
Agnostoid trilobites from the Henson
Gletscher and Kap Stanton formations
(Middle Cambrian), North Greenland

Richard A. Robison

Agnostoid trilobites are abundant and diverse in 10 collections from the Henson
Gletscher and Kap Stanton formations of North Greenland. Three agnostoid assem­
blages are identified from slope apron to deep outer shelf lithofacies, representing the
Ptychagnostus gibbus, Ptychagnostus atavus, and lower Lejopyge laevigata interval­
zones of Middle Cambrian age. This is the first report of fossils from the P. atavus Zone
in Greenland.

At least 17 agnostoid genera are represented in the Henson Gletscher and Kap
Stanton formations, of which Megagnostus and Schismagnostus are new. Diagnoses of
Agnostus, Diplorrhina, Doryagnostus, Lejopyge, Peratagnostus, Peronopsis, Pseu­
dophalacroma, and Tomagnostus are emended. From review of type material, slome of
which is illustrated with new photographs, Cyclopagnostus, Grandagnostus, Phoidag­
nostus, Quadragnostus, and Spinagnostus are considered to be unrecognisable genera.

FortY agnostoid species, some in open nomenclature, are identified from the new
collections. The species Agnostus lophotus, Diplorrhina oncota, Megagnostus diclidus,
Schismagnostus plicatus, and Tomagnostus bothrus are new. Abrupt early holaspid
metamorphosis occurred in the cephalon of Schismagnostus plicatus and in the pygi­
dium of Peratagnostus cicer. A lectotype is selected for Agnostus lens Gronwall, 1902,
which is the type species of Cotalagnostus.

R. A. R., Department of Geology, University of Kansas, Lawrence, Kansas 66045­
2124, U.S.A.

The geological setting, lithostratigraphy, and deposi­
tional environments of the Henson Gletscher and Kap
Stanton formations are discussed in an accompanying
paper by Ineson et al. (1994). These formations represent
deposition in slope apron to deep outer shelf environ­
ments, and they contain rich Middle Carnbrian faunas
dominated by trilobite assemblages that are unusual in
having Laurentian, Baltic, and mixed aspects. Systematic
descriptions of the trilobites and discussions of their bio­
stratigraphy are presented in separate papers, one on the
polymeroids by Babcock (1994a), and one here on the
agnostoids. Separate biostratigraphic zonations for ag­
nostoid and polymeroid trilobites have been advocated
because of major differences in their morphology, distri­
butions, and inferred modes of life (e.g., Robison, 1976,
1984). The agnostoids were probably pelagic suspension
feeders whereas most polymeroids were probably benthic
deposit feeders (e.g., Robison, 1972b, 1987).

Bul/. Grønlands geoL Unders. 169, 25-77 (1994)

Mol1uscs, brachiopods, ostracods, and sponges are pre­
sent in the studied col1ections from the Henson Gletscher
and Kap Stanton formations, but they have not been
studied in detail.

Analyses of selected Middle Carnbrian trilobite faunas
and their depositional environments suggest that differ­
ences between faunas of Laurentian and Baltic aspect are
related to environmental gradients in which temperature
was a major factor. This hypothesis is evaluated in anoth­
er accompanying paper by Babcock (1994b), which dis­
cusses palaeogeography and trilobite biogeography.

This paper is based on diverse agnostoid trilobites
(Table l) in 10 col1ections from North Greenland, The
fossils were cOl1ected at two localities in Nyeboe Land
and at one locality in Peary Land (Fig, l) by John S. Peel
and other geologists of the Geological Survey of Green­
land (GGU) during regional geological investigations,

© GGU, Capenhagen, 1994
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Fig. 1. Derivation of fossiliferous samples.
A, map showing the distribution ofthe Brøn­
lund Fjord and Tavsens Iskappe Groups in
North Greenland and collection localities dis­
cussed in the text. B, C, geological cross~

sections through Cambrian - Lower Ordo­
vician strata in North Greenland. BFG, Brøn­
lund Fjord Group; TIG, Tavsens Iskappe
Group; RGG, Ryder Gletscher Group (from
Ineson et al., 1994). D, biostratigraphy of
fossiliferous samples (stars) discussed in the
text.
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Five agnostoid interval-zones have been defined in
Middle Cambrian strata (Robison, 1984, pp. 5-9). With
the aid of both defining and characterising species (sensu
Murphy, 1977), these zones are identifiable in many
open-marine lithofacies of the world. Three of the zones,
Ptychagnostus gibbus, Ptychagnostus atavus, and Lejo­
pyge laevigata, are represented by rich and diverse ag­
nostoid assemblages in the new GGU collections from
North Greenland. Lack of fossils from the Ptychagnostus
praecurrens and Ptychagnostus punctuosus zones is
probably due to incomplete collecting, in part because of
such problems as ground accessibility and limited field
time (J. S. Peel, personal communication, 1987), rather
than to gaps in the stratigraphic succession. Previous
reports of trilobites from the P. punctuosus Zone in Nye­
boe Land (Poulsen, 1969) and Peary Land (Robison,
1984) support this conclusion.

Ptychagnostus gibbus Interval-zone

One collection (GGU 298970) from the middle Hen­
son Gletscher Formation of Nyeboe Land contains 12
species-group taxa (Fig. 2), including P. gibbus. More
than half of these species are widely distributed around
the world, and collectively the assemblage is most char­
acteristic of the gibbus Zone. Other evidence supporting
this zonal identification is the presence of Ptychagnostus
intennedius, a common and cosmopolitan species with an
observed stratigraphic range that is restricted to the gib­
bus Zone. Observed ranges of other species, especially
that of Doryagnostus vinicensis, as revised, suggest that
the collection is from the upper part of the gibbus Zone.

Ptychagnostus atavus Interval-zone

The atavus Zone is well represented by abundant spec­
imens in five collections, all from Nyeboe Land. Of these
collections, three (GGU 298969, 298974, 298975) are
from the upper Henson Gletscher Formation (Fig. 2) and
two (GGU 319789, 319790) are from basal beds of the
Kap Stanton Formation (Fig. 3). The total zonal assem­
blage contains at 1east 24 species-group taxa, including P.
atavus. Although fossils of this zone are widely distrib­
uted (Rowell et al., 1982), this is the first report of
diagnostic species in Greenland (cf. Robison, 1984, p. 7).
The presence of Ptychagnostus affinis in basal beds of the
Kap Stanton Formation suggests that those beds are in the
upper atavus Zone, possibly near its boundary with the
Ptychagnostus punctuosus Zone.

Table l. Classification of agnostoid trilobites
identified from the Henson Gletscher and

Kap Stanton formations

Order Agnostida

Family Agnostidae
Agnostus lophotus n. sp.
Agnostus? cf. exsulatus Poulsen

Farnily Clavagnostidae
Clavagnostus cf. milli Jago & Daily

Family Diplagnostidae
Diplagnostus planicauda (Angelin)
Iniospheniscus incanus? bpik
Linguagnostus groenwalli Kobayashi

Family Doryagnostidae
Doryagnostus vinicensis (Snajdr)

Farnily Metagnostidae
Diplorrhina oncota n. sp.
Diplorrhina cf. sallesi (Munier-Chalmas & Bergeron)

Farnily Peronopsidae
Hypagnostus brevifrons (Angelin)
Hypagnostus parvifrons (Linnarsson)
Peronopsis bulkurensis Pokrovskaya & Pegel
Peronopsis fallax (Linnarsson)
Peronopsis ferox (Tullberg)
Peronopsis interstricta (White)
Peronopsis cf. pusilla (Tullberg)
Peronopsis scutalis (Hicks)
Peronopsis sp. I
Peronopsis sp. 2

Peronopsis sp. 3

Farnily Ptychagnostidae
Lejopyge barrandei (Hicks)
Lejopyge calva Robison
Lejopyge hybridus (Brøgger)
Lejopyge cf. seminula (Whitehouse)
Ptychagnostus affinis (Brøgger)
Ptychagnostus atavus (Tullberg)
Ptychagnostus gibbus (Linnarsson)
Ptychagnostus intermedius (Tullberg)
Tomagnostus bothrus n. sp.
Tomagnostus corrugatus (Illing)
Tomagnostus fissus (Linnarsson)
Tomagnostus perrugatus (Gronwall)

Farnily unassigned
Megagnostus diclidus n. gen. & n. sp.
Megagnostus glandiformis (Angelin), n. gen.
Peratagnostus cicer (Tullberg)
Phalagnostus ovalis (Illing)
Schismagnostus plicatus n. gen. & n. sp.
Toragnostus bituberculatus (Angelin)
Genus & species undetermined I
Genus & species undetermined 2
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Fig. 2. Stratigraphic distribution of
agnostoid species described from
the upper Henson Gletscher Forma­
tion in Nyeboe Land (Iocality l,
Fig. 1). Scale indicates height in
metres above base of formation.
Six-digit numbers designate GGU
collections. GGU 298970 is from
the Ptychagnostus gibbus Zone.
GGU 298969, 298974, and 298975
are from the Ptychagnostus atavus
Zone.
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Agnostus? cf. exsu/atus • •
Dip/orrhina cf. sallesi •
Hypagnostus parvifrons • •Lejopyge barrandei • •
Unguagnostus groenwalli • •
Peronopsis faI/ax • •
Peronopsis interstricta • •Peronopsis scutalis • •Peronopsis sp. 1 •
Pha/agnostus ovalis • •
Ptychagnostus affinis • •Tomagnostus perrugatus • •
Lejopyge hybridus •
Peronopsis cf. pusilla •
Peronopsis sp. 2 •Ptychagnostus atavus •

Fig. 3. Distribution of agnostoid species in GGU collections
from basal beds of the Kap Stanton Formation in Nyeboe Land
(1ocality 2, Fig. 1). Collections are not in stratigraphic sequence.
Both collections are from the Ptychagnostus atavus Zone, and
probably from its upper part.

Lejopyge laevigata Interval-zone

The laevigata Zone is represented by abundant speci­
mens in four collections (GGU 301311-301313,
313115), all from basal beds of the Kap Stanton Forma­
tion in Peary Land (Fig. 4). At least 12 species-group taxa
are represented, which collectively are characteristic of
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Lejopyge ca/va •
Lejopyge hybridus? •
Agnostus /ophotus • • •
C/avagnostus cf. milli • • •
Hypagnostus brevifrons • • •
Megagnostus dic/idis • • •
Megagnostus g/andiformis • • •Peratagnostus cicer • • •
Toragnostus bitubercu/atus • • •
Dip/agnostus p/anicauda •
Dip/orrhina oncota • •Peronopsis sp. 3 •

Fig. 4. Distribution of agnostoid species in GGU collections
from basal beds of the Kap Stanton Formation in Peary Land
(1ocality 3, Fig. 1). Collections are not in stratigraphic sequence.
All collections are from the lower Lejopyge laevigata Zone.



the infonnallower subzone of the laevigata Zone (Robi­
son, 1984). Although L. laevigata is not present in these
collections, the species has been described from farther
south in Peary Land (Robison, 1984, 1988), where en-
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c10sing strata of the Holm Dal Fonnation have been
interpreted to represent deposition in an outer shelf envi­
ronment (Ineson, 1988).

Systematic descriptions

Terminology

Morphological terms used here are mostly defined in
the Treatise on Invertebrate Paleontology (Harrington et
al., 1959). Additional tenns have been defined by Robi­
son (1964, 1982), bpik (1967), and Shergold et al.
(1990).

A common, iterative, evolutionary trend among agnos­
toid trilobites was the suppression of dorsal furrows and
other surface irregularities, mostly on the acrolobes. The
condition resulting from advanced suppression of such
features has commonly been referred to by the adjective
effaced (e.g., Shergold et al. 1990, p. Il). The opposite
primitive condition, with ordinary development of lobes
and furrows has no commonly used tenn, although it has
been called 'en grande tenue' by some authors (e.g.,
bpik, 1967, p. 56; Shergold et al., 1990, p. 11). This latter
tenn is not an adjective, and to simplify terrninology, I
here refer to the primitive agnostoid condition as fur­
rowed. Unless otherwise stated, the furrowed condition is
a character state of all taxa diagnosed here.

Repositories

All Greenland material used in this study is identified
by collection or museum numbers. Repositories and their
abbreviations are Geological Survey of Greenland (Grøn­
lands Geologiske Undersøgelse), Copenhagen (GGU),
and Geologisk Museum, Copenhagen (MGUH).

Phylum Arthropoda

Class Trilobita

Order Agnostida Salter, 1864

Remarks. The diagnosis of Agnostida by Robison (1984,
pp. 9-10) is followed here. The author of the taxon,
however, is J. W. Salter (Shergold et al., 1990, p. 4).
Using recently obtained infonnation on ventral morphol­
ogy, Walossek & MUller (1990) have critically evaluated
the phyletic relationships of agnostoids and stem-lineage
crustaceans. A phylogenetic analysis by Babcock (1994a)
suggests that the Agnostida is monophyletic.

Family Agnostidae M'Coy, 1849
Genus Agnostus Brongniart, 1822

Agnostus Brongniart, 1822, pp. 8, 38; Jaekel, 1909, p. 399;
Kobayashi, 1939, pp. 159-162; Westergård, 1946, pp. 68-69,
84; Howell in Harrington et al., 1959, pp. 0172-0173; Pok­
rovskaya in Chemysheva, 1960, p. 58; Egorova & Pokrov­
skaya in Khalfin, 1960, pp. 159-160; Opik, 1961, pp. 74-75;
Palmer, 1962, p. F-12; Shergold et al., 1990, pp. 32-33
[selected references only]

Battus Dalman, 1828, pp. 136-137
Acutatagnostus Ergaliev, 1980, p. 91

Type species. Entomostracites pisiformis Wahlenberg,
1818, p. 42; by monotypy. Authorship of the species
name was reviewed by Rushton (1978, p. 258).

Emended diagnosis. Cephalon having preglabellar
median furrow. Glabella unequally divided by transverse
furrow (F3); anterior end rounded to ogival, posterior end
rounded to acuminate. Basal lobes simple, may indent
glabella. Genae smooth or weakly scrobiculate. Thorax
unmodified. Pygidium axiolobate and simplimarginate.
Axis separated from posterior border furrow; F1 and F2
moderately developed to nearly effaced; M2 with strong,
oval to carinate, median tuberc1e. Pleural fieids post­
eriorly confluent. Borders of cephalon and pygidium rela­
tively narrow. Pygidial border having pair of small post­
erolateral spines. Border furrows increasing in relative
width during ontogeny.

Remarks. Following its validation in 1822, more than 250
species-group taxa were assigned to Agnostus, inc1uding
most of the agnostoids named during the nineteenth and
early twentieth centuries. With erection of many agnos­
toid genera during the twentieth century, most species of
Agnostus were reassigned to new genera. The progressive
removal of species eventually left the genus with its type
species, A. pisiformis, and a residue of species-group taxa
that mostly lack definitive generic characters. Although
the species content of Agnostus has significantly changed
during its taxonomic history, little attention has been
given to its definition and concept.
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Fallowing the reassignment of most of its species, a

selies of brief diagnoses af ARnos/us were published by
Kobayashi (1939, pp. 150-160), Howell (ill Harrington et
ul., 1959, pp. 0172-0173), Pokrovskaya (in Chcrnysh­
eva, 1960, p. 58), Egorova & Pokrovskaya (ill Khal fin.
1960, pp. 159-160), and Palmer (1962, p. F12). Of those

authors, Kobayashi was the onlyane to list a complement

af species, and most af those were subsequently reas­

signed to other genera. Westergård (1946) did not give a
diagnosis af Agnostus, but he did diagnose or discuss four
pecies-group taxa under the generic name, ineluding the

new species A. neg/ecllls. In 1967, Opik (pp. 98-99)

etablished the genus Tllnitagllostus, whieh he diff'eren­
tiated from Agnos/I.ls "and related groups (Ho/11agnos/us,
Ceragnostlls, Micragnostus)" by the presence of "a lat­
erally notehed glabella with angulate recesses to fit the
basallobes." A new species, T. inni/ens, was described by
Opik as the type of Tnnitagnostus, and he also reassigned

to that genus Agllostus inexpectalls Kobayashi, 1938, A.

neg/ec/us. and Tomagnos/us /cha/erfensis Kryskov in Bo­
rovikov & Kryskov, 1963. Recently, Shergold e/ al.
(1990) published the most detailed diagnoses to date of
both Agnostus and Tllnitagnostus, but without accompa­
nying taxonomie discussion or indieation af assigned

species.
After reviewing the taxonomy of Agllos/us and closely

related genera, I no longer support the reeognition af
Tnnitagnosflts as a valid genus. I-lenningsmoen (1958, pI.
S, figs 1-12) has well illustrated same af the variation
observed within populations 01' A. pis(jorl71is, the type

species 01' Agnostus. His illustrations show that some

specimens have a glabella notched to lit lhe basal lobes

and other do not. Some peeimens also have weak abax­
ial development af the F I and F2 furrows, giving a

'lateralty nolched' a peet to the gIa bella, and others do
not. This variation in the type species ofAgllostus encom­

passes the only two eharacters eited by Opik (1967, p. 98)
to differentiate Tllnitagnostus from Agnostus. In my judg­
ment. a more important chm-acter of l. inlli/ens, the type
species ol' lnnitagnostus, is the near effacement of its
preglabellar median funow. This and its othcr charactcrs,

especiaily those of ilS axiallobe, suggest that f. inni/ens is

a transitional species linking ARnos/us and Micragnostus
(.I'cnsu F011ey, 1980, pp. 21-22). ILs observed straligra­
phie oceurrence also aeeords with this suggestion. AI­
though tlle transitional eharaeters of T. lilllitens make its
generic assignmcnt ,ubitrary, based on the near effaee­

ment 01' its pregJabeJlar median furrow, T reassign it to
Micragnostus. Consequently, fnnifagnostus is considered
to be a junior synonym ol' MicragnoslIls.

Arnong lhe charaeteri tic features 01' Agnos/us is a
preglabellar median furrow, which normally is absent in

late holaspid instars 01' MicraRnostus. Avestige of the
furrow, however, may be evident in younger instars ol'

same species af Micragnos/lIs (e.g., M. intennedius; see
Robison & Pantoja-Alor 1968, pI. 97. figs 3-5, a' reas­
signed by Fortey, 1980, p. 21).

Agnostus. as cmcndcd. includes A. pis(f'onnis (Wahlen­
berg, 1818), A. pafer We tergård ill Holm & Westergård,

1930, A. inexpcclans Kobayashi, 1938, A. neg/ectus
Westergård, 1946, A. exsulatus Poulsen, 1960, A. ac­
ulO/us (Ergaliev, 1980), and A. lophotus n. sp. (deseribed
below). Acufatagnostus aeutatus Ergaliev (1980. pp.
91-92, pI. J 1, fjg 16, 17), the type. peeies of AcutClfag­
nos/us ErgaJiev, 1980, has the anterim part ol' the pregla­

bellar median furrow effaeed, but otherwise it eonforllls

to the emended diagnosis of Agnostus. Because the pre­
glabellar median fUJTOW weaken forward in such pecies

4a 4b 5

3

6

Fig. 5. AgIlostIIS /ophotlls n. sp. All
specimens from GG 301313. Ull­
les otherwise stated, and all x 12.
la. b. cephaJon in dOt'sal and Jate ral
views, MGUH 21.335. 2. latex east
or eephaloll, MGUH 21.336 rrom
GGU 313115. 3. eephalol1. MGUH
21.337 from GGU 313115. 4a. b.
holotype pygidium ill dorsaJ and lat­
eraJ views, MG H 21.338. 5, 6, py­
gidia, MGUH 21.339 anu 21.340.



a II. lop!Jolus and A. exsulallls, anterior c1Taccmcnl ol'

lhal furrow does nOL seem to warranl generic significance
in aCl/laws. Therefore I reassign the specie. to Agno.Hus
and th reby suppress AClIlawgno. lus as a junior syn­

onym. Olher de cribed specie may warrant inclusion in

Ag/losllls, but avaiJable morphological information, in

my judgment, i: equivocal.
II 'IWS/t(S pisijorlnis is the only agnostoid for which

appendage. and soft anatomy are known (MUller & Wa­

los ·ek. 1987). The fidelity of pre en,-ation in the illus­

trated Swedish specimens is cxtraordinary, providing far
greater detail than is known for any olher lrilobile spe­

cie . Jn the ab ence of comparable information from

other agnostoids, however, laxonomic evaluation of the
many characters of the appendages and other 'on parts ol'
Agnoslus remains moot.

The species here included in Agnostus have a compos­

ite observed tratigraphic range from the Lejop)'ge laevi­
gaia Zone (upper Middle Cambrian) to the Pseudagnos­
lus curlare 7,one (middle Upper Cambrian). Ccphala as­
. igned here as Agnos/t(s? cf. exsulallls are from the upper
Plychagnoslus atavlIs Zone, bUL lheir generic assignment

is open to que tion.

Agnostus lophotus n. Sp.
Fig. 5

EI)'//lology. Greek lopholos. cresled: referring IO lhe car­
inate glabella.

Hololype. Pygidium (Fig. 5.4a, b), MGUH 21.338 from

GGU 301313.

Malerial. More than 40 disarticulatcd cephala and pygi­

dia are in GGU 301312, 301313. and 313115.

Diagnosis. Glahella latcrally swollen behind F3 and hav­

ing thread-like median carina behind median node. Axis

of pygidium, relatively shorl, tumid: FI and 1'2 nearly
effaced.

DescripliolJ. Agnoslus with preglabellar median furrow

weakening forward. Anleroglabella short, anleriorly

roundecl Ol' ogival. Transglabellar furrow (F3) bowed

posleriorly. Posleroglabella Wilh thread-like median ca­
rina extending rearward from median node, neal' mid­

length. to occipital bancl: I and F2 weak abaxially: M3

lalerally swollen. re ulting in grealest glabellar width jusl

behind F3. Gemte 'moolh ar having weak. irregular,

~erobicular pit. Pygidiulll with deep. sagittally wide,

posteriorly bowed. anieulating furrow. xis tUlllid and
relatively ·hon. with terminal econdary node; ri and F2
nearly effaced; median wbercle prominent, lightlyelon-
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gate; po terior margin broadly rounded. Pleural fjelds

fairly unifollll in width laterally and posleriorly. Border
furrow moderatcly wide on glabella, moderate IO wide on
pygidium.

Relllarks. A. lophollls clo ely resembles A. lIeglecllIs
Westergård (1946. p. 85, pI. 13 fig. 7-9), but differs
from that species by having a preglabellar median furrow
thai weaken forward, a pygidial axis that is broadel',

shorter, and with more cfTaced ring fUITOW . and the
pl ural fieids are more uni 1'01111 in width.

Occurrellce. All specimens are from basal bed of fhe

Kap Stanton Formation in Peary Land, and are from the
lower Lejopyge /aevigala Zone.

Agnostus? et'. exsulatus Poulsen, 1960
Fig. 6

Remarks. Two small cephala, one each in GGU 319789
and 319790, resemble specimens of A. exsulalus Poulsen
(J 960, pI. I, fig. 3; also Robison, 1988. lig. 7.5-8) by

having a relatively short glabella and a preglabellar

median furrow that weakens anteliorly. They difrer, how­

cver, by having a narrower border furrow, straight rather
than posteriorly bowed lransglabellar furrow (F3), and
more eentral plaeement of the median node on the po [­

eroglabella. Whether the c are ontogenetic or phyloge­

netic difrer nces is diffieult to judge from the small

sample.

Ocrur,-ence. 80th eephala are from the basal bed of lhe
Kap Stanton Fonnation in lyeboe Land, and from lhe
upp r Plychagnoslus alClVUS Zone. (f further information,

epeciaIly concerning the pygidium, supports assignment

ol' this species to Agnoslus, it wiJl signifieantly extend

downward the observed stratigraphic range (lf the genus.

Fig. 6. I\gnusl/ls? cl'. eHu!(I{/IS Poul. en. I. ccphalon, MGUH
21.341 from GGU 319790. x IS. 2a. b. æphalon in lateral and
dorsal views.:vIG t-I 21.342 from GGU 319789. x IS.
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2a 2b

serobielllar depressions Ol' pits both on genae af the ee­
phalon and pleural field af the pygidium.

Clavagnostus ef. milli Jago & Daily, 1974
Fig. 7

Ma/eria/. More than 40 peeimens are in GGU 301312,

301313, and 313115.

Type species. Agnostus repallc!u.l' Westergård iH Holm &
We tergård 1930. pp. 13-15.

Family Clavagnostidae Howell, 1937
Genu Clavagnostus Howell, 1937

Oc;currellce. All af the Greenland specimens are from

Description af eeu specimens. Cephalon slIbqlladrate
WiUl pair af lang, divergent, border pines. Genae eon­
fluent (preglabellar median furrow ab. ent). Glabella un­
divided, rounded anteriorly, angular posteriorly; median

node anterior, weak, and carinate; width af glabelJa great­

esl al level af node. Pygidium subquadrate; border trispi­

nose with pair ol' moderate-sized posterolateral spines
and one liny median spine. Axis lanecolate. lInfllrrowed,
eXlending lO poslerior border fllrrow; median node large,
may have slIperimpo ed smaller node on anlerior sllrfaee;

transvel' e SUlcllS af posteroaxi having pair af elongate

pits and ane ar two . econdary nodes. Surfaee af genae
and plellral fieids smooth ar with weak serobieular pilS.

RelJl({rks. Speeimen from Nonh Greenland cJosely re­
'emble tho:e from Tasmania that Jago & Daily (1974)
assigned IO C/aFagnOS/lls milli. They differ. however, in
having a carinate node rather than a imple node an the
glabella, and lhe lip af the pygidial axis is uSlIally nar­
rower. Jago & Daily did not menlian a medial spine an
the pygidial border, but at lea l ane ol' lheir pecimens
(pI. I I, fig. 15) appears to have the broken tub af uch a
spine. All illu trated pecimen ol' C. milli are rather

poody pre erved and are taphonomically deformed. mak­

ing ir difficlIlt to evalllate the taxonomic ignificance ol'
these differences. The Tasmanian and Greenland speci­
mens seem to be af approximately the same age. Whether
Ol' not their minor differences repre ent only geographic

variation within a single species is LInclear.

Clal't:l!?1l0s/LI' IrispinlIs Zhou & Yang (in Zhou et al.,
1977; see also Yang, 1978, pp. 17-18, p!. I, fig. 2) from
the lower Lejopyge /aevigata Zone af China, which has a
tiny median spine an the pygidial border, may he a junior
synonym af C. milli. POOl' preservation af all illu trated

peeimen af both taxa. however. hamper' laxonomic
evaluation. MOI'eover, a cephalon af C. /rispillus ha not

been illLl trated.
The Greenland specimens also closely re. em bl tho e

ol' C. repaHdlls, but diJfer by having a more quadrate
pygidium, a more acumjnare pygidial axi , and an acldi­
tional pin an lhe pygidial border.

5

9a

7

8b

9b

4

8a

6

3

Remarks. Jago & Daily (1974) have reviewed the taxo­

nomy af Clal'a!?HostuS. Their emended generie diagnosis
i' followed here. with the exeeption that not all speei­
men' have smoolh genae. Same previollsly illllstrated
speeimens (e.g., Jago & DaiJy, 1974, pJ. Il, figs 5-8, pI.

12, fig. 12) and 'ome new speeimens (Fig. 7) have weak

Fig. 7. ClavagnosllIs ef. milli Jago & Daily. All specimens from
GGU 301313. unless otherwise statetI, and all x IO. 1-3, ce­
phala. MGUH 21.343-21.345. 4-7. 9. pygidia, MGUH 21.346­
21.350. g, pygidiulll, MGUH 21.351 from GGU 313115.
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fig. 8. Dip/agl/os/Lls p/al/iNllIdll (An­

gelin). l, 2, <.:ephala, MG UH 21.352
anci2J.353, from GG 301313. x 12.

3, pygiciium, 1GUH 11.354 from
GGU 298975. x IO.

2 3

basal beds of the Kap Stanlon Formation in Peary Land, Genus Iniospheniscus Opik, 1979
and are from the lower Lejopyge /aevigata Zone.

Type species. Iniospltelliscl/s lalis bpik, J979, pp. 50-51.

Family Diplagnostidae Whitehouse, 1936
Genus DipLagnostus Jaekel, 1909

Type species. Agf10stus p/anic'audo Angelin, 1851, p. 7.

Diplagnostus pLanicauda (Angelin, 185 I)
hg. R

New 111(l/erial. One pygidium is in GG 291\975, and 3
cephala and I pygidium are in GGU 301313.

Rel1larks. D. p/Oflicollda is a dislinctive, geographically
widespr ad. and'lraligraphically long-ranging specie.
[ts laxonomy was recently reviewed (Robison, 1988. pp.
33-35). and lhe new specimens add no new morpholog­
icai informalion.

Lu & Lin (1989, pp. 76-77, pp. 202-203, pI. 2, fig. IS,
pl. 3, figs 1-8) recenlly de cribed and illuslraleel speci­
mens from we lern Zhejiang, China, that were assigned
to Dip/agnostu. p/anical/da veslgothicus (Wallerius), D.

-;,l1exieflsis Lu & Lin, and D. flora/is bpik. Characters
used to dislinguish all these taxa fall wilhin the range of
variahility observecl within populations of D. planicauda,

including ontogenetic eries. Therefore, I consieler the
three taxa cited by Lu & Lin (1989) to be junior syn­
onyms af D. plaflical/da.

Occurrenc.:e. D. p/aflicauda was recent ly reported to
range from n ar tlle base of the PtychagJlustus pUflClllO­

sus Zone IO neal' the top of the Lejopyge /aevigala Zone
(Robison, 1988. p. 35). Occurrences recordeel by Egorova
el al. (1982), Lu & Lin (1989), and Sang (19 9) inelicale
lhal lhe species aCLually ranges elownward to at Icast lhe
base af the PI.'·chogfloslus CllaVllS Zone. A representalivc
pygidium af D. p/afliccwda in GGU 29S975 from yeboe
Land (Fig. S.3) is also from lhe P. alavllS 7.one. Olhcr
new pecimcns in GGU 301313 from Peary Land are
from the L. laevi!{ala Zone.

Relllarks. Illiospheniscus is included in the Diplagnosti­
dae with question hecause ilS pygidial border is nol zon­
ate. although medial expansion may indicate an incipienL
zonate eondilion. Also. eompared wilh other genera in the
family. the shape af its po. teroaxi' is unusual. The ge­
neric diagnosi' of Shergold el al. (1990, p. 47) is fol­
lowed here.

Iniospheniscus incanus? Opik, ]979
Fig. 9.4

Remarks. A single. elamaged pygidium in GGU 298969

from lhe upper f-1enson Gletscher Formation is assigned
to Ifliospl1enisclls. Il lal ral margins converge slighLly
toward the poslerior and il ha a long. broad. pyriform
axis that extends lo the poslerior border fUITOW. Its po 1­

erior bord r i. medially wideneel. On the antcroaxis Lhe
FI is weak, the F2 is effaced, and lhe median tuberclc is
large and elongale. The po teroaxis is lalcrally expanded
and subpcnlagonal in outline. The acrolobe is slightly
constricted, rhe border furrow is wider lalcralJy than it i
posteriorly, and thc border has a pair of smalJ post­
erolateral spines. Thcse character are similar to (hose of
1. incallus bpi k (1979, p. 51, pI. 9, figs R, 9) from

ustralia, bUL lhe pygidial axis is slighlly broader and the
lateral borders are narrower. Assignment af the new pygi­
dium to I. ;l1carlUs i questioned, primariJy because in­
formation aboul Lhe entire exoskeleton is limiteel. The
new pygidium is from the Pl."cltagllosllls (l(avus Zone, as
are all describcd 'pecimen ol' I. incallus.

Geml LinguagnostLls Kobayashi, 1939

Type spnies. AglloslllS ~ieru/ji Rrøgger. 1878. pp. 49-5U.

Relllarks. The generic diagnosis ol' Shergold et al. (199U.
pp. 47--48) i.. followed here.



4, /l/iosphel/isCIIS iI/CGlIIIS') Opik. pygiuil.lm, MG H 21.358
from GGU 298969. x IO.

Fig. 9. Umlelemlineu agno loids and II/io phC:l/isClIs.

I a. b, Genus and species lInuetcnnined I. Lateral and dorsal
views of pygiuium, MGUH 21.355 from GG 298970, x 8.

2. 3, Gcnus and species 1I1ldelennined 2. 2. ccphalon, MG H
21.356 frOIII GG 298970. x IO. 3, cephalon. MGUH 21.357
from GGU 298969. x JO.
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Linguagnostlls groenwalli Kobayashi, 1939
Fig. IO

Agl/OSIIIS kjemlji Brøgger. Griinwall. 1902, pp. 69-70. I I. I, fig.
II

Lil/gl.logl/OSIIIS kjem/ji forma xrul/lI'lIlIi, Kobayashi, 1939, pp.
142-143

Lil/gllugl/oS!lIS grumt'alli Kobayashi. Westerg, rd. 1946. pp.
63-64, pI. 8. figs 30'1. b; Pokrovskaya il/ Chernysheva. 1960,
pI. I. fig. 5: Egorova. Pegel & hernysheva il/ Egorova el al.•

19R2. p. 62. pI. 12. fig. 3. pI. I-t fig. 6. pI. 16. figs I I. 12

Nell' mUler;u!. Four cephala and 6 pygidia are in GGU
319789 and 319790.

Emended dh/!?l1os;s. Cephalon having narrow border and
very wide, shallow border furrow; acrolobe uncon­
striclecl. Glabella broad, subcylindrical; width 01' anle­
roglabella aboul twiee its length; F3 shallow, narrow,

traight or slighlly bowed rearward; posteroglabeJla with
{;arinate median node anterior from midpoinl. Thorax
having wide axi.. Pygidium zonale in lale hol a 'pid pc­
riod: eollar lhread-Iike. bowing forward onto posterior
border fUITOw. Acrolobe conslri ted and borderec\ post­

eriorly by narrow inuous ridge lhal fade,' poslerolaler­

ally inlo prong-like projection eXlending IOward border

spines. Axis broad; FI and F2 mosIly effaced; anleroaxis
subquadrale wilh carinale luberelc mostly eonfined to
M2: posteroaxis having well-dcvcloped transverse sulcus
and as ocialed econdary median node near anterior mar­
gin, part behind sulcus reduced to smal I triangular ves­
lige. Pleural fieids narrow belween axis and posterior
border furrow, having pair of low. transversely elongale
wellings that ITIay be separated by postaxial depre ion

4 5 6

Fig. IO. LillgllClgIJIJSIII,V groell\mlli
Kobayashi. I, ccphalon. MGUII
21.359 from GGU 319790. x 5.5. 2.
cephalon from MG H 21.360 from
GGU J 19789. x 6. 3. incomplete py­
gidium. MGUII 21.36 I from GGU
319790, x 6. 4. latex ca~l of pygi­
dillm, MGUH 21.362 from GGU
319789. x 6. 5, incornplete pygidilllll
associared Wilh smaller pygidillm ol'
Plyc!lagllo.I"IIIS affillis (I ft). MGUH
21.363 from GG 319790. x 6. 6.
deformed pygidilllll. MG H 21.364
from GG 319790, x 6.



or furrow. Pygidial border furrow very wide, shallow,
and irregular in width; border narrow, bispinose.

Remarks. The few new specimens of this species are
fragmentary or deformed, or both. Nevertheless, their
number and condition is sufficient to demonstrate most
characters of the cephalon and pygidium. Such diagnostic
characters of the pygidium as advanced effacement of
ring furrows, a carinate tubercle mostly confined to the
second ring, shape of the acrolobe, and a pair of low
swellings between the axis and posterior border furrow,
closelY match those of rare and small specimens of Lin­
guagnostus groenwalli from Scandinavia (Westergård,
1946, pp. 63-64). Most of the pygidia from Greenland
are larger than those previously described from Scandina­
via, however, and have a shallow postaxial depression
rather than a median furrow, a wider border furrow, and a
pygidial collar (sensu bpik, 1967, p. 62). All of these
differences are likely to be of ontogenetic origin, and the
new specimens are therefore assigned to L. groenwalli.

In discussing Linguagnostus, bpik (1979, p. 52) con­
cluded that L. groenwalli "is an aberrant form with a
nonzonate pygidium" that "cannot be convincingly ac­
commodated in this [Linguagnostus] or any other genus
of Diplagnostidae." With the discovery in Siberia (Ego­
rova et al., 1982, pI. 14, fig. 6) and Greenland of larger
specimens having a zonate pygidial border, L. groenwalli
now accords well with a recent diagnosis of Linguagnos­
tus (Shergold et al., 1990, pp. 47-48). As size increases,
the larger holaspid pygidia show progressively greater
separation of the posterior border and the narrow but
distinct collar (Fig. 10.3, 4, 6). Comparison of new speci­
mens indicates that the ontogenetic appearance of a collar
in L. groenwalli was delayed until the middle of the
holaspid period. (

The transverse ridge on the posterior border furrow of
L. groenwalli (Fig. 10.3,4, 6) and the ridge separating the
posterior acrolobe and border furrow of L. kjerulji (e.g.,
Westergård, 1946, pI. 8, fig. 32) both fall within the
definition of a pygidial collar (sensu bpik, 1967, p. 62;
Shergold et al., 1990, p. 16). Two separate ridges on
pygidia in Fig. 10.4 and 10.6 demonstrate that some
ridges previously identified as pygidial collars are not
homologous. Better preserved specimens should help to
evaluate the relationship and significance of these ridges.

Occurrence. L. groenwalli has been reported from the
Ptychagnostus punctuosus Zone of Denmark and Swe­
den, as well as approximately correlative levels in the
Anapolenus Zone of Russia (Siberia). New specimens
from Greenland are all from the basal beds of the Kap
Stanton Formation in Nyeboe Land, and are from the
upper Ptychagnostus atavus Zone.
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Family Doryagnostidae Shergold et al.,
1990

Emended diagnosis. Agnostoids with preglabellar median
furrow variably developed. Border furrow may expand as
small triangular depression (deltoid area) atjunction with
preglabellar median furrow. Axial furrow well devel­
oped. Glabella cylindrical to slightly tapered, unequally
divided by transglabellar furrow (F3), rounded post­
eriorly. Basal lobes simple. Genae smooth. Pygidium
axiolobate and simplimarginate. Axis terminating short
of posterior border furrow; Fl and F2 undeveloped or
weakly developed only near axial furrow. Anteroaxis
with node on M2. Posteroaxis lanceolate to weakly
ogival, commonly with acuminate tip; transverse sulcus
and secondary node appearing during phylogeny. Post­
axial median furrow present. Margin of pygidium
rounded posteriorly, bispinose. Cephalic and pygidial
border furrows of moderate width.

Remarks. The subfamily Doryagnostinae was erected by
Shergold et al. (1990, p. 44), who assigned it to the family
Spinagnostidae Howell, 1935a. From review of the type
collection of Spinagnostus franklinensis Howell, 1935a,
the type species of Spinagnostus, it is noted that the
specimens are from multiple localities, all are disartic­
ulated, and all are poorly preserved. In my opinion, the
specimens lack diagnostic characters for differentiation at
the generic and family level, and a question about the
correct association of disarticulated parts is open. There­
fore, I consider both Spinagnostus and Spinagnostidae to
be unrecognisable taxa.

As emended below, the inferred ancestral species of
Doryagnostus, D. vinicensis (Snajdr, 1957), seemingly
evolved from Peronopsis gaspensis Rasetti, 1948 by de­
velopment of a preglabellar median furrow (Robison,
1978). A similar furrow, apparently from iterative evolu­
tion, is also present in such genera as Agnostus and
Ptychagnostus. Based on the inferred phylogeny of Do­
ryagnostus, I concur with Shergold et al. (1990) in as­
signing it to a separate family-group taxon, but I here
elevate it from subfarnily to family rank. Such rank corre­
sponds to that of the Ptychagnostidae, which is inferred to
have arisen from Peronopsis brighamensis Resser, 1939
by independent evolution of a preglabellar median furrow
(Robison, 1978).

Without discussion, Shergold et al. (1990, pp. 44-45)
assigned Doryagnostus Kobayashi, 1939, Itagnostus
bpik, 1979, and Rhodotypiscus bpik, 1979 to their Do­
ryagnostinae. Of these genera, I consider Itagnostus to be
a junior synonym of Peronopsis. The type species of
Itagnostus, Agnostus elkedraensis Etheridge, 1902, lacks
any reported evidence of a preglabellar median furrow.
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Moreover, it differ from Peronopsis mOlllis (MaLthew,

l899) by only its slightly morc poslcrior median node on

the glabella and lightly more quadralc ccphalon and

pygiclium. Whclhcr lhese differences are genotypic ar
phcnolypic is problematic, but in my opinion they Jack

gcneric significance. An emended diagno i oF Pero­

lIopsis i given below, which is broadcr in concept than

lhal af Shcrgold el al. (1990). The type species of Rhodo­

l)pisClIS, R. I/asollis bpik, 1979 has an incomplete pregla­

bellar median furrow. A preglabellar mcdian fUlTow is
variably developed in Doryagl/OS/lIs viIIicelIsis (Snajdr,
1957, emended below), and commonly it is incomplete in

some populalions (c.g., Robison, 1978, pp. 8-9). All

other charactcrs aF R. nasol/is are shared with repre­

sentative specie of Doryagnos/Us, and RhodotypisclIs i

lhcrcforc suppressed as a subjective junior synonym.
With these taxonomic emendations, DoryC/gnosrus is the

only genus presentlyas igned lO thc Doryagnostidae.

Doryagnoslid ean usually bc distinguished from fur­

rowcd plychagnostids by Jes er development of pygidiaJ

ring furrows. Also, somc doryagnostids have a deltoid
area on the eephalon, whieh is absent on ptyehagnostids.
Effaeement of furrmvs on Ihe acrulobes i' a common
cvolutionary lrend in ptychagnostid , but has nOL been

repOl1ed in doryagnostids.

and P/ycliagl1oslus hybridlIs. l conelIL bul a scareh for

additi nal peeimens has nOL bcen successflll.

Doryagnostus vinicensis (Snajdr, 1957)
Fig. II

Pfychogl/os/II (TriplaglloslUs) I'illicen is najdr. 1957. p. 235,
pI. I. fig. I: Snajdr, 1958 (in pan), pp. 71-72, pp. 243-2~4,

pI. 4. ligs 21, ?22 (nOL pI. 4, figs 19, 20, 23, 24)
DorYl/gllos/lI.\' wasa/chellsis Rohislln, 1978. pp. 8-9, pI. I, figs

1-4.6: pI. 2, figs 6, 9-13
Tripiagllu.\·IIIS vil/icellsis (Snajdr), Falka el al., 1981, pp. 367­

368, pI. I, fig. I, pI. 2, figs 6, 7
DUJJagnus/lIs I'illicensis (Snajdr). Fatka & KOI'du1e, 1992. pI. 2.

fig. 4

New IIwleria/. More than 20 disarticulatcd ccphala and
pygiclia are .in GG 298970.

Emellded diagnosis. Doryagnoslus having relative!y

broad glabclla, its width being about equal to ar lightly

grcatcr lhan that of adjaeent genae at level 01' F3. Ante­
roglabella largc and broadly rOllnded to obrusely pointed
at front. Posteroglabella rul1lid at rear, wilh median node

behind midpoint. Pygidium eharaeteri 'ed by small border

pines. Po tcroaxis lanceolate to slighlly ogival, and usu­

ally withollt tran verse sulcu '.

Rell/arks. Scvcral new speeimen. from Norlh Greenland

Fig. II. DOIJOgllO /IIS \'iniallsis (Snajdr). All specimens from
GGU 298970 and all x 8. I. cephalon in dorsal and lateral views.
MG H 21.365. 2, cephalon. MGUH 21.366. 3, pygidiuJll In

dursal and lateral views, MGUH 21.367. 4. pygidiuln, MG H
21.368.

Genus Doryagnostus Kobayashi, 1939

OD/TOgI/O 11IS Kobayashi, 1939. p. 148: Robison. 1978, p. 5
(synonymy lu dale); Opik, 1979. pp. 81 82: Shergold el al..
1990, pp. 44-45

Ceratagl/os/lIs Whitehouse. 1939, pp. 255-256
Nhodol)1JisclIs Opik. 1979, p. 79; Sherguld e/ al., 1990, p. 45

7)'pe species. Agnos/us il/Cer/HS Brøgger, 1878, pp.
70-71.

Ernel/ded diagnosis. As for rami ly.

Rellwrks. Species here inc!udcd in Doryaglloslus are D.
iIIcerIIIS (Brøgger, 1878) ( = CeralagnoslUs magis/er

Whitehouse, 193Y), D. villicellsis (Snajdr, 1957; scc syn­

onymy blow), D. (JellOides Robison in lell & Robison,

1978 ( = D. IlOlalibrae bpik, J979), D. nasollensis (bpik.

1979), O. solidus bpik, 1979. D. sayralllhlleJ1Sis (Zhang,

1981). and D. secrili. Xiang & Zhang, 1985. Reasons for
and againsl the synonymy of D. iI/cer/liS and D. //IC/gister

havc becn diseussed by Robi. on ( 1978, p. 7) and J ikolai­
sen & Henningsmoen (1990, p. 61).

bpik (1979, p. 82) observed lhal a peeie of Doryag­

noslUS, po ibly new, i present in tah and is repre­

senled by some spceimens that I previou ly iUu traled

(Robison 1964, pI. 79, figs 8, I I) as ?P/ychC/Xnosllls sp.

1a

3a

lb

3b 4
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have characters that accord closely with the emended
diagnosis of D. vinicensis.

The original description of Ptychagnostus (Triplagnos­
tus) vinicensis was confused because it was based in part
on a holotype cephalon of Doryagnostus and in part on
pygidia of Lejopyge hybridus, as here reassigned. With
the aid of additional specimens, some complete, that
erroneous association of sclerites was recognised by
Fatka et al. (1981), but the species was assigned to
Triplagnostus. In subsequent discussion of new localities
by Fatka & Kordule (1992), however, the species was
reassigned without taxonomic comment to Doryagnostus.

Doryagnostus wasatchensis Robison, 1978, which was
described from Utah, is now considered to be a subjective
junior synonym of D. vinieensis. Minor differences be­
tween the type specimens of these taxa seem to have been
accentuated by taphonomic processes. On one hand, the
illustrated specimens from Czechoslovakia are preserved
as moulds in shale and show internal features of the
exoskeleton. On the other hand, the illustrated specimens
from Utah are preserved in limestone and show external
features of the exoskeleton.

The preglabellar median furrow is variably developed
in observed populations from Utah, but is uniformly
present in known specimens from Czechoslovakia and
Greenland. The more variable specimens from Utah are
inferred to represent an earlier stage of phylogeny.

Occurrence. The new specimens are from the middle
Henson Gletscher Formation, and are from the Ptychag­
nostus gibbus Zone. The species has been reported else­
where from the Eccaparadoxides pusillus Zone of Cze­
choslovakia and the upper P. gibbus Zone of the United
States (Utah).

Family Metagnostidae Jaekel, 1909
Genus Diplorrhina Hawle & Corda, 1847

Diplorrhina Hawle & Corda, 1847, pp. 46--47; Lermontova,
1940, p. 123; bpik, 1967, pp. 75-76; Pek & Vanek, 1971, pp.
271-272; Shergold et al., 1990, p. 46

Mesospheniscus Hawle & Corda, 1847, p. 46
Quadragnostus Howell, 1935a, p. 219; Howell in Harrington et

al., 1959, p. 0186; Shaw, 1966, p. 849; Shergold et al., 1990,
p. 56

?Pseudoperonopsis Harrington, 1938, p. 151; Shergold et al.,
1990, p. 45

Type species. Diplorrhina triplicata Hawle & Corda,
1847, p. 47; subsequent designation by Pek & Vanek,
1971, p. 271 [ =Battus cuneifer Barrande, 1846, p. 18].

Emended diagnosis. Cephalon commonly subquadrate.
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Glabella subcylindrical, length about two-thirds that of
cephalon, broadly angular at posterior; F3 well developed
to effaced, bowed rearward if developed, commonly
weakening abaxially. Anteroglabella short, subcircular to
ellipticaI. Posteroglabella laterally swollen at anterior
M3, slightly constricted at F2; median node near anterior
edge of M2. Basal lobes simple, anteriorly indenting
glabella. Genae confluent, smooth to scrobiculate. Tho­
rax unmodified. Pygidium axiolobate and simplimargi­
nate; width greater than length. Axis moderately long to
long; F1 and F2 weak or effaced; median tubercle moder­
ate in size, commonly elongate. Posteroaxis, if elongate,
having weak transverse suleus and secondary median
node. Pleural fields smooth. Border flat, widening post­
ero1aterally into pair of marginal spines.

Remarks. The generic names Diplorrhina and Mesosphe­
niscus, here considered to be synonyms, were first pub­
lished on the same page by Hawle & Corda (1847, p. 46).
Eleven species were assigned to Diplorrhina by Haw1e &
Corda (1847, pp. 47-50), and from these Pek & Vanek
(1971, p. 271) subsequently designated D. triplicata as
the type species. The type species of Mesospheniscus by
monotypy is Battus cuneifer Barrande, 1846. Lectotypes
for both D. triplicata and B. cuneifer were se1ected by
Snajdr (1958, pI. 3, fig. 9 and pI. 2, fig. 30, respective1y),
but he reassigned cuneifer to Peronopsis, and he listed
triplicata as a junior synonym of P. cuneifer. Genal sur­
faces of specimens illustrated by Snajdr as P. cuneifer
vary from smooth to moderately scrobiculate, which he
attributed to 'pelomorphic' deformation (compare Pek &
Vanek, 1971, p. 271). After further study of the same
specimens, Pek & Vanek (1971) reassigned those with
smooth genae to Peronopsis cuneifer and those with
scrobiculate genae to Diplorrhina triplicata.

New specimens from North Greenland have characters
similar to those of specimens illustrated by Snajdr (1958)
as Peronopsis cuneifera, including genae that grade from
smooth to moderately scrobiculate (see Fig. 12.1-5).
Such scrobicu1ation is here judged to be a primary char­
acter rather than a secondary condition resuHing from
taphonomic processes. Therefore, based on the apparent
variability in scrobiculation, in combination with shared
characters of the axial lobe and borders, I agree with
Snajdr (1958) that D. triplicata Haw1e & Corda, 1847 is a
junior synonym of Battus cuneifer Barrande, 1846.

Some authors, including myself (Robison, 1964, p.
529), have previously considered Diplorrhina and Meso­
spheniscus to be synonyms of Peronopsis. Based on new
material and further analysis, I now consider Diplorrhina
and Mesospheniscus to be synonyms because of the syn­
onymy of their type species, but not synonyms of Pero­
nopsis. Because such taxonomy has not been previously
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suggested, I follow the Principle of the First Reviser
(International Code of Zoological Nomenclature, 1985,
Article 24) and here select Diplorrhina to have prece­
dence as the senior synonym. This choice is influenced
by the fact that the lectotype of D. triplicata, the type
species of Diplorrhina, is a complete holaspid (Snajdr,
1958, pI. 4, fig. 9) with a full complement of differential
characters. In comparison, the lectotype of Battus cu­
neifer Barrande, the type species of Mesospheniscus, is a
meraspid stage °instar (Snajdr, 1958, pI. 3, fig. 30) with
few differential characters.

Diplorrhina, as emended, is characterised by a post­
eriorly bowed glabellar F3, anterolateral swelling of the
glabellar M3, and a flattened, posterolaterally expanded,
spinose pygidial border. All of these characters may be
weakly developed or absent in early instars, and were
generally accentuated during ontogeny. Length of the
pygidial axis seems to have increased during phylogeny,
commonly reaching almost to the posterior border fur­
row. With elongation, the posteroaxis developed a weak
transverse sulcus with a secondary median node. Size of
the pygidial spines also increased during phylogeny, pri­
marily by increase in basal width. Expression of seg­
mental furrows on the axial lobe and development of
genal scrobiculation are both variable.

Among species here assigned or reassigned to Diplor­
rhina are Battus cuneifer Barrande, 1846, Agnostus quad­
ratus Tullberg, 1880, Quadragnostus solus Howell,
1935a, Peronopsis cylindrica Westergård, 1946, Pero­
nopsis scaphoa Opik, 1961, and Diplorrhina oncota n.
sp. Other representatives of Diplorrhina are D. redita Pek
& Vanek, 1971 (pp. 274-275, pI. 1, figs 4, 5), which may
be a junior synonym of D. cuneifer, and Peronopsis fallax
depressa Westergård, 1946 (pp. 27-38, pI. 2, figs 25, 26),
which may be a junior synonym of D. cylindrica. The
origin of Diplorrhina is unclear, but comparative mor­
phology and stratigraphic ranges suggest that it arose by
cladogenesis from either Peronopsis fallax or Peronopsis
ferox.

Specimens of Q. solus Howell, the type species of
Quadragnostus Howell, 1935a, have been previously il­
lustrated with only retouched photographs (Howell,
1935a, pI. 22, figs 6, 7; Howell in Harrington et al., 1959,
fig. 126.6a, b) that convey false information about char­
acters. The same specimens, which include the holotype
pygidium and a paratype cephalon, are illustrated here
with unaltered photographs (see Fig. 13). Although
poorly preserved, these specimens appear to possess the
differential characters of Diplorrhina, and therefore Qua­
dragnostus is considered to be a junior synonym.

Another species of Diplorrhina seems to be repre­
sented by poorly preserved specimens having a slightly
shorter pygidial axis than do the species mentioned

above. Some such specimens from France have been
assigned to Peronopsis sallesi (Munier-Chalmas & Ber­
geron) by Howell (1935b, pp. 226-227, pI. 22, figs 17,
18?). Other specimens from Spain and France have been
assigned to Peronopsis fallax sallesi by Sdzuy (1961, pp.
523-524, pI. 2, figs 1-8), Courtessole (1973, pp. 116­
117, pI. 2, figs 4-14), and Gil Cid (1981, pp. 118-119).
Similar specimens from northern Norway have been as­
signed to Peronopsis ferox sallesi by Nikolaisen & Hen­
ningsmoen (1990, pp. 57-59, fig. 6.A-G). Although most
of these specimens appear to represent Diplorrhina, the
species name is in question because the type specimen of
Agnostus sallesi Munier-Chalmas & Bergeron in Berge­
ron, 1889 is assumed to be lost (Laurie, 1990, p. 319).
This has further taxonomic implications because A. sal­
lesi is the type species of Pseudoperonopsis Harrington,
1938. The taxonomic affinity of Pseudoperonopsis is
therefore difficult to evaluate without more knowledge
about characters of the type specimen of A. sallesi, and
the genus is listed here as a questionable synonym of
Diplorrhina.

Most characters of Diplorrhina are closely similar to
those of the Metagnostidae (sensu Fortey, 1980, pp. 24­
29) of Ordovician age. A notable exception is the longer
axis on the pygidium of Diplorrhina. Based on these
similarities, I suggest that the metagnostids may have
originated from Diplorrhina, and that one change in the
transitional lineage was reduction of the posteroaxis be­
hind the transverse sulcus. More information from Late
Cambrian agnostoids is needed to test this hypothesis. In
the meantime, Diplorrhina is questionably assigned to
the Metagnostidae as its ancestral genus. Variable devel­
opment of genal scrobiculation in Diplorrhina may be
significant because metagnostids are the only Ordovician
agnostoids having that character.

Diplorrhina, as emended, is known from Czechoslova­
kia, Sweden, Norway, Denmark, England, France, Spain,
Russia (Siberia), Australia (Queensland), the United
States (Vermont), Canada (eastern Newfoundland), and
Greenland. It has an observed stratigraphic range from
the Ptychagnostus atavus Zone to the lower Lejopyge
laevigata Zone, and questionably from the upper Pty­
chagnostus gibbus Zone.

Diplorrhina oncota n. sp.
Fig. 12

Etymology. Greek onkotos, swollen; referring to the ante­
rolateral swelling of the glabellar M3.

Holotype. Cephalon (Fig. 12.1a-c), MGUH 21.369 from
GGU 301313.
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Fig. 12. Dil'/orrhil/CI Ol/cota 11. ,p.
All ,pecirnens from GG 301313
and all x IO. unles. otherwisc statct!;
relmilc width uf the pygidia has
prohahly been accc11luatcd by tapho­
nUlTlic comprcssion. I, holotypc cc­
phalon in dorsal (a, b, stereogram)
and lateral (c) VICWS. MGUH
21.369. 2. 4. 5 ccphala. MGUH

21.370-21.372. 3, cephalon. MGUH 1a
21.373fromGG 313115.x .6.8.
pygidia, MG H 21.374 anel 21.375
from GGU 313115. 7. pygidiurn.
MGUH 21.376.

6 7 8

Maleria/. More lhan 20 specimen. are in GGU 301313
and31311S.

[J. Ul1cota by their more evenly tapered pygidial axi and
better developed glabellar F3.

Diagnosis. LJip/orrhina with gJabellar F3 cllaced Ol' wirh
unly medial developmcnl, and M3 prominently swollen
at anterolateral CQJ·ners. Genae smooth la moderately
scrobiculate. Pygidium wider lhan lang: axis subcylindri­
eal forward af lransverse sulcus. bUl weakly constricted
at M2; FI and F2 mostly effaced; posteroaxi' tapers to
broadly rounded point behind transverse sulcus. Lateral
pygidial barders unusllally wide and flat.

Occurrel/ce. All peeimens af D. Ol/cola are from basal
beds af the Kap Slanlon Formation in Peary Land, and
are from llle Jower Lejopyge /aevigala Zone.

Relllllrks. D. ol/cola mOSl closely resembles D. cl/ne({er

(!:;najdr, J9Sg, pI. 3, figs 13 37. pI. 4. figs I-I I) and D.
er/ine/rica (Westergård, 1946, pI. 3, figs 17-21) but dif­
l'ers from bOlh by having a smaller anterogJabella, com­
mon effacement ol' lhe glabellar F3. and greater efface­
menl ol' ring rllJTOWS an the pygidillm. D. cUllt'ifer mainly
dirfer from D. cylil/drica by having more scrobiculae
and a larger median tllberele on lhe pygidium.

D. sO/I/S (Howell, 1935a) is based on poorly preserved
pecimens (Fig. 13) that differ lillIe from lho e af D.

lIl/adralCl (Tullberg, JggO), and D. solus may be a junior
synonym. Thosc IwO taxa are easily dillcrcnliated from

2

rig. 13. Dip/orrhil1ll SO/I/S (I IOI~ell) from thc SI. lbans Shale af
Vermol1t. J. paralype cephalon. PrincclOn niversily no. 40126.
x:. 2. holotype pygieliulIl, Princeton Ul1ivcrsity no. 9793. x 5.
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Fig. 14. Diplorrhilla ef. salh'si (Munier-Chall11as & Bergeron)
rrom GGU 319789. 1,2, pygidia. GUH 21.377 and 21.378,
bOlh x 8.

Diplorrhina ef. sallesi (Munier-Chalmas &
Bergeron in Bergeron (1889)
Fig. 14

Hemarks. Thc laxonomy af D. sallesi, as reas igned here.

has been recently reviewcd by Nikolai n & Henning­

smoen (1990, PI'. 57-59). who referred the taxon lO

Perollopsis ferox sallesi. Two pygidia in GGU 319789

elo ely resemblc lho'C prcviously assigned to the laxon

(for synonymy, see Nikoiaisen & Henningsmocn, 1990,

pp. 57-58), but their assignment to genus and species is

open lo queslion in the absence of as ociatecl cephala.

Allhough 'ecmingly affected by taphonomic compres­

sion, the Iwo pygidia show lhe charaeteristic axial form

of D. salfesi and uch Olher features as effaced ring

furrows, moderate-sized median lUberclc, sulcalc post­

eroaxis, and robust bord r pine (indicated by broken

slUb ). The specimens are from basal bed of the Kap

lanton Formation in yeboe Land, and ar from the

upper PrychagnoslLIs ala\'IIS Zone.

Fa.mily Peronopsidae Westergård, 1936
Genus Hypagnostus Jaekel, 1909

Type pecie·. AgnostIIs parvifrolls Linnarsson, 1869, p.

82.

HypagnostLls brevifrons (Angelin, 1851)
Fig. 15

AgIlO.I"1I1S brevifrOIIS Angelin. 1851. p. 6, pI. 6, fig. 4; Brøgger,
1878. PI'. 57-58, pI. 6, fig. IO; Tullberg, 1880. PI'. 35-36. pI.
2. fig. 29a. b; Gronwall, 1902. p. 76

Melagllostl.ls brevifrolls (Angelin). Jaekel, 1909. p. 399
HypagJlo.llUs brevifrolls (Angelin), Whitehouse. 1936. p. 104;

Kobayashi. 1939. p. 123, 125: Whitehou.e, 1939, PI'. 263­
264; Westergård. 1946. PI'. 48-49. pI. 5 figs 24-29; Opik.
1961, PI'. 58-59. pI. 18. figs 6-10; Wang et al.. 1963. p. 27.
pI. 2. figs 12-15; Lu et al., 1965. pp. 44-45, pI. 4. figs 21-24;
Khajrullina. 1970, p. 13. pI. 1. fig. 2: Khajrullina. 1973, PI'.
42-44. pI. 2. figs 6. 9. II. 12: Repina el al.. 1975. p. 116, pI.
IO, figs 7-10,1'1. II. figs 1-3: Rosova. 1977. p. 166, pI. 23.
figs 9-12; Ergaliev, 1980, pI. 4, ligs 9-1 L Yang, 1982. pI. 2,
figs (i. 7; Egorova, Pegel & Chernysheva ill Egorova et al.,
1982, p. 70, pI. 18, fig. S, pI. 21, figs 3. S, pI. 34. fig. 17. pI.
4(i, fig. 2a; Xiallg & Zhallg. 19 5. p. 67, pI. 17, figs I I, 12: Lu
& Lin. 19 '9. pp. 106-107. 223. pI. 11, figs I, 2

CyclopagnOSl1l brevifroIIs (Angelin). Howell. 1937. p. 1166;
Opik, 1979. p. 66

Hypagllostlls bre\'ifrOIlS vulgams Qian & Qiu ill Qiu et al.,
1983, p. 41, pI. 14, figs 5. 6

Fig. J5. Hypagnostlls brevi{i-olls
(Angel in). All specimens from GGU
313115. unless stated otherwise. I,
dorsal exo keleIOn. MGUH 21.:179,
x 5.2, incomplete eephaloll, MGUH
21.380, x IO. 3a, b, cephalon in lat­
eral and c10rsal views, MGUH
21.381, x . 4, cephalon. MGUH
21.382. x IS. 5, eephalon. YlGUH
21.383 rrom GGU 30131:1. x 15.6.
pygidiul1l. MGUH 21.384. x IO.



New malerial. Thirteen specimens are in GG 3D 1312.
3D1313. and 313115.

Emended diagnosis. Hypa!?110SIIIS with short, anteriorly
tapering remnant glabclla; Jcngth less than hall' that af
ccphaJon. Pygi lial axis unfurrowed. well scparmed from
posterior border furrow in late holaspid period; post­
eroaxis varics from subcylindrical with broadly rounded
rear to moderately tapered. Pleural fieids confluent in
larger hola pide . Posterior border uniform in width.

Relllarks. H. brel'iJrol1s di ffers from H. p{//l'iji-ons, the
type species ol' HypagnoslLI.I', by its shorter pygidial axis
in the late holaspid period and by lacking a medial expan­
sion of the posterior border. Also, its glabella is usually
more taperet!.

The new specimen from Greenland bave a consid­
erable range in holaspid size and show some rclated
changes in morphology. For example, thc anterior gla­
bella usually is more tapered on larger hola pid ccphala
(compare Fig. 15.1-5). On the pygidium, the axi extends
al most to the posterior border furrow on smaller ho­
laspides (rig. 15.6), but is well 'eparated an large ho­
laspide (Fig. 15. I).

Howell (1937) described Cyclupagnosllls Izesperius as
a new genus and new species. At thc same time, he
rea signed IIgII()SIUS hrevifrons Angelin to Cyc!opagno,l'­

lUS, and both taxa were assigned to the new subfamily
Cyelopagnostinae and new family Cyclopagnostidae.
Soon after, Kobaya hi (1939, pp. 123, 127-128) sup­
pre ed Cyc!opag/losllls as a junior ynonym ol' Hypag­

lIoslus. That synonymy ha. been generaJly accepted, al­
though Howcll ill Harrington el al. (1959, p. O 175) ,lild
bpik (1979. p. 66). both without explanation, continued
to recognise Cyc!opaglloslu.l' as a valid genus. For com­
parisoll with H. hrevljrolls. the type speci mens ol' C.
hesperills are here rejllustrated with pholOgraphs that are
not relouched (Fig. 16). From rcview ol' these types, I
conclude that the holotype ol' C. hesperius (Fig. 16.2) is
an agnostoid, but ilS eharacters are inadequate for identi­
ficatiol1 at lower taxonomic leveis. The holotype was
identified by Howell as a pygidium. but even thal deter­
mination, in my opinion, is nOl entirely ccrtain. The only
previously illusu-ated p,mltype (Fig. 16.1) is a eephalon
with characters imilar to specimens af HypagllosllIs. but
Howell's handwritten label indicates that it is from a
different loeality than thc hololype. Assignment af these
two types to the samc species cannot be verified, and the
holotype lacks definitive charactcrs. Therefore, I suggest
that the namc Cyclopagnosfl/s he.l'perius be restricted lO
the holotype, and that Cyc!opaglloslus be rcgarded a an
unrecognisable agnostoid genus.
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Fig. 16. C''C!opagllos[IIS he.l'pel'ill.\· Hm,'ell from tile Sl. Albans
Shale ol' Verl11onl. I. panlLype eephalon. Prineeton niversity
no. 9797. x 8. 2. latex easl uf holOlype. probably a pygidiul11.
Princeloll niversity no. 9796. x 8.

Occurrence. H. brev(lrOlls is cosmopolitan in open-ma­
rine lithofacies. Its observecl stratigraphic range is rrom at
lea t the middle Pl."r!lagnosll/s pl/llcfuosus Zone to the
middle Lejopyge laev;gala Zone. Il new specimcns are
from basal beds of the Kap Stanton formation in PCtu'y
Land, and are from the lowcr L. laevig(l/(l ;t.one.

HypagnostLls parviji'ons (Linnarsson, 1869)
Fig. 17

New malerial. Three cephala and 4 pygidia are in GGU
29~969, 3197R9, and 319790.

Remarks. H. pan'ifrolls is a common agnostoid species
(e.g., Westergård, 1946, p. 45; Robison, 1964, p. 529;
bpik. J979. pp. 66-67: Egorova el al.. 1982, p. 69; Zhang
& lell. 1987. p. 43-44; Sun, 19 9, pp. 89-9D; Samson el

al., 1990. p. 1466) with cosmopolilan distribution in
open-marine lilhofa<.:ies. It is characterised by a glabellar
length less than hall' that ol' the cephalon. an unfurrowed
ancl moderately wmid pygidial axis, and a postcriorly
widened pygidial border with a medial forward projec­
lion. The axis cornmonly extends to meet the media!
projection ol' lhe border. bUl the two may connect by a
short postaxial flllTOW. The new specimens from Green­
land. Iike many from J orth Ameri a, have a shoner axi'
and a short poslaxial median furrow.

OCClIrrellce. The new specimen' are from the upper Hen­
son Gletscher Formation and the basal Kap Stanton For­
mation in 1 yeboe Land, and they are from the Plychug­

Iloslus atavus Zone and possibly basal P PUIl(.'/IIOSUS

Zone.
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Fig. 17. Hypagllostll pan'ijrOlls (Linnarsson). l. tectonically
c1cformccl ccphalol1, {vtG H 21.JHS from GG 31 \J7H\J. x 8. 2.
pygitiiul1l, MGUH 2 UR6 from GGU 319790. x 8.

Genus Perunupsis Hawle & Corda, 1847

Subjective junior synonyms include Mesagllosllls JaekeL
1909, r~uagll()SIU,V Whitehouse, 1936. EuagllusllIs Resser
& Howell, 1938, Archaeagllusll/S Kobayashi, 1939, Ilag­

IIUS/ltS' bpik, 1979, S\'(!/Iax bpik 1979, A.ragllosllIs Lau­
ric, 1990: (juestionable synonyms include AcadagllostLrs

Kobayashi. 1939 and Micagnosllls Khajrullina in Repina
el al.. 1975.

Type species. BaltllS inIeger Bcyrich. 1845, p. 44.

Emended diagnosis. Genae anteriorly confluent. Glabella
ubcylindrical lO slightly conicaI. rounded posteriorly.

unequaIly divided by traight Ol' nearly straighl F3. Axial
furrow may be incompletely effaced around anterogJa­
bella. Basal lobes simple. Pygidium axiolobate and im­
plimarginalc with ring furrows (FI, F2) variably devel­
oped. Posteroaxis ogival to Janceolate.

Hemarks. More that a hundred pecies-group laxa having
primitive agnostoid characlers hav been assigned lO Pe­

I'Iin()psis Hawle & Corda, 1847, inclllding some ol' the
oldest known agnostoids ol' lale Early Cambrian age.
Some species are based on large populations ol' well­
preserved peci mens that have been well docurnentcd.
ilany others, however, are based on one Ol' a few speci­

mens that commonly are incomplete. immalUre, poorly
preser ed, Ol' othen'lise inadeqllale for differential diag­
no i . Since 1847. everal Pero/lopsis-like genera have
been propo 'Cd, but little attention ha been given ro
phylogenelic relationship between them Ol' to the taxo­
nornic value ol' ddining eharaeters. In recent comments
on thc sllbject, Zhang & lell (1987, p. 45) concluded that
"until these genera are interpreted on an international
basi. and their morphological feature fOllnd to be consis­
tent it serves no purpose to distribllte one Ol' IwO specie:
among these very closely related and Iypologically

erecled genera," [ concur in principle with thal conclll­
sion.

Many pecies that have been assigned to Perunopsis

secm to represent a plexus ol' gradational lineages. Dur­
ing more than three decades ol' investigating such agnos­
toid . l have from time to time atternpled to differentiate
and define carly peronopsid lineagcs as a prelude to
pO' ible application ol' cither availabIc Ol' new generic
narne . From the 'e investigalions, l have been unabIc to
identi fy character, Ol' et ol' character, with whieh T
have confidence in their value for differentiation af phy­
logenetic lineage . Therefore, l continlle the COJTlmon
practice ol' assigning agnosloid 'pecie' with primitive
characters lO Percll1upsis in lhe broad ense.

PerOllupsis', a here c1iagnosecl, includes lhe olde ·t
known agnostoids. These are characterised by smal I late­
holaspid size, commonlya bipaJ·tite glahella, simple basal
lobes, conl1l1ent genae, narrow border furrows on lhe
cephalon and pygidium, a shon, broad, unfurrowed pygi­
dial axis wilh weak mcdian node. and laek ol' spines.
Some early species (e.g., P. roddyi and its probable syn­
onyms P. aU'ur!wchis and P. primixellea; compare Ra­
seLti & TheokritoJT. J967. pp. [93-194, pI. 20, figs 1-22)
show variable dfacement ol' the axiat furrow around the
anteroglabella, and it i unclear whether thi i a pnmItlve
Ol' deri ved character. SlIch effacemenl al 'o i variable in
som later species (e.g., P. upill1l1s Whileholl e; cornpare
Robi on in lell & Robison. 1978. pp. 9-10, pI. 2, figs
1-6). but it became complete and stable a a hola pid
character in :orne c1ade that have been de ignatecl by
generic names (e.g .. Hypa!!/losllts. KOl'mag/lostlts).

Among evollltionary Irends demon ·trated by some tat­
er specie ol' Perollopsi are increase in rnaximum ho­
laspid size, Icngthening ol' the pygidial axis, variable
deveJopment ol' ring furrows (FI, F2) on lhe pygidium,
enlargement ol' the median node to a tubercle on the
pygidial M2. widening af cephalie and pygidial borcler
furrows, and appearanee af a pair ol' spines an Ihe post­
erior pygidial border. Weak genal. crobiculae rarely ap­
p ared during late generic phylogeny. Early specie' gen­
emily lack constriction ol' the pygidial axis, whereas most
later species have a conslril:ted M2 ring. With 12 eon­
striction. the associated posteroaxis is commonly ogival,
but may become lanceolate. Most ol' these characters also
vary during olllog ny, and character transformations are
interpr ted to be heterochronic in origin. It is lhese eol­
lective factors lhal make taxonomic subdivision ol' Pero­

nopsis difficult.
In comparing lhe type species ol' PerrJllopsis and Axag­

nosIIIs (Peronopsis illtegra and Agllosrus falla.r. respec­
tively). dilTcrential eharacters cited by Laurie (1990, p.
318) inclucle shape ol' the anteroglabella, size ol' ba al
Jobes, cOIlvexity ol' the pygidial border. wnslriclion ol'
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Peronopsis jal/ax (Linnarsson, l ~69)
rig. IlJ.3. 4

New lIla/erial. Six pygiclia are in GGU 319789 and

319790. Cephala ol' P fal/elX are prubably present in lhese
eolleetion , but [ have been unable to identify them wilh
eonfidenee. partil' because of pOOl' preservaliun. and
partly because clo. ely similal' cephala ol' ulher species af

Perollopsis are pre ent in th 'arne eallecl ions.

Fig. 18. PeroIlO/l.li.1 bIlIklIrelIsis Pokrovskaya & Pegel. All spec­
imen~ from GGU 298975. I. cephalon with weak ~crohicular

pilS on lhe gemte anu panly exfoliared furrows. MGUH 21.387.
x 8. 2a. b. partly exfoliatccl cephalon in uon.al and lateral view~.

MGUH 21.388. x .3.4. incomplele pygidia. MGUH 21.3t\9

and 21.390. bOlh x . 5. pygidium in laleral and dorsal \'iew~.

MGUH 21.391. x 7.

5b5a

Nell' lIlalerial. Six cephala and 7 pygidia "re in GGU

298975.

Relllarks. The cephalon of Pemllop.I'is iJulkurcllsis is nOl

very diSlinclive. The late holaspid pygidiulll. how vel', is
as much a' 50S!: wider lhan lang and i characterised by a
swollcn axis with a slraighl anieulaling furrow. weakly

developed ring furrows, moderate-sized median lubercle.

lumid posteroaxis. wide border furrow, and paired border

pines af Illoderate size. During holaspid ontogeny. lhe
pygidial axis anisometrically became wider. longer and
Illore lUlllid. and lhe po. taxial median furrow decreased
in relalive length and became less well ddined.

Speeimens ol' P bulklIrensis closely resemble those af

p lala Shabanov in Savitsky el al. (1972, p. 65, pi. 7, figs

13, 14) and P rcclCI Pokrovskaya & Eguruva ill Savitsky

el al. (1972, pp. (iS-(i6, pI. 7, figs 9, IO). Differen<.:es
between these species appeal' lo be more taphonomic lhan

genelic, and th names may be synonyms. Further in­

vestigaliun uf Siberian malerial is needed in arder to test

lhis possibiJity.

Pygidia ol' P. blllklll'clIsis somewhat re~cmble lho. e af

I~ fal/lH but the posteroaxis is mure lumid, lhe ring
furrows "re bel ter developed, the puslaxial median I'Uf­

row is not effaced on larger hulaspides. and lhe poslerior

border is narrower and not as f1aL

P('J'nJlopsi.~ /JlflkllrellSis Pokrovskaya & Pegel iJl Egorova el al..

1982. p. 68. pI. 56. figs I I. 12

the pygidial M2, lengtll af the pygidial axis, and shape of

the posteroaxi. [n my opinion, the Illorphological differ­

ences between these two taxa are minor and ar' compma­

ble to lho e commanly encoul1ler d belween two species

ol' the same agnostoid genus. Allhis lime, [ see lillie
advantage in recognising two genera, and lherefore con­
sider AxaglloslLls lO be a junior 'ynonyrn uf PerOllOpsi.1'.

PenJl/UIJsis is cosmopolitan and eurytopic in marinc

lithofacies. Il has an ollserved slraligraphie range from

lhe upper Lower Cam brian to the upper Middle Cam­

brian.

Pet'Ol'lOpsis bu/kurensis Pokrovskaya &
Pegel in Egorova et al., 1982
rig. 18

OCCllrrCIICC. PcrollOpsis bulkllrellsis ha been previously
reported from Siberia in the upper part ol' the Plyc!Jagllos­

/LIS alaVIIS Zone. The new specimens are frum lhe upper

Hen 'on Gletscher Formation ol' I yebae Land. and aæ

also from lhe Plyc!JagllusllIS atams Zone.

Relllarh. Thc taxonomy ol' P. jel!lax has been previou. ly
reviewed (Robison, 1982, pp. 152-156). In a sub. equent
study by Laurie (1990),jal/ax was reas 'igned as the type

species ol' Cl new genus IIxagl/oslus. and the cun<.:epl af

the species was signifieantly restrieted. pon funher re­

view af lhis species, r eanccde thal inc!usion af same
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Fig. 19. Some species ol' Perollopsi~·.

J. 2, PerOllopsi ferox (Tullberg):
pygidia, MG H 21.392 and 21.393
rroln GGU 298975. hoth x IO.

3.4, Perollopsis fallax (Linnarsson).
bolh from GGU 319790. 3, pygi­
dium. MGUH 21,394, x 10.4, pygi­
dium, MGUH 21.395. x 7.

5, PerOllOpsi.\· sp. 3: pygidiurn,
MGUH 21.396 from GGU 301313.
x IO.

6. PenJllopsis . p. 2: latex east ol'
pygidium, MGUH 21.397 from
GGU 319790. x 8.

7, Perollop is sp. l; lateral (a) and
dorsal (h) views ol' pygidium,
MG H 21.398 from GGU 319789,

x 8.

8-JO. PerollOp is illlerslricla
(White) from GGU 319790. 8. ce­
phalon. MGUH 21.399, x 8. 9, 10,
pygidia. MGUH 21.400 and 21.40 I.
bOlh x 6.

8 9 10

specimcns in my synonymy list af 1982 may warranl

rcconsideration, primarily because af their pOOl' preserva­

tion or inadequate illustration. evenheless, my conccpl

of./clilax remains essenliaily unchanged, and is based 011

greater intrapopulation variabiIilY lhem sccms to be ac­

ceplcd by Lauric.
Specimens af P fallax are rare in lhe new colleClions

and are not well preserved.

OcclIrren ·e. The new specimens are from basal beds of

the Kap Stanton Formation in Nyeboe Land, and are from

lhe upper Ptvchagno ·tus mavlIs Zone.

Peronop is ferox (Tullberg, 1880)
Fig. 19.1. 2

NpII' ma/erial. Two small holaspicl pygidia of P femx are

in GG 298975. Cephala af this species al:o may be
present, but if so l have been unabIc to confidently differ-

entiate them from cephala af other species ol' PenmofJsis

in lhe collection.

Remarks. Specimens ol' P femx are common at same

localities in lhe western United States. A descriplion ol'

lhese and a laxonomie review ol' the species are being

preparcd for separate publication. The new pygidia are
assigncd lO the species because ol' the short axis, effaced

ring furrows, confluenl pJeural field of uniform breadth.

and pair of small marginal spines (compare Westergård,

1946, p. 38, p\. 2, fig. 27, pJ. 3, fig. 2; Robi on, 1972a. pp.
242-243, fig. 2A-F; Opik, 1979, pp. 54-55, p\. 4. figs
4-7). They re emble pygidia ol' ARI10Sf/( lop!lotus n. sp..
but differ by having a more straight aniculating fun'Q\v

and a po terior border that narrow' loward the marginal

spines.

OCCLlrrence. P ferux is rare in one COllcclion from the
upper Ilenson Gletscher Formation in lyeboc Land, and

the collection i from the P1.\·c!WgI10StIlS atavlIs Zone.
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OCCltrrellce. pecimen are eommon in two coJ1eetion

Fig. 20. Perollopsis cf. pI/sil/a (Tu II berg). All speeimens from
GGU 298975. Ia, b, cerhalon in dorsal and lateral views.
MGUH 21.402. x 7. 2, 3, smaller holaspid pygidia, MG H
21.403 and 21.404, b01h x IO. 4, 5, larger holaspid pygiclia in
dorsal (a) and lateral (b) views. MGUH 21.405 ancl21.406, hOlh
x 8.

in having smooth genae, greatcr reJicr af the anterogla­

bella, and wider cephalic and pygidial borders. Although

minor, thcse differences are stable in the . mali samples
from Nonh Greenland. Whether lhese are phenotypic or
genotypic difference' i· an open question, and I therefore
leave open the :pecies assignmelll ol' these specimens.

Some of the specimens from Greenland are larger than

any previously illustraled for P pusilla. The entire pop­

ulation demonstraies onlogenetic elongation of the pygi­

dial axis, eOlTelative shonening and final et'facement af
the postaxial median furrow, and incipient development
ol' a transverse sulcus on the posleroax is (fig. 20.4). In

outline, the pygidium also grade' from subcircuJar in

mali hola pides to subquadrate in large hola pides. The

largest pygidium (Fig. 20.4) has fine radial ridges on the
plcural lields.

bpik (I 91Y, pp. 61 65) reassigned P. pusilla as the

lype pecies of a new genus Svellax. For reason statecl in

lhe remarks on Perol1opsis, I con sider Svel1ax to be a

junior synonym.

5a

4b

4a

Occurrel1ce. P in/erstric/(( ha been previously reportecl

rrom the United States ( evada, Utah) and Canada (we t­

em Newfoundland). Tn North Greenland, new specimens

were eollceted from basal beds 01' the Kap Stanton For­
mation in yeboe Land. The eomposite observed species
range is from the basal P/yciwgnos/Lts gihhlls Zone inlo

the P/ychagnosllts PW1ClrtOSItS Zone. As ociated agnos­

toicIs inclicate that the Greenland specimens are from the

lIpper P/ychagnos/lIs a/avllS Zone.

Remarks. The new pecim ns conform well with previ­
ous diagnoses (e.g .. Robisun, 1964, p. 530; Young &
Ludvigsen, 1989, p. 1I).

Specimens 01' P. il!/erstrirta from Nonh America and

GreenJand closely resemble those ol' P. upilllus (White­

house, 1936) from Australia. difj-ering mainly in le s

effaeement ol' the axial furrow around the <lnteroglabella.
slightly more posterior plaeernent ol' the glabellar node,

and a shoner pygidial axis (compare Robison il! Jell &
Robison, 1978, p. IO). The chronostnltigraphie range of

P interstrieta enc10ses that af P opimus, and it is pos 'ible
that these minor difference may be phenotypie rather

than genotypic. In the absence af a test for this hypothe­

sis. however. 1 conrinue to reeognise P OpilllllS a a
separate species.

Agnos/lIs il//ers/riC/IIS White. 1874, p. 7
PerOllopsis il//ers/ric/a (While). RobisOll, 1964, p. 530 (syn­

onymy lO date). pI. li I. fig. 29, pI. 2, figs 1-15, 18; Rohison.
I972a. pp. 24 245, fig. 4A-C: Gunther & Gunther. 1981. pI.
44, fig. B; Robison, 1982, pp. 156-157, pI. 6, pp. 9-11:
Young & l udvigsell, 19W). p. Il. pI. I, figs 21-26, pJ. 2, figs
l. 2; Robison, 1991, fig. 8.3

Nell' 111{//erial. More lhan 50. peeimcn·. mosl teclonically

deformed, are in GGU 319789 and 319790.

Peronopsis interstricta (White, 1874)
Fig. 19.8 IO

Peronopsis cf. pusifla (Tullberg, 1880)
Fig. 20

Material. Aboul 25 specimens are in GGU 298974,
298<:175, and 319790.

Rell1arks. Several sp cimens ol' Perollopsis from l orlh

Greenland c10sely resemb1e Swedish representatives ol' P

pusilln (e.g. Weslergård, 1946, pp. 42-43, pI. 4, fig'

12-18), a pecies characterised by weak genal crobic­

ulae, low relief ol' the anleroglabella, a short pygidial axis

with effaced ring rllITOWS, and a longer lhan usual post­
axiaJ median fllITOW. The new speeimens dilTer, however,
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Fig. 21. PC'Yol/opsis sCllfali (Hick ).
I.. mali hola~pid cephalon. MG H
21.407 from GGU 298969. x IO. 2.

moslly exfolialed. large holaspid ee­
phalon, MGUH 21.408 frol11 GG
29R9fi9, x 5. 3'1. b, dorsal and laleral
views af panly exfolialed cephaloll
showing pm.lerior developmellt af
ineipiel1l preglabellar median fur­
row, MGUH 21.409 from GGU
298970. x 5. 4a. b, dorsal and laleral
\ iew. ol' pm11y exfoliated cephaloll
having finely pUllctate genae.
MGUH 21.410 from GGU 298969,
x 5. -, sl11all holaspid pygidillm.
MGUH 21.411 from GGU 298969.
x 8. 6, exfoliated pygidiul11. MGUH
21.412 from 298969. x 5. 7a. b, ex­
foliUled, incomplele pygidilll11 in
dorsal and lateral views. MGLJH
21.41 from GG 298970. x 5. 8a.
b. exfoliated pygidiulll in dorsal and
lateral views. MG H 21.414 frol11
GGU 298969. x 5. 9. 1110slly testate
bUL incomp!ctc cxoskeleton, MGUH
21.415 frol11 GGU 310790. x 6.

7a 7b Ba Bb 9

from the upper Henson Giet. cher Formalion and one
pygidium is in LI collection from the ba al Kap Stanton
Formation, all from yeboe Land. All t.hree collection

are from the Ptyehagnostus aJal'US Zone. For compari an,
Peronopsis pusi//a ha' been previously reported from
Sweden, NorwLlY, Denll1ark, and Au'trali-l whcre it has LI

composite observed strmigraphic range from the P ara­

VI/S Zone lU the P pUlle/uosus Zone (Westergård, 1946, p.
43, bpik, 1979, pp. 64-65). Howell (1925. pp. 37-38)
also reported Peronopsis cf. pI/sil/a and Ptye!lagJlos/lIs

pund/lOms in a faunal list for castern I ewfoundland,
Canada.

Peronopsis scu/alis (Hicks, [872)
Fig. 21

New Ina/eria/. More lhan 100 specimens are in GG
298969. 298970, 119789, and 31 Y790.

Elllellded diagllosis. PerollOIJsis having narrow border
furrow', moderately deep to deep axial [urrow, and no
border -pine. Cephalon subcircular to subquadrate. Gla-

bella slightly tapering toward anterior, lenglh approxi­
mately two-t.hirds that af cephalon, r3 well de1ined: an le­
roglabella slightly wider than lang, broadly round cl ante­
riorly: posleroglabellLl with median node neal' midlength.
Pygidillm ubeireular \O ovoid. Axis variable in Icngth,
with posterior end depressed; FI and F2 moslly Ol' en­
til' ly effaced; median tllbercle an M2 small but promi­
neI1l: posteroaxis lanceolate with secondary median node
at about midlength. Po taxial median [UITOW cleep.

l?eJllork". Perollopsis seutalis is used here in the broad
Tnse af Westergård (1946, pp. 41-42) and Rushton
(1979, pp. 50-51). The name i applied to a common
grollp of Perol/opsis in which length and terminal shape
af the pygidial axi i variable. Several au thors, including
myself (Robison, 1988, p. 48), have attemptecl \O taxo­
nomically difTerentiate this grollp. After furtber s(ucly,
partly hased an new material, 1 now conclude that pub­
lished information is an inadeqllate basis for mcaningful
taxonomie subdivi ion ol' the group. Further progress will
probably require delailecl analysi' ol' type material af
everal taxa, most af which is nol available to me at this



time. Smaller holaspides from Greenland c1ose1y resem­
ble the lectotype of Agnostus exaratus tenuis Illing, 1916,
which was reillustrated as Peronopsis scutalis tenuis by
Rushton (1979, fig. 3G).

Westergård (1946, p. 41) mentioned that most cephala
and pygidia of P. scutalis in collections from Sweden are
between 2 and 3 mm long, and shie1ds 5 to 6 mm long are
rare. In comparison, cephala and pygidia 5 to 6 mm long
are common in new GGD collections from Greenland.
These larger specimens usually have much deeper and
stronger axial and postaxial median furrows than do
smaller holaspides, especially those with a cephalon or
pygidium less than about 3 mm long. Some accentuation
of dorsal furrows on the larger holaspides, however, may
be related to taphonomic compression in an argillaceous
matrix. During holaspid ontogeny of Greenland speci­
mens the posterior end of the pygidial axis changed from
acutely pointed (Fig. 21.5) to sharply rounded (Fig.
21.7a). Larger holaspides also may have a shallow trans­
verse suleus on the posteroaxis.

Specimens that I previously assigned to Peronopsis
tenuis (Robison, 1988, pp. 47--48, fig. 10.7, 8, 10-12»
are here reassigned. to P. scutalis in the broad sense.
Those preserved in grainstone have a secondary median
node near the posterior end of the axis (Robison, 1988,
fig. 10.10, 11), whereas new specimens preserved in
argillaceous mudstone have a secondary node further
forward on the axis (Fig. 21.7a). Whether or not these
nodes are homologous and whether or not their positions
are genotypically or phenotypically controlled are all
unknown. Therefore, the position of such nodes is not
here accorded taxonomic value.

Occurrence. Peronopsis scutalis is widespread in open­
marine lithofacies that mostly seem to represent cool­
water environments. It has a composite observed strati­
graphic range from the Ptychagnostus gibbus to the Lejo­
pyge laevigata zones. The new specimens are from the
upper Henson Gletscher Formation and the basal Kap
Stanton Formation, both in Nyeboe Land, and these spec­
imens have an observed range from the P. gibbus Zone to
the upper Ptychagnostus atavus Zone.

Peronopsis sp. 1
Fig. 19.7

Remarks. A single pygidium in GGD 319789 lacks spines
and is characterised by an unusually long posteroaxis. It
c10sely resembles a pygidium from the Lejopyge laevi­
gata Zone of Sweden that Westergård (1946, p. 43, pI. 3,
fig. 16) illustrated as Peronopsis cf. insignis (Wallerius),
but differs by having a more elongate and less distinct
axial node, a less angular lateral profile, and by lacking

47

paired musc1e scars. The new specimen is from basal
beds of the Kap Stanton Formation of Nyeboe Land, and
is from the upper Ptychagnostus atavus Zone.

Peronopsis sp. 2
Fig. 19.6

Remarks. A single undetermined pygidium of Peronopsis
is in GGD 319790 from the upper Ptychagnostus atavus
Zone in basal beds of the Kap Stanton Formation, Nye­
boe Land. Its lateral margins diverge slightly toward the
posterior and it has a long axis that extends to the post­
erior border. Ring furrows are nearly effaced and the
median node is strong and elongate. The posteroaxis is
laterally expanded and has a broadly angular posterior
margin. The border furrow is moderately wide, the post­
erior border is medially expanded, and a pair of border
spines are of moderate size. The taxonomic affinities of
this specimen within Peronopsis are unc1ear. It super­
ficially resembles the pygidium of Iniospheniscus in­
canus Opik, but its axis is narrower, its lateral margins
diverge rather than converge toward the posterior, and its
border spines are larger.

Peronopsis sp. 3
Fig. 19.5

Remarks. A smal!, single, undeterrnined pygidium of
Peronopsis is in GOD 301313 from the Lejopyge laevi­
gata Zone in basal beds of the Kap Stanton Formation,
Peary Land. It is characterised by an elongate, subcy­
lindricai axis that extends almost to the posterior border
furrow. The median node is carlnate, ring furrows are
very weak on the exfoliated surface, and a secondary
median node is on a long posteroaxis about one-third of
its length from the back margin. The border furrow is
wide, the lateral and posterior borders are subequal in
width except anterolaterally where they narrow, pleural
fieids are narrow but confluent behind the axis, and two
border spines are small. This pygidium resembles that of
smaller holaspides of Peronopsis bulkurensis, but it has a
longer axis, lacks a postaxial median furrow, and has a
secondary median node. It also resembles the pygidium
of Peronopsis sp. 2 but its posteroaxis is not laterally
swollen and its exterior border is more uniform in width.

Family Ptychagnostidae Kobayashi, 1939

Remarks. The family diagnosis of Robison (1984) is
followed here. Further phylogenetic analysis during this
study, in part based on new material, has identified two
ptychagnostid lineages showing parallel evolution. Each
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lineage commenced with a furrowed species and each
evolved highly effaced, homeomorphic species. The
available names Lejopyge Hawle & Corda, 1847 and
Pseudophalacroma Pokrovskaya, 1958 are here applied
to these lineages. The diagnosis of each genus is emended
accordingly (see below).

In previous discussion of Lejopyge, Opik (1979, pp.
158-159) concluded that a high degree of effacement
evolved twice in separate lineages within the genus, and
that one lineage maintained its continuity in the species of
Pseudophalacroma. Although the two lineages discussed
by Opik share some species with the two lineages identi­
fied here, our conclusions differ significantly on the
source of each lineage and its species content (see re­
marks below on Lejopyge and Pseudophalacroma).

The Ptychagnostidae, after generic emendations that
follow, includes Ptychagnostus, Goniagnostus, Lejopyge,
Myrmecomimus, Pseudophalacroma and Tomagnostus.
Tomagnostella is questionably assigned to the farnily.

Genus Lejopyge Hawle & Corda, 1847

Lejopyge Hawle & Corda, 1847, p. 51; Kobayashi, 1937, pp.
437-447; Kobayashi, 1939, pp. 131-132; Lermontova, 1940,
p. 130; Westergård, 1946, p. 87; Pokrovskaya, 1958, pp.
72-76; Howell in Harrington et al., 1959, p. 178; Pokrov­
skaya in Chernysheva, 1960, p. 60; bpik, 1961, p. 85; Robi­
son, 1964, p. 521; Palmer, 1968, p. 27; Daily & Jago, 1975,
pp. 527-550; Jago, 1976, p. 12; bpik, 1979, pp. 157-159;
Robison, 1984, pp. 36-37; Robison, 1988, p. 48; Laurie,
1989, pp. 186-188; Shergold et al., 1990, p. 40

Miagnostus Jaekel, 1909, p. 401
Onymagnostus bpik, 1979, pp. 107-108; Robison, 1984, pp.

50-51; Laurie, 1988, p. 187; Shergold et al., 1990, p. 41
Onymagnostus (Agnostonymus) bpik, 1979, p. 114

Type species. Battus laevigatus Dalman, 1828, pp. 136­
137.

Emended diagnosis. Ptychagnostidae with furrows on
acrolobes well developed to mostly effaced. Glabella
elongate, slightly and irregularly tapered, rounded to
bluntly pointed anteriorly. Basal lobes slightly elongate
to simple. Cephalic border of variable width in furrowed
species, becoming very narrow in highly effaced species.
Genae smooth to weakly scrobiculate. Pygidial axis long
to moderately long; M2 hexagonal; posteroaxis com­
monly ogival on furrowed species, becoming almost lan­
ceolate with near effacement ofaxial furrow. Postaxial
median furrow becoming effaced and pygidial pleurae
becoming confluent during ontogeny, usually by early
stages of holaspid period. Pygidial border fairly uniform
in width laterally and posteriorly, narrowing at anterolat­
eral corners; moderately wide in furrowed species, be-

coming narrow in effaced species. Spine development
variable and iterative on posterior cephalic border, tho­
rax, and posterior pygidial border.

Remarks. After further phylogenetic analysis, the concept
of Lejopyge Hawle & Corda, 1847 is here emended from
previous discussion (Robison, 1984, pp. 36-37). It also is
broadened to include species that have not been previ­
ously assigned to the genus, and the generic synonymy is­
significantly modified.

Prior to 1979, authors assigned to Lejopyge only spe­
cies having advanced effacement of furrows on the acro­
lobes. In his monograph on Swedish agnostoids, West­
ergård (1946, p. 87) summarised the taxonomic history of
Lejopyge, and concluded (p. 75) that "Ptychagnostus
(Tr.) elegans, elegans laevissimus, and Lejopyge laevi­
gata constitute an evolutional series with very small in­
tervals." In 1979, Opik (p. 158) noted his acceptance of
Westergård's phyletic concept, but assigned all three of
the taxa cited by Westergård to Lejopyge. To the begin­
ning of the phyletic series, and to the genus Lejopyge, he
also reassigned Agnostus lundgreni Tullberg, 1880 and A.
lundgreni var. nana Gronwall, 1902, which are furrowed
taxa. Following Opik, I (Robison, 1984, p. 37) accepted
lundgreni as the ancestral species of Lejopyge, and fur­
ther suggested (p. 46) that L. lundgreni probably orig­
inated from alineage containing Ptychagnostus interme­
dius. Laurie (1989, p. 176) also included lundgreni in
Lejopyge, but re-evaluated some morphology to support
an alternative suggestion "that an origin for Lejopyge lies
somewhere within Onymagnostus."

As a test of the phylogeny suggested by Laurie, I have
analysed the characters of several species of Lejopyge

and Onymagnostus using PAUP (Swofford, 1990). Pty­
chagnostus praecurrens was selected as the outgroup
because it is the oldest known species of the Ptychagnos­
tidae (Robison, 1978, p. 2) and it has character states that
are inferred to be primitive for the family. It was found
that most species of Lejopyge cluster closely with those
of Onymagnostus, but they do not cluster closely with
lundgreni, which supports Laurie's suggestion regarding
the source of Lejopyge. Further phylogenetic analysis of
species (Fig. 22 and Table 2), based in part on new and
well-preserved specimens from North Greenland, has in­
dicated that Agnostus barrandei Hicks, 1872 and Agnos­
tus elegans Tullberg, 1880 fill interrnediate positions in a
multi-character morphological gradient leading from Ag­
nostus hybridus Brøgger, 1878, the type species of Ony­
magnostus, to Battus laevigata Dalman, 1828, the type
species of Lejopyge. In an exhaustive search in which all
characters were equally weighted, five parsimony trees
were discovered. The majority-rule consensus tree (Fig.
22) has the same arrangement of species as one of the



Fig. 22. Majority-rule consensus tree for
species of Lejopyge constructed from
character data in Tab1e 2. The outgroup is
Ptychagnostus praecurrens.

parsimony trees. The morphological changes between
each of the analysed species are judged to be taxonom­
ically trivial. Also, it is clear from Fig. 22 that Onymag­
nostus, as recognised by previous authors, is paraphy­
letic. For these reasons, I now propose the suppression of
Onymagnostus as a subjective junior synonym of Lejo­
pyge.

As emended, Lejopyge includes L. laevigata (Dalrnan,
1828), L. armata (Linnarsson, 1869), L. barrandei
(Ricks, 1872), L. hybridus (Brøgger, 1878), L. elegans
(Tullberg, 1880), L. seminula (Whitehouse, 1939), L.
calva Robison, 1964, and L. acantha Robison 1984. The
inferred phylogenetic relationship of these species is
shown by Fig. 22. With further evaluation, other previ­
ously named species may also warrant assignment to
Lejopyge.

The described morphological differences between L.
seminula and Onymagnostus semiermis Opik, 1979 are
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praecurrens

acantha

ca/va

armata

/aevigata

e/egans

barrandei

hybridus

seminu/a

comparable to the variation observed within large pop­
ulations of L. hybridus, and I therefore further propose
the suppression of semiermis as a subjective junior syn~

onym of L. seminula. The geographic source and age of
the holotype of L. seminula are questionable (Robison,
1982, pp. 148-150).

Some species that were previously assigned to Lejo­
pyge, including A. lundgreni and Lejopyge rigbyi Robi­
son, 1984, are here reassigned to Pseudophalacroma (see
below).

Lejopyge, as emended, is interpreted to be a mono­
phyletic (holophyletic) genus that commences with L.
seminula, an inferred descendent of Ptychagnostus prae­
currens. Some species of Lejopyge retain a primitive
furrowed condition and others show variable effacement
of acrolobe features. Furrowed species are characterised
by an elongate axial lobe. The glabella has a minor and
irregular taper. A median node is anterior from the mid-
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Tabte 2. Characters, character states and data
matrix for Ptychagnostus praecurrens and
Lejopyge used to construct the cladogram

Late holaspid characters, character states, and data matrix for
Ptychagnostus praecurrens and eight species of Lejopyge, which
were used to construct the cladogram in Fig. 22. Characters not
preceded by an asterisk and scored 'O' represent the ancestral state,
and the same characters scored '1,' '2,' '3,' or '4' represent derived
states coded as additive transformations. For characters preceded by
an asterisk (*), the character states are unordered. A question mark
(?) indicates missing data. If multistate characters are present in a
species, the most common state is scored in the data matrix.

*1. Cephalic border spines: absent (O) or present (1).
2. Preglabenar median furrow: present (O) or effaced (I).

*3. Axial furrow of cephalon: funy developed (O), uniforrnly
weak (I), effaced anterior of F3 (2), effaced anterior of F2
(3), or effaced anterior of basal lobes (4).

*4. Basallobes: slightly elongate (O), simple (I), or elongate
(2).

5. Cephalic F3: funy developed (O), weak (I), or effaced (2).
*6. Median node of posteroglabena: behind midpoint (O), at

midpoint (1), or in front of midpoint (2).
*7. Pygidial border spines: absent (O), incipient (l), or fully

developed (2).
8. Postaxial median furrow: present (O) or effaced (I).

*9. Separation of pygidial axis and posterior border furrow:
moderate (O), narrow (I), or wide (2).

*10. Axial furrow of pygidium: fully developed (O), weak (I),
effaced behind F2 (2), or effaced behind FI (3).

11. Pygidial FI: fully developed (O), weak (I), or effaced (2).
12. Pygidial F2: fully developed (O), weak (I), or effaced (2).

*13. Pygidial M2 with median: node (O), tubercle (I), or spine
(2).

14. Posteroaxis: ogival (O) or lanceolate (I).

Species Character

2 3 4 5 6 7 8 9 IO Il 12 13 14

P praecurrens O O O O O O O O O O O O O O
L. acantha 1 I 4 1 2 ? O I ? 3 2 2 O ?
L. armata 1 1 3 I 2 O 2 I O 2 2 2 O ?
L. barrandei O 1 2 1 1 2 O 1 2 1 1 I 1 O
L. calva O I 4 I 2 ? O 1 3 2 2 O
L. elegans O I I 1 I 1 O I O 1 I I O I
L. hybridus O O O 1 O 2 O 1 O O O O I O
L. laevigata O I 3 I 2 O O 1 2 2 2 O ?
L. seminuia O O O O O 2 1 I O O O 1 O

point of the posteroglabella in furrowed species, but its
more posterior position in some effaced species suggests
either migration of a single node during phylogeny or
possibie suppression of the original node and develop­
ment of a latent, more posterior node (compare Robison,
1984, p. 17). Basal lobes are slightly elongate in L.
seminula, the earliest species of Lejopyge, but are mostly

simple in later species of the genus. Width of the cephalic
border is fairly uniform within species, but varies during
phylogeny, ranging from moderate in furrowed species to
very narrow in some effaced species. The pygidial axis is
ogival in species with a well-developed axial furrow, but
approaches a lanceolate condition with near effacement
of that furrow in L. elegans (e.g., Westergård, 1946, pI.
10, figs 14, 19). It is also important to note that tapho­
nornic compression and deformation of furrowed speci­
mens in argillaceous matrix has commonly resulted in
deepening of some furrows (especiaIly the axial furrow),
narrowing of the axiallobe, and deformation of the axial
tip to a pointed, pseudolanceolate condition. On the pygi­
dial axis of furrowed species the second ring is character­
istically hexagonal and has a large posteromedian tuber­
cle that deeply embays the second ring furrow (F2). With
intermediate effacement of the acrolobe, as in L. barran­
dei, a smaller node may be superimposed on the median
tubercle (see Fig. 23.3), or the F2 and the primary tuber­
cle may disappear, leaving only the smaller secondary
node (see Fig. 23.8). Width of the pygidial border is
usually moderate and fairly uniform, but may narrow
slightly in species with advanced effacement of tj.1e acro­
lobe.

Lejopyge and Pseudophalacroma, as emended, have
overlapping geographic and stratigraphic ranges. Early,
furrowed species of Lejopyge clearly differ from early,
furrowed species of Pseudophalacroma by having a
longer axial lobe, a less tapered glabella, a median node
that is anterior rather than posterior from the midpoint of
the posteroglabella, a larger tubercle on the pygidial M2,
usually no postaxial median furrow on late holaspides,
and a pygidial border of more uniform width. Advanced
effacement of the acrolobes in late species of both Lejo­
pyge and Pseudophalacroma makes generic identifica­
tion difficult. Nevertheless, late species of Lejopyge dif­
fer from late species of Pseudophalacroma by having a
pygidial border that is sagiually narrower and which
remains more uniform in width.

Some partially effaced agnostoids closely similar to
Lejopyge barrandei have been assigned to Cotalagnos­
tus. Review of literature on Cotalagnostus, as well as
some type material, suggests that polyphyletic species
have been assigned to the genus. It also appears likely
that the only two illustrated syntypes of the type species,
Agnostus lens Gronwall, 1902, represent two species.
Therefore, to stabilise nomenclature and taxonomic con­
cepts, I here select the illustrated syntype pygidium
(Gronwall, 1902, pI. l, fig. 9) to be the lectotype of A.

lens. That lectotype appears to represent a peronopsid,
whereas the illustrated syntype cephalon, except for size,
is virtually indistinguishable from the only illustrated
syntype cephalon of Agnostus altus Gronwall (1902, pI.



L, fig. 3), which is here considered to be a junior syn­

onym af Lejopyge hanal/dei.

Lejopyge, as emended, is widely dislribuled in open­
marine liLhofacies and has an obsenied slraligraphic
range from lhe lower PrychagnoslLls gihhus Zone IO al
least [he 10p ol' Ihe L. IoevigaIa Zone.

Without an opportun ily to ob erve type material af

Phoidagl/osllIS Whitehouse, 1936, I (Robi an, 1984, pp.

36-37) previously accepted Opik's (1961, pp. 54, 86;
1967, p. 76) conclusion that PhoidagnoslLls is a synonym
ol' Lejopyge. Arter re-examinarion af the holotype of P.
lill/harus, the Iype species ol' PhoidagnoslUs, Laurie

(1989, pp. 187-188) eoncluded that PllOidagnosllIs is nol
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a synonym or Lejopyge. Subsequenlly. Shergold el LI/.
(1990, p. 56, fig. 18.5) gave a diagnosi. ol' Phoidagnos­

ILlS, assigning il under 'Familae Incenac Sedis,' and they
published Ihe rirst pholograph elearly illuslrating Ihe ho­
lotype af P. lili/hall/S. Thai holoLype is a cephalon and
incomplete thorax of an eJTaced agnosloid thaI appears to
be taphonomically derormed. Ln my opinion, its poor

prcscrvation and jack ol' diagnostic character preclude

adequalc comparison with other cffaced agnostoid taxa.
Therefore, J now considcr Phoidugnoslus lo be an unrec­
agnisable genus.

la lb 2

Fig. 23. Lejopyge barrandei (Hicks).
All specilllcns preserved with origi­
nal convexity in calcareou matrix of
GGU 29R970. unless statcd Ol her­
wise. la. b. large. 1110 ·tly exfolialed
cephalon in dorsal and lateral view .
MGUIl 21.4 t6. x 5. 2, ccphalon.
MG UH 21.417, x 6. 3, pygidium.
MG UH 21.418. x 8.4,6. cephala
partially flattened in argillaceous
malrix, MG H 21.419 and 21.420
frol11 GG 298969, x 8 and x 6. 5.
ccphalon, MG Il 21.421. x 8. 7,
pygidiulll. MG H 21.422. x 6. 8.
panly cxfoliated pygidiulll having
denscly spaced, fine puncrae in test.
MGUH 21.423, x 6. 9, pygidiulll
flallened in argillaceous matrix.
MGUH 21.424 from GGU 2Y'969.
x 6. lOa. b. large, panly exfolialed
pygidiulll in dorsal and lateral view"
MGUH 21.425. x 5. Ila. b, pygi­
diulll. slightly flatlened in argillace­
ous matrix, in laleral and dorsal
views. MG H 21.426 from GGU
298909. x R. lOa lOb lla 11 b
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Lejopyge barrandei (Hicks, 1872)
Fig. 23

Agnostus barrandei Hicks, 1872, p. 176, pI. 5, figs 5, 6; Lake,
1906, p. 13, pI. 2, fig. 2; Illing, 1916, p. 413, pI. 30, figs 13,
14; Lake, 1946, p. 338

Agnostus laevigatus var. terranovicus Matthew, 1896, pp. 233­
234, pI. 17, figs la, Ib

Agnostus laevigatus var. ciceroides Matthew, 1896, p. 234, pI.
17, figs 3a, 3b

?Agnostus laevigatus var. mammilla Matthew, 1896 (in part), p.
234, pI. 17, fig. 2a (not 2b) [see Hutchinson, 1962, p. 86]

Agnostus altus Gronwall, 1902, pp. 58-59, pI. 1, figs 3, 4; Lake,
1906, pp. 12-13, pI. 2, fig. 1; Illing, 1916, p. 412, pI. 30, figs
9,10

?Agnostus lens Gronwall, 1902 (in part), pp. 65-66, pI. 1, fig. 8
(not 9)

Cotalagnostus altus (Gronwall), Whitehouse, 1936, p. 93; Ko­
bayashi, 1939, p. 129; Pokrovskaya in Chernysheva, 1960, pI.
1, fig. 30

Cotalagnostus barrandei (Hicks), Whitehouse, 1936, p. 93; Ko-
bayashi, 1939, p. 129

Cotalagnostus illingi Kobayashi, 1939, p. 129
Cotalagnostus ciceroides (Matthew), Kobayashi, 1939, p. 129
Cotalagnostus mammillata (Matthew), Kobayashi, 1939, p. 129
Cotalagnostus terranovicus (Matthew), Kobayashi, 1939, p. 129
Ptychagnostus convexus Westergård, 1946, pp. 73-74, pI. 10,

figs 5-10
Ptychagnostus ciceroides (Matthew), Hutchinson, 1962 (in

part); 85-86, pI. 9, figs 20-22 (?not 23), pI. 10, figs 2-8 (?not
1); Poulsen, 1969, pp. 5-6, fig. Sa, ?Sb

Ptychagnostus barrandei (Hicks), Rushton, 1979, p. 54, fig.
5A-B; Morris, 1988, p. 195

Onymagnostus altus (Gronwall), bpik, 1979, p. 107
Onymagnostus ciceroides (Matthew), bpik, 1979, p. 107; Robi­

son, 1984, p. 51; Morris, 1988, p. 155
Onymagnostus convexus (Westergård), bpik, 1979, p. 107
not Triplagnostus convexus Westergård; Egorova, Pegel &

Chernysheva in Egorova et al., 1982, p. 6S, pI. 2, figs 5, 7 [? =
Pseudophalacroma lundgreni (Tullberg)]

Cotalagnostus aff. altus (Gronwall); Egorova, Pegel & Cher­
nysheva in Egorova et al., 1982, p. 73, pI. 8, figs 3, 8

Onymagnostus pseudomundus Xiang & Zhang, 1985, p. 76, pI.
16, figs 12, 13

Lectotype. Specimen figured by Hicks (1872, pI. 5, fig. 5)
and Lake (1906, pI. 2, fig. 2), selected by Rushton (1979,
p.54).

New material. More than a hundred specimens are in
GGD 298969, 298970, 298974, 298975, 319789, and
319790.

Emended diagnosis. Lejopyge with variable efface­
ment of features on acrolobes. Cephalon and pygidium
semicircular, highly convex, nonspinose. Axial furrow of
cephalon weakening anteriorly, shallow to nearly effaced

laterally, indistinct or effaced around anteroglabella;
transg1abellar furrow (F3) weak to effaced. Posterogla­
bella broad, subparallel sided; median node anterior from
midpoint. Basal lobes simple. Genae usually smooth;
preglabellar median furrow effaced. Cephalic border nar­
row. Axial furrow of pygidium variable in depth, but
distinct, ranging from moderately deep to almost effaced.
Pygidial axis relatively short for genus, well rounded
posteriorly on later holaspides; F1 moderate to shallow in
depth, bowed anteriorly; F2 shallow to effaced, indented
by median tubercle of M2 that may have superimposed
node. Postaxia1 median furrow usually absent on ho­
1aspides. Pygidial border moderate to narrow in width.

Remarks. L. barrandei is a species of Lejopyge character­
ised by interrnediate and variable effacement of furrows
on the acro1obes. The degree of effacement increased
during ontogeny, especially on the cepha1on, which has
been noted in populations from Sweden (Westergård,
1946, p. 73) and Newfoundland (Hutchinson, 1962, p.
85), and is clearly evident in populations from North
Greenland. AIso, the degree of effacement may be influ­
enced by taphonomy, seerning1y being enhanced by com­
pression in argillaceous matrix (Fig. 23.4, 6, 9, 11). Such
variability has contributed to a proliferation of taxonornic
names from widespread localities (see synonymy).

Some specimens of L. barrandei and Cotalagnostus
lens are similarly effaced, making their identification
difficu1t. Dsually, however, L. barrandei has narrower
cephalic and pygidial borders of more uniform width,
lacks a postaxial median furrow, and the pygidial F1 is
usually evident and clearly deeper than the F2.

Occurrence. L. barrandei, as emended, has been reported
from England, Wales, Canada (eastem Newfoundland),
Greenland (Nyeboe Land), Denmark, Sweden, Russia
(Siberia), and China (Xinjiang). The new material is from
the upper Henson Gletscher and the basal Kap Stanton
formations of Nyeboe Land. The composite observed
stratigraphic range of the species is throughout most of
the Ptychagnostus atavus and Ptychagnostus punctuosus

zones.

Lejopyge calva Robison, 1964
Fig. 24

Remarks. A single effaced cephalon and a fragmentary,
associated pygidium in collection GGD 301311 are as­
signed to L. calva (compare Robison, 1984, pp. 40--42,
fig. 23.1-8). A1though the posterior border on the pygi­
dium is slightly wider than usual for this species, the
cephalic features, including degree of effacement of fur-



Fig. 24. LejoJ.'.'·ge enlm Robison. Slighlly exfolimecl cephalon
(I a) and associaled, fragmentary pygiclilllll (l b), MGUH 21.427
from GGU 301311. x IO.

rows an the acrolobe, [tre characteristic ol' the species.
The spccimen is from nem the base ol' the Kap Stanlon
Formalion in Peary Land and is associated with a fauna ol'
the 10wer Lejopyge /aevigata Zone. This is the firsl report
af L. ca/va from Greenland.

Lallrie (J 989) recently reviewed the species 01' Lejo­
pyge in Australia, and he reassigncu a few Australian
specimens to L. ca/va. Most Ol' all of those specimcns, in
my opinion, represent f'seudopltalacroma as emended
here rather than Lejopyge. Specimens af Lejopyge prae­
cox bpi k, 1979 were indepcnucnlly and almost sil1lulta­
neously reassigned to Lejopyge dubium (Whitehouse) by
Robison e1988, p. 49) and to L. calva by Laurie eJ989, p.

189). Based on the wide pygidiaJ border ol' praecox. as
well as other features, T still consider il to be a synonym
ol' dubium, but dllbillm is here reas igned to Pseudopha­
/acroma esee below).

1a 1b
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Lejopyge hyhridus (Brøgger, 1878)
fig. 25.1, 2, 3? 4"

New IJlQteria/. More lhan 30 specil1lens are in GGU
319790 and 6 questionably assigned specimcns are in
GG U 298969 and 3013 I l.

Remarks. The species diagnosis af Robison (1984, pp.
5J-54) is followed here, although the species is reas-
igned from On."Jllagnostus lO Lejopyge. A synonymy

anel taxonornic discussion were incluueu wilh thaI djag­
nosis. Lalllie (1988, pp. 187-189) subsequenlly pllb­
lished a shorter but essentiaIly similar diagnosis under the
name Onynwgnoslus hvbridus. In referring to my 1984
list ol' synonyms, Lallrie noted sornc assignll1ents that he
stated ro be incorrect. af those, I agree lhat ane pecimen
from Utah, which was previou ly illustrated as Ptychag­
1I0StllS hyIJridlls (Robi 011. J964, pI. 79, fig. 11), is a
repre entative 01' Doryagllostlls (sec remarks an DOJyag­
nosllls). Laurie I'urther noted that the holotype ol' Triplag­
nostus.!(iI'I/'/osus Pokrovskaya & KhajruJlina in Repina ('/
al. (1975, p\. 9, fig. 9), which in 1984 l reassigned to
hybridus. probably also belongs to Doryagnostus. l con­
cur with that probability, but am unable to make a firm
judgl1lent from availablc iJlustraliol1s. The inclusion 01' T
Iormosus in Lallrie' s (1988, p. 187) list ol' synonyms af
O. hyhridlls indicatcs a generic assignll1ent that is con­
trary to that made in his remarks (p. J88-189).

A fcw Allstralian taxa that I listed in 1984 as synonyms
of OnymagnoSllls Itybridlls were rcassigned by Laurie
(1988, p. 189) as synonym af O. nwndus bpik, 1979.
Laurie staled that O. lIllIndIIs and taxa lhat he synony­
ll1iseel with il "are all vcry similar but differ from O.

Fig. 25. /-ejopyge hyhridus (Brøg­
ger). I, parlly exfoJialecl and teetoll­
ically deformed cephaloll, MGUH
21.428 from GGU 319790. x 8. 2,
parliaIly Oauellecl pygiclillm with
axis possibly Ilarrowed by eompres­
sion, MGUH 2J.429 from GGU
319790, x IO. 3, qllesliollably as­
signed, deformed exoskeletoll,
MG H 21.430 from GGU 301311, x
6.4, qllestionably assigned. Oallened
exoskelelon. MGUH 21.431 from
GGU 298969, x 8.
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hybric/IIS ... in having very weakly impres. ed axial fur­
rows and in having a mllTower, less bluntly pointed ante­
rior glabellar lobc." In large populations of hyhridus that
I have observed, depth of the axial fUITOw is variable, and
the ave rage depth varies from population lo populalion.
The shape of the anterior gJabella also is v<Lriable. Wilh
regard to allterior glabellar 'hape, Lauric (1988, pp. 187,
189) used idemical wording, "rounded to obtusely
pointed,"' in dcscribing that character in his diagnoses of
both o. hvhridus and O. munc/us. Therefore , J continue lO
suppress o. JIII/IldllS as a ubjectivejunior synonym af L.
hybridus.

The new pecimens from Greenland provide no new
information aboul morphology of lhe 'peeie

Occurrellce. L. hybridus is a common. widel, distribuled
species in open-marine lithofaeies. Several new speei­
Illens are from basal hed. of the Kap StantoJl r:ormation
in Nycboe Land (e.g.. Fig. 25.1, 2), one que tionabJy
assi gned specimen is from the ba al Kap Stanton Forma­
tion in Peary Land (Fig. 25.3), and a few olher que 'lioJl­
ably assigned specirnens arc from lhe upper Henson
Gletscher Formation in Nyeboe Land (e.g.. Fig. 25.4).
The a.. igned pecimens are from lhe PlychaRllosllIS a/a­

1"11.\ Zone. The questionably assigned specimen' are
Illostly from the P/ychagnus/lls alavus Zone. bul one is
from lhe lower Lejopygc /aevigara Zone.

Lejopyge ef. eminuLa (Whitehouse, 1939)
Fig. 26

Rcmarks. Eleven speeil11en. in GGU 2 8970 have
morphoJogical characlers thal appeal' to be transitional
between lho e of Lejupyxe semillu/a and L. hybridus

(compare Robison, 1984, pp. 51-55. figs 30-32). They
resemblc 'pccimens ol' L. semill II la by having slightly
elongate basallobes. but length of lhe axial lobe i more
similar lO lhat of L. hybridus. Therefor , their a igl1111ent
lO a pecies i problematic.

The new speeimens are from the middle Henson
Gletscher Formalion of Nycboe Land, and th y prohably

2b

Fig. 26. Lejnpygl! cr. Sl!lIlin/lla

(Whilehouse) from GGU 298970.
la. b. cephalon in dor~al and lateral
views. MGUH 21.432. x IO. 2'1, b.
pygidiul1l in lateral and dor~al views,
MGUH 21.433. x 6.

are from the uppermost P/)'chagllos/lIs gibblIs Zone. This
bioSlraligraphic OCCUlTence is intermedialc hetween
range previously observecl ror L. seminll/a and L. hy­

bridlls (Robison, 1984, pp. 54-55).

Genus PseudophaLacroma Pokrov kaya,
1958

P I!/ldopilalacrollla Pokrovskaya. 195H. p. 79: bpik. 1961. pp.
90-92: bpik. 1967. p. 77: bpjk. 1979. p. 163: Qiu I!I al..

1983. p. 38: Lu & Lin. 1989. pr. 100-101. 218-219

Type species. Pseudupha/acruma crebra Pokrov kaya,
1958. pp. 79-80; by original designation r = p. dl/bi/ml

(Whitehouse, 1936), ee Robison, 1988, p. 49J.

EII/ellded diaXllosis. Ptychagnostidae with furrows of
acrolobes w Il developed to mo. tly effaeed. Glabella
~horl, llloderatcly and rather e enly tapered, anteriorly
acutc. Basal lohes simple. Genae u ually smooth. Ce­
phalic border narrow to thread-like. Pygidial axis short.
PI deeper lhan F2; postcroaxis lanccolalc to slightly
ogival. Postaxial median furrow present if po terior axial
furrow is not effaced. Pygidial border moderate to nan'ow
in width: widest mcdially. gradually narrowing toward
anlerior corners. Spines may be present on cephalon,
thorax, ancl pygidiaJ axis; nol obscrvcd on pygidial bor­
der.

Nell/arks. Parts of the preccding diagnosis necessarily
pertain only to pecie~ lhal lack lTluch cfTacelTlent af
furrows on the acrolobes. Sueh species firSl appeal' in tJ1e
Plychagllvs/lls Pl/f1CIIlOSl/S Zone. and are present only in
lhe lower stratigraphic range ol' Pselldupha/acrulI/a as
emended.

Pseuduphalacroll/a scems to be a lTlonophyletie (ho­
lophylelic) genus that commenccd with P. /lIl/dgrelli. The
origin of P. /lIl/dgrelli within the Ptychagnostidae remain
unclear, but it po ibly aro e from P/)'chagnos/lIs il/ter­

medil/s (see Robison, 1984, 46, fig. 6). Other spe ies, a
in Lejopyge, may retain the original furrowed condition



or may show variable effacement of acrolobe features.
Furrowed species are characterised by a relatively short
axial lobe. The glabella tapers to an acute point, and a
median node is posterior from the posteroglabellar mid­
point. A prominent postaxial median furrow separates the
pleural lobes on such furrowed species as P. lundgreni
and P. rigbyi, and a vestige is evident on some exfoliated
internal mouids of effaced species (bpik, 1979, pI. 65,
figs 1,2; pI. 67, fig. 3; Robison, 1988, fig. 11.2). Charac­
ters that differentiate species of Pseudophalacroma and
Lejopyge are discussed above in remarks on Lejopyge.

Species here included in Pseudophalacroma are P.
dubium (Whitehouse, 1936), P. lundgreni (Tullberg,
1880), P. multifora (bpik, 1979), P. ovalis (Yang, 1982),
and P. rigbyi (Robison, 1984). Pseudophalacroma trian­
gularis Ju in Zhang, 1983 and P. breviovata Ju in Zhang,
1983 are here considered to be junior synonyms of P.
ovalis. The genus has an observed stratigraphic range
from near the base of the Ptychagnostus punctuosus Zone
to near the top of the Lejopyge laevigata Zone. It is
widely distributed in open-oceanic lithofacies.

Dong (1990, p. 318, pI. 3, fig. 12) illustrated an agnos­
toid pygidium from western Hunan, China, as Pseudo­
phalacroma triangularis Ju, and applied the same name
to a new zone in upper Middle Cambrian strata of that
region. With regard to the synonymy cited above, the
zone named by Dong now should be called the Pseu­
dophalacroma ovalis Zone. According to Song (1989,
fig. 7), the Chinese stratigraphic interval containing P.
ovalis questionably correlates with the Ptychagnostus
punctuosus Zone as used in other parts of the world.

Although new specimens of Pseudophalacroma are
not described here, an emended generic diagnosis is in­
cluded for comparison with the emended diagnosis of
Lejopyge, given above. Specimens from the Holm Dal
Formation in North Greenland that were previously as­
signed (Robison, 1988, pp. 48-49, fig. 11.1-4) to Lejo­
pyge dubium (Whitehouse) are here reassigned as Pseu­
dophalacroma dubium.

Genus Ptychagnostus Jaekel, 1909

Type species. Agnostus punctuosus Angelin, 1851, p. 8.

Remarks. The generic diagnosis and description of Pty­
chagnostus by Robison (1984, pp. 12-13) are followed
here. More restricted diagnoses of Ptychagnostus have
been published by Laurie (1988, pp. 171-172) and Sher­
gold et al. (1990, p. 39), who reassigned some species to
five other genera or subgenera (Triplagnostus Howell
1935c, Pentagnostus Lermontova, 1940, Acidusus bpik,
1979, Aotagnostus bpik, 1979, and Zeteagnostus bpik,
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1979) that I continue to regard as junior synonyms of
Ptychagnostus. My reasons for this synonymy remain
unchanged from those expressed in 1984.

Shergold & Laurie (1991) have petitioned the Interna
tional Commission on Zoological Nomenclature to use its
plenary powers to conserve the name Ptychagnostus.

Ptychagnostus affinis (Brøgger, 1878)
Figs 10.5; 27.1, 2

New material. Two cephala and 2 pygidia are in GGU
319789 and 319790.

Remarks. The emended diagnosis of P. affinis by Robison
(1984, pp. 16-17) is followed here. Laurie (1988, pp.
172-176) subsequently discussed the species and made
corrections to its synonymy, with which I concur. The
new specimens are all fragmentary.

Occurrence. The geographic and stratigraphic distribu­
tions of P. affinis were reviewed by Robison (1984, p.
17). With a correction by Laurie (1988), the species is no
longer known from Alaska.

The new specimens are the first representatives of P.
affinis to be reported from Greenland. All are from basal
beds of the Kap Stanton Formation in Nyeboe Land, and
are from the upper Ptychagnostus atavus Zone.

Ptychagnostus atavus (Tullberg, 1880)
Fig. 27.5, 6

New material. Two cephala and 2 pygidia are in GGU
319790.

Remarks. The emended diagnosis of P. atavus by Robi­
son (1984, pp. 18-21) is followed here. A similar diag­
nosis was subsequently published by Laurie (1988, p.
180), but he reassigned the species to Acidusus. I agree
with Westergård (1946, p. 68) that the species atavus,
affinis and punctuosus "constitute a fairly continuous
evolutional series," and like Westergård I assign them all
to Ptychagnostus. P. affinis primarily differs from P.
atavus by the more anterior position of the median node
on the glabella, a weaker tubercle on the pygidial M2, and
development of weak granulation on the pleural fields. In
my opinion, these are characters that are appropriate for
defining species, but not genera. Moreover, difference in
position of the glabellar node may represent differential
expression of latent nodes rather than evolutionary mi­
gration of one node (see Robison, 1984, p. 17).

Occurrence. P. atavus is a common, widely distributed
species in open-oceanic lithofacies. The new specimens
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7. 8. P/yclwg1Jo.l'/II.1' illlerllledills

(Tullberg), both from GGU 29 970.
7, cephalon, MGUH 21.440, x 10.8,
pygidillm. MGUH 21.441, x IO.

5. 6. PlychagnosllI.\· a/ai'L/.I' (Tuli­

berg). both from GG U 319790. 5a.
b. cephalon in dorsal and lateral
views, MGUH 21.438. x 12. 6, pygi­

dium, MGUH 21.439, x 12.

I. 2, P/Yc!flIgflO,\'/II,\' ({jjlnis (Brøg­

ger). I. damaged ccphalon (right),

MG II 21.434, associaled wirh py­
gidium ol' Eodi.\'ClIs JCllniclIs (Lin­
narsson), MG H 21.303. from GG
319789. x 12. 2, fragmentary pygi­

dilll11. MG H 21.435 from GGU

319790. x IO.

Fig. '17. Some species ol' Pt\'chag­

nos/LIs.

3,4. PlychagllOSII/5 gibbll.l' (Linnars­
son). hoth from GG 298970. 3. ce­
phalon, MGUH 21.436. x 12. 4.
damaged pygidium, MG H 21.437.
x IO.

6

2
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are the first to be reporled from Greenland. All are from
basal beds af the Kap Stanton Formalion in Nyeboe

Land, and are from lhe upper Ptychaglloslils (/lal'lIs Zone.

Ptychagnostus intermedius (Tullberg, 1880)
Fig. 27.7, 8

Nell' maleria/. More than 20 di aniculated specimens arc
in GGU 298970.

Plychagnostus gibbus (Linnarsson, 1869)
Fig. 27.3. 4

New lIlaleria/. More Ihan I () disarlieulated specimen are

in GGU 298970.

Relllarks. The diagnosi ol' P. RibblIs by Robison (1984,
pp. 22-24) i Followed here. AdditionaJ ynonyms.

mostly [rom Australia, were listed and discusscd by Lau­
rie (1988, pp. 196-198). He. howcver, assigned the spe­
cies to Trip/aRflostIlS. whieh I consider to be a junior
synonym af P/ychagnos/us.

The new speeimens from Greenland mostly are small
and not well pre. erved.

OCClIrrence. The new specimens af P gibbus are from the

middle Henson Gletscher Formalion af Nyeboe Land,

and are from lhe P gibblls Zone.

Rel11arks. Laurie (1988, p. 178) has suggested that Tull­
berg's syntypes af Agnos/lIs illlermedills may he coIl­

specific with Ptl'chaglloslus lIffinis (Brøgger. 1878), and
he (1988, p. 172) li ·ted A. illterl1ledills a a que tionable
ynonym ol' P. affillis. He also reas. igned to ZelellgrlOSIlIS

scarifallls (Opik. 1979) specimens that I (Robison, 1982,

1984) previously assigned to Plychllgnosllls illtenlledius
(Brøgger). Lallrie further suggested that Z. scuri{lIlus
may be a junior synonym af 1~/ychllgnosllls Silliclls Lu
1957. These suggestion warranl additional investigation,
but pending lheir vcrification. I continue to fol1ow an
earlier diagnosis (Robison, 1984, pp. 25-2g) ol' P illler­
medius.

The new specimens from Greenland fall well within

the range af variation shown by other populations ol' P
intermedills.



OccurrelIee. The new pecimen. of P. inlermedilis are
from the middle Henson Gletschcr Formation of Nycboc
Land. and are from the Ptyc!1agnosllIs gihhlls Zone.

Genu Tomagnostus Howell, 1935c

TOlllllglivsll/s Howell. 1935c. p. 15: WhitehollSC, 1936. p. 90:
Harrington, 1938, pp. 149, 154; Kobayashi, 1939. pp. 149­
150; Westergård, 1946, pp. 31, 58; Pokrovskaya, 1958, pp.
20-23; Howell in Harrington el (II.. 1959, p. 0175: Pokrov­
skaya in Chernysheva, 1960. p. 57: RlIshtOll, 1979. pp. 54-55:
Shergold e/ (II .. 19YO, p. 41

Type species. AglIo IlIS jiSSlIS Linnar 'on, 1879, p. 23.
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Plychugnos/lIs alal'lIs Zone, and questionably inlo the
basal P(I'eltagl1os/lIs P"IlU/IOSUS Zone.

Tomagnostus bothrus n. sp.
Fig. 28.1-5. 7. 6", g'

Elymology. Greek bo/It ros. pit; referring to the Jnany
scrohicular pilS on the genae.

Hololype. Cephalon (Fig. 28.4a, b), MGUH 21.445 from
GGU 298970.

Malerial. Six cephala and 2 qucslionably assigned pygi­
dia are in GGU 298969 and 298970.

Fig. 28. Tomagllo.\'/lIs bOlhrllS n. sp. All specimens are from
GGU 298970. 1I1lless Olbcrwise stated. I. ecphalon, MGUH
21.442. x 8. 2, ccphalon, MGUH 21.443 from GG 298969. x
8. 3. eephalon, MGUH 21.444, x 8. 4. holotypc cephalon in
laleral and dorsaJ views, 1GCH 21.445, x . 5, small holaspid
cephalon. MGUH 21.446, x IO. 6, qlleslionably assigned pygi­
dilllTI. MGUH 21.447 from GGU 298969, x 8.7, large holaspitJ
cephalon. MGUH 21.448, x 7. 8, qllcstiollably assigllecl pygi­
dillll1. MG H 21.449. x 7.

Elllended diagnosis. Ptychagnosticlae with furrowed acro­
lob<.:s. Glabella slightly to moderately tapered: anterogla­
bella usually having frontal ulcu.; posteroglabella with
median node ar carina, F I and F2 variably devcloped.
Basallabes slightly elongate. poorly dcfined anteriorly,
and indenling glabella. Preglabellar median furrow weak­
ening anteriorly ar efraeed. Genae having scrobiculae Ol'
irregular pil. . or bOlh. Cephalie border narrow. Pygidial
axis having hexagonal M2; po teroaxis sulcate. Postaxial
median rurrow pres<.:nt ar absent in middlc and late ho­
laspid stage. Pygidial border narrow, rarely collared.
Relllarks. TOlllnglIosllis has been variously assigned to the
Agna tidae, Diplagnostidae, Peronopsidae. and Ptyehag­
nostida (see RushLOn, 1979, p. 55; Shergold el al., 1990,
p. 41). Based on all charaeters, but wilh <.:mphasis an
tho e af the axial lobe, 1 COJlcur with hcrgold el al.

(1990) in a igning TOll1aglIosllIS to the Ptychagnoslidae.
Comparative morphology sugge Is that carly speci S af
Tomagnosws are most closely relaled to early species ol'
the ptychagnostid Lejopyge, as emended above. Details
af cladagenesi', however, remain obscure.

Species here illcluded in TomagllosllIs are T. jiSSI.IS

(Linnarssall, 1879). T. perrugaILIs (Gronwall, 1902), T.
corrugalUS (Illing. 1916), T. graciIis (Uting, 1916), T.
hOlhrus n. sp.. and questionably T. sibiriC/lS Pokrovskaya
& Egorova in SaviL ky et al.. J972. TomaglloslllS lehale­

rien.~is Kryskov in Borovikov & Kry kay, 1963 was
rea signed to InnilagnosllIs by Opik (1967, p. 98). bUL
!lInilagnoslus is here considered to be a junior synonym
ol' Micragnos/lIs (see remarks an Ag/rosIIIS). TOII/agnos­

/lIS ciarIIs Egol'Ova & Pokrovskaya (ill Egorova el al.,

1982) is reassigned to SeltislI1agnosllIs n. gen. (see be­
low).

Although Tomagllostus is a widespread genus, its di ­
tribution suggests that it may have been mostly or en­
tirely adapted to cool-water habitat, but ranging in depth
from shallow to deep. The genus has an observed strali­
graphic range from the PlychagnosllIs gibhlls Zone la the

7 8



Diagnosis. Tomagllo. tus with moderate convexity. Ce­
phalon having narrow glabella, many scrobicular pil. on
genae, and posterolaIeral boruer spines. Questionably as­
signed pygidium with elliplicai tuberclc that is mosl lu­
mid po teriorly, and with poslaxial median furrow
lhroughoul hola pid period.

Descriptioll. Cephalon subquadrale. Glabella onty
slightly wpered; transver'c fLmow (F3) slightly bowed
posleriorly, shallow mediaIly, ueep laterally. Anlerogla­
bella semicirclllar 10 'ubtriangular, with moderalely ue­
veloped frontal sulcus. Posteroglabella having relalively
well-developed F I and F2 furrows; posterior end 'lrongly
rOllndeu, uislinclly constricted belween basallobes;

median node subcentral, near front af M2, and may be
connectcd to occipilal band by thread-likc median ridge.
Preglabellar median furrow effaced exeept I'or weak post­
erior veslige. Genae with many erobiclllar pilS, same
ollllining pair of uninterruplecl, arCuale regions an ante­
rior genae: pits on in ide of arCLlate region: u.'ually coa­
lesced inlo pair of arcuate groove oppo ile fronl af
glabella. Border narrow, wilh pair of short. SIOUl, po t-o
erolaleral spine. an larger holaspiues.

Thorax unknown.
Questionably assigned pygidium subquadrate IO ub­

circular. ~2 having elJiptical luberclc lhat is low and
poorly derlned anleriarly. Po. teroaxis lang and ogival.
Postaxial median I'UITm.v pre. ent in late holaspid ·lage.
Border narrow and nonspinose.

Fig. 29. TOI/I0!iIlOStIlS corrugatlls (!Iling). Il pccimcns from
GGU 298969. l. small holaspid. MG UH 21.450. x 10.2. pygi·
dillm. MGUII 21.451, x 8. 3, pygidillll1 wilh liny im:ipicnl pinc
on righl-postcrolmcral margin. MG H 21.4:2. x 8. 4 6. tlal­
tcncd dorsal e.~oskelelons, MGUH 21.453-21.455. all x 8.
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Rell'lark . T. bothrtls differs I'rom all previously described
species of Tot/logllusttt· by ha ing a pair of cephalic
border spine . Two pygidia, which are queslionably as-
igned lo lhis species, have characlerislic features of [he

genus except for relenlion af a poslaxial median furrow in
late oIHogenetic ·lages.

The cephalon af T. bOlhrus flIrther diffcrs from thai ol'
T. jiSSlIS by having a narrower glabella and lhe genal
prosopon is predominantly pilS rather than grooves. The
que lionably assigned pygidia ol' T. botltrlls diller from
tho'C ol' T. .fis. liS by having a more poinled and beller
defined axial tip.

Larger hola pid cephala uf T. bO/ltms resemble lho e
ol' ScizistII{fr;nosrus plico/Us n. gen. & n. sp. in general
axial strUCLure, but dirrer by lhe presence of a frontal
sulcu , the F3 is nearly straight rather than bowed post­
eriarly, and the M l is more eonstricted between the basal
lobes. Olher difference' are the presence of border spines,
longer basallobes, and a differenl style ol' genal serobic­
ulae in 7: bulhm.\'. In axia! shape, the que tionably as­
signed pygic.lia of T. bothm.\' re embJe lho'e af Ptychag·

110StuS a./fillis and P. PI/IletLlOSllS, bul in low-incident light
lhey show no evidence ol' surface granulation, which
characterises the laller 'pecies.

OCCllrrellce. The few specimen ol' T botltm.\' are from
the upper Hen on Glelscher Formation in Nyeboe Land,
and are from hoth the f'lychagllo.\'tlls gibbus and Ptyc!/(/g­

IIOSfttS alaPLls zone .

TOI11{{gnosfus corrugafu (Illing, 1916)
Fig. 29

Agl/ostlls corrllgllttls filing. 1916. pp. 409-410. pI. 29, rigo; 4, ?5.
6-1)

TUl/1l1gl/ostu.\·mrrugMl/s (Uting). Kobayashi. 1939, p. 141); Pok-



rovskaya, 1958. pp. 27 30. pI. 2, figs 1-4: Rushtoll. 1979. p.
56. figs 6A-B. 7D-E

TO/llagl/os/IIs dejorllli.1 Pokroyskaya: Egorova. Pegel & Cher­
Ilysheva il/ Egorova el al.. 19X2 (in pan), p!. 8, rig. 9; (not p!.
5. rig. 5: "nol p!. 12. fig. 13)

Nell' lIIa/erial. Morc than 15 spccimens, most flattcned
and poorly preserved. arc in GG 298969.

ETI/el/ded diagnosis. TOllla~I/Os/lIs having thin cxoskclc­
ton ol' low convexit)'. CcphaJon wirh moderatcly tapering
glabella and well-dcveloped genal scrobiclIlac. Pygidium
having short and narrow axis, dcnsely grallLllar plcllral
fields, ancl may have pair af incipient marginal spines.

Relllar/;,s. All recorclecl specimens af T corruga/lIs are
pre erved in finc-grained matrix and showevidence ol'
taphonomic comprcssion. Compared with associated ag­
nostoid . the new specimens from Greenland are signif­
icantly more flattenecl and :eem to have had a thinner
exoskeleton. A paucily oftaphonomically produced wrin­
kles, however, suggests that low convexity af the exoske­
letan, and especiaIly (he pygidium, is a primary character.

Occurrellce. T. corrugaTus has been previously repOI·ted
from the Ptyc!lagl/usllIS olallus Zone . f England and
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Russia (Siberia). The new pecimens are I'rom the tipper
Henson Gletscher Formation in yeboe Land, and also
are from the P a/m'lIs Zone.

Tomagnosfus jissas (Linnarsson. 1879)
Fig. 30

AgnoslllsfisslIs Linnarsson. 1879. p. 23. pI. 2, fig. 34: TlIllbcrg,
1880, 16, p!. l. fig . .la-d; Linnarsson. 1883. I . 31; Malthew.
1896. pp. 230-231: Lake. 1906. pp. J-t pI. l. figs 1-3; (Iling,
1916. pp. 406-407. p!. 28. figs 6-8: icholas. 1916. p. 452

Agn(H/{(S jiSS{(S Irijissl/s Malthe\\'. I R96. pp. 231 232. pI. 16.
fig. IO

"/\ fi,110SIUS fissIIs var. perrllgallls GrOn\\'all. [Iling. 1916, p. 407,
p!. 2X. fig. 9

TOlllagnosllIs fiS.IIIS (Linnar 'son), Howell. 193 -e. p. 15. figs 9.
IO: Knbayashi, 1939. p. 149; Weslergård. 1946. pp. 5R-59. pI.
7. rigs 21-29. pI. 16. fig. 8: Pokrovskaya, 195R. pp. 23 27. pI.
I. figs I-II: Ilowell in Harringlon el al.. 1959. fig. 114.4;
Pokrovskaya in Chernyshcya. 1960. pI. l. fig. 3; HUlchillson.
1962. pp. 76-77. p!. 7. figs l-S: Egorova el al.. 1976. p. 59,
pI. 37. figs 2 . II, 13. p!. 3R. fig. Il. pI. 55. fig. 4; Rushton,
1979. fig. 7A-C; Egornva. Pegel & Chernyshcva ill Egorova
el al.. 1982. p. 59, pI. 3. ligs I 4. pI. 4. fig. l. pI. 6. lig. 6, pI.
8, figs 4-7. pI. 9. flg. 5. pI. 51. ligs 7. R: Kindle. 1982, pI. 1.2.
figs 6. IO: Mon·i,. 19RR. p. 229: Shergold ('/ al.. 1990, tig.
12.6<1. h; SalliSon el al.. 1990. p. 1467. fig. 5C-E

Fig. 30. Tomagllos/IIs fisILIS (Lin­
nars on). All specimen' from
GGlJ 298970, lInlcss mherwise
staled. and all x 8. I. latex east of
p,1I1ially nattened cxoskeletnn.
MGlJH 21.456. 2a. b, dorsal and
lateral views ol' ecphalon. MGUH
21.457. 3, larg' holaspid eephalon,
MGUH 21.45X. 4. cephalon wilh
pattern ol' genal scrobielllae simi­
lal' to thai deseribed for TOIII{/~1I0S­

/lIS fisslls IrifisslIs (MalIhew),
MGlJH 21.459 from GG'
298975. 5. 6. smaller holaspid ce­
phala. Kj H 21.460 and 21.461.
7. pygidium. MG H 21.462. 8a. b.
incomplcte. large holaspid pygi­
dium in dorsal and lateral views.
MG H 21.463. 9. IO. pygidia.
MGUH 21.464 and 21.465. 8a 8b g 10
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TOlllaWIOSllIS fissIIs IrifiuIIs (Matlhcw), Kobayashi. 1939. pp.
149-150

Nell' ma/eria/. More than a hundred specimen' are 111

GGU 298969. 298970. 298974, and 29l::975.

Rel11arks. T Jissus is characterisecl by moderate IO high

cephalic convexity, a wide glabella, a median carina
along the front hall" of lhc posteroglabella, u ually poor IO

moderate deve10pment of genal pits and crobiculae, and

a lack of spine.. Additional characters and the consid­

erable morphological variability of T jiSSI/S have been

well c1c'cribed by Westergård (1946. pp. 58-59). ew

specimens from Greenland closcly resemble tho e fiom
the type area in Swcden and they show similar variability.

Occurrence. T fissus i' a common species that has bccn

previously reported from Sweden, Norway, Denmark,

England, Wales, Canada (eastern & western Newfoun­

dland), Unitecl States (South Carolina), and Ru ia (Sib­

eria). The new specimen are from the uppcr half of the
Henson GI tscher Fonnation in yeboc Land where they
are pre 'cnl in both the PlyclwgnoslLls gibbl/s and Prr-
chagnoslLIs ({{({I'US zones. .

Tomagnostus perrugatu (Gronwall, 1902)
Fig. 31.2, 3. l'!

Agl/o.I'II.IS fissilS var. perntgma Gronwall, 1902. p. 50, pI. I,
fig. I

not AXllo lIIS jisslls var. perruga//ls Gronwall. Illing. 1916, p.
407. pI. 28. rig. 9 [? =1'Olllagllosflls fi .1'11.1' (Linnarsson)]

Agl/os/IIs slI/cmlls Illing. 1916. pp. 411~12, pI. 30. figs 3-6
COl/iagl/os/!Is sil/cmI/s (lIIing). Howell. 1935c.;. p. 14
1'Olllagllosflls perl'llgallls (Gronwall). Kobayashi. 1939, pp.

149-150: WestergånJ, 1946. pp. 59-60, pI. 8. rigs I-IO:
Hutehin on, 1962. p. 77, pI. 7, figs 6-9; Savitsky el al., 1972,
p. 60, pI. -, figs 7- JO: RU.llton, 1979, pp. SS-56. fig. 6C-E:
Egorova, Pegel & Chernysheva ill Egorova el al., J982, p. 59,
pI. 17, figs 5. 6, pI. 54, figs 9. 12: Monis, 19R8, p. 229

TOlllagl/osllls SIt/eufIlS' (lIIing). Kobayash.i. J939, p. 149

1'Ol/loglloslIIs de/onlli Pokrovskaya. 1958, pp. 32-34. pI. 2, figs
5-9: Egorova, Pcgel & Chernysheva ill Egorova el al., 1982
(in part). p. 60. pI. 5. fig. 5, ?pl. 12, fig. 13 (not pI. 8. lig. 9)

')1'ol/logllosl/Is perrugallIs Wesl. [sie]. Pokrovskaya, 1958, pI. 2,
figs IO, II

Agllosllls sp. Snajdr, 1958, p. 70. pI. 46. tig. 3
1'Olllogl/oslII. reila/a Fatka el al.. 1981, pp. 368-369. pI. 2, figs

3-5
7UIIIlIJ.:IIOSlllS d. perrug(l{lIs (Gronwall), Falka & Kordule, 1992,

pI. 2. fig. 3

New ma/eria/. Two pygidia are in GG 319790. One

cephalon in GG 319789 and 2 cephala in GG 319790

are Cjueslionably a.. igned to thi pecies.

Emene/ed diagnosis. Glabella narrow, tapering only
slightly. Genae having many radial scrobicula (abaxial)

and pit (mostJy adaxial), pair af areuate grooves oppo­

sile front of glabella, and may have pair af short longitu­

dinal grooves oppo ite M3. Transverse sukus of po t­

eroaxis having pair of tiny pits. Pygidial border l1at,
wilhout or with collar, and with pair of marginal spines.

Rellwrks. Westergård (1946, pp. 59-60) has described

well lhe Illorphological variabiiilY ob ervecl wilhin pop­

u!alions af Ih is specie' in Sweden. Two new pygiclia from

Greenlanel accorel c10sely with his description. Cephala of
TOIIIClgnoslLls associaled Wilh lhc new pygidia are not
well preserved anel their identification to specie is Cjues­

lionablc.

Occllrrence. Specimen. repre enting T perruga/lIs have
bcen previously repol1ed from Denmark, wcdcn, Eng­

land, Canada (eastern Newfoundland). Czcchoslovakia,
and Ru ia (Siberia). They have a composite ob erved

stratigraphic range from the P/\'C/wgnos/lIs gibbus Zone

lo lhe Prychagnoslus punc/uosus Zone. The new speci­

mens from Green land are from basal beds of tlle Kap

StanIon Formation. and are from the P/ychagnos/us Clta­

lIUS Zone.

Family una igned
Genus Megagnostus n. gen.

E/ymofogy. Greek mega. large, plus Agnosflls; referring
to the exccplionally large size af . ome specimens.

Type species. AglIOSIUS g/and(formis Angelin, 185 I, pp.

5-6.
2 3

Fig. 31. 1'Olllllijf/OSIIIS perrllgCllus (GrOnwall). All specimens
from GGU 19790. I. quesLionably assigncd. mali holaspid
cephalon. MGUH 21.466, x IO. 2. 3. pygidia. MGUH 21.467
and 21.468. both x 8.

Dia lIosis. Cephalon mosIly effaced, relaining only ve ­

tiges af posterior border furrows: convexity low IO mod­
erate. Cephalic doublure narrow. Thorax with anlerior
segment agiltally longer than po. terior egment; axiaJ



rings transversely wide, effaced. Pygidium characterised
by unique doublure that curves inward and downward,
forming ventrally projecting flange. Pygidium smaller
than cephalon, with acrolobe effaced except for weak
median node; convexity low. Border furrow of pygidium
well developed or may become effaced posteriorly on
large holaspides. Articulating half ring narrow sagittally,
wide transversely; width averaging about half that of
pygidium. Articulating furrow narrow, shallow. Spines
absent.

Remarks. Agnostus glandiformis Angelin, 1851 has been
assigned by various authors to at least five different
genera (see synonymy below). Illustrations by Lindstrom
(1901, pI. 1, fig. 7), Holm & Westergård (1930, pI. 1, fig.
4), and Westergård (1946, pI. 15, fig.lOa, b) show this
species to have an unusual, prominent flange that projects
ventrally from the pygidial doublure. The presence of a
border demonstrates that the specimen illustrated by
Holm & Westergård is a pygidium rather than a cephalon
as stated in their figure caption. A similar flange is also
present on a new agnostoid species from North Greenland
(see Fig. 32.9a). This type of flange is considered to be a
significant synapomorphous character, and is used with
other characters in defining and differentiating the new
genus Megagnostus. Included in this genus are M. glandi­
formis (Angelin), M. diclidus n. sp., and questionably M.
resecta (Gronwall).

The prominent ventral flange on the pygidial doublure
of Megagnostus is probably part of a coaptive device for
interlocking the cephalon and pygidium during enroll­
ment. To my knowledge, a similar device has not been
reported in any other agnostoid genus.

A fine, asymmetric, submarginal groove also is present
on the interior surface of the pygidial doublure of both M.
glandiformis (see Fig. 33.4, 5, 12, 13) and M. diclidus
(see Fig. 32.5, 7). It is commonly seen on internal
moulds. Its position is remarkably similar to that of a
submarginal suture on the cephalon of the Ordovician
agnostoid Arthrorhachis elspethi, examples of which
were described and illustrated by Hunt (1966) as Trino­
dus elspethi. The pygidial doublure of Megagnostus,
however, shows no evidence of a functional suture.

In its style and advanced degree of effacement, Mega­
gnostus closely resembles Leiagnostus, a widespread
Lower Ordovician genus that has been recently revised
by Ahlberg (1988). However, subtle morphological dif"
ferences and a lack of likely connecting taxa in Upper
Cambrian strata suggest that these genera are not closely
related. The articulating half ring on the pygidium of
Megagnostus is much wider transversely than in Leiag­
nostus, which may indicate important differences in the
effaced axis of each genus. They also differ in such
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details as convexity of the pygidium and prominence of
its median node, which are less in Megagnostus. Further
review by Ahlberg (1992) has led to the suggestion that
Leiagnostus may be a highly effaced derivative of Lotag­
nostus from Upper Cambrian strata, and of the family
Agnostidae.

Affinities with other agnostoid genera are difficult to
assess because of the high degree of both cephalic and
pygidial effacement in Megagnostus. Widely spaced
points of origin of posterior border furrows on the cepha­
Ion and a wide articulating half ring on the pygidium
indicate an unusually wide, though mostly effaced axial
lobe on both shields. All characters considered, Mega­
gnostus most closely resembles Phalacroma. The phy­
letic significance of that resemblance is problematic,
however, and the family assignment of Megagnostus is
left open.

The taxonomic status of Agnostus glandiformis var.
resecta Gronwall, 1902 is unclear. Westergård (1946, pp.
93-94, pI. 14, fig. 19) elevated the taxon to species rank
and reassigned it to Phalacroma (see also Jago, 1976, p.
146, pI. 24, fig. 12). Additional specimens from Spain
were attributed to the species by Sdzuy (1961, pp. 525­
526, pI. 2, figs 10-13), but he reassigned it to Leiagnostus
Jaekel, 1909. Pygidia that have been assigned to the
species have a shallower border furrow and narrower
border than do pygidia of M. glandiformis of comparable
size, but are closely similar in other dorsal features. Until
more information is available, especially regarding struc­
ture of the pygidial doublure, the species is questionably
reassigned to Megagnostus.

Megagnostus is known from Sweden, Norway, Den­
mark, Greenland, Russia (Siberia), the United States
(Verrnont), Australia (Tasmania), and questionably from
Canada (eastern Newfoundland), England, France, and
Spain. Assigned specimens are from the Lejopyge laevi­
gata Zone and some questionably assigned specimens
(M. ?resecta) are from the subjacent Ptychagnostus punc­
tuosus Zone and possibly older strata.

Megagnostus diclidus n. Sp.
Fig. 32

Etymology. Greek diklidos, double folding; referring to
the upturned lateral borders of the pygidium.

Holotype. Pygidium (Fig. 32.9a, b), MGUH 21.477 from
GGU 301313.

Material. More than 50 disarticulated specimens are in
GGU 301312, 301313, and 313115.

Diagnosis. Cephalon subquadrate, width and length usu-
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7b 8 7e 9a 9b

Fig. 32. Megali/lOSfl/S diclidlls n. gen. & n. sp. All 'pecilllens are from GGU 301313. unlcss othcrwi'c stated. 1. twO flauened
ccphaJa, MGUH 21.469. x 5. 2a. b. cephalun in dorsal and lateral views. MG II 21 A70 from GG 313115, x 8. 3. cephalon and
thorax. MG UH 21.471 frOI11 CiGU 3131 15. x 7. 4. 5. pygidia. MGUH 21.472 and 21.473 from GGU 313115. x 8 and x 6. na, b,
pygidiul11 in laleral and dor'al views. MGUH 21.474, x 7. 7a-c, pygidilllll in frontal (a) and stereographic vicws (b, c), MGUH
21.475. x 7. 8, slllall holaspid pygidilll1l, MGUH 21.476, x 8. 9a, b, holotype pygjdiul11 with exposed vemral flange (a), in lateral and

dorsal views, MG UH 21.477. x 8.

ally aboul equal: convexity low. Thorax not knowl1. Pygi­
dium subrectangular. width averaging about 0.9 limes
thal af !cngth; eonvexiry of acrolobe very low; median

node elongate. PygidiaJ barders mUTOW and uplurned

lateralty. dimini hing in height posterolaterally. and un­

differentiated posteriorly exeept in early holaspides.

Remurks. Middle and late holaspid pygidia of M. diclid{(s

dirfer from lho e af M. glalldiforlllis by having more
upturned lateral borders and by lacking a differentiated

poslerior border furrow and border. To my knowledge,

form af the lale holaspid border of M. diclidl/s is unique

among agnostoid tri lobile . an early holaspid pygidia of

comparable si e. the border and funow devclopment is
similar in M. diclidus (Fig. 32.8) and M. glcllldifonnis

(see Fig. 33.9), ugge ling clo'e phyletie affinity. Be­

eau e these tWO morphs are con. istently a soeiated in

three eolleetions from the Kap tanton Formation, seXLlal

dimorphism is a possibie explanalion for tJle ob ervecl
clifferences. This . eems unlikely, however, becau'e the

Rlalldiformis Illorph ha. been illustratecl from severaI
localities around the world, whereas the diclic/I/s morph is
known from only lorth Greenlancl. The cephalon and

pygidium af M. elicIielLIs further differ from tho e af M.

glal/diformis by b ing le convex, and on average the

cephalon i' more quadrate and tJle pygiclium i' more



rectangular. In sagittal profile, the pygidium of M. dicli­
dus is angular with its apex coinciding with its median
node (Fig. 32.6a), whereas the pygidium of M. glandifor­

mis is broadly rounded with little perceptible change in
slope at its median node (see Fig. 33.3b, 12b).

Maximum observed size also differs significantly be­
tween M. diclidus and M. glandiformis. The largest ob-

f
served cephalon of M. diclidus is 7.6 mm long. The
largest cephalon of M. glandiformis in GGD collections
is 14.0 mm long, whereas Westergård (1946, p. 96) noted
that the largest cephalon in Swedish collections is 16.0
mm long.

Occurrence. All specimens of M. diclidus are from basal
beds of the Kap Stanton Formation in Peary Land, and
are from the lower Lejopyge laevigata Zone.

Megagnostus glandiformis (Angelin, 1851)
Fig. 33

Agnostus glandiformis Angelin, 1851, pp. 5-6, pI. 6, fig. I;
Brøgger, 1878, p. 74, pI. 6, fig. 7; Tullberg, 1880, pp. 29-30,
pI. 2, fig. 20a, b; Lindstrom, 1901, p. 37, pI. 1, fig. 7;
Gronwall, 1902 (in part), pp. 63-64 (not pI. I, fig. 6); West­
ergård in Holm & Westergård, 1930, pp. 10-11, pI. I, figs
2-5, pI. 4, figs 1-3

Leiagnostus glandiformis (Angelin), Jaekel, 1909, p. 401;
Sdzuy, 1961, p. 526

?Agnostus glandiformis Angelin, Illing, 1916, p. 414, pI. 31, fig.
2 [specimen refigured as Grandagnostus sp. by Rushton,
1979, fig. 4C]

Grandagnostus vermontensis Howell, 1935a (in part), p. 221, pI.
22, figs 9?, lO?, 11 (not 8); Howell, 1937 (in part), pp.
1166-1167, pI. 3, figs 6?, 8?, 9 (not 5); Shaw, 1966, p. 848,
pI. 97, fig. lO?

Grandagnostus glandiformis (Angelin), Howell, 1935a, p. 221;
Lermontova, 1940,p. 131, pI. 36, figs 7, 7a-j; Poulsen, 1969,
pp. 7-9, figs 7A-C; Jago, 1976, pp. 144-146 [compared with
other species in discussion of Valenagnostus], pI. 24, figs 1-5

Phalacroma glandiformis (Angelin), Kobayashi, 1939, pp. 136­
139

?Grandagnostus longifrons Lermontova, 1940, p. 131, pI. 36,
figs 8, 8a-d

Phalacroma glandiforme (Angelin), Westergård, 1946, pp.
95-97, pI. 15, figs 3-17, pI. 16, figs 1,2; Pokrovskaya, 1958,
pp. 53-56, pI. 4, figs 1-6; Pokrovskaya in Chernysheva,
1960, pI. 1, figs 26, 27; Khajrullina, 1970, p. 17, pI. 1, fig. 14;
Khajrullina, 1973, pp. 48--49, pI. 3, fig. 15; Egorova, Pegel &
Chernysheva in Egorova et al., 1982, p. 74, pI. 22, ?fig. 6, pI.
23, ?fig. 5, pI. 49, fig. 1, pI. 55, figs 12, 13, pI. 59, fig. 5, pI.
62, fig. 9

?Phalacroma maja Pokrovskaya, 1958, pp. 50-51, pI. 4, figs
9-12; Egorova, Pegel & Chernysheva in Egorova et al., 1982,
pp. 74-75, pI. 19, fig. 2, pI. 20, fig. 8, pI. 23, fig. 4, pI. 25, fig.
3, pI. 40, fig. 1,2, pI. 47, fig. 2, 3, pI. 59, fig. 4, pI. 62, fig. 4

?Phalacroma longifrons (Lermontova), Pokrovskaya, 1958, pp.
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52-53, pI. 4, figs 13-15; Egorova, Pegel & Chernysheva in
Egorova et al., 1982, p. 75, pI. 15, fig. 4, pI. 30, fig. 1

Phalagnostus glandljormis (Angelin), Rosova, 1964, pp. 17-18,
pI. 2, figs 14-21, pI. 3, fig. 3; Poulsen, 1966, p. 122; Repina et
al., 1975, pp. 118-119, ?pl. 11, figs 20, 21

?Phalagnostus cuneatus Rosova, 1964, pp. 18-19, pI. 2, fig. 22,
pI. 3, figs 10-12

?Lejopyge laevigata (Dalman), Poulsen & Anderson, 1975, pp.
2075-2076, pI. 2, figs 1-9 [see remarks on Peratagnostus
cicer]

Grandagnostus sp. Jago, 1976, pp. 141-142, pI. 22, figs 1-5
?Grandagnostus major Courtessole et al., 1988, p. 36, pI. l, figs

6-11, ?pl. 8, fig. 7

Lectotype. Cephalon (State Museum of Natural History,
Stockholm) selected and illustrated by Westergård (1946,
p. 95, pI. 15, fig. 6).

New material. More than 50 disarticulated speeimens are
in GGD 301312, 301313, and 313115.

Emended diagnosis. Cephalon subeireular to subpentago­
nal with broadly pointed anterior margin, width ranging
from about 0.9 to 1.0 times that of length; eonvexity
moderate to high. Pygidium subeireular to subpentago­
nal, width ranging from about 0.9 to 1.0 times that of
length; eonvexity low. Border furrow of pygidium broad
and shallow; border widens posteromedially on early
holaspides, beeoming narrow and more uniform on later
holaspides. Dorsal exoskeleton finely punetate.

Remarks. From populations of M. glandiformis in Swe­
den, Westergård (1946, p. 96) noted that the ratio of
length to width for both eephala and pygidia is greatly
variable, even for speeimens retaining original eonvexity.
In dorsal view, the outlines of both shields also vary from
subeireular (eommon in early holaspides) to subpentago­
nal (eommon in later holaspides). Many new speeimens
from Greenland possess the diagnostie eharaeters of M.
glandiformis and show similar ranges of morphologieal
variation.

M. glandiformis is eharaeterised by extreme effaee­
ment of dorsal features, including basallobes, glabellar
median node, and all but posterior vestiges of the ee­
phalie border furrow. Jago (1976, p. 146) stated that some
speeimens possess vestigial basallobes. an speeimens I
have observed, however, the basal lobes are expressed
only as weak swellings if preservation is good. Some
large eephala have a submarginal, ventral ridge forrned
by angular folding of the doublure. Where exposed by
exfoliation, that ridge superfieially resembles a border
furrow (Fig. 33.7), and eould be mistaken for sueh. Well­
preserved topotype speeimens from Sweden, seemingly
retaining original eonvexity, are illustrated here (Fig.
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rig. 33. MpgagJ/ostus glalldijol'lJ/is (Angelin) n. gcn. 1-3, comparalive lopolype specimcm, from Anclrarum Limcstone. 'weclcn; la.
b, ccphalon in clorsal ancllaleral views. U.S. ational Muscum ol' Natural History (US M) no. 465529. x 3: 2a. b. cephalon in dmsal
and real' views. S. M 465530. x ~: 3a. b. pygidium in clorsal and laleral views, US. M 465531, x 3.4, 5. comparative specimens

collected by William Y. Murray from lhc SkeeJs Corners Formation. Vermont. showing wrinklcs on ccphala from compres ion in

shale. USNM 465532 and ~65533. x 3 and x 6.6, small holaspid cephalun. MGUH 21,478 from GG 313115. x 8. 7. largc holaspid

cephalon, partially flallcnccl. MG H 21.479 from GGU 30 Il Il. x 3. 8a, b. ccphalon in dor al and lateral \iews. MGUH 21.480
from GG 301313. x 3. 9. IO. small holaspicl pygiclia from GG 301313. MGUH 21 A81 ancl 21.4 2, both x lL Il, pygidium.
MG H 21A83 from GG . 313115. x 4. 12a. b, pygiclium in dorsal ancllateral vie'-'s. MGUII21A84 from GGU :113115. x 3.13,
large holaspicl pygiclium. MG H 21,485 from GGU 301313, x 3.



33.1-3) for comparison with new specimens from Green­
land, which have been variably compressed in fine­
grained matrix.

The holotype of Grandagnos(uS vermontensis Howell,
1935a, which is the type species of Grandagnostus Ho­
well, 1935a, is a poorly preserved, incomplete, smooth,
probable cephalon that was recently discussed and reil­
lustrated (Robison, 1988, p. 53, fig. 12.7). In the absence
of definitive characters, I proposed that the name Gran­
dagnostus be restricted to the holotype of G. vermonten­
sis. My support for that proposal has not changed, and I
here consider Grandagnostus to be an unrecognisable
genus. Two specimens of M. glandiformis from a new
locality in Vermont are illustrated here (Fig. 33.4, 5) for
comparison with specimens from Sweden and Greenland.
I have also exarnined other specimens that were origi­
nally illustrated as G. vermontensis, which are here reas­
signed to M. glandiformis (see synonymy for references).

In a subsequent diagnosis of Grandagnostus Shergold
et al. (1990, p. 55) stated that the cephalic border is
narrow or absent and the glabellar node is advanced. The
holotype ofthe type species, however, shows no evidence
of either a cephalic border or a glabellar node, although
the configuration of adjacent matrix does superficially
resemble an incomplete border.

Based on observed morphological variation in pop­
ulations of M. glandiformis in Sweden and Greenland, I
suggest that Grandagnostus longifrons Lermontova,
1940, Phalacroma maja Pokrovskaya, 1958, and Phalag­
nostus cuneatus Rosova, 1964 may be based on geo­
graphic variants of M. glandiformis in which length ofthe
cephalon and angularity of its anterior margin are slightly
accentuated. Without access to type collections, however,
I reassign the specimens to M. glandiformis with ques­
tion. At least two of the specimens illustrated as Pha­
lacroma maja by Egorova, Pegel & Chemysheva (in
Egorova et al., 1982, pI. 47, figs 2,3) appear to represent
M. glandiformis.

M. glandiformis has the distinction of including the
largest known specimens of the order Agnostida, which
in size are substantially larger than average for the order.
Westergård (1946, p. 96) noted that the species is the
largest agnostoid found in Scandinavia, and he reported
the largest cephalon to be 16.0 mm long and 15.0 mm
wide. A flattened cephalon in GGU 301313 (Fig. 33.7) is
14.2 mm long. The largest specimen from Greenland is a
poorly preserved, incomplete pygidium in GGU 313115.
It is 16.5 mm wide, but its length is indeterminate be­
cause of breakage. Although cracks indicate that its width
may have been increased slightly by compression, it is
relevant that the pygidium is smaller than the associated
cephalon in this species (Fig. 33.4, 5; see also West-
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ergård, 1946, pI. 15, fig. 13a-d). Therefore, GGU 313115
may contain the largest observed agnostoid trilobite.

Occurrence. M. glandiformis is a widespread species,
having been previously reported from Sweden, Norway,
Denmark, Russia (Siberia), the United States (Vermont),
Greenland (Nyeboe Land), Australia (Tasmania), and
questionably from Canada (eastem Newfoundland), Eng­
land, and France. The new specimens from Greenland are
all from basal beds of the Kap Stanton Formation in
Peary Land, and are from the lower Lejopyge laevigata
Zone. Most reported occurrences of the species are from
the L. laevigata Zone, however, it questionably ranges as
low as the Ptychagnostus atavus Zone.

Genus Peratagnostus Opik, 1967

Peratagnostus bpik, 1967, pp. 86-87; Palmer, 1968, p. B26;
Shergold, 1982, pp. 21-22; Shergold et al., 1990, pp. 43--44

Type species. Peratagnostus nobilis Opik, 1967, pp.
87-90.

Emended diagnosis. Cephalon mostly effaced, but retain­
ing posterior border furrows, vestiges of basal furrows,
and weak median node at about midlength; convexity
moderate to high. Posterior vestige of glabella rounded.
Thorax having transversely wide, effaced axial rings;
pleural furrows weak. Pygidial ontogeny characterised by
unusual, abrupt early holaspid metamorphosis during
which border furrow first developed; subsequently, axial
lobe increased in relative length and width as axial furrow
became posteriorly effaced or entirely effaced; ring fur­
rows undeveloped throughout ontogeny. Late holaspid
pygidium highly convex; median node poorly defined,
elongate. Articulating half ring of late holaspides variable
in transverse width, being greater than half that of pygi­
dium during early phylogeny and becoming less than half
that of pygidium during later phylogeny. Spines absent.

Remarks. The concept of Peratagnostus has commonly
been applied to species from only Upper Cambrian strata
(e.g., Shergold et al. 1990, pp. 43-44). Based in part on
character transformations during both ontogeny and in­
ferred phylogeny, that concept is expanded here to in­
clude reassignment of Agnostus cicer Tullberg, 1880 and
other species in Middle Cambrian strata.

The cephalon of Peratagnostus is characterised by
advanced effacement of furrows, which may make the
identification of disarticulated cephala difficult in collec­
tions containing other effaced genera. On some holaspid
cephala the glabella may be indicated by a vestigial
posterior swelling, and in some meraspid cephala the
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posteroglabella may be weakly outlined. In all but pos­
sibly one species, P. hillardensis Palmer, 1968, even the
border furrow is effaced except for vestiges along the
posterior cephalic margin. In discussing Grandagnostus
falanensis (Westergård), which is herein reassigned to
Peratagnostus, Rushton (1978, p. 257) noted that some
internal mouids from England have lateral and frontal
grooves that resemble a cephalic border furrow, but they
represent the inner edge of the cephalic doublure. The
single illustrated cephalon of P. hillardensis (Palmer,
1968, pI. 10, fig. 17) may also be an internal mouid, and
therefore warrants further investigation of its reputed
marginal groove.

New specimens of P. cicer from North Greenland in­
clude distinctive juvenile pygidia (see Fig. 34.1, 2) that
closely resemble some pygidia previously assigned by
Shergold (1982, pI. 6, figs 4-7) to P. nobilis apik, the
type species of Peratagnostus. A significant character of
these pygidia is a prominent, somewhat sernicircular fur­
row on the dorsal surface. This, in reference to positions
of the anterior border furrows, is identified as an axial
furrow. Therefore, the largest of these pygidia are charac­
terised by a well-defined, short, tumid axis with no ring
furrows, and lateral and posterior parts of the border
furrow are not evident.

In his study of P. nobilis, Shergold (1982, pp. 22-23)
noted that pygidia with 1engths less than 1.10 mm "are
decidedly different from those with lengths greater than
1.50 mm, and are considered to represent meraspid
growth stages." He also noted that "no specimens with
lengths between 1.10-1.50 have been observed," and he
concluded that if the smaller pygidia are to be regarded as
P. nobilis, "then a substantial pygidial metamorphosis
accompanies the change from meraspid to holaspid mor­
phogenetic stages." A similar metamorphosis and a simi­
1ar size gap between growth phases is indicated by speci­
mens of P. cicer (see Fig. 34). Pygidia in the smaller
growth phase range up to 1.1 mm in length and observed
pygidia in the larger phase commence at 1.4 mm in
length. Combined with general holaspid characters, I
consider the distinctive juvenile rnorphology, evidence of
dual growth phases, and the rernarkably similar styles of
metamorphosis to indicate a close taxonornic relationship
between these two species, and to support their inclusion
in the same genus.

The smallest pygidium of P. cicer in collection GGU
313115 from Greenland (see Fig. 34.1) has one axial ring,
indicating that it represents degree 1 of the meraspid
period (Robison, 1964, pp. 516-518). An apparent lack
ofaxial rings on any of Shergold' s (1982, pI. 6, figs 4-7)
specimens of P. nobilis suggests that they are all ho­
laspides. Therefore, the metamorphosis in both P. nobilis
and P. cicer seems to have occurred during the early

holaspid period. In some modem marine arthropods
showing dual growth phases, the gap between them cor­
responds to onset of sexual maturity (Hartnoll, 1982).
Although the same may be true for Peratagnostus, the
rather abrupt change in form at very small body size may
suggest some other cause. Changes in trophic resources,
temperature, or mode of 1ife are suggested as possibie
alternatives.

Although proportions of the pygidial axis are very
sirnilar in juveniles of P. cicer and P. nobilis (compare
Fig. 34.1,2 with Shergold, 1982, pI. 6, figs 4-7), they are
quite different in large adults (compare Fig. 34.7, 8 with
apik, 1967, text-fig. 18 and Palmer, 1968, pI. 10, fig. 24).
P. cicer also retains vestiges of the axial furrow. Axial
proportions of intermediate holaspid pygidia of P. cicer
(see Fig. 34.3, 4) accord with a possibility that the late
holaspid axis of P. nobilis is paedomorphic with respect
to that of P. cicer, its inferred ancestor. Thus, I attach
trivial rather than generic significance to the late holaspid
difference in axial proportions.

Juvenile specimens of Phalagnostus nudus (Beyrich,
1845), the type species of Phalagnostus Howell, 1955,
are closely similar to those of Peratagnostus. In Phalag­
nostus, however, the distinctive juvenile characters are
retained essentially unaltered into the late holaspid period
(compare Snajdr, 1958, pI. 5, figs 1-24). These persistent
characters include a prominent semicircu1ar axis and ab­
sence of cephalic and pygidial border furrows except for
proximal vestiges along margins adjacent to the thorax.
Based on shared characters, I suggest that Peratagnostus
and Phalagnostus are closely related, and that Phalag­
nostus probably arose from Peratagnostus by paedomor­
phic retention of juvenile characters into the late holaspid
period. Phalagnostus can be differentiated from Per­
atagnostus by the absence of a metamorphosis during
ontogeny and by the related absence of two distinct
growth phases. Late holaspid characters, or course, are
quite different. As in modem marine arthropods (Wil­
liamson, 1982, p. 92), ontogeny within these genera
seems to be "a reminder that adult and larval evolution
can sometimes proceed independently."

Other species of Peratagnostus, as emended, are also
present in Middle Cambrian strata. ane of these is Cic­
eragnostus? falanensis Westergård, 1947. Rushton (1978,
pp. 256-258) reassigned this species to Grandagnostus,
and he suppressed Phalacroma bairdi Hutchinson (1962,
pp. 90-91) as a junior synonym. Additional specimens
were subsequently discussed and illustrated by Rushton
(1983, p. 117, pI. 15, figs 2-5, 8, 9) from younger strata.
As mentioned above in remarks on Megagnostus glandi­
formis, Grandagnostus is considered to be an unrecog­
nisable genus. In degree of effacement, specimens of
falanensis resemble those of both Megagnostus and Per-



atagnostus. In convexity and mammiform transverse pro­
file of its pygidium, however, they resemble specimens
of only Peratagnostus. Therefore,jalanensis is here reas­
signed to Peratagnostus, and I concur with Rushton that
Phalacroma bairdi Hutchinson is a junior synonym. P.
falanensis seems to be a direct descendent of P. cicer,
from which it mainly differs by its axial furrow being
more effaced on the late holaspid pygidium. P. cicer has
an observed stratigraphic range in the Middle Cambrian
from the Ptychagnostus atavus Zone into the Lejopyge
laevigata Zone, and P. falanensis has a reported stratigra­
phic range from the uppermost Middle Cambrian (up­
permost Lejopyge laevigata Zone) to the middle Upper
Cambrian (upper Olenus Zone).

In addition to P. cicer (see synonymy below), other
species of Peratagnostus have been reported from mul­
tiple localities in the upper Middle Cambrian of China. P.
sinicus was named by Hsiang in Egorova et al. (1963)
and has been further documented by Lu et al. (1965, p.
39, pI. 3, figs 23-25), Xiang et al. (1981, p. 118, pI. 7,
figs 16, 17), and Xiang & Zhang (1985, p. 70, pI. 14, figs
1--4). 'Peratagnostus exilis n. sp.' has been recorded on a
biostratigraphic chart of taxa identified by Dong (1990,
fig. 1) from a late Middle Cambrian section in western
Hunan, China. Although the generic assignment of
Dong's specimens may be correct, the new species name
seems to be a nomen nudum. In an unpublished thesis by
Song (1989, p. 46, pI. 3, figs 3-6), an undetermined
species of Peratagnostus has been described and illus­
trated from the Lejopyge laevigata Zone of the same
section in western Hunan.

ane or more undetermined species of Peratagnostus
may be represented by several distinctive juvenile speci­
mens from the Lejopyge laevigata Zone. These include
one pygidium from Sweden that Westergård (1946, p. 97,
pI. 16, fig. 3) identified as Phalacroma sp., several pygi­
dia from the Taconic sequence of New York that Rasetti
(1967, pp. 38-39, pI. 10, figs 22-26) assigned as 'Agnos­
tida, pygidium no. l,' and two pygidia from Tasmania
that Jago (1976, p. 168, pI. 26, fig. 15) assigned as
'Agnostid, gen. et sp. indet. no. l.'

Several agnostoid species from Upper Cambrian strata
have previously been assigned or reassigned to Peratag­
nostus. These have been reviewed in detail by Palmer
(1968, p. B26) and Shergold (1982, pp. 21-22).

In posterior view, a mammiform profile may be char­
acteristic of most or all late holaspid pygidia of Per­
atagnostus, as emended. Examples have been illustrated
by Opik (1967, pI. 52, fig. llb), Rushton (1978, pI. 24, figs
9, 11), and Song (1989, pI. 3, fig. 8b). Others are shown
here (see Fig. 34.6c, 8a).

Peratagnostus, as emended, is geographically wide­
spread in open-marine environments, and it has an ob-
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served stratigraphic range from the Ptychagnostus atavus
Zone in the middle Middle Cambrian to the middle Upper
Cambrian (for summary of Upper Cambrian occurrences,
see Shergold et al., 1990, p. 44).

Peratagnostus cicer (Tullberg, 1880)
Fig. 34

Agnostus cicer Tullberg, 1880, pp. 26-27, pI. 2, fig. 16a, b;
Linnarsson, 1883, p. 32; Gronwal1, 1902, p. 59

Agnostus cicer var. foifex Gronwall, 1902, pp. 59-60, pI. 1, fig.
5

Miagnostus cicer (Tullberg), Jaeke1, 1909, p. 401
Ciceragnostus cicer (Tullberg), Westergård, 1946, pp. 90-91,

pI. 14, figs 4-9; Pokrovskaya in Chemysheva, 1960, pI. 1, fig.
29; Hutchinson, 1962, p. 89, pI. 10, figs 15, 16, pI. 11, figs l,
2; Opik, 1967, p. 76; Yang, 1978, pp. 19-20, pI. 1, figs 8, 9;
Yang, 1982, pI. 2, fig. 4; Egorova, Pege1 & Chernysheva in
Egorova et al., 1982 (in part), p. 73, ?pl. 18, fig. 1, pI. 23, fig.
3; pI. 54, fig. 8; ?pl. 61, figs 3, 4 (not pI. 19, fig. 4)

Ciceragnostus cf. cicer (Tullberg), Westergård, 1946, pI. 16, fig.
6a, b

?'Agnostus' sp. No. 3 Westergård, 1946, p. 97, pI. 16, fig. 12a, b

New material. ane complete specimen is in GGU 301313
(Fig. 34.7) and about 20 pygidia are in GGU 301312,
301313, and 313115. Several small cephala of this spe­
cies are probably present in the same collections, but
confident differentiation of these from associated small
cephala of Megagnostus glandiformis and Toragnostus
bituberculatus has not been possible, partly because of
advanced effacement of the cephalon in all three species
and partly because of inadequate preservation.

Emended diagnosis. Peratagnostus with cephalon mostly
effaced and highly convex.

Pygidium variably effaced, with axial furrow progres­
sively disappearing from posterior in early and middle
holaspides. Late holaspid acrolobe tumid, mammiform in
transverse profile. Axis commonly constricted at position
of M2 in middle and late holaspides; separated from
posterior border furrow in early holaspides, lengthening
to reach furrow in middle holaspides; width less than half
that of pygidium in early holaspides, increasing to more
than half in late holaspides. Median axial node weak to
well defined, usually elongate. Border furrow narrow in
early holaspides, broadening and shallowing in later ho­
laspides. Border convex in early holaspides, becoming
flat or downsloping in later holaspides, especially toward
posterior.

Remarks. Advanced effacement of some features, espe­
cially those of the cephalon, has hindered phylogenetic
analysis of Agnostus cicer Tullberg, 1880, and its generic
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Fig. 34. Peraragllosfus cieer (TlIllberg). la. b. l11eraspid l pygi­
dilllll, MGUI-I 21.4R6 from GG 3131 15. x IO und x J6. 2u-c,
carly hola pid pygidiul11 in dOl'sal (a. b) and laleral le) views,
MG H21.487fromGG 31~J15.x 10(a)andx 16(b.c).3.4.
slllal1 holaspid pygidia. MGUH 21.488 and 21.4 9 from GG
313115, both x 10.5, pygidi li 111, 1G H 21.490 from GGU
30 J) 13, x IO. 6a-<.:. pygidillm in dor:ul. lutcral and rcar view .
;\·1GUI-I 21.491 from GGU 301313. x 10.7, cxoskclclon wilh
cracked and tlatlened cephalon. IG I[ 21.492 from GGU
301313. x . 8a. b. large pygidilll11 in rCUT and dorsal ,·iews. wilh
inner margin of dOllblure exposed where rear border is broken.
1G H 21.493 from GGU 301313, x 8.

7 Bb

4

90-91), it probably i nor closely relared la Agnos/{/s

bar/VIVi Belt, 1868. the type species ol' Ciceragllostlls

(compare Morris & Foney, 1985, pI. l. fig. l). a pecies
af Early Ordovician (Tremadocian) age. According to
Shcrgold el al. (1990. p. 55). CiceragllosfIIs i. character­
ised by a narrow eephalic border and prohably i. an
cffaced pseudagnosrid. In comparisan. A. cicer lacks all
but po ·terior vestiges of a cephalic border and ir shows no
evidence ol' a pseudagnostid deuterolobe.

Reason for rea ignment ol' A. c:icer to Perawgnvsflls

are given above in remarks an the genus. This reassign­
mcnt is based on both juvenile and adult eharaeters, and
epeciaIly Lho'c of the pygidium.

p cicer, as emended, is an agnostoid specie showing

greater Lhan usual ontogenetic variability in ome fea­
tures ol' Lhe pygidium. Also, similar variability is present
in populations from both Swed n and NQl1h Greenland.
Ratcs ol' ontogenetic increase in length to width ratio
wcre greater for the axis lhan for the entire pygidiutll
(compare pygidia in Fig. 34). Weslergård (1946. p. 90)
nOled Ihat the axis af small pygidia (le s than 1.5 mm in
lenglh) i. lIsuaJly outlined throughoul, lhi being a juve­
nile feature persisling in rare adult , and a feature u 'ed by
Grbnwall (1902) to di tingui h the ariely IOI/ex. Minor
differences in lenglh LO widlh ralio ol' lhe ccphalon and
pygidium may result from taphonomic deformation and
SilOlIld be lIsed wilh care in laxonomy ol' -uch species as
P cirer. If compression i extreme, posterolareral edges
may colJapse under lhe cephaJon (e.g., Fig. 34.7). and
may fUrlhcr afkcl lhc cephalic Icnglh to widlh ratio.

OCClIrrellce. P cicero as emended, i. known from Den­
mark, Sweden, the Uniled Slales (Vermonl). China (Hu­
nan, Guizhou), Russia (Siberia), and Greenland. The new
pecimens are from basal beds ol' the Kap tanton Forma­

lian in Peary Land, and are from lhe lowcr Lejopyge

laevigala Zone. The occurrence in Vennont is a new
repon based an a ingle, aniculaled exe kelelon from lhc
Skeels Corners Formation. The Vermont pecimen was
colJccled by W. V. Murray, and its description is being
prepared for inclu ion in a separale publication. The
observed straligraphic range ol' P. cicer is from Lhc Pry­
cltagnoslL/:; a{(tvlIs Zone lo lhe Lejopyge laevigala Zone
in lhe Middlc Cambrian.

GellU Phafagnostus Howell. 1955

Type species. Sa/llIs /llIdus Beyrich, J845, p. 46.

a ignmenl has been probJcmatic. Although A. cicer was
reas. igned to CiceraglloslLIs by Westergård (1946, pp.

Relllarks. Ba ed on the position af anlerior border fur­
row·. Rascni (J 967, pp. 38-39) concluded that the promi-



nent subcir<':lIlar furrow on the pygidium ol' P/w/agl1()slUs

is an axial furrow rather than a border furrow. That
interprClaLion ha been supported by Poul en (1969, p. 9),
Jago (l 976, p. 146), and Rushton (1978. pp. 255-250). If
eorreet, Phalagllos(l(s i an exceptional agnoslOid in its
lack ol' both lateral and posterior borders on the lale
holaspid pygidium.

Phalagno tus ovalis (IlIing, 1916)
Fig. 35

Agllos/lis nLldLls (l3eyrich) var. OI'alis II Iing, 1916, p. 415, pI. 3J.
figs 9. IO

P//{//acrolllilla om/is (Uling). Kobaya ·hi. 1962, p. 29
P//{//agllosILls OI'a/is (1Iling). RushIon, 1979, p. 60, rig. 9D;

Morris. 1988, pp. 174-175
nOl P/w/agllostlls ol'olis Yang, 1982. pp. 302-303, pI. 2, rig. I

[regarded as seconclary homonym. now Pseur/op/w/aerollla

Ol'alis (Yang. 19 2); 19 - International Code ol' Zoological
omencialUre. Article 57(c))

Nell! material. More than 20 specimens are in GGU
298970. 29g975, 3 J9789, and 319790.

Emellded diagllosis. Cephalon ovoid, 1110derately convex
posteriorly. Axial furrow wcakly delined posteriorly, dis­
appearing anteriorly from neal' basallobes. Border fllrrow
weak posteriorly. nbsent lalerally and anteriorly.

Pygidium ovoid, having low reli f, except for axi·.
Axial furrow wide, moderalely deep. Axis 'ubcircular 10
subquadrate. laeking ring fUITOW ; median node weak,
earinate. Pleural fields unu ually flat, slightly downslop­
ing; conflllent posteriorly; width more lhan doubl ing
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from anlerior lO posterior. Border fUITOW weak anteriorly,
absenl lalerally and posleriorly.

Relllarks. P. Ol'alis was previou ly known from only a
. ingle enrolled specimen from England. which Rushton
(llJ79) c1esignated as lhe lectotypc. New specirnens from
Greenland are clusely similar, but the pygidial axis an
larger holaspides is lighlly more clongate. The axis ap­
pears to have become more elongale c1uring ontogeny, so
r do not reglll'd that clifferene to be of taxonomic impor­
tance.

This specie. is the lype ol' P/w/({crolllina Kobayashi
(1962, p. 29). which RushIon (197~, p. 256) suppressed
as a subjeetive synonym 01' PhalagnoslHs. I concur with
that action.

Occurrenee. P. ovalis has been previously repuned from
hurizon C2 in the Abbey Shales ol' the English Midland .
In Nonh Greenlnnd it is in collections from the uppcr
Henson Gletscher Formation and from basal beds ol' the
Kap Stnnton Formation. Observed specimens from both
England and Greenland are from tlle /JlycllClgllosfus ({Ia­

I'LlS Zone.

Genu Schisl1laWWSlu n. gen.

EfYIl1(}lo~y. Grcek sehi.I'IIW, elert Ol' spl it, plus Agnosf(.(,\;

r ferring to lhe cxtraordinarily long frontal slllcus ol' the
juvenile glabella.

'1.\'pe species. SchislII({~II()SIHS plieolIfs n. sp.

la 1b 2 3

Fig. 35. P//(//agllostlls o\'{llis (IIIing).
All specimens from GG 298970. I,
par11y exroliated cephalon in dorsal
and lateral views. MGUH 21.49-+. x
8. 2. damaged cephalofl. MG H
21.49:, x 8. 3, 6, smaller pygidia,
MG 1I 21.496 and 21.497. bolh x
IO. 4, large pygidiu1l1 in dorsal alld
lateral views. MG H 21.498. x 8. 5.
dalllaged pygidiu1l1. MG H 21.499,
x 8.
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Diagnosis. Cephalon subquadrate. Glabella subcylindri­
cal, bipartite with F3 bowed rearward; Fl and F2 promi­
nent. Basallobes simple to slightly elongate. Genae hav­
ing abundant scrobicular grooves and pits; separated by
preglabellar median depression, which may contain finer
scrobiculae. Border narrow to moderately wide. Glabella
of early instars having extraordinarily long frontal sulcus,
extending rearward to about levelof F2.

Thorax not known.
Pygidium subquadrate with pair of posterolateral bor­

der spines. Axis variable in length, subcylindrical with
slight constriction at M2 and pointed posterior end; FI
weak, slightly bowed forward; F2 weak, straight to
slightly bowed forward; median tubercle ovate, moder­
ately large, confined to M2, and not interrupting F2.
Posteroaxis slightly ogival, having shallow transverse
sulcus with median node. Postaxial median furrow pre­
sent and deep ifaxis is reduced in length. Border furrow
moderately wide to wide.

Remarks. Schismagnostus is characterised by greater
morphological change in the cephalon than is usual in
other agnostoid genera during holaspid ontogeny. Begin­
ning at least with early holaspid specimens, the cephalon
aiready has well-developed genal scrobiculae, the ante­
roglabella is unusually smal!, and a deep frontal sulcus
penetrates the anteroglabella and continues well back into
the posteroglabella. To my knowledge, this is the only
agnostoid with a frontal sulcus extending into the post­
eroglabella. On later holaspid specimens the frontal sul­
cus is entirely effaced, which seems to have occurred
abruptly, perhaps between instars. At the same time, the
anteroglabella was substantially enlarged. In the preced­
ing diagnosis, however, late holaspid characters are em­
phasised because descriptions of agnostoid genera have
been generally based on characters of that ontogenetic
stage.

Late holaspid specimens of Schismagnostus resemble
those of some species of Tomagnostus in such characters
as pattem of genal scrobiculae and presence of a trans­
verse sulcus on the posteroaxis. Representative speci­
mens of the type species of each genus, however, differ in
all holaspid instar stages (compare Pigs 30 & 36), al­
though less significantly in later ones. The early holaspid
cephalon of S. plicatus is characterised by a relatively
small anteroglabella and an extraordinarily long frontal
sulcus, which penetrates to about the levelof the F2 (see
Fig. 36.1-6). Early holaspid instars of Tomagnostusfissus
also have a frontal sulcus, but the anteroglabella is rela­
tively large, its frontal sulcus is short, and the front part of
its posteroglabella is tumid and carinate (see Fig. 30.6)
rather than sulcate. FolIowing a seemingly abrupt ontoge­
netic transformation, the frontal sulcus is entirely effaced

from the middle holaspid cephalon of S. plicatus, and its
anteroglabella is much enlarged in relative size (see Fig.
36.7a-c). In comparison, ontogenetic changes in propor­
tions of the anteroglabella and length of the frontal sulcus
are minor in T. fissus. These and other differences in axial
structure are considered to have important taxonomic
significance, and are the basis for distinguishing the new
genus Schismagnostus. Based on all characters, but espe­
ciaIly those of early ontogenetic stages, Schismagnostus
does not seem to be closely related to any described
agnostoid genus, and its phyletic origin is obscure.

Two species are here assigned or reassigned to Schis­
magnostus. One is the type species, S. plicatus n. sp.,
which is known from only the Ptychagnostus gibbus
Zone of North Greenland. The other is S. clarus (Pokrov­
skaya & Egorova in Egorova et al., 1982, p. 60, text-fig.
2, pI. 14, figs 7, 8), which has a reported range in Siberia
corresponding to the interval from the lower Ptychagnos­
tus punctuosus Zone to the lower Lejopyge laevigata
Zone.

Schismagnostus plicatus n. sp.
Fig. 36

Etymology. Greek plicatus, folded; referring to the strong
genal scrobiculae, even on the juvenile cephalon.

Holotype. Cephalon (Fig. 36.9a, b), MGUH 21.508 from
GGU 298970.

Material. Nine cephala and 2 pygidia are in GGU
298970.

Diagnosis. Cephalon having extraordinarily long frontal
sulcus on glabella of early holaspides, but effaced on later
holaspides. Basal lobes exceptionally short. Pygidium
with short axis, pleural fieids divided by deep postaxial
median furrow, and pair of large border spines.

Description. Cephalon ovate to subquadrate; anterior
margin broadly rounded to nearly straight, lateral sides
tapering rearward. Glabella bipartite with F3 bowed rear­
ward. Frontal sulcus extraordinarily long in early ho­
laspides, extending rearward to about levelof F2; seem­
ingly becoming abruptly effaced between early and mid­
dIe holaspid stages. Anteroglabella short and laterally
constricted in early holaspides, width being about half
that of postjacent segment; abruptly increasing in relative
size as frontal sulcus is effaced. Posteroglabella elongate
rectangular; F2 weak to moderately well defined, Fl well
defined; M3 laterally tumid, divided by frontal sulcus in
early holaspides and by shallow depression in later ho­
laspides; M2 may be slightly constricted and less tumid
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middle I len. on Gletscher Formalion ol' yeboe Land,
and are from [he fJrychagllostLts gibb1ls Zone.

6

7b

9b

9a

7c

10b

4b

10a

Remarks. S. plic{l/L/s appears to bc close)y related lo
TomagnoS(L/S darus Egorova & Pokrovskaya (in Egorova
el al., 1982, p. 60, pI. 14. figs 7, ), whieh is here
rcassigneel to Schismagllostlls. Lale holaspid pe imens
of S. plicOIus ean easily be dislingllished from lhose af S.
c!arus, however, by their dislinctly shorter basallobes, a
haner pygidial axis. prcsence or a po. raxial median

furrow, narrowcr pygidial border furrow. and larger pygi­
dial border pines. Early hola'pid speeimens have not
been deseribed ar illusrrated for S. elams, and thercrore
cannot bc compareel with those af S. plicatus.

Occl.lrrence. All spccimcns ol' S. plica/us are from the

than M I and M3 in early holaspides; M I subeireuJar.
Median glabcllar node weak; hifting from front of M I in
early holaspides lo middle M2 in later holaspides. Basal
!obes cXlraordinarily reduced in length. being only
slightly longer than exsaggital width af po terior border
in earl y holaspides, gradually enlarging in laler hol as­
pides. but 'till exeeptionally short in late holaspid tage.
Genae having prominent serobiculae lhroughout holaspid
ontogeny; rugae beeoming more complex during onto­

geny, developing as many as live order ol' branching in
late hola ·pides. Border funow and border both narrow.

Thorax not known.
Pygidium subqlladrate with lateral sides tapering for­

ward. Axi shon, well eparated frol11 posterior border
furrow; F I shallow. bowed anteriorly; F2 shallow,
straight or bowed forward; median tllbereJe on M2 ovate,
moderately large, anel most tlIl11id toward rear; post­
eroaxi slightly ogival wilh shallow transverse slIleus
eonlaining median node surrounded by two pairs ol' tiny
pit '. Plellra] fjelds having rough slllfaee; divieled by deep,
median, posraxial fun·ow. Border fllrrow moderalely
wide. Border moderately wide posteriorly. narrowing an­
terolaterally; expanding posterolaterally into pair ol"
large, broad-based spines.

Fig. 36. SchismaglloslUs plimlll.\· n. gen. & n. sp. All specirnens
~re from OOU 29R970. 1-3. late meraspid Ol' carly holaspid
cephala. MOU]-I 21.500 21.502, all x IO. 'la. b. cephalon, prob­
ablyan carly holaspiu. in I~leral and dorsal views. MOUH
21.503, x 10.5.6. ccphala, probahly early holaspides, .V1GUH
21.504 and 21.505. bOlh x JO. 7a-c, rniddle hola. pid eephalon in
stereographic (a. b) and lateral (c) views. MOU]-( 21.506. x IO.
8, incomplele rniddle holaspid cephalon. MG H 21.507. x IO.
9a. h. hololype eeph~lon in lateral and unr. al views. MO H
21.50~. x 8. lOa, b. pygidilllll in dorsal and lalenll views.
MOUH 21.509. x 8. Ila-c. pygidium in lateral anel dnrsal views
(b, c) and latex easl showing more comp1ele right marginal spine
(a), MG 1121.510. x 8.



72

4

Genus Toragnostus Robison, 1988

7~'Pe species. AgllOSllIS hilllberclI/alUs Angclin. 1851, p.
6.

Remarks. The generic diagnosis of Robisun (1988, pp.
52-53) is followed here (see alsu Shergold el a/., 1990, p.

57).

Towgnostus bituberculatus (Angelin, )85 ))
Fig. 37

Nel\' IlIO/eria/. More than 70 specimens are in GG
301312 (rare), 301313 (abundant), and 313115 (com­
mon).

Rell1arks. Complete pecimcns af T bi/uberciI/alils in
GG 301313 (Fig. 37.4. 5) are lhe fir l lo be illustrated
for Ih sp eje . These show the anlerior lhoracic segment
IO be lunger sagittally lhan lhe posterior lhoraeie seg­
ment. and th axia! ring uf cach thoraeic segmcnl is

Fig. 37. JoraglloslLls biwberclI/a­
lIIS (Angelin). I a, b, ccphalon in
dorsal and laleral vicws, MGUH
21.511 from GGU 313115. x 8. 2.
latex easl ol' pygidiulll wilh dou­
blur exposcd where poslerior hor­
der is hroken, MG H 21.512 from
GGU 313115, x 8. 3, flatten d py­
gidium. MGUH 21.513 from GG
301312. x 8. 4. dOl',al cxoskeleton.
MGUll 21.514 from GGU
301313, x IO. 5a-c, dorsal exoske­
!elon. MG H 21.515 from GGU
301313, all x IO: a, latex east
showing nearly complele anterior
lhoracic segment: b. e. specimen in
lateral and dor al views.

smoolh. All new malerial, including numerou disartie­
ulat d cephala anu pygidia, agrees well wilh previous
de criplions ol' the specie (for synonymy. see Robison,
198 , p. 53).

Lu & Lin (1989 pp. 113-114. 230, p!. 13, Ag 7-10)
named a new species Pha/agnos/ils carinatLIs that ap­
pears to be conspecifIc with T bi/uherc:u/a/ils, but it is
said to differ by having a longer and more postcrior
median carina on the cephalon as well as slight differ­
ences in the ve. rigial axial fllITOW and lInifonniry in
width uf the border an the pygidillJl1. The three illustrated
cephala af the Chinese spe<.:ies are nol well preserved anu
the nature ol' lhe median carina is nol clear from the
photographs. Chara<.:lers af the ingle illuslraled pygi­
diulll appear to be wirhin the range of variation ob. erved
elsewherc in population. af T bi/llberclI/a/lIs. ThL!., I
consicler P carina/liS Lu & Lin ro be a qucstionable
junior ynonym ol' T bitLIberCll/a/lls.

Occurrence. T bitLIberCll/a/llS i' gcographieally wicle­
spread in the Lejopyge /ael'igala Zon . Rart: spccimens
have been prcviously documented li'om Lhe upper L



laevigata Zone in the lower Holm Dal Formation of

Peary Land, North Greenland (Robison, 1988, p. 53, fig.

12.4-6). The new specimens are from the lower L. laevi­

gata Zone in basal beds of the Kap Stanton Formation of

Peary Land.

Genus and species undeterrnined 1
Fig. 9.1a, b

Remarks. A single pygidium in GGD 298970 from the
Ptychagnostus gibbus Zone of the middle Henson
Gletscher Formation, Nyeboe Land, is unassigned to ge­

nus and species. It is characterised by a bowed articulat­

ing furrow, fully developed ring furrows (Fl & F2), a

carinate median tubercle, a tumid and ogival posteroaxis,

a short postaxial median furrow, a wide border furrow,
and a pair of border spines. It resembles pygidia of

Peronopsis bulkurensis, discussed above, but differs by
having a bowed rather than straight articulating furrow

and better developed ring furrows. It resembles Schis­

magnostus plicatus n. gen. & n. sp., described above, in

development of ring furrows, but its posteroaxis is more

tumid, it lacks a transverse sulcus, and its border spines
are less robust. It also resembles pygidia of Peronopsis

segmenta Robison, 1964 (compare Robison, 1982, pI. 6,
figs 3, 4), but the F2 is not effaced.

Genus and species undeterrnined 2
Fig. 9.2, 3

Material. Two cephala are in GGD 298969 and one

cephalon is in GGD 298970.

Remarks. Three small cephala of this taxon are character­
ised by a long, narrow, bipartite glabella with an F3 that

is bowed slightly rearward. The glabella also has a short

frontal sulcus. The posteroglabella is unusually long and

its median node is posterior from the midpoint. Basal

lobes are simple and do not indent the glabella, genae are

smooth, and the border is moderately wide anteriorly and
tapers posteriorly. Considering all characters, these ce­

phala resemble those of Tomagnostus but the border is

wider anteriorly and of less uniform width, and the basal

lobes do not indent the glabella.

Occurrence. This taxon is from the upper Henson
Gletscher Formation in Nyeboe Land, being present in
both the Ptychagnostus gibbus and Ptychagnostus atavus

zones.
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