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The genus Robergia Wiman, 1905 is revised together with type and additional material including R. striatella sp. nov. from the
upper Llandeilo/lower Caradoc of Jimtland, Sweden. This species is similar to both older and younger forms from North
America, and ‘European’ and ‘American’ stocks are recognized. Pugilator gen. nov. is erected for late Ordovician species with
short palpebral lobes and a large glabellar tongue, and Arator gen. nov. for species from Kazakhstan, U.S.S.R., with a narrow
glabellar tongue and a falcate, prominent anterior border. Type material of R. breviceps Raymond, 1925 is illustrated for the first

time and the species assigned to Eorobergia.
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On a visit to the Palaeontological Institute at the Uni-
versity of Uppsalain 1968 I received on loan from the late
Professor Per Thorslund some excellent remopleuridid
material from Jamtland, including that of an undescribed
species of Robergia. It was agreed that this should be
included with Norwegian material I was revising, but
this was not done (Nikolaisen 1983). It is therefore
described here to show how it throws important light on
the understanding of the genus Robergia. In addition,
study of comparative material has led to the erection of
two new genera.

The terminology used follows that of Harrington et al.
(1959, pp. 0117-0126), Whittington (1959b, pp. 375-
378) and Nikolaisen (1983, text-fig. 1), but ‘palpebral
rim’ and ‘dorsal furrow’ have been substituted by ‘pal-
pebral lobe’ and ‘axial furrow’, respectively. The term
‘epipalpebral furrow’ for the longitudinal furrow dividing
the anterior and posterior palpebro-ocular ridges intro-
duced by Cowie & McNamara (1978, p. 616; McNamara
1978, p. 636) is preferred to ‘ocular furrow’ (Sdzuy 1978,
p- 93) and to ‘palpebral ledge’ Shergold 1972, op. 15).
Lateral glabellar furrows are numbered S1-S3, as pro-
posed by Jaanusson (1956, p. 37; also Henningsmoen
1957, pp. 154-157). Terms describing exuvial assem-
blages were proposed by Henningsmoen (1975, p. 182).
Forms with posterior margin of palpebral lobes reaching
and not reaching as far back as opposite the occipital
furrow are referred to as ‘remopleuridioid’ and ‘rober-
gioid’, respectively.

Stratigraphical correlations between Scandinavia,
Great Britain, North America and Kazakhstan follow
Jaanusson (1982), Jaanusson & Karis (1982), Whittington
(1972), Tripp (1980), Barnes et al. (1981), Ross et al.
(1982), Nikitin et al. (1968) and Nikitin (1972).

The figured specimens were coated with a dilute
opaque, then lightly whitened with a sublimate of

ammonium chloride before photographing, using the
technique described by Whittington (1956).

Magnesian oxychloride replicas of figured type speci-
mens from Kazakhstan have been made from ‘Anto-
germetic’ rubber paste casts using the method described
by Stitt (1982). Illustrated cranidia are oriented with the
palpebral lobes horizontal and referred to as ‘dorsal
view’, unless otherwise stated.

The catalogue numbers of specimens are prefixed (or
suffixed) as follows:

A Hunterian Museum, Glasgow.
BM The Natural History Museum, London.

GM IGN Geological Museum of the Institute of
Geological Sciences, Alma Ata, AN
KazSSR.

GSC Geological Survey of Canada, Ottawa,
Canada.

LO Department of Historical, Geology and
Paleontology, Lund University, Sweden.

MCZ Museum of Comparative Zoology, Harvard
University, Cambridge, Massachussetts.

NIGP Nanjing Institute of Geology and
Palaeontology, Nanjing, China.

PMO Paleontological Museum, University of Oslo.

SGU Geological Survey of Sweden, Uppsala.

USNM  U.S. National Museum of Natural History,

Washington, D.C.

Systematic descriptions

Genus Robergia Wiman, 1905

Type species. — Remopleurides microphthalmus Linnars-
son, 1875, by monotypy, from the Andersd Shale at
Onsvedsbiacken, Jamtland in Sweden.
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Diagnosis. — A remopleuridid genus with length of broad
(tr.) palpebral lobes (exsag.) almost half that of cran-
idium (sag.), extending from well in front of abaxial ends
of S3 to well behind S1 and with an epipalpebral furrow.

General description. — A remopleuridid genus with:
length of broad (tr.) palpebral lobes (exsag.) almost half
that of cranidium (sag.), extending from well in front of
abaxial ends of S3 to well behind S1, but with posterior
margin not as far back as opposite occipital furrow, and
with an epipalpebral furrow; glabella narrow posteriorly,
expanding to nearly twice posterior width between pal-
pebral lobes; glabellar tongue bulbous, as wide as or
slightly wider than occipital ring but clearly narrower
than and smaller than median area of glabella, and with
strongly convex lateral margins; three pairs of lateral
glabellar furrows present; anterior border usually very
narrow (sag.) and rim-like; librigenae with very narrow
(tr.) genal field, genal spines originating from opposite
or slightly behind transversal mid-line of palpebral lobes
causing deep genal notches; hypostome (where known)
ellipsoid with large oval areas with prosopon of curved
striae; thorax of eleven tergites (where known) with
transversely directed pleurae lacking both fulcral pro-
cesses and fulcral sockets, terminating in small back-
wardly directed spines, and with broad (exsag.) but
shallow diagonal pleural furrows; pygidium with length
about equal to width, axis extending more than half of
sagittal length of pygidium, pleural fields flat but with
three pairs of broad and shallow pleural furrows, and
three pairs of marginal spines, the third pair may be
expressed only as blunt rounded prolongations.

Remarks. — Whittington (1950, pp. 543-544, P1. 71, figs.
1-6, 8, non fig. 7) redescribed the type species but gave
no diagnosis. The later diagnosis (Whittington 1959a, pp.
0327-0328) was based on the then incompletely known
type and other species from North America illustrating
one (Whittington 1959a, Fig. 241/3) which is not thought
to belong to Robergia. Features of the thoracic tergites
are based on new Swedish material of the type species,
including a nearly complete exoskeleton in moulting posi-
tion (see Nikolaisen 1983, Pl. 15, fig. 8; this paper Fig.
13E).

Ross & Shaw (1972, pp. 16-17) have remarked on how
similar cranidia of Robergia species are. Even the pattern
of the prosopon on the median area of the glabella may
be nearly identical (cf. e.g. R. schlotheimi in Whittington
1965, Pl. 40, fig. 12 and R. striatella, Fig. 15G herein).
Nevertheless, well-preserved specimens may be specifi-
cally separated on other but minor characters such as the
strength of the median furrow and relative length of the
glabellar tongue. With the exception of those species
described by Koroleva (1965, 1982) Robergia species
can be separated into two distinct groups based on the
palpebral lobes. Robergia s.s. from the lower Llanvirn to
lower Caradoc (but from Ashgill in China) includes
species with long palpebral lobes extending from well in

NORSK GEOLOGISK TIDSSKRIFT 71 (1991)

front of the abaxial ends of S3 to well behind S1 and a
median area of glabella that is larger than the glabellar
tongue. Included are: R. microphthalma (Linnarsson,
1875), R. barrandii (Etheridge & Nicholson, 1879), R.
major Raymond, 1920 (including R. athenia Butts, 1926),
R. scanica Hadding, 1913, R. schlotheimi (Billings, 1865),
R. sinensis Lu & Chang, 1974, R. sparsa Nikolaisen, 1983
and R. striatella sp. nov. Additionally, Robergia sp. nov.
(determination by Apollonov) is listed by Nazarov &
Popov (1980, p. 9) from the Tselinograd horizon, Besta-
miak Formation at Chagan, Sargaldek, Konyr-auliy,
Kazakhstan. Pugilator gen. nov. from the middle Car-
adoc to the Ashgill has short palpebral lobes extending
from behind the abaxial ends of S3 to opposite or slightly
behind S1 and a median area of glabella that is smaller
than the glabellar tongue (cf. Figs. 8-9). Species included
here are P. yukonensis (Churkin, 1966), P. deckeri
(Cooper, 1953) and P. sp. (cf. Chugaeva 1964, p. 29, PI.
1, fig. 12). This is in agreement with a previous view by
Whittington (pers. comm. in Lenz & Churkin 1966, p.
44).

Pygidia of Robergia are interspecifically much more
variable than the rest of the dorsal exoskeleton, but
appear to be intraspecifically stable and thus the exo-
skeletal part on which reliable diagnostic characters can
best be based.

The sagittal furrow occurring between S3, as in R.
striatella (cf. p. 58, Fig. 15C), has been reported in
Pugilator yukonensis by Churkin (1966, p. 41, PI. 4, Pl.
S, figs. 1-5) and in R. sparsa by Nikolaisen (1983, pp.
293-294, Pl. 15, figs. 2, 4). However, such a feature is
not as rare as believed and previous authors have most
probably misinterpreted the furrow as being of secondary
origin, i.e. accentuated by crushing (cf. Ross & Shaw
1972, pp. 15-16). It is present in R. barrandii (see Reed
1903, PI. 5, fig. 1; Tripp 1980, Pl. 3, fig. 18), R. major
(see R. athenia Cooper, 1953, Pl. 12, fig. 13; Whittington
1959b, Pl. 18, fig. 5; Ross & Shaw 1972, PI. 1, figs 16—
17, 20), R. schlotheimi (see Whittington 1965, Pl. 41, figs.
S, 8) and Pugilator deckeri (see Cooper 1953, PI. 2, fig.
5), and in Arator gen. nov. (cf. Fig. 16A-B).

Robergia microphthalma (Linnarsson, 1875)
Figs. la—d; 13A-I; 14A-1

1872 hufvud af en [head of a] Remopleurides —

Linnarsson, p. 41 (recorded).

pygidier af en [ pygidia of a] Dikelocephalus —

Linnarsson, p. 41 (recorded).

Remopleurides microphthalmus n. sp. — Lin-

narsson, pp. 494-495, Pl. 22, fig. 3 (descr. and

fig. of cranidium).

Remopleurides  microphthalmus Lns. —

Wiman, p. 267 (listed).

1897 Remopleurides microphthalmus Linrs. -
Holm, pp. 464467, Pl. 8, figs. 1-2 (descr.,
remarks and figs. of librigenae and pygidium).

1872

1875

1894
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1898

1905

non 1907

1913

non 1913

1950

non 1950

1953

Remopleurides microphthalmus Linrs. -
Holm, pp. 18-21, Pl. 1, figs. 1-2 (same as
Holm 1897).

Robergia microphthalma Lns. — Wiman, pp.
77-178, Pl. 5, figs. 1-4 (remarks and figs of
cranidia and pygidia).

Robergia microphthalma Linrs. sp. — Moberg,
pp- 83-87, Pl 1, fig. 4 (remarks and fig. of
cranidium) [= R. scanica).

Robergia microphthalma Linrs. sp. -
Hadding, p. 78, Pl. 8, figs. 15-17 (remarks
and figs. of cranidia and pygidium).
Robergia microphthalma? Linrs. sp. -
Hadding, p. 78, PI. 8, fig. 18 (remarks and fig.
of pygidium) [= R. sparsal].

Robergia microphthalmus [sic] (Linnarsson,
1875) — Whittington, pp. 543-544, PI. 71, figs.
1-6, 8 (descr. and figs. of holotype, librigenae
of Holm 1897, and cranidium and pygidium
of Wiman 1905).

Robergia microphthalmus [sic] (Linnarsson)
[ partim.] — Whittington, pp. 543-544, P1. 71,
fig. 7 only (remarks and fig. of pygidium in
Hadding 1913) [= R. sparsa].

Robergia microphthalma — Stgrmer, p. 109
(listed).
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1960b Robergia microphthalmus [sic] (Linnarsson) —
Kobayashi, Fig. 3c (restorations of cephalon
and pygidium).

1963 Robergia microphthalma — Skjeseth, pp. 72,

74 (listed).

Robergia microphthalma (Linnarsson) -

Karis, p. 58 (listed).

Robergia microphthalma (Linnarsson, 1875) -

Nikolaisen, pp. 294-295, Pl. 15, figs. 8-14

(remarks and figs. of exoskeleton, cranidia,

thoracic tergite and pygidia).

Robergia microphthalma (Linn.) — Kolobova,

p. 168 (listed).

1982

1983

1985

Holotype (by monotypy). — An incomplete, longitudi-
nally compressed cranidium SGU type 3952 (labels
accompanying the specimen are numbered 3953) from
the Anderso (‘Ogygiocaris’) Shale, most probably the
Zone of Hustedograptus teretiusculus or lowermost part
of the Zone of Nemagraptus gracilis at Onsvedsbicken,
Jamtland in Sweden, figured by Linnarsson 1875, Pl. 22,
fig. 3; also Whittington 1950, P1. 71, fig. 6 and herein Fig.
13B.

Remarks. — The specimen in moulting position figured by
Nikolaisen (1983, P1. 15, fig. 8) shows at least ten thoracic

Fig. 1. Restorations of Robergia microphthalma (Linnarsson, 1875). Prosopcn omitted. a. Cranidium based on Fig. 13E, H-I, the original of Wiman, 1905, PI. 5,
fig. 2, and Whittington 1950, Pl. 71, figs. 2-4. b. Hypostome based on Figs. 13E-F and 14H. c. Thoracic tergite based on topotype material and Nikolaisen 1983, Pl.
15, fig. 14. d. Pygidium based on Figs. 13E and 14I and Nikolaisen 1983, PI. 15, figs. 12-13.
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tergites, but fragments of aneleventh seem to be present,
the same number as in R. major and the probably syn-
onymous R. athenia (see Cooper 1953, PL. 8, fig. 11, Pl
12, fig. 13). The thoracic tergites have an axial ring which
is more than twice as wide (tr.) as that of each pleura
between axial furrow and fulcral line and carry a well
marked and strong articulating furrow. The flat pleura
has a diagonal furrow, lacks both fulcral processes and
fulcral sockets and terminates in a short but acute, tri-
angular and backwardly directed spine.The doublure
outside the fulcral line is triangular and striated. The
prosopon pattern on the axial ring of isolated tergites is
similar to that on the occipital ring (cf. Fig. 14A-B). To
the upper left of the specimen (Fig. 13E-F) are the
librigenae with the hypostome in between (Fig. 13E-F).
Unfortunately they are compressed laterally and verti-
cally. A slightly better and more complete hypostome
(Fig. 14H) occurs on the same piece of rock as Holm’s
illustrated specimens (1897, PI. 1, figs. 1-2). It is oval in
outline, only very slightly longer than wide. The anterior
lobe is almost half as long as the entire hypostome,
strongly convex both longitudinally and transversally,
and with the large anterior wings located behind the
transversal mid-line. The posterior lobe is defined lat-
erally and posteriorly by a well-marked and strongly
convex (ventral view) border. The two oval areas are
reniform, separated posteriorly by a very fine sagittal
furrow (the large connected posterior part on the hypo-
stome in Fig. 13E-F is accentuated by exaggerated prep-
aration) and with distinct and parallel striae. A pair of
gently raised but conspicuous bulges are present just in
front of the oval areas. The prosopon on the anterior
lobe consists of low, anastomozing ridges. The rarity and
fragmentary preservation of hypostomes suggests that
they were originally thin. The hypostome of R. micro-
phthalma is similar to that of R. schlotheimi (see Whit-
tington 1965, p. 376, Pl. 41, figs. 34, 7), but from which
it differs mainly in having a shorter anterior lobe, a
pair of anterolateral bulges and in having the oval areas
separated posteriorly only by a very fine furrow. Thus
the hypostomes of these two species differ considerably
from both R. major (see Whittington 1959b, Pl. 18, figs.
9-14) and R. barrandii (see Tripp 1980, Fig. 3h, Pl 1,
fig. 7), which are more like those of Remopleurides.
Hypostomes of other species of Robergia are as yet
unknown.

Many external moulds show a dense and very fine
cranidial prosopon (Fig. 14A-B), as in R. schlotheimi or
R. striatella, but differ, however, in being transverse
between anterior tips of the palpebral lobes. Also, the
striae on the palpebral lobes in R. microphthalma differ
in not being subparallel to the margins, but curving
outwards and forwards (Fig. 14B).

Some poorly preserved ontogenetic stages from the
Zone of Glyptograptus teretiusculus at Hogen, Sunne
Sokn in Jamtland are figured (Fig. 14D-G), but they
add very little to our knowledge of the ontogeny in
remopleuridid trilobites.
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The Jamtland material includes at least three moulting
assemblages (Figs. 13E, G; 14A) in which the position
of the librigenae in relation to the cranidium (or the
hypostome) is different. They are parallel, right side up
and not rotated in the complete exoskeleton (Fig. 13E),
whereas in the two upper cephalic units the left librigena
is rotated approximately 90° clockwise and the right lib-
rigena about 180° so (Figs. 13G, 14A). In the case of the
latter both librigenae are right side up, whereas in the
former the left cheek is inverted. The most likely inter-
pretation of these positions is that the trilobite firstly
raised its head upward in an almost vertical position so
that the genal spines pointed to the bottom, then twisted
it backwards and forwards. Presumably the released lib-
rigenae would fall to the sediment surface more or less
at random due to currents made by the movement of the
head. Further information concerning the type species is
given below. It should, however, be added here that the
type species has been collected by P. Thorslund and
by B. Asklund from both the Zone of Hustedograptus
teretiusculus and the Zone of Nemagraptus gracilis in the
Anderso6 Shale in Jamtland. Karis (1982, p. 58) also lists
R. microphthalmus from both zones. Thus, as noted by
Hadding (1913, pp. 28, 89), the type species has a range
spanning at least parts of two graptolite zones. It occurs
also fairly commonly in the Hovindsholm Shale in the
northern districts of the Oslo Region (Nikolaisen 1983,
p. 295), which mainly corresponds to the Zone of Nema-
graptus gracilis (Bruton, pers. comm., July, 1990).

Occurrence. — Sweden: Anderso Shale, Zone of Hustedo-
graptus teretiusculus and lower part of Zone of Nema-
graptus gracilis. Onsvedsbicken, Andersén, northern
Norderon, northeast side of Froson and Hogen, all in
Jamtland. Norway: Hovinsholm Formation (‘Robergia
Beds’), mainly the Zone of Nemagraptus gracilis (D. L.
Bruton, pers. comm., July 1990). Heramb and Holmen
in Ringsaker. (Stgrmer 1953, p. 103, lists the species from
the ‘Cephalopod Shale’ [= upper part of the Hovinsholm
Formation] at the western shore of Helggya in the Nes—
Hamar district, but I have not been able to trace the
material.) U.S.S.R. (listed by Kolobova 1985): Tse-
linograd horizon, most probably Zone of Nemagraptus
gracilis. Southwest of Lake Alakol, southwest Pribal-
khash, Kazakhstan.

Robergia barrandii (Etheridge & Nicholson, 1879)
Figs. 2a-b, 14L-N, 15A-B

1879 Remopleurides (Caphyra) Barrandii, Eth. jun.,
and Nich., (sp. nov.) [partim.] — Nicholson &
Etheridge, pp. 151-153, Pl. 10, fig. 13 only
(descr. and fig. of cranidium), non Pl. 10, figs.
14-15, Pl. 11, fig. 16 [= Robergiella spp.].

1879 Cheirurus (?) sp. ind. (a.) — Nicholson &
Etheridge, p. 203, Pl. 14, fig. 11 (short descr.
and fig. of pygidium).
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71899 Remopleurides Barrandei [sic] (Eth. & Nich.) -
Peach & Horne, pp. 509, 514, 673, 698, 702
(listed).

1903 Apatokephalus, sp. — Reed, pp. 30-31, PI. 4,
fig. 9 (descr. and fig. of Nicholson &
Etheridge’s original of Cheirurus (?) sp. ind.
(a)).

1903 Remopleurides barrandei [sic], Nicholson &
Etheridge, 1879 — Reed, pp. 31-33, P1. 5, figs.
1-4 (descr., selection and fig. of holotype and
figs. of add. cranidia).

1931 Robergia barrandei [sic] (Etheridge & Nichol-
son) — Reed, pp. 7-8 (remarks and transfer of
Apatokephalus sp.).

1953 Apatokephalus sp. indet. by Reed, 1903 -
Kobayashi, p. 52 (suggests the specimen figured
by Reed transferred to Robergia).

non 1959 Robergia barrandei [sic] (Etheridge et Nichol-
son), 1879 — Balashova, pp. 25-26, Pl. 1, figs.
18-19 (descr. and figs. of cranidia) [= Arator
sp.].

non 1960 Robergia barrandei [sic] (Etheridge et Nichol-
son), 1879 — Balashova, pp. 25-26, PI. 1, figs.
18-19 (copy of Balashova 1959).

1980 Robergia barrandii (Etheridge & Nicholson) —
Tripp, Fig. 3h, Pl 1, figs. 26-28, Pl. 3, fig. 18
(figs. of meraspid cranidium, holaspid crani-
dium, hypostome and pygidium).

Holotype (selected by Reed 1903). — A cranidium, BM
In. 21004, from the Lower Ardmillan Series, Balclatchie
Group at Balclatchie, Girvan, Ayrshire, Scotland, fig-
ured by Etheridge & Nicholson 1879, P1. 10, fig. 13; also
Reed 1903, PI. §, fig. 1 and herein Fig. 15B.

Remarks. — The cranidium and pygidium were well
described by Etheridge & Nicholson (1879) and Reed
(1903), though it should be added that the epipalpebral
furrow is not obvious and there is a narrow (exsag.) and
convex (exsag.) anterior border which laterally exceeds
for a short distance the glabellar tongue (Fig. 15A). As
pointed out by Reed (1903, p. 32), the strong cranidial
prosopon is a diagnostic feature. On the palpebral lobes
it consists of strong furrows running subparallel to the
margins, and it is possible that one of them on each lobe
actually represents the epipalpebral furrow. Other than
the holotype, thus the specimens figured by Etheridge &
Nicholson are in error (Reed 1903, p. 32). The cranidia
(Etheridge & Nicholson 1879, PI. 10, figs. 14-15) belong
most probably to Robergiella spp., the cephalon (loc.cit.,
Pl. 10, fig. 16) is the type specimen of Remopleurides
[= Robergiella] correctus Reed (1903, pp. 37-38, Pl. 6,
figs. 1-3, non figs. 4-5) and the cranidium (Etheridge
& Nicholson 1879, Pl. 11, fig. 16) was illustrated as
Robergiella sp. by Tripp (1980, Pl. 1, fig. 29). Three
pygidia were briefly described by Etheridge & Nicholson,
one of which (loc. cit., Pl. 14, fig. 11) was assigned to
Cheirurus (?) sp. ind. (a) but was later (Reed 1903, pp.
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Fig. 2. Restorations of Robergia barrandii (Etheridge & Nicholson, 1879).
a. Cranidium based on Fig. 15A and the holotype. b. Pygidium based on Fig.
14N-M and on several topotype specimens in BM (Natural History).

30-31, Pl 4, fig. 9) assigned to Apatokephalus sp. and
thereafter (Reed 1931, p. 8) to Robergia. A small
pygidium was figured by Tripp (1980, Pl. 1, fig. 28) and
both the illustrated pygidia are refigured herein (Fig.
14M-N). The hypostome was figured by Tripp (1980,
Fig. 3h, P1. 1, fig. 27) and this resembles that of R. major
(see Whittington 1959b, p. 429, Pl. 18, figs. 8-14). As
yet, both the librigenae and the thorax remain unknown.

Occurrence. — Lower and upper Balclatchie Group and
lower Ardwell Group, Girvan, Ayrshire, southwest Scot-
land.

Robergia major Raymond, 1920
Fig. 3a-b

1920a Robergia sp. — Raymond, p. 145, fig. 40
(drawing of restored dorsal exoskeleton).

1920b Robergia major, sp. nov. — Raymond, pp.
281-282 (descr.).
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1925 Robergia major Raymond — Raymond, pp.
60-61, Pl. 3, figs. 6-8, 10, non fig. 9
[= Eorobergia] (repeat descr. from 1920 and
figs. of cranidium, librigena, thorax and

pygidium).

1926 Robergia athenia, n. sp. — Butts, Pl. 19, figs.
36 (figs. of cranidium, thorax and
pygidium).

1926 Robergia major, Raymond — Butts, Pl. 19,
figs. 7-8 (figs. of cranidium and pygidium).
Robergia athenia Ulrich [sic] — Decker, pp.
1415, 1419, 1422, 1424-1425, 1434 (re-
corded and remarks) [= P. deckeri].
Robergia major Raymond — Butts, Pl. 82,
figs. 4-7 (figs. of dorsal exoskeleton with
shedded librigenae, thoracopygon and py-
gidia).

Robergia athenia Butts — Cooper, p. 22, PI.

12, figs. 10-14 (descr. and figs. of dorsal

exoskeleton with shedded librigenae, cran-

idium and pygidia).

Robergia major Raymond — Cooper, pp. 22—

23, P1. 8, figs. 7-11 (descr. and figs. of dorsal

exoskeleton with shedded librigenae, cran-

idia and pygidia).
1959b Robergia major Raymond, 1920 — Whit-
tington, pp. 428431, Pl. 18, figs. 1-22, 25
(descr. and figs. of cranidia, librigenae, hypo-
stomes and pygidia).

Mon 1972 Robergia major Raymond, 1920 — Ross &
Shaw, pp. 16-17, Pl. 1, figs. 8-15 (remarks
and figs. of cranidia and pygidia) [? = R. sp.
nov.J.

non 1933

1941

1953

1953

Type specimens. — Syntypes are the specimens, M.C.Z.
1601-1606, from the lower part of the ‘Athens’ formation
in the old quarry of Mathieson Alkali Works, about 3 km
southeast of Saltville, Smyth County, Virginia, U.S.A.,
described by Raymond 1920b and figured 1925, Pl. 3,
figs. 6-8, 10.

Remarks. — R. major seems to be common in the platform
deposits (‘Liberty Hall facies’) of eastern North America
(Cooper 1953; Whittington 1959b). The species was
reported from the Caesar Canyon Limestone (equal to
upper part of the Copenhagen Limestone) in Nevada by
Ross & Shaw (1972, pp. 16-17, Pl. 1, figs. 8-15), but
their figured specimens are different from topotype
material. The glabellar tongue is as wide as and almost
as long as the median area of the glabella, the palpebral
lobes are shorter, the lateral glabellar furrows do not
cross a corde between anterior and posterior ends of the
palpebral lobes, and the pygidium does not taper in width
backwards. Most likely the form from Nevada represents
a separate species.

Occurrence. — Lower to middle(?) Caradoc off platform
deposits (‘Liberty Hall facies’) of eastern North America,
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Fig. 3. Restorations of Robergia major Raymond, 1920. a. Cranidium based on
Cooper 1953, PL. 8, figs. 8, 10-11; Whittington 1959, Pl 18, figs. 1, 3-6. b.
Pygidium based on Cooper 1953, Pl 8, figs. 7, 9; Whittington 1959, PI. 18, figs.
22, 25. Prosopon omitted.

possibly but not likely also Caesar Canyon Limestone of
Nevada, central U.S.A.

Robergia scanica Hadding, 1913
Figs. 5, 14]

1906 Robergia microphthalma Linrs sp. — Olin, p. 23
(recorded).

1907 Robergia microphthalma Linrs. sp. — Moberg, pp.
83-87, Pl. 1, fig. 4 (descr. and fig. of cranidium).

1913 Robergia microphthalma Linrs. var. scanican. var. —
Hadding, p. 70, P1. 8, fig. 19 (short comparison with
the nominate form and copy of Moberg’s fig.).

Holotype (by monotypy). — The cranidium, LO 1997 t,
from the Lower Dicellograptus Shale (most probably the
Zone of Hustedograptus teretiusculus) at Rostanga, cen-
tral Scania, Sweden, figured by Moberg 1907, PI1. 1, fig.
4; also Hadding 1913, PI. 8, fig. 19 and herein Fig. 14].
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Fig. 4. Restoration of Robergia scanica Hadding, 1913. Based on the holotype,
Fig. 14]. Prosopon omitted.

Diagnosis. — A Robergia with a slightly convex (exsag.)
but distinct anterior border, glabellar tongue short (sag.)
and slightly more than half as wide as median area of
glabella, and with broad (tr.) palpebral lobes.

Remarks. — This form was originally described by Had-
ding as a variety of R. microphthalma, but the cranidium
is so different that it should be regarded as a species
(Raymond (1925, p. 63) referred to it as such without
comment). It differs from R. microphthalma in having
a broad (exsag.) and slightly convex (exsag.) anterior
border, a considerably smaller glabellar tongue, appar-
ently stronger lateral glabellar furrows and much broader
(tr.) palpebral lobes with a broad but shallow epi-
palpebral furrow. In Robergia, a broad (sag., exsag.)
preglabellar area is usually present only in immature
individuals (cf. Cooper 1953, PI. 12, fig. 1; Whittington
1959b, PI. 18, figs. 16-17, 21). Thus the presence of such
in the adult(?) cranidium of R. scanica may perhaps best
be regarded as a case of arrested development (partial
neoteny). However, only the holotype is known, and it
may turn out that it really is from a juvenile individual.
If so, R. scanica may have been of considerable size when
fully grown.

Occurrence. — As for type specimen.

Robergia schlotheimi (Billings, 1865)
Fig. 5a-b

1865 Remopleurides(?) Schlotheimi n. sp. — Billings, p.
294, Fig. 284a-b (descr. and figs. of cranidia).
1897 Apatokephalus Schlotheimi, Billings — Brogger, p.
184, Fig. 8a-b (transfer to Apatokephalus and
copies of Billings’ figs.).

1925 Robergia schlotheimi (Billings) — Raymond, pp. 58—
60 (remarks).
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1965 Robergia schlotheimi (Billings, 1865) — Whittington,
pp- 375-377, PL. 40, figs. 9-12, Pl. 41 (descr., selec-
tion and figs. of lectotype, paralectotypes, and topo-
type cranidia, hypostomes and pygidia).

Type specimen. — Lectotype, selected by Whittington
1965, a cranidium (GSC 694) from middle Table Head
Formation at Pistolet Bay, western Newfoundland, fig-
ured by Billings 1865 Fig. 284a; also Whittington 1965,
Pl. 41, fig. 1.

Remarks. — The pygidium of material from Nevada (see
Ross & Shaw 1972, pp. 16-17, P1. 1, fig. 15) is remarkably
similar to that of R. schlotheimi and it only differs from
this species and from R. striatella in possessing a shorter
second pair of marginal spines. The cranidium (Ross
& Shaw 1972, Pl, 1, figs. 8-14) differs from both RX.
schlotheimi and R. striatella in having a larger glabellar

Fig. 5. a-b. Restorations of cranidium and pygidium of Robergia schlotheimi
(Billings, 1865) based on Whittington 1965, pl. 40, figs. 10-12, PI. 41, figs. 2, 9
10. Prosopon omitted.
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tongue, shorter palpebral lobes, and lateral glabellar
furrows not crossing a corde between the anterior and
posterior ends of the palpebral lobe. The Nevada material
may represent a separate ‘off-shoot’ derived from R.
striatella or perhaps from R. schlotheimi and which
migrated into the Central Basin during its submerge.

Occurrence. — Middle Table Head Formation and Middle
Head Formation boulders in Cow Head Group con-
glomerates: various localities in western Newfoundland.
Athens Shale (lower part): Saltville, Catawba Valley in
Virginia.

Robergia sinensis Lu & Chang, 1974
Fig. 6a-b

1974 Robergia sinensis (sp. nov.) — Lu & Chang, p. 134,
Pl. 55, figs. 5-6 (descr. and figs. of cranidium and
pygidium).

1978 Robergia sinensis Lu — Yin, p. 520, PI. 162, figs. 6
7 (repetition of Lu & Chang’s descr. and figs.).

1986 Robergia sinensis — Chen & Qiu, p. 9 (listed).

Type specimens. — Lectotype (here selected) is the
pygidium, NIGP 21555, from the middle Ashgill Wufeng
Formation at Shihtzupu, Zunyi in the Guizhou Province,
southwest China, figured by Lu & Chang 1974, Pl. 55,
fig. 6; also Yin 1978, Pl. 162, fig. 7.

Description (translated from Lu & Charg 1974). — Cran-
idium widest across mid-length of palpebral lobes. Gla-
bellar tongue broad. Three pairs of lateral glabellar
furrows, of which the anterior pair is strongly oblique
and forming an angle of 45° with the sagittal line, the
median pair curved, and the posterior pair relatively deep
and short. A pair of slightly convex and circular basal
glabellar lobes present. Length of palpebral lobes slightly
shorter than half the glabellar length, with their posterior
ends separated from the occipital ring by the postero-
lateral limbs. Narrow anterior border in front of the
anterior lobe of glabella. Anterior sections of facial
sutures divergent. Occipital furrow deepening towards
distal ends. Pygidium quadratic in outline, with a conical
axis with five axial rings, pleural regions with three som-
ites and with shallow pleural and interpleural furrows,
and with three pairs of pygidial spines of which the second
pair is large and long.

Remarks. — The cranidium of this late species is remark-
ably similar to that of the type species, R. microphthalma,
and differs only in having slightly wider (tr.) palpebral
lobes. The pygidium, however, has narrow (tr.) pleural
fields with oblique anterior margins and strong, acute
marginal spines of which the second pair is somewhat
larger than the others. The pygidium is therefore diag-
nostic and differs from that of all other species. Therefore
the pygidium is preferred as lectotype.
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Fig. 6. a-b. Restorations of cranidium and pygidium of Robergia sinensis Lu &
Chang, 1974. Based on syntypes figured by Lu & Chang 1974, Pl. 55, figs. 5-6;
also Yin 1978, Pl. 162, figs. 6-7.

The pygidium of R. major (= R. athenia) illustrated by
Butts (1926, PI. 19, fig. 4), the small pygidium figured by
Cooper (1953, Pl. 12, fig. 10) and the small pygidia figured
by Whittington (1959b, Pl. 18, figs. 15, 19) all have a
similar arrangement of the marginal spines as in R.
sinensis. This may indicate that the latter is derived from
the ‘American’ evolutionary stock (see below).

Occurrence. — Middle Ashgill Wufeng Formation. Shiht-
zupu, Zunyi, Guizhou Province, southwest China. Also
listed (Chen & Qiu 1986) from Wufeng Formation, Yi-
chang area, western Hubei Province, south China.

Robergia sparsa Nikolaisen, 1983
Figs. 7a-b, 14K

1913 Robergia microphthalma? Linrs. sp. — Hadding, p.
78, Pl. 8, fig. 18 (remarks and fig. of pygidium).

1950 Robergia microphthalmus (Linnarsson, 1875)
[partim] — Whittington, pp. 543-544, Pl. 71, fig. 7
only (fig. of Hadding’s pygidium).
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1953 Robergia microphthalma — Stgrmer, p. 58 (listed).
1983 Robergia sparsa n. sp. — Nikolaisen, pp. 292-294,
Pl. 15, figs. 2-7 (descr. and figs. of cranidia and

pygidia).

Holotype. — A cranidium (PMO 75055) from the Elnes
Formation (‘Ogygiocaris Shale’) at Furnes, Nes—Hamar
district, Norway, figured by Nikolaisen 1983, PI. 15, figs.
2-3.

Remarks. — Hadding (1913, p. 78) referred the pygidium
(ibid., PI. 8, fig. 18; herein Fig. 14K) with doubt to R.
microphthalma, but did point out how it differed from
the other pygidia in his material, concluding that its
aberrant shape was due to deformation in the shale. Both
the gross morphology and the pattern of the prosopon
agree very well with that of R. sparsa and for which
reason it is included here.

Occurrence. — Elnes Formation (‘Ogygiocaris Shale’),
Norway: Furnes in the Nes—Hamar district, Dambo and
Slemmestad in the Oslo—Asker district. Anders6 (‘Ogy-

b

Fig. 7. a-b. Restorations of cranidium and pygidium of Robergia sparsa Nikolai-
sen, 1983, based on Nikolaisen 1983, Pl. 15, figs. 2-7. Prosopon omitted.
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giocaris’) Shale, Sweden: Anders6, Sunne in Jamtland,
Sweden.

Robergia striatella sp. nov.
Fig. 15C-H
1937 Robergia n. sp. — Thorslund, p. 11 (reported).

Name. — Diminutive of Latin striatus, hollow out,
channel, groove, furrow, flute, alluding to the very fine
and closely spaced striae on both cranidium and py-
gidium. The proposed name has been used by Prof. Per
Thorslund in museo.

Holotype. — An almost complete pygidium, SGU type
3909, Fig. 15H.

Paratype. — An almost complete and well-preserved topo-
type cranidium, SGU type 3910.

Additional material. — A single incomplete thoracic ter-
gite from the same block as the paratype cranidium, SGU
type 5451.

Type stratum and type locality. — Andersé (‘Ogygiocaris’)
Shale, Zone of Nemagraptus gracilis. East of Karing-
naset, northern coast of Andersén, Sunne Sokn (com-
munity), Jimtland, Sweden.

Diagnosis. — Median area of glabella finely striated, with
a short but strong sagittal furrow between S3. Pygidium
longer than wide, widest posteriorly, with very small first
pair of marginal spines opposite end of axis, far in front
of large postero-laterally situated second pair; third pair
developed as rounded prolongations.

Description. — Cranidium trilobate, almost nine-tenths as
long as wide. Median area of glabella five-ninths as long
as wide, very slightly convex transversely, with a short
but distinct sagittal furrow located between the adaxial
tips of S3, and with a prosopon of parallel, fine and dense
striae which abaxially are directed subexsagittally, more
adaxially in inwardly gentle curves, and between S1 and
the occipital furrow in fairly strong curves of various
direction (cf. Fig. 15A, G). S1 slightly sigmoidal, strongly
impressed, rather broad (exsag.), and the corde between
tips of each furrow being about one-quarter the width of
median area. S2 convex forwards, sharply defined, nar-
row (exsag.), the corde between tips being two-sevenths
the width of the median area. S3 slightly convex forwards,
strongly oblique, quite sharply defined, narrow (exsag.),
and with corde between tips being one-eighth the width
of the median area. Glabellar tongue bulbous, slightly
more than half as long as wide, almost two-thirds as
wide as and five-eighths as long as the median area,
overhanging the anterior border, and with striae similar
to those on the median area arranged in an elliptical
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pattern. Preglabellar furrow shallow. Anterior border
narrow (sag., exsag.) and list-like, and slightly broader
laterally than sagittally. Axial furrow narrow (tr.) and
shallow. Palpebral furrow deep, posteriorly with an
almost right-angled bend. Anterior rim very slightly con-
vex (tr.), very narrow and passing gradually into anterior
border. Palpebral lobe sub-semicircular, at transverse
mid-line one-fifteenth as wide as median area, laterally
and posteriorly of even width, anteriorly rapidly decreas-
ing and passing gradually into anterior rim, sloping
slightly downwards towards palpebral furrow, with a very
faint epipalpebral furrow located very slightly closer to
the ocular suture than to the palpebral furrow, and with
striae subparallel to lateral margin. Occipital furrow very
slightly more than half as wide as median area of glabella,
convex forwards mesially, concave so laterally, narrow
sagittally but rather broad exsagittally. Occipital ring
widest (tr.) anteriorly, broadest sagittally, with posterior
margin straight, a broad (sag.) but shallow band furrow
close to posterior margin producing a sigmoidal cross-
section, and with roughly transverse, slightly coarser
striae than elsewhere on the cranidium. Occipital node
very small and located close to occipital furrow. Posterior
fixigenae not preserved in the present cranidium. Tho-
racic tergite (if conspecific) with an axial ring occupying
more than two-thirds the total width, with a conspicuous
band furrow, and with prosopon similar to that on the
occipital ring; pleurae subquadratic, transversely slightly
concave, with a sharp but not particularly pointed pos-
tero-lateral corner, and with thin, subexsagittal striae.
Pygidium subrectangular, about four-fifths as wide as
long, distinctly wider posteriorly than anteriorly, and
with width across anterior margin almost twice that of
axis. Pygidial axis very prominent, extending almost
three-quarters of the sagittal length, strongly convex
transversely, gradually tapering rearwards and passing
posteriorly imperceptibly into a very shallow but broad
postaxial ridge. Articulating half ring very sharply defined
posteriorly by the narrow but strong articulating ring
furrow. First axial ring well defined, subsequent axial
rings gradually effaced rearwards, but at least seven rings
are recognized. Pleural fields in general flat, with three
pairs of very distinct but shallow, strongly backwardly
directed pleural furrows of successively increasing width
rearwards, producing a wavy appearance. Striae coarser
and less closely spaced than on the cranidium, with a
pattern of well-arranged sinuous striae that are concave
forwards on the ridges. First pair of marginal spines very
small, acute, situated opposite posterior end of axis;
second pair large and broad-based but acute, situated
at postero-lateral corners of the pygidium; third pair
developed only as rounded prolongations of the posterior
margin close to the sagittal line.

Dimensions. — The paratype cranidium is 8.8 mm long,
and 9.9 mm wide, with the glabellar tongue 3.0 mm long
and 5.6 mm wide; the median area of the glabella is
8.8 mm wide. The holotype pygidium is 6.5 mm long
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sagitally, 7.4 mm long distally, 4.6 mm wide anteriorly
and 6.2 mm wide posteriorly (estimated by doubling the
width of right half), with the axis 2.6 mm wide anteriorly
and approximately 4.8 mm long.

Affinities. — R. striatella sp. nov. is closely related to the
older R. schlotheimi (Billings, 1865, p. 294, figs. 284a-b)
from the Middle Table Head Formation and its equiv-
alents in western Newfoundland; strata of approximately
middle to upper Llanvirn age, which, in all probability,
is its direct ancestor. Their respective cranidia differ only
in that R. striatella has a short but much more distinct
sagittal groove between S3 and that the pattern of the
prosopon is slightly different. The lateral glabellar fur-
rows also seem stronger in the Swedish species, but all
differences are probably of less importance than the
similarities, which support the close relationship. The
cranidium of R. striatella is also very like that of R. major
Raymond (1920b, pp. 281-282; see Whittington 1959b,
pp. 428-431, Pl. 18, figs. 1-22, 25) from early Caradoc
and possibly very late Llandeilo strata in eastern North
America, but differs in that the lateral glabellar furrows
are stronger. Both have very short (tr.) thoracic pleurae
(cf. Cooper 1953, Pl. 8, fig. 11). The pygidia of R.
schlotheimi (cf. Whittington 1965, Pl. 41, figs. 2, 9-10)
and R. striatella have an overall similarity, but can be
distinguished in several respects. The first pair of very
small marginal spines is located opposite the axial end
in R. striatella, but somewhat further rearwards in R.
schlotheimi, whereas in the latter the second pair is con-
siderably stouter and longer. Also, the axis is slightly
longer in R. striatella than in R. schlotheimi, causing a
relatively shorter distance between the axial and sagittal
ends. The pygidium of R. striatella differs from that of
R. major in widening backwards and in having a longer
second pair of marginal spines. The three species in
question form a closely knit group “further discussed
below (pp. 52-54).

The cranidium of R. striatella is indistinguishable from
that of R. sparsa Nikolaisen (1983, pp. 292-294, PI. 15,
figs. 2-7) from the Elnes Formation (Zone of Hustedo-
graptus teretiusculus), southern Norway. However, the
pygidium of the latter differs in being much wider and in
having the first pair of marginal spines situated well
behind the axial end producing an almost quadratic
outline.

Occurrence. — As for type specimens.

Genus Pugilator gen. nov.

Name. — From Latin pugilator, boxer, fighter who uses
the cestus, alluding to the likeness of the cranidium to
the palm side of a boxing glove. Gender masculine.

Type species. — Robergia yukonensis Churkin, 1966 from
the Road River Formation, northern Yukon territory,
Canada.
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Diagnosis. — A robergioid genus with: narrow (tr.) pal-
pebral lobes, length (exsag.) less than one-third that of
cranidium (sag.), extending from behind the abaxial ends
of S3 to opposite or slightly behind abaxial ends of S1;
glabella moderately expanding between palpebral lobes;
glabellar tongue wider than occipital ring and larger than
median area of glabella; pygidium with three pairs of
well-developed marginal spines.

Included species. — Robergia deckeri (Cooper, 1953; Ro-
bergia sp. Chugaeva 1964; and ?Remopleurides obtusus
Salter, 1853.

Remarks. — Pugilator gen. nov. comprises forms that
differ markedly in both the cranidium and the pygidium
from those of Robergia s.s.

The two North American species included in the genus
have been described using complete and well-preserved
specimens. P. yukonensis has been selected as type
species because the holotype is a mature holaspid, that
of P. deckeri being immature. The epipalpebral furrow
has not been reported in any of the species assigned to
the new genus. Nevertheless, it seems to be present on
the right palpebral lobe of the paratype of P. deckeri
figured by Churkin (1966, Pl. 4B).

The holotype of Remopleurides obtusus Salter (1853,
p- 9), a cranidium with four attached thoracic tergites, is
from the Killey Bridge Formation (lower Cautleyan)
at Desertcreat, Pomeroy, County Tyrone, Northern Ire-
land. Reed (1952, pp. 109-110) transferred it to Robergia,
but, like Salter, did not illustrate it. Mr Ronald P. Tripp
and Dr J. Keith Ingham are presently revising the Upper
Ordovician Pomeroy trilobite fauna and the former has
kindly provided illustrations of Salter’s type specimen
and of additional material. These resemble Pugilator in
having a fairly small median area of glabella and a large
glabellar tongue, but differ from it and Robergia in having
effaced lateral glabellar furrows and stronger, falcate
palpebral lobes extending backwards to opposite the
occipital furrow (remopleuridioid condition). ?P. obtusa
may belong to a separate genus, related to Pugilator,
although the cranidium is similar to that of Remopleurides
exallos Webby (1973, pp. 456-457, Pl. 51, figs. 3-12)
from the Caradoc Malongulli Formation (Zone of Di-
cranograptus hians) in New South Wales. Therefore the
assignment of obtusa to Pugilator is questionable.

Pugilator yukonensis (Churkin, 1966)
Fig. 8a-b

1966 Robergia yukonensis sp. nov. — Churkin, pp. 41-44,
Pl. 4, P1. 5, figs. 1-5 (descr. and figs. of dorsal
exoskeletons and cranidia).

Holotype. — An almost complete dorsal exoskeleton,
GSC 19864, 10 m below the top of the Road River For-
mation about 3 km west of the junction of Iron Creek with
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Fig. 8. a-b. Restorations of cranidium and pygidium of Pugilator yukonensis
(Churkin, 1966), based on Churkin 1966, Pl. 4A and PI. 5, figs. 4-5.

the Snake River, northern Yukon Territory, Canada,
figured by Churkin 1966, Pl. 4A.

Remarks. — Lenz & Churkin (1966) stated the type hori-
zon to be upper Ashgill in age, based on graptolithes,
but this was doubted by Ross & Shaw (1972, p. 16),
‘simply because the association of Robergia, Crypto-
lithoides, and Ampyxina is of Trenton age everywhere
else that it has been found’. Their view is supported
by Ludvigsen (1975, pp. 680—690, Barnes et al. 1981,
correlation chart) and that P. yukonensis is of Edenian
age, i.e. uppermost Middle/lower Upper Ordovician.

Occurrence. — As for type specimen.

Pugilator deckeri (Cooper, 1953)

Fig. 9a-b

1933 Robergia athenia Ulrich [sic] — Decker, pp. 1415,
1419, 1422, 1424-1425, 1434 (recorded and
remarks).

1953 Robergia deckeri n. sp. — Cooper, pp. 23-24, P1. 2,
figs. 1-6, PI. 19, figs. 1-2 (descr. and figs. of dorsal
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exoskeletons, dorsal exoskeletons with shedded
librigenae, cranidium, thoracopygon, thorax and
pygidium).

1972 Robergia deckeri B. N. Cooper — Ross & Shaw,
p. 16, PL. 1, figs. 16-21 (descr. and figs. of cranidia
and pygidia).

Holotype. — An almost complete dorsal exoskeleton with
shedded librigenae, USNM 116432a, from zone 4 of the
Viola Limestone, Viola Formation, northeast edge of
Bromide, Oklahoma, figured by Cooper 1953, Pl. 2,
fig. S.

Remarks. — The cranidium from the Omulevsk
Mountains, northeastern U.S.S.R., described and fig-
ured as Robergia sp. by Chugaeva (1964, p. 29, text-fig.
S, PL. 1, fig. 12) is remarkably similar to those of P.
deckeri, and may be conspecific. However, the Siberian
cranidium seems to have the S3 slightly more adaxially
and posteriorly situated. The stratigraphical horizon is
given as Middle Ordovician (Darpirskij horizon), but
Chugaeva (1964, p. 18, Tables 1, 8) lists it from the
Syachanskij and Volchinskij Formations and the Khar-
kindzhinskij horizon, with ages spanning from middle to
uppermost Caradoc.

Fig. 9. a-b. Restorations of cranidium and pygidium of Pugilator deckeri (Cooper,
1953), based on Cooper 1953, Pl. 2, fig. 4, PIL. 19, fig. 1.
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Occurrence. — Viola Formation: northeast edge of
Bromide, on U.S. Highway 77, and 3.2 km west of Nebo
Store south of Sulphur, all Oklahoma, Copenhagen
Formation (upper 17 m): east side of Antelope Valley,
and Hill 8308 (see Ross & Shaw 1972), both Nevada.
Caesar Canyon Limestone: northern Toquima Range,
Nevada.

Genus Arator gen. nov.

Name. — From Latin arator, ploughman, farmer, alluding
to the plough-like appearance of the cranidial anterior
border. Gender masculine.

Type species. — Robergia marianna Koroleva, 1965 from
the upper Llandeilo/lower Caradoc Tselinograd horizon,
Lidievka, Stepnyak, Belyi Kordon, northern Kazakh-
stan, U.S.S.R.

Diagnosis. — A remopleuridioid genus with: length of
palpebral lobes more than half that of cranidium (sag.),
extending backwards to opposite occipital furrow and
without epipalpebral furrows; glabellar tongue narrower
(tr.) than occipital ring, much smaller than median area
of glabella; anterior border falcate, strong and wider (tr.)
than glabellar tongue, thoracic tergites with very short
(tr.) pleural fields; pygidium rectangular, wider than
long, and with three pairs of small, acute marginal spines
situated transversally at posterior margin.

Included species. — Robergia marianna Koroleva, 1965,
asiatica Koroleva, 1982, probably also (?)Apatokephalus
sp. Chang & Fan 1960 and Robergia barrandei sensu
Balashova 1959, and ?Robergia intecta Koroleva, 1982.

Remarks. — Figured material of A. marianna and A. m.
asiatica (see Koroleva 1965, Pl. 2, figs. 9-12; 1982, PI.
16, figs. 7-10, PI1. 17, figs. 1-6) and studied replicas of
type and additional material of both show how closely
related they are. In fact the cranidium figured by Kor-
oleva (1982, Pl. 16, fig. 8; herein Fig. 16B) is intermediate
between the two subspecies. Koroleva’s nominate form
has been selected type species because it is the better
known, even though material of asiatica has the charac-
teristic anterior cranidial border better displayed.

The two cranidia from the Tollevskaja Formation,
13km above the outlet of Bolshoj Osevoj, eastern
Taimyr, described and figured as Robergia barrandei by
Balashova (1959, pp. 25-26, PI. 1, figs. 18-19; also 1960,
pp- 25-26, Pl. 1, figs. 18-19) may belong here. Both
are incomplete, but show the characteristic broad (tr.)
palpebral lobes, a large median glabellar area with strong
lateral glabellar furrows and a narrow (tr.) glabellar
tongue.

The external mould of the incomplete cranidium
from Llanvirn(?) strata of Ch’i-lien Mountains, China,
described and figured by Chang & Fan (1960, p. 113, PI.
3, fig. 18) is so like A. asiaticus to suggest that they might
be synonymous.
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Information from M. Apollonov (pers. comm., Sept.
1985) suggests that Arator n. gen. is represented by
species in the Bestamak Formation (Tselinograd horizon,
zone of Nemagraptus gracilis) and in the Anderken hori-
zon (Zone of Dicranograptus clingani) of the Chingiz
Range, Kazakhstan. Apollonov (1975, pp. 377-378)
believed these to belong to ‘a new genus related to
Robergia’.

Arator mariannus mariannus (Koroleva, 1965)
Figs. 10a—d, 16A-C

1965 Robergia marianna sp. nov. — Koroleva, pp. 158-
159, PL 2, figs. 9-10, 12, non fig. 11 [= A. m.
asiaticus] (descr. and figs. of cranidia and py-
gidium). B
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1968 Robergia marianna Kor.— Apollonov, p. 82 (listed).

1968 Robergia marianna — Apollonov in Nikitin et al.,
correlation chart (listed).

1972 Robergia marianna Kor. — Apollonov in Nikitin, p.
138, Tables 10-11 (listed).

1980 ‘Robergia’ marianna Kor. — Apollonov in Nazarov
& Popov, p. 11 (listed).

1982 Robergia marianna Koroleva — Koroleva, pp. 89—
91, Pl. 16, figs. 7-10, P1. 17, figs. 1-2 (descr. and figs.
of holotype, cranidium, librigena, thoracic tergites
and pygidia).

1985 Robergia marianna Kor. — Apollonov in Kolobova,
p. 168 (quoted Apollonov in Nazarov & Popov
1980).

Holotype. — A cranidium, 1101/140 GM IGN, from the
upper Llandeilo/lower Caradoc Tselinograd horizon

Fig. 10. Restorations of Arator mariannus mariannus (Koroleva, 1965). a. Cranidium based on Fig. 16A-B. b. Librigena based on Koroleva 1982, Pl 17, figs. 2a—
b. c. Thoracic tergite based on Koroleva 1982, Pl 17, fig. 1. d. Pygidium based on Fig. 16C.
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about 12 km east of the settlement Lidievka, Stepnyak
district, Belyi Kordon area, northern Kazakhstan, figured
by Koroleva 1965, Pl. 2, fig. 9; also 1982, Pl. 16, fig. 7,
see Fig. 16A herein.

Diagnosis (translated from Koroleva 1982). — Cranidium
small and flat. Glabella large, expanded between eyes,
three pairs of fairly curved transversal furrows, and
anteriorly prolonged into a weakly convex and mod-
erately wide tongue.

Description (translated from Koroleva 1982). — Cran-
idium small, with a straight posterior margin, anteriorly
extended into a moderately wide and weakly convex
tongue, and with its maximum width across mid-length
of palpebral lobes and median pair of lateral glabellar
furrows. Glabella large, with a weakly convex anterior
part and a flattened posterior half part, and on which are
three pairs of distinctly impressed lateral furrows. The
anterior pair is almost straight and directed outwards
forwards. The median pair is considerably longer than
the other pairs and fairly convex forwards. These latter
are situated almost on the transversal line of maximum
width, abaxially not reaching the axial furrows and not
touching each other. Posterior pair approximately as long
as the anterior pair, but is on the contrary curved, and
distance between adaxial ends somewhat larger than in
the anterior and median pairs. Occipital furrow straight
and deep. Occipital ring wide and weakly convex. Eyes
wide, finely reticulated, gently convex, separated from
glabella by deep convex palpebral furrows and mod-
erately wide palpebral lobes. The eyes are extending
from immediately after the occipital furrow and running
sausage-shapedly along lateral margins of glabella to the
lateral margins of the glabellar tongue. A narrow anterior
border is present. Librigenae narrow and sickle-shaped,
triangular in outline, somewhat expanded at postero-
lateral corners, with the lateral part developed as a flat,
sausage-shaped and small border, and provided with long
spines. Only a specimen consisting of two thoracic tergites
is present; axial rings apparently smooth, with short
pleurae bearing diagonal furrows which are deepest
mesially. Pleural ends gently acute. Pygidium almost
rectangular in outline (slightly wider than long). Axis
broad anteriorly but rapidly tapering backwards, ending
in an acute angle, and not reaching the posterior margin
of the pygidium. Articulating half ring narrow, and, in
addition, there is a distinctly and prominent first axial
ring, whereas the following two rings are only weakly
indicated laterally. Pleural areas of pygidium flattened,
and on which are visible three pairs of very weak, vaguely
wavy-shaped furrows which posteriorly end in small
spines. Thin terrace lines are visible on large parts of the
pygidial surface.

Remarks. — Replicas of both the holotype and paratype
cranidia figured by Koroleva (1965, PI. 2, figs. 9-10; also
1982, Pl. 16, figs. 7-8) are illustrated herein (Fig. 16A—
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B). These show some dorsal exoskeleton and it is clear
that the epipalpebral furrow is lacking. There also seems
to be a total absence of a prosopon on the median area
of the glabella and the occipital ring. The thoracic tergites
(Koroleva 1982, PI. 17, fig. 1; herein Fig. 10c) have much
shorter pleurae (tr.) than those of both Robergia and
Pugilator. Moreover, the pleural furrows are rather deep
and give the pleurae a distinct relief as opposed to the
flat pleurae in Robergia. As in Robergia, fulcral processes
and sockets are lacking.

Occurrence. — Tselinograd (Zone of Nemagraptus
gracilis) and Erkebidaik (Zone of Diplograptus multi-
dens) horizons in the Stepnyak and Ishim River Regions,
the Bestamak Formation in the Tselinograd horizon in
the Chingiz Range, and Dulankara horizon (?Zone of
Pleurograptus linearis [probably Zone of Nemagraptus
clingani, Apollonov pers. comm., Sept. 1985]) in the
Chu-Ili Mountains, all Kazakhstan, U.S.S.R.

Arator mariannus asiaticus (Koroleva, 1982)
Figs. 11a-b, 16D-E

1965 Robergia marianna sp. nov. [partim] — Koroleva,
pp. 158-159, Pl. 2, fig. 11 only (descr. and fig. of
cranidium).

1982 Robergia marianna asiatica Koroleva, subsp. nov. —
Koroleva, pp. 91-92, Pl. 17, figs. 3-6 (descr. and
figs. of cranidia and pygidium).

Holotype. — A small cranidium, 1101/126 GM IGN, from
the upper Llandeilo/lower Caradoc Tselinograd horizon,
east of Lidievka, Stepnyak district, Belyi Kordon, north-
ern Kazakhstan, figured by Koroleva 1982, Pl. 17, figs.
4a-b.

Diagnosis (translated from Koroleva 1982). — Cranidium
small and flat. Glabella strongly expanded between pal-
pebral furrows, with anterior part expanded into a convex
narrow tongue. On the wide, flattened part of the glabella
there are three pairs of gently curved, roughly transversal
furrows. Occipital ring wide. Librigenae narrow, ending
in long but fine spines.

Description (translated from Koroleva 1982). — Cran-
idium small with a large flat glabella that is strongly
expanded between palpebral furrows and anteriorly
extended into a moderately wide, weakly convex tongue.
There are three pairs of lateral furrows on the flattened
posterior half part of the glabella. Anterior pair short,
situated closely behind base of glabellar tongue, and
directed outwards and slightly forwards. Median pair
considerably longer than first pair, weakly convex and
running roughly in a transverse direction. Posterior pair
slightly longer than anterior pair but shorter than median
pair, adaxial ends curved towards occipital ring, abaxial
ends appear transversely directed. Occipital furrow
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Fig. 11. Restorations of Arator mariannus (Koroleva, 19§5) asiaticus (Koroleva,
1982). a. Cranidium based on Fig. 16D-E. b. Pygidium based on Koroleva 1982,
Pl 17, figs. 6a-b.

narrow. Occipital ring wide. Palpebral furrows deep
and comparatively wide. Palpebral lobes gently sloping
towards glabella. Eyes wide, gently curved, and con-
sisting of numerous facets. Fixigenae apparently reduced.
Librigenae gently flattened at postero-lateral part, very
narrow laterally, and ending in long but narrow spines.
Pygidium almost rectangular (slightly wider than long).
Axis coniform, wide and convex, and with posterior end
not reaching the posterior margin. A distinct articulating
half ring is present on the anterior of the axis, whereas
the second axial ring is incised but almost invisibly as
small pits on both sides of the axis. Pleural field sur-
rounding axis flat, and on which three pairs of low grooves
are faintly visible laterally. Posterior margin of pygidium
ending in three pairs of quite small but acute spines. The
posterior half part of the pygidium is covered with thin
terrace lines.

Remarks. — The small cranidium illustrated herein (Fig.
16D-E) was not figured by Koroleva (1982), but it is to
be regarded as a paratype (M. N. Koroleva, pers. comm.,
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Febr. 1986). It is an internal mould lacking epipalpebral
furrows. The glabella is slightly wider than those figured
by Koroleva (1982, Pl. 17, figs. 3-5), but narrower than
in A. m. mariannus. Both are closely related, but A. m.
asiaticus differs from A. m. mariannus (cf. Koroleva
1982, p. 92) in having broader palpebral lobes and less
oblique lateral glabellar furrows. Furthermore, it has a
more prominent, distinctly falcate anterior border and a
pygidium that is slightly narrower.

Occurrence. — Tselinograd (Zone of Nemagraptus
gracilis) and Erkebidaik (Zone of Diplograptus multi-
dens) horizons in the Lidievka Formation, east of the
small settlement Lidievka, Stepnyak district, Belyi
Kordon, northern Kazakhstan, U.S.S.R.

Genus Eorobergia Cooper, 1953

Type species. — Robergia marginalis Raymond, 1925 by
original designation, from the Lenoir Limestone, 1.5 km
east of Bluff City, Tennessee, U.S.A.

Remarks. — Several species and informally named forms
have been attributed to the genus since the issue of the
Treatise on Invertebrate Paleontology, Part O (Moore
1959), most of them from various parts of the U.S.S.R.
Thus the presently included species exhibit a wide range
of morphotypes from forms with a smooth median gla-
bellar area to forms with three pit-like lateral glabellar
furrows, forms with a very narrow glabellar tongue to
those with a very broad one, and from forms with a row
of pits on the anterior border to forms without. An
emended generic diagnosis and a list of all species
included to date is given by Chugaeva (1973, pp. 51-52).
To this may be added E. assai (Weber, 1932, p. 8 [111],
Pl. 4, figs. 50-51; also 1948, p. 12, PI. 2, figs. 1-2, 3-47).
The species group centred around the type species (E.
marginalis) includes E. grandis Whittington (1965, pp.
380-383, Pl. 43, Pl. 44, figs. 1-2), E. summa Burskij
(1966, pp. 39-41, P1. 2, figs. 1-4), E. lata Chugaeva (1973,
pp. 53-55, Pl. 3, figs. 2-5) and similar Lower Ordovician
forms that have been assigned to Apatokephalus (e.g. A.
sp. I Chugaeva 1973, pp. 50~51, Pl. 2, figs. 5-7 from
El’genchaksk Mountains in northeastern U.S.S.R.). It
seems likely that the E. marginalis species group has
developed from Apatokephalus or from a closely related
form. This is illustrated by the recently described Apa-
tokephalus hunjiangensis Duan & An (1986, pp. 75-76,
Pl. 20, figs. 1-5, 7-9) from the upper Tremadoc Yehli
Formation (Koraipsis Zone), Hunjiang, southern Jilin,
northeastern China. The cranidium of A. hunjiangensis
is remarkably similar to that of E. breviceps, and the
pygidium has long and broad pleural spines like those of
E. marginalis and its allies. Several undescribed remo-
pleuridid genera occur in the Ordovician deposits of
Kazakhstan including one which is similar to the more
aberrant species presently included in Eorobergia (M. K.
Apollonov, pers. comm., Oct. 1985).



52 F. Nikolaisen

Eorobergia breviceps (Raymond, 1925)
Fig. 16F-K

1925 Robergia breviceps, sp. nov. — Raymond, pp. 62—
63 (descr.).

Holotype. — A small but almost complete cranidium,
MCZ 1727, from lot 22, concession IV, boulder no.
2, Normanskill Conglomerate, 3.3 km north of Mystic,
Missiquoi County, Quebec, Canada, selected and
described by Raymond 1925, pp. 62-63, and figured
herein Fig. 16F-G. Two additional cranidia from the
same boulder were mentioned by Raymond and these,
both numbered MCZ 3276, are probably those (R. C.
Eng, pers. comm., Sept. 1985) from the same locality.
These are illustrated herein (Fig. 16I-J) as paratypes.

Diagnosis. — An Eorobergia species with evenly rounded
palpebral lobes not reaching as far back as opposite
occipital furrow, two pairs of lateral glabellar furrows,
short (sag.) glabellar tongue, and a very large occipital
ring.

Additional material. — Two incomplete thoracic tergites
(Fig. 16H, K), one associated with the holotype and the
other with the paratype cranidium.

Description. — Cranidium urceolate, slightly wider than
long in the smaller holotype but estimated to be nearly
as long as wide in the larger paratypes. Median area of
the glabella very nearly as wide as its length, only slightly
wider than occipital ring, and with mesial part gently
convex (tr.). Glabellar tongue bulbous, sloping steeply
downwards forwards, and with gently convex anterior
and lateral margins. Occipital ring very prominent, with
posterior margin straight and even, and with a small but
distinct occipital node located a short distance from the
anterior margin. Occipital furrow narrow but deep. Only
two pairs of lateral glabellar furrows present; S1 very
strong, short, slightly bifurcate with the anterior branch
strongly convex; S2 much weaker, straight, and directed
obliquely backwards inwards from the junction with the
anterior end of the palpebral furrow. Anterior border
well defined by deep anterior border furrow, strongly
convex (sag., exsag.), with fine, transverse striae and
without a row of pits along the posterior margin. Anterior
branches of facial suture diverging. Palpebral lobes saus-
age-shaped and evenly rounded, well set off from median
area of glabella by deep palpebral furrows, strongly con-
vex (tr.), and with faint traces of an epipalpebral furrow
postero-laterally. Posterior area of fixigenae wedge-
shaped. The whole glabellar surface with a prosopon of
tiny wrinkles arranged in a Bertillon pattern. Thoracic
tergite transversely rather convex. Axial ring occupying
almost half the width of the tergite, strongly convex
transversely, with a very broad (sag., exsag.) and deep
articulating furrow, and with a prosopon of somewhat
disarranged, fine lines. Axial furrow deep but well
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defined only posteriorly. Pleura slightly narrowing out-
wards, deflected but elevated a short distance from the
axial furrow to form very low fulcral processes and
sockets. Anterior and posterior pleural bands separated
by a conspicuous ridge running slightly obliquely back-
wards and much closer to the anterior than to the pos-
terior margin of the pleura. Prosopon made of fine,
almost exsagittal, wavy lines.

Remarks. — E. breviceps differs from members of the
E. marginalis species group in having more rounded
palpebral lobes, a more dominant occipital ring, only two
pairs of lateral glabellar furrows of which S1 is more
anterior, a more anteriorly situated occipital node, and
in lacking the row of pits along the posterior margin of the
anterior border and the lateral flexures (cf. Whittington
1965, p. 381) on the occipital ring. Nevertheless, E.
breviceps still falls within the generic diagnosis.

The fragmentary and poorly preserved cranidium fig-
ured as apatokephalid gen. et sp. indet. A by Rozova (in
Rozova et al. 1965, p. 126, Pl. 12, fig. 19) from the
lower third of the Tremadoc Maslyaninsk horizon in the
Chypinskaj Formation in northwestern Salair, Novo-
sibirsk, U.S.S.R. is like E. breviceps and differs only in
having a shorter (tr.) occipital ring. This may indicate
that E. breviceps branched off from the morphotype of
the type species complex as early as in Tremadoc times.

E. breviceps also differs from E. insignis Petrunina (in
Petrunina & Severgina 1962, pp. 84-85, Pl. 1, figs. 4-
8) from the Bugryshikhinsk Formation (Caradoc?) in
Bugryshikh, Altay Mountains, in having a shorter cran-
idium, more anteriorly located S1 and a broader (sag.,
exsag.) occipital ring.

Occurrence. — As for type specimens.

Remarks on the phylogeny of Robergia

One group of species here assigned to Robergia form a
closely knit unit that may easily be recognized by their
pygidium. They include in stratigraphical appearance
R. schlotheimi (Billings, 1865), R. striatella sp. nov. and
R. major Raymond, 1920. R. athenia Butts, 1926 also
belongs here, but according to Whittington (1959, p.
428) is most probably a subjective synonym of R. major.
The species of this unit are characterized by having a
fairly narrow pygidium with a very small first pair of
marginal spines that are located more or less opposite
the posterior end of the axis. R. schlotheimi occurs in
eastern North American strata corresponding approxi-
mately to middle to upper Llanvirn in European terms
(Barnes et al. 1981) and is therefore presumably the
oldest of all known Robergia species. It should be noted
here that the librigena and pygidium from the Llanvirn
confinis Flags of Girvan described and figured by Tripp
(1962, pp. 5-6, PL. 1, figs. 18a-b, 19) as Robergia sp.
probably do not belong in the genus. The librigena is
certainly from a remopleuridid, but not necessarily Rob-
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ergia, whereas the poorly preserved pygidium most prob-
ably belongs to a cybeline. The librigena from the
Auchensoul Limestone (?upper Llanvirn) at Auchensoul
Bridge, Girvan, figured by Tripp (1979, Pl. 37, fig. 11)
as Robergia sp. cannot univocally be assigned to this
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genus, but may as well belong to Robergiella, which
occurs commonly in the somewhat younger Balclatchie
Group in the same district (Tripp 1980, Table 1). Rob-
ergia striata Endo (1932, pp. 109-110, PI. 38, fig. 3)
from the Llanvirn Siliangssu Formation near Huangbayi,

rr—oOInNX>

O00>»I>»0

O —moZ>»rr

ZD—<Z>rr

Fig. 12. Proposed relationship between Robergia (a-i) and Pugilator gen. nov. (j-k), based on the following species: a. Robergia schlotheimi; b. R. striatella; c. R.
major; d. R. sinensis; e. R. sp. nov.?; f. R. sparsa; g. R. microphthalma; h. R. scanica; i. R. barrandii; j. Pugilator deckeri; k. P. yukonensis. Stratigraphical occurrence

approximate, series lengths not to scale.
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southern Shaanxi, China, has previously been transferred
to Remopleurides by several authors, i.e. Reed (1935, p.
11), Whittington (1959b, p. 437), Lu (in Lu et al. 1965,
p. 549; 1975, pp. 110, 300-301), Chou & Cheng (1975,
p. 151, PL. 19, fig. 3) and Chang & Jell (1983, p. 206). It
has a prominent preglabellar field and was thought to
belong to Robergiella by Nikolaisen (1983, p. 277). How-
ever, judging from Chang & Jell’s illustrations (1983,
Fig. 6E-F) it is probably best included in Sculptaspis
Nikolaisen, 1983. R. striatella is most probably a direct
derivative of R. schlotheimi although not appearing
before late Llandeilo/early Caradoc. Its cranidium is, as
pointed out above (p. 46), remarkably similar to that
of R. schlotheimi and only minor changes have taken
place in the pygidium. The long and dominant second
pair of pygidial marginal spines in R. schlotheimi have
become considerably shortened, whereas other charac-
ters have largely been retained. Continuing that trend
leads to the pygidium of the third member of this evol-
utionary stock, R. major. It appears in widely spread
deposits of middle to late Caradoc age in North America,
and has, in addition to the further reduced second pair
of pygidial marginal spines, simultaneously developed a
wider pygidium. The form included in R. major by Ross
& Shaw (1972, pp. 16-17, Pl 1, figs. 8-15) is here
regarded as probably a new species. It has a rather large
and wide glabellar tongue, rather short palpebral lobes
and a quite narrow pygidium with strong pleural ribs and
a strong third pair of marginal spines. It seems likely that
this latter form branched off from the R. schlotheimi—R.
major lineage and invaded the central North American
platform during its submergence. Both the cranidial and
pygidial features of this form, apart from the pygidium
being quite narrow, point towards development of
characteristics of the new genus Pugilator. Ross & Shaw
(1972, p. 17) recorded both ‘R. major’ and P. deckeri
from Nevada, and stated that the former presumably
occurs stratigraphically lower than the latter as in the
Appalachian sections. They recorded, however, a single
cranidium of the P. deckeri type associated with ‘R.
major’. It therefore seems likely that the Nevadian form
in late Caradoc time evolved into Pugilator by simply
increasing the size of the glabellar tongue, shortening the
palpebral lobes, widening the pygidium and strength-
ening the pleural ribs. Tendency to increase the glabellar
tongue and develop long and coarse pygidial spines may
have terminated in the somewhat ‘atypical’ pygidium
of the Ashgill P. yukonensis (Churkin, 1966) from the
Northwest Territory of Canada. If the pygidium of the
latter is compared to that of the complete but not fully
grown specimen of P. deckeri on the slab figured by
Cooper (1953, Pl. 19, fig. 1) or the pygidia figured by
Ross & Shaw (1972, Pl. 1, figs. 18-19), it is not difficult
to conceive P. deckeri as a forerunner of P. yukonensis.
Although only the cranidium is known of Robergia sp.
Chugaeva (1964, p. 29, PL. 1, fig. 5) from uppermost
Middle Ordovician strata of northeastern U.S.S.R., it
seems to agree with that of P. deckeri and may well
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be conspecific. On the other hand, the Chinese middle
Ashgill R. sinensis has a pygidium with marginal spines
arranged in a similar pattern as in the eastern North
American specimens of R. major. This is especially obvi-
ous when compared with pygidia assigned to R. athenia,
here regarded synonymous with R. major. Thus in late
Caradoc time the R. major species complex gave rise to
two uppermost Caradoc—Ashgill evolutionary branches;
one that terminated in R. sinensis and one that terminated
in Pugilator.

The remaining species of Robergia (sensu stricto),
having isospinose pygidia, form a far more heterogeneous
group than that discussed above. They are European
species, in respect of today’s geographical position. The
group comprises in presumed stratigraphical appearance
R. sparsa Nikolaisen, 1983, R. scanica Hadding, 1913,
R. microphthalma (Linnarsson, 1875) and R. barrandii
(Etheridge & Nicholson, 1879). R. sparsa is seemingly
the oldest. It has been found in limestone lenses from
the Ogygiocaris Series from just above the underlying
Helskjer Shale and Limestone (upper Llanvirn, approxi-

_ mately corresponding to the zone of Didymograptus mur-

chisoni) at the road section between Nydal and Furnes
Church in the Nes—-Hamar district, southern Norway. It
is tempting to assume that R. sparsa developed from
R. schlotheimi, the only stratigraphically earlier species
known, or that both derived from an unknown ancestor.
The cranidia of the two species are remarkably similar,
both in shape and in prosopon, whereas their respective
pygidia are quite different. Nevertheless, a deviation of
R. sparsa from R. schlotheimi is still conceivable. The
necessary steps involve a general widening of the
pygidium with a shortening of the second pair of marginal
spines whilst the first pair became more prominent. An
evolutionary trend in the Llanvirn/Llandeilo times that
attempted shorter pygidia may have terminated in the
type species, R. microphthalma.

The cranidium is unfortunately the only part of R.
scanica known. It differs from that of other species in
having a conspicuous anterior border and a small gla-
bellar tongue. These are characters found only in juvenile
specimens of other species. It thus seems likely that
R. scanica evolved by arrested development or partial
neoteny. The general shape of the lateral glabellar fur-
rows and palpebral lobes indicates that it descended from
the R. sparsa—R. microphthalma lineage. A somewhat
aberrant cranidium is present in R. barrandii. However,
it has a distinct anterior border that may indicate that it
developed from R. scanica or a similar form. Its pygidium
is well known and is in gross morphology quite similar to
that of the solely Scandinavian lineage above, which
may support the assumption that it originated from that
region. A possible link between late Llandeilo—early Car-
adoc trilobites of Scandinavia and the Girvan area has
earlier been observed among proetids by Owens (1970,
pp. 315, 320) and among calymenids by Siveter (1976, p.
392), and in more general terms by Whittington &
Hughes (1972).
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In addition to all the forms discussed above, Robergia
sp. nov. was listed from the Tselinograd horizon, Besta-
mak Formation (Zone of Nemagraptus gracilis) at the
bank of the river Chagan in the Chingiz Range, Kazakh-
stan by Apollonov (in Nazarov & Popov 1980, p. 9);
material of which I have not seen.

Unfortunately, hypostomes which might provide a key
to phylogeny are poorly known. The hypostome said to be
bifurcated with very long prongs that Raymond (1920b, p.
281; 1925, p. 60) assigned to R. major was rejected by
Whittington (1959b, p. 429). Whittington had studied
Raymond’s original material but thought other sub-
sequently collected topotype hypostomes to be con-
specific. The peculiar hypostome of R. schlotheimi (cf.
Whittington 1965, Pl. 41, figs. 34, 7) has as yet its
equal only in the type species. Otherwise, a comparable
hypostome is that described and figured by Ross (1953,
p- 635, Pl. 62, fig. 14) as questionably belonging to
Menoparia genalunata Ross, 1951 from the lower Ordo-
vician Garden City Formation of Utah. It may therefore
give a hint on the origin of Robergia. Moreover, Whit-
tington (1959, p. 431) was able to point out similarities
between immature cranidia of Robergia and Menoparia.
It is possible here to follow an evolutionary trend that
involves an enlargement of the maculae. They are rela-
tively small in Menoparia, considerably larger and termed
oval areas, but still well separated posteriorly in R. schlot-
heimi, and terminating in the very large oval areas that
are separated posteriorly only by a very fine furrow in
R. microphthalma. Apart from R. schlotheimi and R.
microphthalma, the hypostome is known in R. major (cf.
Whittington 1959b, p. 429, Pl. 18, figs. 8-14) and R.
barrandii (cf. Tripp 1980: Pl. 1, fig. 27, text-fig. 3h).
The hypostomes of R. major and R. barrandii are more
different from those mentioned above than expected for
a moderately changing part of the exoskeleton as the
hypostome usually is, and Whittington did not assign his
hypostomes to R. major with absolute certainty. It is a
bit puzzling that the hypostomes of the latter two species
are quite similar to those of several European species of
Remopleurides. Moreover, it cannot be excluded that
these hypostomes may belong to Robergiella. That genus
occurs together with Robergia both in the lower part of
the Edinburgh Limestone in Virginia and in the lower
Balclatchie group at Girvan.

A minute remopleuridid cranidium from the presumed
Middle Ordovician beds at Na Yan, Pho Binh Gia, east
Tonkin, Vietnam, described and figured by Patte (1926,
p. 44, PL. 2, fig. 3) as Remopleurides sp., was suggested
probably best transferred to Robergia by Kobayashi
(1960a, p. 40) and again later but then more in doubt by
Kobayashi & Hamada (1978, pp. 14-15). Judging from
Patte’s illustration, the cranidium differs markedly from
equal-sized cranidia of Robergia and is safely not included
here. It may better be compared with immature cranidia
of Robergiella s.1. nasuta Lu (1957; see Lu 1975, Pl. 3,
figs. 17-18).

Koroleva (1982, pp. 92-95, Pl. 18, figs. 1-2) also
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erected two new species, each founded on a single remo-
pleuridioid cranidium; Robergia minima from upper
Llandeilo and R. intecta from upper Caradoc strata,
the latter from northeast of the settlement Akbastau,
southwest Chingiz, Kazakhstan. R. intecta is a very poorly
preserved internal mould. It has proportions similar to
those of A. m. mariannus, but seems to have a smooth
median area and rather narrow (tr.) palpebral lobes, and
may probably best but very doubtfully be included in
Arator. R. minima has a very narrow (tr.) glabellar
tongue and short, deep and rather oblique lateral gla-
bellar furrows. It may thus be compared with Middle
Ordovician forms from northeastern U.S.S.R. assigned
to Eorobergia, e.g. E. plana Chugaeva (1964, pp. 35-37,
Fig. 9, PL. 2, fig. 5) and E. tscherskyi Chugaeva (1964, pp.
37-38, Fig. 10, Pl. 2, fig. 6), and to similar undescribed
Middle Ordovician forms from Kazakhstan (Apollonov
photograph and pen drawings in pers. comm., Sept.
1985). The remopleuridids had their origin and evol-
utionary centre in central Asia as is obvious from the
great variety of both described and undescribed genera
from that part of the continent, and particularly from
Kazakhstan. Thus a more thorough and reliable cladistic
model for the genera discussed in this section must await
description of at least the Kazakhstanian forms.

Distribution of Robergia

Robergia occurs in deep water dark shales and limestones
of the slope facies on both sides of the present north
Atlantic region. As emphasized by Shaw & Fortey (1977,
p- 434), robergioids are commoner in the upper than in
the deeper slope facies deposits. Menzies et al. (1973,
pp. 243-253) have shown in a study of recent isopods
that deep-water conditions act as a barrier to the fauna,
and particularly so at low latitudes. But, however, they
noted that maximum geographical distribution of the
fauna is in the ‘archibental zone of transition’ (ibid., p.
317), a zone that has the thermocline as upper limit and
which varies greatly in depth dependent on the latitude.
This zone may be correlated to the ‘slope’ facies and
intervening abyssal conditions may thus explain the div-
ision of ‘American’ and ‘European’ Robergia stocks. In
the Llanvirn and most of the Llandeilo the Iapetus ocean
seems to have formed a barrier to Robergia as well as
other trilobites. Nevertheless, the ‘American’ R. striatella
in the lower allochthonous deposits of Jamtland, Sweden,
indicates that a connection must have existed between
the faunas flanking the Iapetus Ocean. A Laurentian
influence of trilobites in the lower allochthonous Llan-
virn-Llandeilo deposits of the northern Oslo Region
(adjacent to that of Jamtland) has been notified repeat-
edly (e.g. Nikolaisen 1962 [written communication in
Fossilnytt, Paleontological Museum, Oslo, p. 14]; 1983,
pp. 287-288; Whittington 1965, pp. 424, 427; Wandas
1984, pp. 236-237). Moreover, it is not impossible that
the Llanvirn-lower Caradoc dark shales/limestones of
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North America and the Balto-Scandian lower allochthon
were deposits of the same ocean floor as shown between
parts of western North America and China in the late
Cambrian (Cook & Taylor 1975; Eldredge 1977, pp. 314
315). More likely the slope facies of North America
and the lower allochthon of Balto-Scandia lay in the
psychrosphere between the North American and the
Acado-Baltic Faunal Provinces in the Late Cambrian as
shown by Taylor & Forester (1979, pp. 410-411, Fig. 5).
Shaw & Fortey (1977, Fig. 7) have shown that no Llan-
deilo slope deposits are preserved in North America
(ibid.) and consequently there are no records of Robergia
of that age there (cf. also Churkin 1966, text-fig. 3). Thus
the Swedish upper Llandeilo/lower Caradoc species of
the ‘American’ stock bridge the stratigraphical and mor-
phological gap between the oldest and the younger North
American forms. In due time it seems that the ‘American’
stock migrated from the east into the central North
American basin during a period of submergence. Thence
they gave rise to two evolutionary lines: one that led to
the North American/northeast Siberian genus Pugilator
(uppermost Caradoc/Ashgill), the other to the northeast
Chinese R. sinensis (Ashgill).

Acknowledgements. - 1 thank Professor Gunnar Henningsmoen for help and
access to his private library. Drafts of the manuscript were read by Professor H.
B. Whittington (Department of Earth Sciences, University of Cambridge), Drs
Alan W. Owen (Department of Geology, University of Glasgow), David L.
Bruton (Paleontologisk Museum, Oslo), and Mr Ronald P. Tripp, who provided
illustrations of British and Chinese material. For the loan of type material, replicas
and information on specimens, I am indebted to Drs A. K. Apollonov (Geological
Institute, Alma Ata), R. C. Eng (Museum of Comparative Zoology, Harvard
University, Massachussetts), M. N. Koroleva (Alma Ata), S. Laufeld (Geological
Survey of Sweden, Uppsala), K. Lindholm (Department of Historical Geology
and Palaeontology, University of Lund), A. W. Owen and Mr S. F. Morris (The
Natural History Museum, London). Chinese literature was translated by Professor
Zhang Wen-tang, Russian by Dr K. Lindholm and Curator N. Heintz. Working
facilities at the Paleontologisk Museum, Oslo, are gratefully acknowledged.

Manuscript received December 1990

References

[Apollonov, M. K.] Anomnonos, M. K. 1968: 3oHanbHas wKana cpefHe-
BEPXHEOPIOBHKCKHX OTIOXeHHI Ka3axcTaHa, OCHOBaHHast Ha TPHIOGHTAX, H
ee Koppensuus co Kanamu eBponbi 1 amepukH (Middle and Upper Ordovician
zonal trilobite scale of Kazakhstan and its correlation with the scales of Europe
and North America). Mezhdunarodnyj Geol. Congr., 23rd Session, 78-83.
Mosvow. [In Russian with English summary].

Appollonov, M. K. 1975: Ordovician trilobite assemblages of Kazakhstan. Fossils
& Strata 4, 375-380.

[Balashova, E. A.] Banamosa, E. A. 1959: Cpente- u BepXHEOPAOBHKCKHE H
HHXXHECHNYpHHCKHE TpHIOOHTBI BoctouHoro TajdiMblpa M HMX CTpaTH-
rpacduyeckoe 3Hauenne (Middle- and Upper Ordovician and Lower Silurian
trilobites from East Taimyr and their stratigraphical occurrence). Sbornik
stat. paleontol. biostratigr., Nachno-issled. inst. geol. arktiki 14, 17-47, 6 Pls.
Leningrad. [In Russian].

[Balashova, E. A.] Banamosa, E. A. 1960: TpHIOGHTbI CDENHETO H BEPXHETO
OpHIOBHKA H HHXXHero cuypa Bocrounoro Taiimeipa (Middle and Upper Ordo-
vician and Lower Silurian trilobites from eastern Taimyr). Izdat. Leningrad
Univ. 1960, 111 pp. incl. 6 Pls. Leningrad. [In Russian].

Barnes, C. R., Norford, B. S. & Skevington, D. 1981: The Ordovician system in
Canada. Correlation chart and explanatory notes. Int. Union Geol. Sci. Publ.
8, 27 pp., 2 charts.

Billings, E. 1865: Palzozoic fossils. Vol. I. Containing descriptions and figures
of new or little known species of organic remains from the Silurian rocks, 1861-
1865. Geol. Surv. Canada 1, 426 pp., incl. 401 figs.

Brogger, W. C. 1897-1898: Uber die Verbreitung der Euloma-Niobe-Fauna (der

NORSK GEOLOGISK TIDSSKRIFT 71 (1991)

Ceratopygenkalkfauna) in Europa. Nyt Mag. f. Naturvidensk. 36 [1897] pp.
164-192, (4) [1898], pp. 193-240.

[Burskij, A. Z.] Bypckuii, A. 3. 1966: Cemeiicteo Remopleuridiae u3 opnosuka
cesepa ITait-Xos, Octposa Baiirau u Ora Hoeo# 3emnu (The family Remo-
pleurididae from the Ordovician of northern Pai Khoi, Vaigash and southern
Novaya Semlja). Sci. Rept., Sci. Res. inst. arktiki geol. USSR (Paleont., bio-
stratigr.) 12, 30-45, 2 Pls. Leningrad. [In Russian].

Butts, C. 1926: The Palaeozoic rocks. Pp. 41-230 in Adams, G. 1., Butts, C.,
Stephensen, L. W. & Cooke, W. The geology of Alabama. Alabama geol.
Surv., Spec. Rept. 14, 312 pp., 97 Pls.

Butts, C. 1941: Geology of the Appalachian Valley in Virginia. Part 2, fossil
plates and explanations. Virginia Geol. Surv., Bull. 52, 271 pp., 135 Pls.

Chang Wen-tang [Zhang Wen-tang] & Fan Jia-song 1960: [Ordovician and
Silurian trilobites from the Ch’i-lien Mountains] Geology of Ch’i-lien Mountains
4 (1), 83-147, 10 Pls. Science Press, Peking [Beijing]. [In Chinese].

Chang Wen-tang [Zhang Wen-tang] & Jell, P. A. 1983: Chinese Ordovician
trilobites housed in the Smithsonian Institution. Mem. Ass. Australas. Palae-
ontols. 1, 195-208, incl. 6 Figs.

Chen Xu & Qiu Jing-yu 1986: [Ordovician palaeoenvironmental reconstruction
~of Yichang area, W. Hubei]. J. Stratigr. 10 (1), 1-15, 2 Pls. [In Chinese with
‘English abstract].

Chou Chi-chiang [Zhou Zhi-giang] & Cheng Run-ye [Chen Run-ye] 1975: [Tri-
lobites]. Pp. 135-166 in Lee Yao-hsi [Li Yao-xi], Tsung Li-sheng [Tsung Li-
zheng], Chou Chi-chiang [Zhou Zhi-qiang] & Yang Ching-yao [Yang Qing-
yao]; [Early Palaeozoic Stratigraphy of the western part of the Tapashan]. 372
pp., 70 Pls. Geological Press, Xi’an. [In Chinese].

[Chugaeva, M. N.] Yyraesa, M. H. 1964: TpuioGHTEl paHHEro U CPENHEro
opnosuka Cesepo-Bocroka CCCP (Early and Middle Ordovician trilobites in
the north-east of the USSR). Pp. 24-75, 229-230, Pls. 1-6 in [Chugaeva, M.

N.] Yyraesa, M. H., [Rozman, Kh. S.] Po3man, X. C. & [Ivanova, V. A.]
HBanoBa, B. A.; CpaBHuTeNbHast GnOCTpaTHrpadHsi OPAOBHKCKHX OTIOXKEHHIA
Ceaepo-Bocroka CCCP (Comparative biostratigraphy of Ordovician deposits
in the north-east of the USSR). Trud. geol. inst., Akad. Nauk SSSR 106, 226
Pp., 25 Pls. Izdat. ‘Nauka’, Moscow. [In Russian].

[Chugaeva, M. N.] Yyraesa, M. H. 1973: [Trilobites] Tpuno6uts1. Pp. 43-122,
Pls. 1-19 in [Chugaeva, M. N.] Yyraesa, M. H. [Ivanova, V. A.] UBaHoBa, B.
A. [Oradovskaya, M. M.] Opagoeckas, M. M. & [Yakovlev, V. N.] sIkoszes,
B. H.: BrocrpaTturpadus HuxHe# yactu opposuka Cesepo-Bocroka CCCP u
6uoreorpadus KOHLa paHHero opaoBuka (Biostratigraphy of the lower part
of the Ordovician in the north-east of the USSR and biogeography of the
uppermost Lower Ordovician). Trud. geol. inst., Akad. Nauk SSSR 213, 304
pp., 32 Pls. Izdat. ‘Nauka’, Moscow. [In Russian].

Churkin, M., Jr. 1966: See Lenz & Churkin 1966.

Cook, H. E. & Taylor, M. E. 1975: Early Paleozoic continental marginal sedi-
mentation, trilobite biofacies, and the thermocline western United States.
Geology 3 (10), 559-562.

Cooper, B. N. 1953: Trilobites from the Lower Champlainian formations of the

~ Appalachian Valley. Mem. geol. Soc. Am. 55, v + 69 pp, incl. 19 Pls.

Cowie, J. & McNamara, K. J. 1978: Olenellus (Trilobita) from the Lower
Cambrian strata of north-west Scotland. Palaeontology 21 (3), 615-634, incl.
Pls. 69-70.

Decker, C. E. 1933: Viola limestone, primarily of Arbuckle and Wichita Mountain
ranges, Oklahoma. Bull. Am. Ass. Petrol. Geol. 17 (12), 1405-1435, incl. 2
Pls.

Duan Ji-ye & An Su-lan 1986: Trilobites and cystoids. Pp. 30-86, Pl. 1-27 in
Duan Ji-ye, An Su-lan & Zhao Da; Cambrian-Ordovician boundary and its
interval biotas, southern Jilin, Northeast China. J. Changchun College Geol.,
Spec. Issue Stratigr. palaeontol. 1986, 135 pp. 33 Pls. Changchun.

Eldredge, N. 1977: Trilobites and Evolutionary Patterns. Pp.305-332 in Hallam,
A. (ed.): Patterns of Evolution as Illustrated by the Fossil Record. (Develop-
ments in palaeontology and stratigraphy, 5). xiii + 591 pp. Elsevier Scientific
Publishing Company, Amsterdam.

Endo, R. 1932: The Canadian and Ordovician formations and fossils of South
Manchuria. Smithson. Inst. U.S. nat. Mus. 164, 152 pp., incl. 40 Pls.

Etheridge, R., Jr. & Nicholson, H. A. 1879: See Nicholson & Etheridge 1879.

Hadding, A. 1913: Undre dicellograptusskiffern i Skéne jaimte nigra darmed
ekvivalenta bildningar. Acta Univ. (N.F. Avd. 2) 9 (15), 1-91, 8 Pls. Lund &
Leipzig.

Harrington, H. J., Moore, R. C. & Stubblefield, C. J. 1959: Morphological terms
applied to Trilobita. Pp. 0O117-0126 in Moore, R. C. (ed.): Treatise on
Invertebrate Paleontology. Part O. Arthropoda I. xix + 560 pp. Geol. Soc.
America and Univ. Kansas Press. Lawrence, Kansas.

Henningsmoen, G. 1957: The trilobite family Olenidae with description of
Norwegian material and remarks on the Olenid and Tremadocian Series. Skr.
Nor. Vidensk. Akad. i Oslo, 1. Mat.-Naturvidensk. Kl. 1956, No. 1, 303 pp.,
31 Pls. Oslo.

Henningsmoen, G. 1975: Moulting in trilobites. Fossils & Strata 4, 179-200.



NORSK GEOLOGISK TIDSSKRIFT 71 (1991)

Holm, G. 1897: Palzontologiska notiser. 4. Om Bohemilla(?) denticulata Linrs.
och Remopleurides microphthalmus. Linrs. Geol. Foren. Stockh. Forhandl. 19
(6), 457-468, Pl. 8. Also: Sver. Geol. Unders. C176 [1898], 11-24, P1. 1.

Jaanusson, V. 1956: On the Trilobite Genus Celmus Angelin, 1854. Bull. Geol.
Inst. Univ. Uppsala 36, 35-49, 1 Pl. )

Jaanusson, V. 1982: Introduction to the Ordovician of Sweden. Pp. 1-10 in
Bruton, D. L. & Williams, S. H. (eds.): Field Excursion Guide. IV Int. Symp.
Ordovician System. Paleont. Contr. Univ. Oslo 279. iii + 217 pp.

Jaanusson, V. & Karis, L. 1982: Introduction to the Ordovician in Jimtland. Pp.
43-46 in Bruton, D. L. & Williams, S. H. (eds.): Field Excursion Guide. VI
Int. Symp. Ordovician System. Paleont. Contr. Univ. Oslo 279. iii + 279 pp.

Karis, L. 1982: The Sequence in the Lower Allochthon of Jimtland. Pp. 55-63 in
Bruton, D. L. & Williams, S. H. (eds.): Field Excursion Guide. IV Int. Symp.
Ordovician System. Paleontol. Contr. Univ. Oslo 279. iii + 217 pp.

Kobayashi, T. 1953: On the Kainellidae. Jap. J. Geol. Geogr. 23, 37-61, Pls.
3-4.

Kobayashi, T. 1960a: Some Ordovician Fossils from East Tonkin, Viet Nam.
Jap. J. Geol. Geogr. 31 (1), 39-48, Pl. 5.

Kobayashi, T. 1960b: The Cambro-Ordovician Formations and Faunas of South
Korea, Part IV. Palaeontology V. J. Fac. Sci., Univ. Tokyo, Sect. 2, 12 (2),
217-275, Pls. 12-14.

Kobayashi, T. & Hamada, T. 1978: Upper Ordovician Trilobites from the
Langkawi Islands, Malaysia. Geol. Palaeontol. Southeast Asia 19, 1-27, Pls.
1-2.

[Kolobova, I. M.] Kono6osa, U. M. 1985: O HoBom pacuodopuaHoM pofne
TPHIOGHTOB M3 cpefHero oppoBHka Kasaxcrana (On a new raphiophorid
trilobite genus from the Middle Ordovician of Kazakhstan). Akad. Nauk SSSR,
Ezhegod. vses. paleontol. ob-va. 28, 168-175, 1 P1. Leningrad. [In Russian].

[Koroleva, M. N.] Koponeea, M. H. 1965: HoBble OpIOBHKCKHE TPHIOGHTHI
CesepHoro Kazaxcrana (New Ordovician trilobites from North Kazakhstan).
Ezhegod. vses. paleontol. ob-va. 17 (1957-1964), 148-173, incl. 3 Pls. Lenin-
grad. [In Russian].

[Koroleva, M. N.] Koponesa, M. H. 1982: Tpwio6utsl opuosuka CeBepo-
Bocrounoro Kasaxcranwa (Ordovician trilobites from northeast Kazakhstan).
Minist. geol. SSSR, Minist. geol. KazSSR, Kaz. nauchno-issled. inst. miner.
syr. 1982, 192 pp., incl. 26 Pls. Moscow. [In Russian].

Lenz, A. C. & Churkin, M., Jr. 1966: Upper Ordovician trilobites from northern
Yukon. Palaeontology 9 (1), 3947, Pls. 4-5.

Linnarsson, J. G. O. 1872: Anteckningar om den kambrisk-siluriska lagserien i
Jemtland. Geol. Foren. Stockh. Forhandl. 1 (3), 34-47.

Linnarsson, J. G. O. 1874: En egendomlig Trilobitfauna fran Jemtland. Geol.
Foren. Stockh. Forhandl. 2, 491-497, Pl. 22.

Lu Yen-hao [Lu Yan-hao] 1957: [Trilobita]. Pp. 249-294, Pls. 137-155 in Inst.
Palaeontol., Acad. Sinica (ed.): [Index Fossils of China, Invertebrate, Part I1I].
Peking [Beijing].

Lu Yen-hao [Lu Yan-hao] 1975: [Ordovician trilobite faunas of central and
southwestern China]. Palaeontol. sinica 152, N.S. Bll, vi + 463 pp, 50 Pls.
Peking [Beijing]. [In Chinese with English translation pp. 265-463].

Lu Yen-hao [Lu Yan-hao] & Chang Wen-tang [Zhang Wen-tang] 1974: [Ordo-
vician trilobites]. Pp. 124-136, Pls. 49-56 in Nanking Institute of Geology and
Palaeontology, Acad. Sinica (ed.): {[A Handbook of the Stratigraphy and
Palaeontology in Southwest China]. iii + 454 pp., 202 Pls. Science Press Nanjing
[Nanking]. [In Chinese].

Lu Yen-hao [Lu Yan-hao], Chang Wen-tang [Zhang Wen-tang|, Chu Chao-ling
[Zhu Zhao-ling], Chien Yi-Yuan [Xien Yi-yuan] & Hsiang Lee-wen [Hsiang
Li-wen] 1965: [Chinese fossils of all groups. Trilobites of China]. Vol. 1, pp. v
+ 1-362, Pls. 1-66; Vol. 2, pp. iv + 363-766, Pls. 67-135. Science Publishing
Co., Peking [Beijing]. [In Chinese].

Ludvigsen, R. 1975: Ordovician Formations and Faunas, Southern Mackenzie
Mountains. Can. J. Earth Sci. 12 (4), 663—697, incl. 5 Pls., 10 Figs.

McNamara, K. J. 1978: Paedomorphosis in Scottish olenellid trilobites (Early
Cambrian). Palaeontology 21 (3), 635-655, incl. P1. 71.

Menzies, R. J., George, R. Y. & Rowe, G. T. 1973: Abyssal Environment and
Ecology of the World Oceans, 488 pp. John Wiley & Sons, New York.

Moberg, J. Chr. 1907: Ett par bidrag till kinnedomen om Skénes dicello-
graptusskiffer. Geol. Foren. Stockh. Férhandl. 29 (2), 75-88, 1 PL

Moore, R. C. (ed.) 1959: Treatise om Invertebrate Paleontology. Part O. Arthro-
poda I. xix + 560 pp. Geol. Soc. America and Univ. Kansas Press, Lawrence,
Kansas.

[Nazarov, B. B.] Hasapos, B. B. & [Popov, L. E.] Ilonos, JI. E. 1980:
Crparurpagus ¥ ¢ayHa KpPEMHHCTO-KapOGOHAaTHBIX TOJIL OpP/IOBHKA
Kasaxcrana (paguonsipun u Ge33amkoBble Gpaxuonopsl) [Stratigraphy and
fauna of Ordovician siliceous—carbonate deposits of Kazakhstan (radiolarians
and inarticulate brachiopods)). Trudy Geol. inst., Akad. nauk SSSR, 331, 189
pp, incl. 32 Pls. Izdat. ‘Nauka’, Moscow. [In Russian].

Nicholson, H. A. & Etheridge, R., Jr. 1879 [1878-1890): A monograph of the
Silurian fossils of the Girvan District in Ayrshire with Special Reference to Those

Ordovician trilobite ROBERGIA Wiman, 1905 57

Contained in the ‘Gray Collection’. Vol. 2 (1). Pp. i-vi + 136-236, Pls. 10-15.
Edinburgh & London.

[Nikitin, I. F.] Hukutun, U. &. 1972: Opdoeux Kasaxcmana. 9acmo I.
Cmpamuzpagua (Ordovician of Kazakhstan. Part 1. Stratigraphy). 242 pp.
Izdat. ‘Nauka’ KazSSR, Alma Ata. [In Russian with English summary].

[Nikitin, I. F.] Hukutun, 1. ®@., [Apollonov, M. K.] Anomnonos, M. K. &
[Tsaj, D. T.] Laii, O, T. 1968: KoppensiuuonHas cxema opaoBuka BocrouHoro
Ka3saxcrana (Correlation chart for the Ordovician of eastern Kazakhstan).
Izvest. Akad. Nauk KazSSR, ser. geol. 1968 (3), 12 pp., 1 Table. Alma Ata.
[In Russian]. .

Nikolaisen, F. 1983: The Middle Ordovician of the Oslo Region, Norway, 32.
Trilobites of the family Remopleurididae. Nor. Geol. Tidsskr. 62 (4) [ for 1982],
231-329.

Olin, E. 1906: Om de Chasmopskalken och Trinucleusskiffern motsvarande
bildningarne i Skane. Medd. Lunds Geol. Filtkl., Ser. B, 1,79 pp, 4 Pls.; also
Kongl. Fysiogr. Sillsk. Handl. N.F. 17 (3).

Owens, R. M. 1970: The Middle Ordovician of the Oslo Region, Norway, 23.
The trilobite family Proetidae. Nor. Geol. Tidsskr. 50 (4), 309-332.

Patte, E. 1926: Etudes paléontologiques relatives a la géologie de I'est du Tonkin
(Paléozoique et Trias). Bull. Serv. Géol. I'Indochine 15 (1). (Only partly seen
in photocopy).

Peach, B. N. & Horne, J. 1899: The Silurian rocks of Britain. Vol. 1. Scotland.
With petrological chapters by J. J. H. Teall. Mem. Geol. Surv. U.K. 1899, xviii
+ 749 pp., 27 Pls. 1 Map.

[Petrunina, E. Ye.] IlerpyHnna, 3. E. & [Severgina, L. G.] CeBepruna, JI.T.
1962: K crpaturpacun oprosuka CeBepo-3anana I'opHoro Antas (Ordovician
stratigraphy of north-western Altay Mountains). Zap.-sibr. geol. uprav.,
Tomsk. gosud. univ., Mater. geol. zap. Sib. 63, 81-93, 4 Pls., 2 charts. Izdat.
Tomsk Univ., Tomsk.

Raymond, P. E. 1920a: The appendages, anatomy and relationships of trilobites.
Mem. Conn. Acad. Arts & Sci. 7, 1-169, Pls. 1-11.

Raymond, P. E. 1920b: Some new Ordovician trilobites. Bull. Mus. Comp. Zool.,
Harv. Univ. 64 (2), 273-296.

Raymond, P. E. 1925: Some trilobites of the Lower Middle Ordovician of eastern
North America. Bull. Mus. Comp. Zool., Harv. Univ. 67 (1), 1-180, Pls. 1-
10.

Reed, F. R. C. 1903: The Lower Palzozoic trilobites of the Girvan District,
Ayrshire. Pal@ontogr. Soc. [Monogr.] 1, 1-48, Pls. 1-6.

Reed, F. R. C. 1931: The Lower Palzozoic trilobites of Girvan. Supplement No.
2, being a revision of some species previously described. Pale@ontogr. Soc.
[Monogr.] (for 1929), 30 pp.

Reed, F. R. C. 1935: The Lower Pal®ozoic trilobites of Girvan. Supplement No.
3. Pal@ontogr. Soc. [Monogr.] (for 1934), 64 pp., 4 Pls.

Reed, F. R. C. 1952: Revision of certain Ordovician fossils from County Tyrone.
Proc. R. Ir. Acad. 55B (3),29-136, S Pls.

Ross, R. J., Jr. 1951: Stratigraphy of the Garden City Formation in Northeastern
Utah, and Its Trilobite Faunas. Bull. Peabody Mus. nat. Hist. (Yale) 6, vi +
155 pp., 36 Pls.

Ross, R. J., Jr. 1953: Additional Garden City (Early Ordovician) trilobites. J.
Paleontol. 27 (5), 633-646, Pls. 62-64.

Ross, R. J., Jr. et al. 1982: The Ordovician System in the United States.
Correlation Chart and Explanatory Notes. Int. Union Geol. Sci., Publ. No. 12,
[ii] + 73 pp., 3 charts. Paris & Ottawa.

Ross, R. J., Jr. & Shaw, F. C. 1972: Distribution of the Middle Ordovician
Copenhagen Formation and its Trilobites in Nevada. Prof. Pap. U.S. geol.
Surv. 749, iii + 33 pp., 8 Pls.

[Rozova, A. V.] Po3osa, A. B., [Rozov, S. N.] Po3os, C. H. & [Dubatolova, Y.
A.] Oy6atonosa, 10, A. 1985: Crpaturpacdus u c¢ayHa opnosuka Cepepo-
3anansoro Canaupa (Ordovician stratigraphy and Fauna of northeast Salair).
Trans. Akad. Nauk SSSR, Sibir. otdel., Inst. geol. geofiz. 637, 176 pp., 24 Pls.
Izdat. ‘Nauka’, Moscow. [In Russian].

Salter, J. W. 1853: Figures and descriptions illustrative of British organic remains.
Mem. geol. Surv. U.K., Dec. 7, 7 (8), 1-10, Pl 8.

Sdzuy, K. 1978: The Precambrian—-Cambrian boundary beds in Morocco (Pre-
liminary Report). Geol. Mag. 115 (2), 83-94, 1 PL

Shaw, F. C. & Fortey, R. A. 1977: Middle Ordovician facies and trilobite faunas
in N. America. Geol. Mag. 114 (6), 409443.

Shergold, J. H. 1972: Late Upper Cambrian Trilobites from the Gola Beds,
Western Queensland. Bur. Miner. Res., Geol. Geophys. Bull. 112, [iv] + 127
pp., incl. 19 Pls.

Siveter, D. J. 1976: The Middle Ordovician of the Oslo Region, Norway, 27.
Trilobites of the family Calymenidae. Nor. Geol. Tidsskr. 56 (3), 335-396.
Skjeseth, S. 1963: Contributions to the geology of the Mjgsa District and the
classical sparagmite area in Southern Norway. Nor. geol. unders. Bull. 220,

126 pp., 2 Pls.

Stitt, J. H. 1982: Magnesium oxychloride — an excellent replicating material. J.

Paleontol. 56 (3), 817-819.



58 F. Nikolaisen

Stgrmer, L. 1953: The Middle Ordovician of the Oslo Region, Norway, 1.
Introduction to stratigraphy. Nor. Geol. Tidsskr. 31, 37-141, 4 Pls.

Taylor, M. E. & Forester, R. M. 1979: Distributional model for marine isopod
crustaceans and its bearing on early Paleozoic paleozoogeography and con-
tinental drift. Geol. Soc. Am. Bull., Part 1, 90, 405-413.

Thorslund, P. 1937: Kvartsiter, sandstenar och tektonik inom Sunneomrédet i
Jamtland. Sver. Geol. Unders. C409, 30 pp.

Tripp, R. P. 1962: Trilobites from the confinis Flags (Ordovician) of the Girvan
District, Ayrshire. Trans. R. Soc. Edinb. 65 (1) [for 1961-1962], 1-40, 4 Pls.

Tripp, R. P. 1979: Trilobites from the Ordovician Auchensoul and Stinchar
Limestones of the Girvan district, Strathclyde. Palaeontology 22 (2), 339-361,
incl. Pls.

Tripp, R. P. 1980: Trilobites from the Ordovician Balclatchie and lower Ardwell
groups of the Girvan district, Scotland. Trans. R. Soc. Edinb., Earth Sci. 71,
123-145, incl. 4 Pls.

Wandas, B. T. G. 1984: The Middle Ordovician of the Oslo Region, Norway,
33. Trilobites from the lowermost part of the Ogygiocaris Series. Nor. Geol.
Tidsskr. 63 (3-4) [for 1983], 211-267.

Webby, B. D. 1973: Remopleurides and other Upper Ordovician trilobites from
New South Wales. Palaeontology 16 (3), 445-475, Pls. 51-55.

[Weber, V. N.] Bedep, B. H. 1932: Tpnfodnti Typkectaha (Trilobites of the
Turkestan). Trudy vses. geol.- razv. ob'-ed., N.S., 178, iv + 3-151, 4 Pls. [In
Russian with English summary pp. 107-143].

[Weber, V. N.] Be6ep, B. H. 1948: MoHorpagmuu no naneontonoruu CCCP.
Tom LXIX. Tpuno6urel cunypuiickux otnoxenuis CCCP. Bbmyck 1.
Huxunecunypuiickue Tpuno6ursl (Monography of the palaeontology of the
USSR. Volume 69. Trilobites of the palaeontology of the USSR. Volume 69.
Trilobites of the Silurian deposits in the USSR. Part 1. Lower Silurian trilo-
bites). Vses. nauchno-issled. geol. inst., Minist. geol. SSSR, 113 pp., 11 Pls.
Moscow & Leningrad. [In Russian].

NORSK GEOLOGISK TIDSSKRIFT 71 (1991)

Whittington, H. B. 1950: Sixteen Ordovician genotype trilobites. J. Paleontol.
24 (5), 531-565, Pls. 68-75, 9 Figs.

Whittington, H. B. 1956: Photographing small fossils. J. Paleontol. 30 (2), 756~
757.

Whittington, H. B. 1959a: Remopleurididae. Pp. 0327-0331 in Moore, R. C.
(ed.): Treatise on Invertebrate Paleontology. Part O. Arthropoda I. xix + 560
pp. Geol. Soc. America and Univ. Kansas Press. Lawrence, Kansas.

Whittington, H. B. 1959b: Silicified Middle Ordovician trilobites: Remo-
pleurididae, Trinucleidae, Raphiophoridae, Endymionidae. Bull. Mus. Comp.
Zool., Harv. Univ. 121 (8), 371-496, 36 Pls.

Whittington, H. B. 1965: Trilobites from the Ordovician Table Head Formation,
western Newfoundland. Bull. Mus. Comp. Zool., Harv. Univ. 132 (4), 275-
442, 68 Pls.

Whittington, H. B. 1972: Scotland. Pp. 49-53, Fig. 9 in Williams, A., Strachan,
I., Basset, D. A., Dean, W. T., Ingham, J. K., Wright, A. D. & Whittington,
H. B.; A correlation of Ordovician rocks in the British Isles. Geol. Soc.
London, Spec. Pap. 3, 74 pp., 10 Figs.

Whittington, H. B. & Hughes, C. P. 1972: Ordovician geography and faunal
provinces deduced from trilobite distribution. Phil. Trans. R. Soc. London
B263 (850), 235-278, incl. 12 Figs.

Wiman, C. 1894: Ueber die Silurformation in Jemtland. Bull. Geol. Inst. Univ.
Upsala 1 (2) [for 1893], 256-276.

Wiman, C. 1905: Paliontologische Notizen 3-6. Uber Robergia microphthalmus
Lns. und Triarthrus jemtlandicus Lns. Bull. Geol. Inst. Univ. Uppsala 6, 77—
83, PL S.

Yin Gong-zheng 1978: In Yin Gong-zheng & Li Zhan-ji; [Trilobites]. Pp. 385-594,
798-829, Pls. 144-192 in Working Group of Stratigraphy and Palaeontology,
Guizhou Section (ed.): [Palaeontological Atlas of Southwest China. Fasc. 1.
Guizhou Part]. Geological Publishing House, Beijing. [In Chinese].



NORSK GEOLOGISK TIDSSKRIFT 71 (1991) Ordovician trilobite ROBERGIA Wiman, 1905 59

Fig. 13. A-1. Robergia microphthalma (Linnarsson, 1875), Anders6 Shale, Sunne Sokn (community), Jamtland, Sweden. A. Dorsal view of longitudinally slightly
compressed cranidium. LO 2556 t. Original of Hadding 1913, PI. 8, fig. 15. Anderson. X5.5. B. Dorsal view of holotype cranidium. SGU type 3952. Figured by
Linnarsson 1875, PL 22, fig. 3; also Whittington 1950, PL 71, fig. 6. Onsvedsbicken. Coll. G. Linnarsson 1871. x8. C. Dorsal view of librigena associated with the
specimens in Fig. 14C, H. SGU type 5440. Onsvedsbacken. Coll. G. von Schmalensee 1884. x5.5. D. Dorsal view of incomplete early holaspid cranidium. SGU
type 5441. Zone of Hustedograptus teretiusculus. About 100 m NW of Hégen. Coll. P. Thorslund 1936. X20. E. Dorsal view of almost complete exoskeleton in
moulting position. SGU type 3911. Figured by Nikolaisen 1983, Pl. 15, fig. 8. Zone of Nemagraptus gracilis. Frosén. Coll. P. Thorslund 1950. X5. F. Latex cast,
ventral view of lower cephalic unit of specimen Fig. 13E. SGU type 3911. Zone of Nemagraptus gracilis. Fr6s6n. Coll. P. Thorslund 1950. x9.5. G. Dorsal view of
transversally slightly compressed upper cephalic unit in moulting position. SGU type 5442. Zone of Hustedograptus teretiusculus. Hogen. Coll. P. Thorslund 1936.
X5. H-1. Dorsal and anterior view of complete but slightly distorted cranidium. SGU type 5443. Locality and horizon as for Fig. 13D. x6.



60 F. Nikolaisen NORSK GEOLOGISK TIDSSKRIFT 71 (1991)

Fig. 14. A-1. Robergia microphthalma (Linnarsson, 1875), Anderso Shale, Sunne Sokn (community), Jimtland, Sweden. A. Latex cast, dorsal view of external mould
of slightly distorted and incomplete cranidium showing prosopon. SGU type 5444. Zone of Hustedograptus teretiusculus. Northeastern side of Froson. Coll. B.
Asklund 1936. X5.5. B. Latex cast, dorsal view of external mould of longitudinally compressed cranidium showing prosopon. SGU type 5445. Locality and horizon
as for Fig. 14A. x7. C. Dorsal view of two librigenae, SGU types 3958-3959, figured by Holm 1897, Pl 8, fig. 1; 1898, Pl. 1, fig. 1; Whittington 1950, P1. 71, fig. 1.
Onsvedsbiacken. Coll. G. von Schmalensee 1884. x3.5. D. Dorsal view of incomplete protopygidium. SGU type 5446. Zone of Hustedograptus teretiusculus. About
100 m NW of Hégen. Coll. P. Thorslund 1936. x27. E. Dorsal view of transitory pygidium. SGU type 5447. Locality and horizon as for Fig. 14D. X27. F. Dorsal
view of incomplete early meraspid thorax and pygidium. SGU type 5448. Locality and horizon as for Fig. 14D. X27. G. Dorsal view of early meraspid cranidium.
SGU type 5449. Locality and horizon as for Fig. 14D. X27. H. Ventral view of almost complete, slightly distorted, hypostome associated with the specimens in Figs.
13C and 14C. SGU type 5450. Onsvedsbicken. Coll. G. von Schmalensee 1884. x7. L. Dorsal view of fragmentary pygidium. LO 2558 t. Figured by Hadding 1913,
Pl 8, fig. 17. Anderson. Coll. Moberg & Kullberg 1907. X5. J. Robergia scanica Hadding, 1913. Holotype, dorsal view of incomplete cranidium. LO 1997 t. Figured
by Moberg 1907, Pl 1, fig. 4; Hadding 1913, Pl. 8, fig. 19. Dicellograptus Shale, Zone of Hustedograptus teretiusculus. Creek section, Rostdnga Church, Scania,
Sweden. Old collection. x10. K. Robergia sparsa Nikolaisen, 1983. Latex cast, dorsal view of complete but flattened and poorly preserved pygidium. LO 2559 t.
Figured by Hadding 1913, Pl. 8, fig. 18 as Robergia microphthalma?; also Whittington 1950, Pl. 71, fig. 7. Andersé, Sunne Sokn (community), Jimtland, Sweden.
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Fig. 15. A-B. Robergia barrandii (Etheridge & Nicholson, 1879). Lower Ardmillan Series, Balclatchie Group, Balclatchie, Girvan, Ayrshire, Scotland. Mrs. Gray
collection. A. Dorsal view of crushed, slightly incomplete cranidium showing well-preserved prosopon. BM In. 21005. Figured by Reed 1903, PI. 5, fig. 2. x8. B.
Holotype, dorsal view of incomplete cranidium. MB In. 21004. Figured by Etheridge & Nicholson 1879, Pl. 10, fig. 13; also Reed 1903, PI. §, fig. 1. X11. C-H.
Robergia striatella sp. nov. Anderso Shale, Zone of Nemagraptus gracilis. East of Kiringnaset, northern beach of Anderson, Sunne Sokn (community), Jamtland,
Sweden. Coll. P. Thorslund 1937. C-G. Paratype, dorsal, anterior, left and right lateral views, and detail of posterior part of median area and occipital ring showing
the prosopon SGU type 3910. C-F x8; G x16. H. Holotype, dorsal view of pygidium. SGU type 3909. x7.

Coll. A. Hadding 1912. X6. L-N. Robergia barrandii (Etheridge & Nicholson, 1879). L. Dorsal view of early holaspid cranidium. MB In. 20998. Figured by Reed
1903, P1. 5, fig. 3. Lower Ardmillan Series, Balclatchie Group, Balclatchie, Girvan, Ayrshire, Scotland. Mrs Gray collection. X20. M. Latex cast, dorsal view of
external mould of small pygidium. HM A. 18487b. Figured by Tripp 1980, PI. 1, fig. 28. Lower Balclatchie Group. Dalfask, Girvan. X14. N. Dorsal view of slightly
distorted pygidium. BM In. 20993. Figured by Etheridge & Nicholson 1879, Pl. 14, fig. 11 as Cheirurus(?) sp. ind. (a); also Reed 1903, Pl. 4, fig. 9 as Apatokephalus
sp. Locality and horizon as for Fig. 14L. x11.
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Fig. 16. A-C. Arator mariannus mariannus (Koroleva, 1965). Tselinograd horizon, Lidievka Formation, about 12 km east of Lidievka, Belyi Kordon, northern
Kazakhstan. Coll. M. A. Zhukova. A. Holotype, dorsal view of magnesian oxychloride replica, incomplete cranidium. 1101/120 GM IGN. Figured by Koroleva
1965, P1. 2, fig. 9; 1982, PL. 16, fig. 7. X 10. B. Paratype, dorsal view of magnesian oxychloride replica, incomplete cranidium. 1101/121 GM IGN. Figured by Koroleva
1965, PI. 2, fig. 10; 1982, PI. 16, fig. 8. x10. C. Paratype, dorsal view of magnesian oxychloride replica, almost complete pygidium. 1101/124 GM IGN. Figured by
Koroleva 1965, Pl. 2, fig. 12; 1982, PI. 16, fig. 9. X10. D-E. Arator mariannus (Koroleva, 1965) asiaticus (Koroleva, 1982). Paratype, dorsal and dorso-anterior view
of incomplete cranidium. 1101/119 GM IGN. Erkebidaik horizon, Lidievka Formation, about 12 km east of Lidievka, Belyi Kordon, northern Kazakhstan. x12.
F-K. Eorobergia breviceps (Raymond, 1925). Normanskill boulder, ‘Mystic Conglomerate’, about 3 km north of Mystic, Missisquoi County, Quebec, Canada. Coll.
P. E. Raymond 1923. F-G. Holotype, dorsal and dorso-anterior views of cranidium. MCZ 1727. X16. H. Left dorso-lateral view of topotype fragmentary thoracic
tergite associated with the holotype cranidium. MCZ 1727. x16. 1. Paratype, dorsal view of fragmentary cranidium. MCZ 3276a. X 10. J. Paratype, dorsal view of
incomplete, slightly distorted cranidium. MCZ 3276b. x10. K. Right dorso-lateral view of topotype fragmentary thoracic tergite associated with the paratype
cranidium in Fig. 16J. MCZ 3276¢. X 10.



