bergstrom,
1959-60.)
7.

Underside of rostral plate showing triangular rostral flange delimited by connective
sutures, x20 approx. Lowermost Dalby Limestone, Fjiicka section, locality 6, Siljan
district, Sweden. (UM D. 1306, Coll. B. Bohlin, 1947.)

8.

Doublure of free cheek showing the vincular furrow, xl2. Lava boring, level 237.2 metres.
Estonia. (EA Coll.)
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EXPLANATION OF PLATE 4
Figs.
Panderia parvula (Holm, 1882) (p. 14)

Small enrolled cephalon with four complete segments: dorsal view, x14. Specimen the
original of Holm, 1882, Pl. 5, Fig. 12. Dalby Limestone, Fjiicka, Siljan district, Sweden.
(LO 469t.)
Cranidium: dorsal view, x10. Topmost part of Skagen Limestone, Fjiicka section, locality
2.
9, level 6.15-6.26 metres, Siljan district, Sweden. (LO 4234t, Coll. S. Bergstrom 1959--<iO.)
3, 5. Cranidium: (3) oblique anterior and (5) ventral views, x12. Fig. 3 shows the faint traces of
the anterior ends of the facial sutures slanting inwards across the cranidial doublure and
the junction between the latter and the rostral doublure marked by an uneven spacing of
the terrace lines. Fig. 5 shows the specimen tilted to illustrate the vincular notch. Skagen
Limestone, Fjiicka section, locality 9, Siljan district, Sweden. (UM D. 1315.)
Cranidium: oblique left lateral view showing details of the eye lobe and facial sutures, x16.
6.
Dalby Limestone, Fjiicka section, locality 6, 18.5-19 metres below the bentonite complex,
Siljan district, Sweden. (UM D. 1304, Coll. V. Jaanusson, 1947.)
Cranidium: ventral view, x12. Note rostral suture and faint connective suture on left side
7.
(as viewed). Specimen the original of Holm, 1882, Pl. 5, Fig. 9. (LO 457T.)
4. Pygidium: dorsal view, x12. Specimen apparently partly exfoliated to reveal the pitted
inner surface of the dorsal exoskeleton. Skagen Limestone, 10.10 metres from the upper
boundary of the Macrourus Limestone and 1.30 metres from the bentonite complex,
Fjiicka section, locality 9, Siljan district, Sweden. (UM D. 1310, Coll. V. Jaanusson, 1947.)
9.
Pygidium: oblique posterior view with exoskeleton stripped to show mould of external
surface of doublure, x20 approx. Dalby Limestone, Fjiicka section, level 6.45-6.50 metres,
Siljan district, Sweden. (LO 4228t, Coll. S. Bergstrom 1959--<iO.)
l.

Panderia lerkakensis n. sp. (p. 17)
8, 10, 11. Cephalon: Fig. 8, ventral view showing rostral suture and ends of anterior facial
sutures slanting inwards across cranidial doublure, x10. Fig. 10, oblique lateral view of
same specimen taken without a coating of ammonium chloride and showing the connec
tive sutures, x16 approx. Fig. 11, left lateral view, x8. Kalla Limestone (Cw) between the
village of Lerkaka and the beach, northeast central Oland, Sweden. (RM Ar. 22952b,
Coll. J. G. Andersson 1892.)
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EXPLANATION OF PLATE 5
Figs.
Panderia lerkakensis n. sp. (p.l7)
1, 8, 9, 10. Holotype, cranidium: (l) palpebral view, x12, (8) left lateral, (9) dorsal and (10)
anterior views, x 10. Kalla Limestone (Cw) between the village of Lerkaka and the beach,
northeast central O!and, Sweden. (RM Ar. 22952a, Coll. J. G. Andersson 1892.)

2.

?Panderia lerkakensis n. sp (p. 18)
Pygidium: dorsal view, xll. Uhaku Stage (Cw), Lava bore core, leve! 274.2 metres,
Lava, Estonia. (EA Coll.)

Panderia derivata n. sp. (p. 18)
4, 6. Holotype, cranidium: (4) palpebral view xlO, (6) dorsal view, x11. Lowermost Dalby
Limestone, Boda Hamn bore core, leve! 5.25 metres, Oland, Sweden. (UM OI. 1321.)
Panderia cf. hadelandica n. sp. (p. 22)

3.

Pygidium: dorsal view, x9.5. Note paired depressions on lateral parts of the rachis.
Keila-Oandu. Stage (Du-Du1), Otepiiii boring, leve! 446.1-446.2 metres, Estonia. (EA
Coli.)
Panderia migratoria n. sp. (p. 19)

5.

7.

Pygidium: dorsal view, xlO. Macrourus Limestone, 2.4-2.5 metres below the upper
boundary, Fjåcka section, locality 9, Siljan district, Sweden. (UM D. 1316, Coll. H.
Mutvei 1946).
?Panderia parvula (Holm, 1882) (p. 17)
Pygidi�m: dorsal view, x12. Dalby Limestone, Fjåcka section, 5.20-5.25 metres, Siljan
district, Sweden. (LO 4229t, Coll. S. Bergstrom 1959-60.)
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EXPLANATION OF PLATE 6
Figs.

Panderia migratoria n. sp. (p. 19)
l, 3, 7. Holotype, cranidium: (l) dorsal view, xl0.5, (3) anterior and (7) left lateral views, x8.
Upper Chasmops Shale (4by), roadcut at entrance to Rud farm, Roysetangen, Ringerike,
Norway. (PMO 70041, Coll. G. Hamar and the writer 9.6.1966.)

2, 4. Partly exfoliated cranidium: (2) dorsal and (4) palpebral views, x8. Note muscle scar
outlines on the internal mould. Same locality and horizon as the holotype. (PMO 70042.)
5.

Incomplete cranidium: dorsal view,

xlO. Macrourus Limestone, 5.15-5.25 metres below

the upper boundary, Fjacka section, locality 9, Siljan district, Sweden. (LO 4233t, Coll. S.
Bergstrom 1959-60.)

6, 8, 9. Internal mould of enrolled cephalon and thorax: (6) dorsal view, x7, (8) left lateral view,

xll, showing free cheek doublure and (9) enlarged dorsal view, xl4, showing apodemal
pits and mould of doublure of thoracic segments. Cyclocrinus Beds (4by), north of
Mjorputten, Lunner-Gran, Hadeland, Norway. (PMO 64157, Coll. L. Stromer 5.10.1942.)
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EXPLANATION OF PLATE 7
Figs.

Panderia hadelandica n. sp. (p. 21)
l, 2, 4, 6. Holotype, partly exfoliated articulated exoskeleton, dorsal view, x5, lateral view, x8,
part of the cephalon detached from the remainder of the specimen to show the facial
suture, cranidial doublure and line of transverse suture, x8, and enlargement of eye lobe
and facets, xl6 approx. Gagnum Shale (4bo2), east of Grimsrud, Hadeland, Norway.
(PMO 70043, Coll. G. Henningsmoen 9.8.1960.)

3, 5. Incomplete articulated thorax and pygidium: (3) dorsal and {5) oblique right lateral views,
x5. Specimen figured by Stormer, 1945, Pl. 4, Fig. 9. Gagnum Shale (4b02), northeast
shore of Rokotjern, Gran, Hadeland, Norway. (PMO 65182, Co!!. J. Dons.)

Panderia cf. hadelandica n. sp. (p. 22)
7.

Pygdium: dorsal view, x9. Estonia boring N 2323, level 164.35 metres.

Panderia erratica n. sp. (p. 23)
8, 9. Holotype: partly exfoliated cephalon, anterior and dorsal views, x7. Specimen the original
of Wiman, 1917, PI. 8. Fig. 20-22. Ostersjo Limestone erratic, Tomta Wåddo, Uppland,
Sweden. (UM B. 159, Coll. C. Wiman.)
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EXPLANATION OF PLATE 8
Figs.
Panderia erratica n. sp. (p. 23)
l, 4. Holotype: (l) ventral view, xlO, and (4) right lateral view, x7.
3, 7. Partly exfoliated cranidium: (3) ventral view showing the unequal spacing of terrace lines
behind the transverse suture, xlO, (7) palpebral view, x6. Erratic block of the Tretaspis
seticornis zone, found between Hulterstad and the beach, 6land, Sweden. (RM Ar. 22675,
Coll. J. G. Andersson.)
Panderia insulana n. sp. (p. 24)
2, 5, 6, 8, 9. Holotype, cephalon: (2) left lateral view, x8, (5) ventral view, xlO, (6) right lateral
view showing doublure of cheek xlO, (8) palpebral view, x8.5, and (9) dorsal view, x7.
lsotelus Limestone (4d), north end of Frognoya, Tyrifjorden, Ringerike, Norway. (PMO
70044, Coll. F. Nikolaisen 25.9.1962.)
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EXPLANATION OF PLATE 9
Figs.

Panderia erratica n. sp. (p. 23)
l.

Small pygidium: dorsal view, x9. Same horizon and locality as Pl.

8, Fig. 3, 7. (RM Ar.

22945.)

Panderia insulana n. sp. (p. 24)
2.

Holotype: Anterior view of cephalon, x 8. Specimen photographed under alcohol to bring
out the facial suture which is visible as the dark line on the right side. The lighter line on
the left is a crack in the exoskeleton. Horizon and locality, see Pl.

8.

Panderia edita n. sp. (p. 25)

3-8. Holotype, exfoliated cephalon: (3) oblique ventral and (4) ventral views, xlO, showing
the marginal suture; (5) left lateral, (6) dorsal, (7) anterior and (8) palpebral views, x7.
Specimen the original of Warburg, 1925, Pl. 2, Fig. 6-7. Boda Limestone, Osmundsberget,
Siljan district, Sweden. (UM D.9, Co!!. O. Isberg 1913.)
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EXPLANATION OF PLATE 10
Figs.
Panderia edita n. sp. (p. 25)
l, 2, 3, 8. Cranidium, internal mould: (l) palpebral and (2) anterior views, x6, (3) dorsal view,
x7 and (8) right lateral view, x6. Boda Limestone, Osmundsberget, Siljan district, Sweden.
(RM Ar. 10216.)
Panderia cf. mega/ophtha/ma Linnarsson, 1869 (p. 27)
4, 5, 6, 9. Incomplete cranidium: (4) dorsal, (5) anterior, (6) palpebral and (9) right lateral views,
x5.5. Specimen figured by Stormer, 1945, Pl. 4, Fig. 7, 8. Gagnum Shale (2 metres below
Gagnum Limestone and not 6 metres as stated by Stormer), east of Gagnum, Gran, Hade
land, Norway. (PMO 65142, Coll. J. Dons.)
Panderia /ewisi Salter, 1867 (p. 28)

7.

Holotype, enrolled exoskeleton, internal mould: left lateral view, x5. Specimen the
original of Salter, 1867, PI. 26, Fig. 2, 2a-b. ?Ashgillian, near I lanymynech quarry,
Moelydd, Oswestry, Shropshire, England. (SM A.42,656.)
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EXPLANATION OF PLATE 11
Figs.
Panderia lewisi Salter, 1867

(p. 28)

2, 3, 4. Holotype, thorax, cephalon and pygidium: dorsal views, x5. For data see Pl. 10, Fig. 7.
Panderia mega/ophtha/ma Linnarsson, 1869 (p. 26)

l, 9, 10. Pygidium: (l) dorsal view, photographed under alcohol to show the white outline of
paired rachial muscle scars, x4; (9-10) same specimen showing the pygidium and parts of
four articulated thoracic segments with a damaged cephalon; dorsal and right lateral views,
x2.5. Specimen figured by Olin, 1906, Pl. 3, Fig. 13. Jerrestad Formation, Ri:istånga,
Scania, Sweden. (LO 1961t.)
5.

Small cranidium, internal mould: anterior view, x6. Upper Jonstorp Formation, Motala,
Råsniis, 6stergi:itland, Sweden. (RM Ar. 17658, Coll. G. Lindstri:im 1881. Specimen
identified by G. Holm.)

6.

SmaiJ incomplete cephalon: ventral view, xl2. Same locality and horizon as Fig. 5. (RM

7.

Small pygidium with part of exoskeleton stripped to reveal mould of external surface of

Ar. 17662.)

doublure, x8.5. (RM Ar. 17658.)
8.

Small articulated exoskeleton showing six thoracic segments behind the displaced cephal
on: dorsal view, x6. Specimen the original of Olin, 1906, PI. 3, Fig. 12. Jerrestad Formation,
Ri:istånga, Scania, Sweden. (LO 1960t.)
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EXPLANATION OF PLATE 12
Figs.

Panderia ramosa n. sp. (p. 12)
l, 2. H\)lotype, articulated exoskeleton: (l) left lateral and (2) dorsal views, x7. Horizon not
known with certainty, possibly Expansus or Lower Raniceps Limestone (B), Kungs
Norrby, Ostergotland, Sweden. (RM Ar. 17833. )
3, 5, 6. Incomplete cephalon: (3)anterior and (5) palpebral views, x7, (6) right lateral view, x6.
The right free cheek is displaced along the line of the facial suture but is still attached to
the rostral plate. The latter has separated along the rostral suture so that it Iies slightly
above the cranidial doublure. Same locality as holotype. (RM Ar. 14925.)

Ottenbyaspis oriens (Moberg & Segerberg, 1906) (p. 29)
All material from the Ceratopyge Limestone, Ottenby, Oland, Sweden. (Co!!. G. Holm

1886.)
4, 10; 12. Pygidium: (4) lateral, (10) dorsal and (12) posterior views, x3.75. (RM Ar. 47422.)
8.

Small pygidium partly exfoliated to show segmented rachis on the internal mould: dorsal

view, x3.75. (RM Ar. 47423.)
7, 9, 11. Cranidium, internal mould, left lateral, palpebral and dorsal views, x3.75. (RM
Ar. 47424).
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