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Abstract: Examination of material held at the Palaeonto-

logical Institute, Moscow, enables the identification of two

novel chasmataspidid species: Nahlyostaspis bergstroemi gen.

et sp. nov. and Skrytyaspis andersoni gen. et sp. nov. ‘Eury-

pterus’ stoermeri and ‘Tylopterella’ menneri are both rede-

scribed as chasmataspidids, having previously been assigned

to Eurypterida. ‘T’. menneri is transferred to the new genus

Dvulikiaspis gen. nov. An identical prosomal structure is

identified in ‘Eurypterus’ stoermeri and Heteroaspis novojilovi

from the Devonian of Germany and the two species are syn-

onymized, with ‘E’ stoermeri having priority. The previous

synonymy of H. novojilovi with Diploaspis casteri is rejected.

The presence of ophthalmic ridges is confirmed within

Diploaspididae, and new structural characteristics of their

bucklers are identified.

Key words: Palaeozoic, Chasmataspidida, Heteroaspis,

Dvulikiaspis, Nahlyostaspis, Skrytyaspis, convergence.

CHASMATASP ID IDS are a rare group of Palaeozoic arthro-
pods with an unresolved phylogenetic position within
Chelicerata. Chasmataspidida is split into two families:
the Chasmataspididae and the Diploaspididae. The former
is monotypic, solely represented by the Ordovician Chas-
mataspis laurencii Caster and Brooks, 1956 from Tennes-
see. It shares clear synapomorphies with xiphosurans and
close resemblance to a Cambrian resting trace (see Caster
and Brooks 1956; Wahlman and Caster 1978; Dunlop
et al. 2004), which currently represents evidence for the
oldest known euchelicerate. Diploaspidids meanwhile
share characteristics with Eurypterida. Both families are,
however, in possession of an autapomorphic pattern of
tagmosis, which includes the fusion of the preabdomen to
form a buckler. Chasmataspidids were originally encom-
passed within Xiphosura (Størmer 1972), but were even-
tually excluded from xiphosurans and assigned to their
own order (Anderson and Selden 1997; Dunlop and Sel-
den 1997). Chasmataspidid monophyly has also been
questioned, with some authors considering them to be
paraphyletic (Tetlie and Braddy 2004) or even polyphy-
letic (Bergstr!om 1980). Prior to 1999, only three chasma-
taspidids were known; since then, five new diploaspidid

taxa have been described (Dunlop et al. 1999; Anderson
et al. 2000; Dunlop 2002; Tetlie and Braddy 2004; Posch-
mann et al. 2005). Now the identification of these Sibe-
rian specimens adds further valuable information on this
poorly known group.

In 1956, V. V. Menner Jr (of the Institute of Petro-
leum, Academy of Science, USSR) collected several speci-
mens close to Norilsk, Russia, probably as part of a wider
exploratory geological expedition. The fossils were discov-
ered within core sections of the IM-15 well and included
the holotypes of ‘Eurypterus’ stoermeri Novojilov, 1959,
Borchgrevinkium taimyrensis Novojilov, 1959 and ‘Tylopte-
rella’ menneri Novojilov, 1959. These taxa were all ini-
tially described as eurypterids by Novojilov, who
presented them in a faunal description among genuine
Eurypterida. His descriptions, however, were inexhaustive
and only covered the best preserved material. Further
specimens from an outcrop had been donated by Menner
in 1958, but these were also unmentioned. Since 1959,
specimens have also been donated from three wells drilled
during the Norilsk Complex Prospecting Geological Expe-
dition by Yu. N. Mokrousov and R. G. Matukhin from
1973–1974, none of which have been studied.
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GEOLOGICAL SETTING AND
PRESERVATION

The majority of the new chasmataspidid fauna was recov-
ered from several wells drilled in the Ta!myr Peninsula
close to Norilsk, Russia. However, information on the
exact age of the rocks and location of each well is impre-
cise, if not lost entirely. Attempts to recover these data
were fruitless. Available horizon and locality data are pre-
sented for each specimen in Table 1.

Of all the wells, IM-15 (core diameter 74 mm) contains
the most significant and diverse material, yielding the
holotypes of ‘Eurypterus’ stoermeri, ‘Tylopterella’ menneri,
Skrytyaspis andersoni gen. et sp. nov., and the enigmatic
Borchgrevinkium taimyrensis. In the original description of
these taxa, Novojilov (1959) describes the IM-15 core as
being from the Imangda River, near Norilsk, in the
south-west of the Ta!myr Peninsula, Russia. No informa-
tion regarding the specimen depths or location of the well
accompanies this material; as such, the precise age and
locality are considered lost. Novojilov described the lithol-
ogy as dolomitic marl with gypsum, originating 60 m
below the Early–Middle Devonian boundary; specimens
are labelled in the collections as Early Devonian (Lochko-
vian). Matukhin and Menner (1974) expanded on this,
proposing the Zub Formation as representative of an arid
plain covered by shallow, periodically drying seas and

lakes of varying salinity and size. Examination of the core
samples showed thin, even laminations, indicative of a
potentially dysaerobic environment below the fair weather
wave base. Fauna associated with chelicerate material
includes bivalves and ostracods, whilst fish debris occurs
at different levels in the well. Palynological analyses were
conducted, but were limited by the volume of material
available for preparation; only a reliable age for PIN
1138/2 could be established. The presence of frequent
Dictyotriletes favosus (McGregor and Camfield 1976),
from the polygonalis–emsiensis to basal annulatus–sextantii
palynozones (Pragian to lowermost Emsian; Richardson
and McGregor 1986), alongside rare Dibolisporites echin-
aceus (Eisenack; Richardson 1965), from the annulatus–
sextanii to ovalis–bulliferus zones (lowermost Emsian to
mid-Frisian Richardson and McGregor, 1986), provides
an age no younger than lowermost Emsian for this sam-
ple. The recovery of scolecodonts in the sample implies a
marine influence, although acritarchs are unusually
absent. Additional to the palynomorphs, plant debris is
common. Within the examined residue, a singular occur-
rence of arthropod cuticle was recorded; however, its
affinity is uncertain. Preservation within the IM-15 well is
varied. Novojilov described B. taimyrensis as having a
‘feathery integument’; this characteristic is considered
here to represent a taphonomic artefact. Short parallel
striations of carbonaceous film are interpreted as original

TABLE 1 . Summary of available locality data for specimens discussed herein.

Well Depths (m) Stratigraphic information and locality Age Specimens
(PIN)

Collection

IM-15 – Imangda River, near Norilsk, in the
south-west of the Ta!myr Peninsula,
Russia. Upper third of the Zub
Horizon

Lochkovian 1138/1
1138/2
1271/2

V. V. Menner, 1956

IS-17 307–308 Taimyr Peninsula, Upper Zub
Formation–Lower Kureika
Formation

Lochkovian 5116/1
5116/2
5116/3
5116/4
5116/5
5116/6
5116/7
5116/11

Yu. N. Mokrousov, Norilsk
Complex Prospecting Geological
Expedition, 1974

IS-25 547.8–671.5 Northern Krasnoyarsk krai, north
bank of Imangda River, about 7 km
SE from Norilsk

late
Lochkovian–
early Eifelian

5116/13
5116/15
5116/21

Yu. N. Mokrousov, Norilsk
Complex Prospecting Geological
Expedition, 1973

MD-21 232–236 Norilsk region, Mikchanda River
Basin, about 85 km NE from
Norilsk, Kureika Formation

Lochkovian 5117/1
5117/2
5117/3

R. G. Matukhin (V.V. Menner?),
Norilsk Complex Prospecting
Geological Expedition. 1973?

– – Northern part of Krasnoyarsk krai,
Kotuy River, outcrop 48, layer 16,
Lower Devonian, Upper Zub
Formation or Lower Kureika
Formation

Lochkovian 2370/1
2370/2

V. V. Menner Jr, 1958
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cuticle. The exact cause of this preservational mode is
unclear, but it is also replicated in other taxa from this
and other wells, including ‘T.’ menneri. The striations run
in varying directions relative to the longitudinal axes
between specimens, perpendicular in ‘T.’ menneri and
from antero-left to postero-right in B. taimyrensis, sup-
porting a taphonomic origin for these structures. This,
however, is not observed in ‘E.’ stoermeri or in any of the
S. andersoni gen. et sp. nov. specimens, which display pat-
chy cuticle preservation. Whilst a degree of taphonomic
compression is present in all the material, many speci-
mens retain a considerable degree of three-dimensional
preservation.

The IS-17 (core diameter 78 mm) well contains material
from the Early Devonian (Lochkovian) Upper Zub Forma-
tion – Lower Kureika Formation of the Ta!myr Peninsula,
collected by Yu. N. Mokrousov, Norilsk Complex Prospect-
ing Geological Expedition, 1974. Between 307 m and
308 m, the well contains numerous chasmataspidid speci-
mens, the majority of which are disarticulated. The lithol-
ogy is similar to that of the IM-15 well, being a dolomitic
marl with gypsum. The disarticulated fragments are not
size assorted, unlike PIN 1138/2, with PIN 5116/4 consist-
ing of specimens ranging from a complete prosoma down
to the terminal podomeres of a relatively small eurypterine
paddle. Two well-preserved eurypterid fragments are iden-
tified as a tergite of Pterygotus sp. (PIN 5116/2) and a disar-
ticulated juvenile Parahughmilleria cf. hefteri prosoma (PIN
5116/7). As both eurypterid and chasmataspidid materials
are present within the same lithological unit, there is
potential for the direct comparison of their taphonomy.
The majority of chasmataspidids display the same striate
cuticle preservation observed in the IM-15 well, although
not the ‘Tylopterella’ menneri specimens (PIN 5116/1,
5116/3). The eurypterids do not display a consistent preser-
vation style either, with the Pterygotus segment displaying
patchy cuticle and the Parahughmilleria prosoma some-
where in between the patchy and striate styles. Bergstr!om
(1975) suggested that the preservation of chasmataspidids
(at the time consisting of just C. laurencii, D. casteri and
H. novojilovi) more closely resembles that of xiphosurans
than eurypterids. Among the Siberian material, a striate
form of cuticle preservation is prevalent in the chasmatas-
pidids and it is tempting to consider the existence of a tax-
onomic correlation as the reason for this; however with so
few eurypterid specimens for comparison and inconsisten-
cies in preservation within chasmataspidid species, it is
currently impossible to reject the possibility that the
preservation types are a random taphonomic artefact.

The IS-25 (core diameter 57 mm) material is recorded
as having been donated by Yu. N. Mokrousov as part of
the 1973 Norilsk Complex Geological Survey Expedition.
The well is described as being from the northern part of
Krasnoyarsk krai, north bank of the Imangda River, about

70 km south-east of Norilsk. The IS-25 well yielded a few
disarticulated specimens between the depths of 547.8 m
and 671.5 m, labelled as Early Devonian (late Lochko-
vian–early Eifelian). The lithology is again a dolomitic
marl with gypsum. The chasmataspidids display patchy
cuticle preservation, but the striate patterns so prevalent
in other wells are absent here. Much of the IS-25 material
is fragmentary and has comparatively poor definition,
although specimens do retain relief. Associated fauna
includes a near-complete eurypterine eurypterid (PIN
5116/21) preserved in dorsal aspect with the prosoma dis-
articulated from a poorly preserved preabdomen. It clo-
sely resembles the P. hefteri holotype (SMF VIII 59).
Interestingly, this specimen is the only one preserved in a
different lithology, a well-consolidated dolomite. The area
surrounding the fossil appears saturated with organic
debris which may represent cuticle fragments. No cha-
smataspidid fragments are visible, but it is impossible to
say whether this is due to the small area of the core sec-
tion or to environmental change.

Specimens from the MD-21 (core diameter 57 mm)
well were collected and donated by R. G. Matukhin, and
possibly V. V. Menner Jr., from the Norilsk Complex
Prospecting Geological Expedition, 1973. The well is
described as being located in the Mikchanda River Basin,
about 85 km NE from Norilsk, with specimens being dis-
covered in the Kureika Formation between depths of
232 m and 236 m in the Early Devonian (Lochkovian).
This well exclusively contains all known N. bergstroemi
specimens preserved in a similar dolomitic marl with gyp-
sum. The preservation is again variable, with PIN 5117/1
and PIN 5117/3 displaying patchy cuticle but excellent
structure, whereas PIN 5117/2 appears to retain a large
amount of cuticle but is flattened.

An outcrop bearing chasmataspidid material is
described as being from the Early Devonian (Lochkovian)
Upper Zub or Lower Kureika Formation, layer 16, out-
crop 48, Kotuy River, northern part of Krasnoyarsk krai.
Again, this material was collected by V. V. Menner Jr. but
was donated in 1958, two years after the IM-15 material.
The lithology is again similar to that recovered from the
wells and is interpreted as a dolomitic marl. The two cha-
smataspidid specimens recovered more closely resemble
the majority of western European diploaspidids, in that
they are preserved as a flattened carbonaceous film.

MATERIALS AND METHODS

Specimens housed at the Paleontological Institute, Rus-
sian Academy of Sciences (PIN), were examined and pho-
tographed under low-angle light dry, and under alcohol,
using a Nikon D200 digital camera for larger specimens
and a Leica DFC-420 for those requiring microscopic
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study. Specimens housed at the Senckenberg Museum,
Frankfurt (SMF), were photographed on a microscopic
scale and were subject to the same methods and using the
same model camera as at the PIN. Interpretive drawings
and reconstructions were prepared using Adobe Illustra-
tor CS6. Brightness and contrast exposure settings were
manipulated in Adobe Photoshop CS6.

Terminology is based on the recommendation of Tetlie
and Braddy (2004) to largely follow Tollerton (1989).
Descriptions of specimens refer to left and right ‘as
observed’. All lengths are sagittal, except for prosomal
appendages that are proximal to distal. Widths, unless sta-
ted otherwise, are the maximum dimension perpendicular
to length. Prosomal appendages are labelled with Roman
numerals with individual podomeres labelled, with Arabic
numerals, proximally to distally. The term ‘shoulders’ has
been adopted for the antero-lateral extensions of the buck-
ler, analogous to the free lobes of the Limulina. Unless
otherwise mentioned, all measurements are in millimetres.
Measurements for the carapace and buckler tergites of all
specimens can be found in Tables 2 and 3.

Institutional abbreviations. NMM, Naturhistorisches Museum
Mainz/Landessammlung fur Naturkunde Rheinland-Pfalz, Ger-
many; PIN, The Paleontological Institute, Russian Academy of
Sciences, Moscow, Russia; SMF, Naturmuseum and Forschungs-
institut Senckenberg, Frankfurt am Main, Germany.

SYSTEMATIC PALAEONTOLOGY

This published work and the nomenclatural acts it con-
tains have been registered in Zoobank: http://zoobank.

org/References/57A166AE-B58E-4E54-86A5-9D47D607
D2BF

Subphylum CHELICERATA Heymons, 1901

EUCHELICERATA Weygoldt & Paulus, 1979

Order CHASMATASPIDIDA Caster and Brooks, 1956

Emended diagnosis. Euchelicerata retaining opisthosomal
segment 1 as a short, broad unfused sclerite, followed
by a distinctive tagmosis into a fused, three-segmented,
preabdomen (opisthosomal segments 2–4) and a nine-
segmented postabdomen (opisthosomal segments 5–13).
Emended from Dunlop et al. (2004).

Remarks. Ordinal diagnosis largely follows Dunlop et al.
(2004); however, the first segment of the chasmataspidid
preabdomen is here identified as unfused. The chasmatas-
pidid postabdomen, although tapering, is not necessarily
narrower than the preabdomen as per the previous diag-
nosis.

Family DIPLOASPIDIDAE Størmer, 1972

1972 Diploaspididae Størmer, p. 2

1972 Heteroaspididae Størmer, p. 13

Type genus. Diploaspis Størmer, 1972.

Included genera. Achanarraspis, Diploaspis, Dvulikiaspis, Forfarel-
la, Heteroaspis, Loganamaraspis, Nahlyostaspis, Octoberaspis,
Skrytyaspis.

TABLE 2 . Dorsal prosomal measurements.

Species Specimen Length Width at base Margin width Eye length Eye width

Diploaspis casteri PIN 2370/1 2.92 3.88 0.13 – –
PIN 2370/2 1.88* – – – –

Heteroaspis stoermeri PIN 1138/1 6.05 7.70 0.18 1.25 0.35
Dvulikiaspis menneri PIN 1271/2 5.00 6.00 – 0.60 0.95

PIN 5116/1 1.30* 2.42* – – –
PIN 5116/3 3.69 3.50* 0.08 – –

Skrytyaspis andersoni PIN 1138/2.6 4.46 6.31 – – –
PIN 1138/2.9 7.23 8.77 – – –
PIN 1138/2.11 5.50 6.30* – – –
PIN 1138/2.12 5.62 9.08 – – –
PIN 1138/2.13 7.62 8.92 – – –
PIN 1138/2.14 5.38 6.31 – – –
PIN 1138/2.18 5.05 4.92 – – –
PIN 5116/5.4 3.39* 3.68* – – –
PIN 5116/5.7 5.16* 8.28* – – –

Dimensions in mm
*Incomplete
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Emended diagnosis. Small Chasmataspidida with semicir-
cular to subquadrate carapaces; preabdomen with curved,
nontrilobate segments; postabdomen tapering; telson
short. Emended from Poschmann et al. (2005).

Remarks. In 1972, Størmer described two new chasmatas-
pidid families, the Diploaspididae and Heteroaspididae,
both from Alken an der Mosel, Germany, separated pri-
marily on the morphology of the prosoma. His novel spe-
cies Heteroaspis novojilovi was likened to the ‘eurypterid’
E. stoermeri, and it was even suggested that they may be
resolved as the same species. Eurypterus stoermeri has
therefore long been suspected to be a chasmataspidid;
however, it was the synonymy of Størmer’s new
chasmataspidid families that received subsequent atten-
tion. Dunlop and Selden (1997), Dunlop et al. (1999) and
Anderson et al. (2000) all suggested their synonymy, with
Dunlop et al. (2001) eventually considering the two con-
specific, citing them as ontogenetic and/or preservational
variants. Diploaspis was made the senior synonym,
through the principal of priority. No polarity as to which
represented the potential juvenile and adult morphs was
inferred. The synonymy of Heteroaspis novojilovi and
Diploaspis casteri is herein rejected. Both taxa are, how-
ever, still encompassed by the established Diploaspididae
family criteria; therefore, the revival of the family Hetero-
aspididae is not deemed necessary.

Genus DIPLOASPIS Størmer, 1972

Diagnosis. Diploaspidid with a subrectangular preabdo-
men approximately the same size as the prosoma and

ornament of elongate tubercles on postabdomen. Telson
rounded terminating in a medially positioned spine.

Diploaspis casteri Størmer, 1972

Figures 1–2

New material. PIN 2370/1, 2370/2.

Horizon and locality of new material. Upper Zub Formation –
Lower Kureika Formation, Russia, Early Devonian (Lochkovian).

Description. PIN 2370/1 (Fig. 1). Near-complete specimen,
8.31 mm in length. Prosoma semicircular, no evidence of eyes,
lateral or median ocelli. Possible marginal rim on antero-left of
prosoma. Appendages present but poorly preserved. Two
appendages, both c. 0.40 mm long project from under the ante-
rior of the carapace, one central, the other slightly to the left.
Neither displays any internal boundaries. Disarticulated append-
age presents anterior and right of carapace margin. Appendage
is poorly preserved; three podomeres measure 0.61/0.25, 0.48/
0.23 and 0.67/0.23 mm proximally to distally. Boundary
between prosoma and preabdomen indistinct due to poor
preservation. Microtergite absent or indistinct. Buckler slightly
trapezoidal, width 4.15 mm anteriorly, tapering to 3.42 mm
posteriorly, length 2.40 mm. No tergite boundaries observed.
Postabdomen incomplete, gently tapering, preserved length
2.96 mm, telson missing. Segment boundaries unclear, but
probably represented by several inconsistent lineations. Anterior
width of first postabdominal tergite 2.88 mm, length 0.50 mm.
Remaining postabdominal segments rotated 20 degrees to left,
tergites become indistinct. A single clear segment, 0.56 mm
long by 1.75 mm wide anteriorly and 1.42 mm wide posteri-
orly, is preserved before the remainder of the postabdomen is
lost.

TABLE 3 . Buckler measurements (length/width) in mm.

Species Specimen 1 2 3 4

Heteroaspis stoermeri PIN 1138/1 0.28/1.45* 0.85/7.40 1.33/7.32 2.08/7.15
Dvulikiaspis menneri PIN 1271/2 0.40/4.96* 1.13/10.58 1.22/10.58 0.90/10.58

PIN 5116/1 0.21/10.41 1.26/10.30* 1.77/10.01* 3.12/9.84*
PIN 5116/3 0.08/1.00* 0.50/3.69* 1.00/4.01* 1.50/4.30*

Nahlyostaspis bergstroemi PIN 5117/1 –/– 1.62/10/19 2.13/10.43 3.43/6.45*
PIN 5117/2 0.49/9.66 1.50/15.62 2.05/14.83 3.91/10.75
PIN 5117/3 –/– 0.96/8.92 1.60/9.69 2.31/6.44

Skrytyaspis andersoni PIN 1138/2.20 0.12/0.12* 0.59/3.05 0.64/2.64 1.16/2.40
PIN 1138/2.1 –/– 1.29/6.09* 1.48/6.46* 2.74/5.78*
PIN 1138/2.2 –/– 1.23/5.05* 1.23/5.72* 2.22/5.51*
PIN 1138/2.22 0.62/7.00* 1.84/9.80* 1.96/9.69* 3.29/9.69*
PIN 5116/5.6 –/– 0.72/4.61 0.77/4.50 1.70/4.36
PIN 5116/6.1 0.26/4.89* 1.02/8.15 1.40/5.47 2.66/5.42*
PIN 5116/6.2 –/– 0.28*/– 0.83/3.33 1.11/0.77*
PIN 5116/13 –/– 1.56/9.08 1.59/8.27 2.54/7.46
PIN 5116/15.1 –/– 1.15/5.14 0.99/4.59* 1.66/3.88*

Columns 1–4 represent individual tergites
*Incomplete
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PIN 2370/2 (Fig. 2). Poorly preserved specimen, approximate
length 6.50 mm. Anterior of prosoma absent. Disarticulated
paddle off the right margin of specimen, close to prosoma–buck-
ler boundary, length 1.18 by 0.38 mm wide. Microtergite and
prosoma posterior margin suggested by two parallel lineations.
Rounded rectangular buckler, well defined, missing the right
postero-lateral corner. No tergite boundaries observed. Postab-
domen incomplete and missing both lateral margins. Lineations

representing either segment boundaries or articulation surfaces
measure 0.43, 0.32, 0.19, 0.25, 0.62 and 0.37 mm from anterior
to posterior. Telson missing.

Remarks. These specimens, being just carbonaceous films,
add little to the understanding of the species; appendages,
although present, are poorly defined.

Genus HETEROASPIS Størmer, 1972

Type species. Eurypterus stoermeri Novojilov, 1959, by subse-
quent synonymy.

Emended diagnosis. Diploaspididae with subquadrate cara-
pace; lateral eyes positioned centrilaterally upon trapezoidal
ophthalmic ridge; Erieopterus-type ventral plates; epimera
on posterior of buckler. Emended from Størmer (1972).

Remarks. Although the reinstatement of the family
Heteroaspidae is rejected, based on similarities with the
diploaspidid genus Octoberaspis, the restoration of Het-
eroaspis is justified based on the presence of broad, lobate
epimera on the posterior of the buckler, a character not
observed in Diploaspis. Although morphologically most
similar to Octoberaspis, the two genera can be confidently
separated based on the positioning of the lateral eyes and
the expression of the ophthalmic ridges. Heteroaspis also
lacks the dense pustulation; however, this may be a tapho-
nomic effect. Novojilov’s (1959) species name stoermeri is
combined with the generic name Heteroaspis Størmer, 1972.

Heteroaspis stoermeri (Novojilov, 1959) nov. comb.

Figure 3

*1959 Eurypterus stoermeri Novojilov, p. 253, pl. 12, figs. 4

and 5

1972 Heteroaspis novojilovi Størmer, p. 14, pl. 5, fig. 1

2001 Diploaspis casteri Dunlop et al., p. 265

2013 ‘Eurypterus’ stoermeri Lamsdell, p. 8, fig. 3b

Material. Holotype: PIN 1138/1.

Additional material. SMF VIII 39.

Horizon and locality. Formation unknown, Russia, Early Devo-
nian (Lochkovian).

Diagnosis. As for the genus.

Description. PIN 1138/1 (Fig. 3A, B) (holotype). Incomplete
mould of dorsal surface, cuticle preserved as a patchy carbon-
ate film, relief preserved. Total preserved length 14.55 mm,

A B

F IG . 1 . Diploaspis casteri. PIN 2370/1, A, specimen under alco-
hol and B, interpretive drawing. Abbreviations: ap?, appendage?;
bu, buckler; ca, carapace; pa, postabdomen; pr?, projection?.
Scale bars represent 2 mm.

F IG . 2 . Diploaspis casteri. PIN 2370/2, specimen under alcohol. The
specimen to the right may be a hyolith. Scale bar represents 1 mm.
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maximum width 7.70 mm. Majority of postabdomen and telson
missing. Prosoma parabolic, with a length/width ratio of 1:1.27,
largest increase in relief at lateral margins. Appendages absent.
Marginal rim on anterior half of the prosoma, widening margin-
ally at mid-point before tapering out posteriorly. Large allentoid
lateral eyes centrilaterally positioned conterminous to ophthalmic
ridge. Ophthalmic ridge trapezoid, anterior slightly convex. Ridge
terminates 0.66 from anterior prosomal margin at centre. Later-
ally, ridge continues through sharp 60 degrees angle towards pos-
terior. Left side, 4.75 mm long to lateral margin, terminating
1.60 mm from posterior; right side indistinct after 2.55 mm due
to lateral eye. Large ocelli present centrally on prosoma, slightly
anterior to lateral eyes, maximum diameter 0.40 mm, ocellar
node absent. Genal spines absent. Posterior prosomal boundary
marginally convex. Ventral plates, resemblant of the Limulus
doublure, superimposed onto dorsal surface at prosomal anterior.
Posterior of ‘triangular region’ not preserved. On right side, tri-
angular region gently curves to run parallel to and 0.10 mm from
marginal rim; 0.28 mm from the lateral margin. Four pairs of
roughly circular structures posterior to ocelli. Anterior-most
three pairs roughly equidistantly spaced, straddling longitudinal
axis of prosoma, maximum diameters of 0.25 mm. Posterior
paired structures, estimated width 0.50 mm, appear overlapping.

Microtergite preserved only on left side. Buckler strongly
rectangular, marginally shorter and narrower than prosoma. An-
tero-lateral corners of buckler gently rounded relative to the
postero-lateral corners of prosoma. Shoulder on antero-right of
segment, maximum width 0.60 mm. Boundary between second
and third tergites trapezoidal in shape, with central third gently
curved; lateral thirds straight, intersecting lateral margins at c. 60

degrees. Posterior margin of third tergite similar in aspect to
anterior margin, but slightly tighter angles. Faint line running
within the third tergite, from anterior margin, 1.85 mm left of
centre, to left margin, 0.65 mm from posterior. Fourth tergite
noticeably longer than preceding segments. Faint line, 4.60 mm
wide, runs parallel to the anterior margin of fourth tergite at a
distance of 0.30 mm, probably representing posterior margin of
articulating facet. Large epimera project posteriorly, parallel to
longitudinal axis, on postero-lateral corners. Left and right
epimera 1.49 and 1.30 mm long, 0.80 and 0.70 mm wide,
respectively. Posterior margin of buckler slightly concave.
Postabdomen incomplete and poorly preserved, proximal region
divided into four elements, with the following dimensions: 0.20/
5.10; 0.32/5.30; 0.35/4.75; and 0.50/4.00 mm. Adjacent to the
third element, a faint line originates from below the left epimer-
on of the preabdomen, running roughly parallel to the left lat-
eral margins of the cuticle strips and to the posterior margin of
the fourth strip, producing a border of 0.35 mm. Overlying this
border is the fractured anterior margin of a trapezoidal segment;
2.00 mm long, narrowing posteriorly from 3.60 to 2.25 mm
wide. Initially, lateral margins taper gently; posterior third of the
segment marked by slight projections, with sharp narrowing
towards the posterior margin. Posterior margin showing both
dorsal and ventral sides of the flattened ankylosed segment. No
further segments are preserved.

Remarks. Heteroaspis stoermeri has possibly the best pre-
served prosomal detail yet found in Chasmataspidida
(Fig. 4). The prosoma, preserved in 3D, confirms the

A B C

F IG . 3 . Heteroaspis stoermeri nov. comb. A–B, PIN 1138/1, holotype; A, specimen under alcohol; B, interpretive drawing. C, SMF
VIII 39, specimen supposedly from Alken an der Mosel, Germany, under alcohol. Abbreviations: ba, basipod; ca, carapace; ep, epimer-
on; le, lateral eyes; mo, median ocelli; mr, marginal rim; mt, microtergite; or, ophthalmic ridge; pa, postabdomen; sh, shoulder; t2–t4,
tergites 2–4; vp, ventral plate. Scale bars represent 2 mm.
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presence of ophthalmic ridges, previously considered to
be an autapomorphy for xiphosurans (Anderson and
Selden 1997), with posteriorly positioned lateral eyes.
Ventral structures superimposed onto the dorsal surface
are interpreted as a Limulus-like doublure and possibly
paired basipods along the central axis. The buckler of the
specimen is unremarkable, bar the presence of shoulders.

In the postabdomen, the strips of cuticle could possibly
represent either four individual telescoped and fractured
segments or a single, larger, fractured segment. The faint line
bordering these elements probably represents the corre-
sponding ventral surface, revealed by the dorsal surface
having broken off. Here, the lateral margin displays no sharp
narrowing, suggesting that this whole area is more likely to
represent a single segment than multiple telescoped seg-
ments. However, this interpretation raises questions as to the
formation of such parallel lines of fracture. The symmetri-
cally positioned projections upon the terminal segment coin-
cide with a sharp narrowing; they could therefore represent
either lateral epimera or a poorly defined segment boundary.
As no internal boundaries are present, the former hypothesis
is preferred in respect of this being their sole occurrence.

Of Størmer’s Heteroaspis specimens, only the relatively
complete and well-preserved SMF VIII 39 (Fig. 3c) is a

close morphological match to the holotype (PIN 1138/1);
the disarticulated prosomae (SMF VIII 155, 2081 and
2082) all possess an overall quadrate shape, with a trape-
zoid anterior. Størmer also highlighted the possibility of
antemesially positioned lateral eyes on SMF VIII 2081,
structures that are very faint (D. J. Marshall pers. obs.).
None of these poorly preserved specimens yield any other
morphological information; therefore as their only charac-
ters fall outside the current definition of this genus, they
are to be considered as ?Chasmataspidida incertae sedis
until further specimens are obtained. The specimens PIN
1138/1 and SMF VIII 39 are indeed so closely matched in
size, aspect and morphology that it must be questioned if
they are in fact objective synonyms; the positive relief of
SMF VII and negative relief of PIN 1138/1 suggests that
they could be part and counterpart. The two specimens
are here regarded to be individual until proven otherwise.

Genus DVULIKIASPIS gen. nov.

LSID. urn:lsid:zoobank.org:act:534500FB-587B-4DF3-ACF0-
F51362588599

Derivation of name. From the Russian ldykbrbq (dvulikij)
meaning two-faced, referring to the long-standing misidentifica-
tion of this taxon, with the suffix arp!" (aspis) from the Greek
for shield.

Type species. Stylonurus menneri Novojilov, 1959.

Diagnosis. Diploaspididae with subquadrate to parabolic
prosoma; uniform pediform prosomal appendages; large
anteriorly positioned lateral eyes; weakly expressed buck-
ler with little first-order differentiation; near-straight op-
isthosomal segment boundaries.

Remarks. Dvulikiaspis is most reliably separated from other
diploaspidids by the size and positioning of the prosomal
appendages, especially the position of the paddle-shaped
prosomal appendage VI in the anterior half of the prosoma.
The understated buckler and near-straight segment bound-
aries are characters shared with Loganamaraspis yet they
can be differentiated by appendage details. Although not
yet conclusive, L. dunlopi is interpreted to not have a pad-
dle-shaped sixth prosomal appendage.

Dvulikiaspis menneri (Novojilov, 1959)

Figures 5–7

*1959 Stylonurus menneri Novojilov, p. 249, pl. XII, fig 2

1962 Tylopterella menneri Novojilov, p. 412, fig. 1198

2011 ‘Tylopterella’ menneri Lamsdell, p. 55

F IG . 4 . Reconstruction of Heteroaspis stoermeri nov. comb.
Scale bar represents 2 mm.
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Material. Holotype: PIN 1271/2.

Additional material. PIN 5116/1, 5116/3.

Horizon and locality. Upper Zub Formation – Lower Kureika
Formation, Russia, Early Devonian (Lochkovian).

Diagnosis. As for the genus.

Description. PIN 1271/2 (Fig. 5) (Holotype). Near-complete
specimen. Generally preserved as a mould of the dorsal sur-
face, but posterior three segments retain 3D preservation. Original
cuticle, adhering to surface of mould, preserved in black

A B

F IG . 5 . Dvulikiaspis menneri (Novojilov, 1959) PIN 1271/2, holotype. A, specimen under alcohol, composite image. B, interpretive
drawing. Abbreviations: am, arthrodial membrane; ca, carapace; le, lateral eye; mo, median ocelli; mr, marginal rim; mt, microtergite;
sh, shoulder; t2–t13, tergites 2–13; te, telson; II–VI, appendages II–VI; VI-7a, appendage VI podomere 7a. Scale bars represent 2 mm.
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carbonaceous striations running left to right. Counterpart miss-
ing. Anterior of prosoma missing due to fracture. Entire pre-
served length 25.23 mm. Prosoma subquadrate to semicircular.
Left lateral margin and postero-lateral corners of prosoma badly
preserved. Carapace vaulted, with steepest inclination at anterior
and lateral peripheries; medial and posterior areas are relatively
flat. Marginal rim tapering posteriorly to meet lateral edge, half-
way down left side of prosoma; absent on right side. Reniform
to subovate lateral eyes antelaterally to antemesially positioned.
Median eyes positioned posterior of prosoma centre, 0.31 mm
apart, each c. 0.15 mm in diameter. Postero-lateral corners at
right angles. Posterior prosomal margin slightly convex.

Prosomal appendages present on both sides; a partial append-
age VI on the left and a full series, bar chelicerae, on the right.
Incomplete, paddle-shaped, prosomal appendage VI on left com-
prises partial podomeres VI-6 and VI-7 combining to a maxi-
mum length and width of 1.45 and 1.18 mm. Appendage
positioned anterior of carapace centre, protruding perpendicular
to carapace periphery. On right side, pediform appendages II–V
poorly preserved and closely spaced. Appendages near parallel
and all of similar length; slight consecutive increase in length to
a marginally shorter appendage V. Individual podomeres incom-
plete but where preserved, boundaries appear straight. Append-
ages II and III show distal five podomeres; appendages IV and V
show distal four. Consecutive lengths are 1.09, 1.14, 1.18 and
1.02 mm; widths c. 0.20 mm, slowly tapering distally. Prosomal
appendage VI, modified into a paddle, relatively well preserved;
displays podomeres VI-5–VI-8; no ninth podomere. Paddle lies
55 degrees from sagittal. Podomere 7a positioned on paddle
anterior. Total length 4.45 mm, individual podomere dimen-
sions: VI-5, 0.82/0.92 mm; VI-6, 0.31/1.00 mm; VI-7, 1.72/
1.58 mm; VI-7a, 0.82/0.50 mm; VI-8, 2.00/1.17 mm.

Abdomen fully preserved, length 20.11 mm. Preabdomen,
length 3.77 mm, generally well preserved; 3D structure retained
over the antero-right corner as triangular area. Area obscures an-
tero-right and right lateral margins of underlying dorsal mould.
Microtergite conforming to posterior margin of prosoma. Buck-
ler asymmetrical; tergites straight on left but curve posteriorly
on right. Narrow-angled shoulders meet at centre; length
0.65 mm on left, 0.19 mm at centre. Right anterior margin of
third tergite obscured; posterior margin curves posteriorly to
right-angled postero-right corner of buckler. Posterior margin of
fourth preabdominal tergite, and thus, the buckler, poorly
defined, visible only on left side, appears slightly concave. Pre-
and postabdomen distinguished by small instep of lateral mar-
gin, more apparent on right than left. Instep corresponds to
fourth segment posterior boundary on left, but to anterior
boundary on right.

Postabdominal tergites display 3D preservation mainly to pos-
terior and right. Epimera and ornamentation absent on all post-
abdominal segments. Postabdominal segment measurements are
as follows: 5, 1.41/5.97; 6, 1.64/5.73; 7, 1.48/5.16; 8, 1.56/4.65; 9,
1.63/4.09; 10, 1.56/3.75; 11, 1.82/3.09; 12, 1.81/2.72; 13, 1.99/
2.07 mm. Preabdomen posterior boundary sits flush to first
postabdominal segment anterior boundary. Antero-left margin
of tergite eight slightly telescoped into preceding segment; poste-
ro-left margin fractured. Segment ten possesses 3D preservation
on right margin, posterior margin fragmentary on left, but well

defined on right. Anterior margin of eleventh segment also well
preserved. These margins run parallel separated by strips of con-
stant 0.20 mm lengths. Segments 11 to 13 are slightly longer
than the preceding ones. 3D ventral sections of segments eleven
and twelve separated by 0.26 mm strip. Underlying this, on the
dorsal surface, segments meet directly; the strips, which most
likely represent arthrodial membrane between the heavily sclero-
tized body segments, are only present ventrally. Dorsal boundary
positioned slightly posteriorly to centre of ventral strip. Telson
represented by a small, semicircular, cuticle patch, no definitive
margins; preserved length 0.91 mm, width 1.65 mm.

PIN 5116/1 (Fig. 6). Near-complete dorsal opisthosoma, total
length 26.37 mm, maximum width 10.41 mm. Right side of
specimen poorly preserved, left side of reduced relief. Majority of
prosoma lost to core margin bar triangular region. First preab-
dominal tergite and buckler rim both run parallel to anterior of
second preabdominal segment. On left is a shallow angled shoul-
der, maximum length 0.61 mm, width 1.69 mm. All boundaries
in consecutive preabdominal tergites slightly curved and lost due
to the change in relief. Posterior margin of buckler straight where
preserved. Left postero-lateral corner of buckler overlaps first
postabdominal segment due to clockwise rotation of the postab-
domen of c. 10 degrees. Little first-order differentiation of the
tagma is present. Postabdominal tergites 5–10 preserved, all but
10 missing their right lateral margins. Dimensions are as follows
(asterisk indicates incomplete measurement): 5, 2.60/9.16*; 6,
2.28/8.88*; 7, 2.68/8.93*; 9, 2.59/7.72*; 10, 2.60/7.72 mm.

Segments are wide rectangular with low posterior taper and
straight boundaries. Each tergite also bears an articulation
surface across the anterior, between 0.70 and 1.30 mm in length,

A B

F IG . 6 . Dvulikiaspis menneri (Novojilov, 1959) PIN 5116/1. A,
specimen under alcohol. B, interpretive drawing. Abbreviations:
af, articulating facets; ca, carapace; mt, microtergite; sh, shoul-
der; t2–12, tergites 2–12. Scale bars represent 5 mm.
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progressively getting longer in succeeding tergites. The ninth
postabdominal segment rotated c. 10 degrees clockwise, obscur-
ing the anterior margin and antero-right corner of the tenth.
Eleventh segment is a rounded and incomplete patch of cuticle,
preserved length and width 3.25/5.58 mm. No further segments
preserved.

PIN 5116/3 (Fig. 7). Poorly preserved dorsal specimen, length
16.04 mm, estimated width 5.00 mm. Right side of prosoma

and preabdomen obscured. Carapace roughly quadrate, rotated
clockwise and/or contracted on right, leaving anterior margin at
30 degrees to posterior margin. Anterior margin of carapace
damaged, resulting in medial indentation. Marginal rim present.
Median eyes located centrally on prosoma, each measuring
0.10 mm in diameter. Posterior margin of carapace poorly pre-
served. Questionably, five prosomal appendages visible on left
side of the specimen; chelicerae are unobserved. First, second

A B

F IG . 7 . Dvulikiaspis menneri (Novojilov, 1959) PIN 5116/3. A, interpretive drawing. B, specimen under alcohol. Abbreviations: am,
arthrodial membrane; ap, appendages; bu, buckler; ca, carapace; mo, median ocelli; mr, marginal rim; mt, microtergite; pa, postabdo-
men; sh?, shoulder?; t2–12, tergites 2–12. Scale bars represent 2 mm.
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and third appendages poorly preserved. First appendage, length
0.32 mm, shows no obvious podomeres. Second and third
appendages, lengths 0.73 and 0.96 mm, respectively, are both
very thin; third appendage is of a constant width of 0.04 mm;
however, it is possible that they represent a single, badly pre-
served appendage. Paired setae present on distal portions of sec-
ond appendage, no individual podomeres identifiable on either
appendage. Fourth appendage complete and well defined, length
5.27 mm. Proximal-most podomere poorly preserved, length
0.30 mm, width 0.30 mm. Second podomere rhomboidal with
internal angles of c. 60 degrees and 120 degrees, length
0.84 mm, width 0.53 mm. Proximal and distal podomere
boundaries sigmoidal so that antero-proximal and postero-distal
corners are somewhat ‘cut-back’. Anterior and posterior podo-
mere boundaries both marginally convex. This podomere acts as
the fulcrum about which the appendage is preserved in its cur-
rent aspect, angled at c. 35 degrees posteriorly from the previous
podomere and with the subsequent podomeres at another 35
degrees posteriorly to it. Third podomere also rhomboidal,
length 0.27 mm, width 0.27 mm; faint line, from the middle of
anterior margin to postero-distal corner, demarcates a triangular
area that may represent another podomere. Fourth, distal-most,
podomere, length 0.84 mm, width 0.27 mm, sharply narrows to
a point within final 0.30 mm. Posterior to fifth appendage,
patch of darker material, length 0.34 mm, width 0.63 mm, adja-
cent to the left lateral margin of the carapace, may represent
another appendage.

Buckler wide rectangular with rounded lateral margins, length
c. 3.00 mm, maximum width 4.30 mm at the posterior margin.
Anterior margin of buckler indistinct but thin strip of cuticle
present at anterior-most section. Left antero-lateral corner dis-
plays shoulder both dorsally and ventrally. Ventral region main-
tains original outline of buckler, with dorsal having rotated
proximally on top of second opisthosomal tergite. Second tergite
slightly curved at posterior margin. Buckler posterior margin
slightly concave, left postero-lateral corner right-angled. First-
order differentiation very slight.

Postabdomen preserving all nine segments, dimensions as fol-
lows: 5, 0.92/3.96; 6, 1.88/3.42; 7, 1.54/3.50; 8, 1.49/2.92; 9,
0.58*/2.77; 10, 1.15/2.00; 11, 0.90/1.58; 12, 0.44/1.13; 13, 0.58/
1.02 mm. First postabdominal segment complete but rotated 15
degrees clockwise bending remainder of postabdomen to left and
obscuring majority of left margin of segment under buckler. Seg-
ment ten telescoped into segment nine, bending postabdomen
10 degrees to left. Segments twelve and thirteen bend 20 degrees
to right. Pretelson bluntly rounded. Narrow strips ranging from
0.20 to 0.40 mm in length occur between the postabdominal
segments and probably represent arthrodial membrane. Telson
unobserved.

Remarks. Dvulikiaspis is one of the best preserved cha-
smataspidid genera (Fig. 8) although all specimens are
subject to some taphonomic distortion. The asymmetrical
buckler of PIN 1271/2 is interpreted as having been obli-
quely preserved so as to conceal the left margin and
expose the right lateral area. PIN 5116/1 possesses an area
of lower relief on the left margin of the postabdomen.

The cuticle is still interpreted to represent the dorsal sur-
face as there is a continuation of the articulating surface
onto this area.

The prosomal appendages II–V of PIN 1271/2,
although poorly preserved, are of uniform length and
morphology, whilst the paddle-shaped prosomal append-
age VI is probably the best preserved within the Diploas-
pididae. It is noteworthy that within prosomal appendage
VI, no podomere analogous to the tarsal claw of euryp-
terids is present. Whilst this suggests a podomere count
of 8, without knowing the proximal structures of any of
the prosomal appendages, this would be speculative at
this stage. Whilst the appendages of PIN 5116/3, visible
only on the left margin, are generally poorly preserved,
they do appear to show some morphological differentia-
tion. The slender second and third appendages, possibly
prosomal appendages III and IV, are markedly different
to the wider and longer (assumed) appendage V. The
preservation of all the appendages, bar appendage ?V, is
poor, yet small setae on distal portions of appendage ?III
indicate that the preserved width of appendages ?III and
?IV could be representative of their actual dimensions.
Differentiation of the anterior prosomal appendages is
not unusual in chelicerates; scorpions possess robust, che-
late pedipalps, whilst in amblypygids and thelyphonids
they form robust raptorial appendages; modification of
the second (or tritocerebral) appendage also appears to be

F IG . 8 . Reconstruction of Dvulikiaspis menneri (Novojilov,
1959). Scale bar represents 2 mm.
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widespread among Palaeozoic arthropods in general
(Lamsdell et al. 2013). The third appendages of ambly-
pygids are also long and sensorial, whilst the same
appendage pair in mixopterid eurypterids forms enlarged
grasping appendages. Sexually dimorphic appendage dif-
ferentiation is also present, best known from the pedi-
palps of spiders but also present in Limulus and
eurypterids such as Mixopterus and Brachyopterus where
the second appendages of the male are modified into a
‘clasper’. Finally, tactile appendages are known from the
second appendage pair of the eurypterids Slimonia and
Pterygotus. It is possible, however, that the robust
appendage in PIN 5116/3 is actually a poorly preserved
paddle, which appears to project from beneath the cara-
pace far to the anterior in Dvulikiaspis.

Segment articulations are present in all specimens, and
whilst all display the dorsal surface, the 3D preservation
on the posterior three segments of the postabdomen of
PIN 1271/2 shows the ventral articulations. The dorsal
segment articulations appear similar to the smooth facets
as seen in eurypterids (see Lamsdell 2011 for discussion),
whereas on the ventral surface of PIN 1271/2, the areas
between segments are interpreted to represent arthrodial
membrane. The asymmetrical strips between segments in
PIN 5116/3 are also interpreted to represent arthrodial
membrane, supported by reduction in width at these
points.

The specimen PIN 5116/3 shows unusual features in
the shape of the carapace and relative size of the proso-
mal appendages; however, these differences are almost
certainly taphonomic in origin.

Genus NAHLYOSTASPIS gen. nov.

LSID. urn:lsid:zoobank.org:act:172D631B-B47E-47E9-A4FD-
92A4FA7E00E1

Derivation of name. From the Russian yaxk!ecn (nahlyost) mean-
ing overlap, referring to the overlapping nature of the epimera,
with the suffix aἀrp!" (aspis) from the Greek for shield.

Type species. Nahlyostaspis bergstroemi.

Diagnosis. Diploaspididae with anterior buckler rim;
fourth preabdominal segment expanded; preabdominal
epimera flattened and overlapping, fused along their
entire length.

Remarks. Nahlyostaspis, although known only from disar-
ticulated bucklers, can still be separated from other diplo-
aspidids by the overlapping arrangement of flattened
preabdominal epimera. The presence of an anterior buck-
ler rim is a character shared only with Skrytyaspis, but

unlike in Skrytyaspis it does not run the entire length of
the lateral margin. The expanded fourth preabdominal
segment is another similarity between these two genera.
Dense pustulation, similar to that of Diploaspis muelleri,
is present but is considered to be too dependent on pres-
ervation to be relied upon as phylogenetically informative
in such low numbers.

Nahlyostaspis bergstroemi sp. nov.

Figures 9–10

LSID. urn:lsid:zoobank.org:act:3AB48042-D133-4CB5-B661-
BBABBFC006A0

Derivation of name. In honour of Jan Bergstr!om for his insights
into the chasmataspidids.

Holotype. PIN 5117/1.

Additional material. PIN 5117/2, 5117/3.

Horizon and locality. Kureika Formation, Russia, Early Devonian
(Lochkovian).

Diagnosis. As for the genus.

Description. PIN 5117/1 (Fig. 9) (holotype). Quadrate disarticu-
lated buckler with good relief and dense pustulation, length
7.30 mm, anterior width 10.52 mm, posterior width 11.17 mm.
First tergite missing. Buckler rim around anterior and lateral
margins, typically 0.20 mm wide; expands to 0.33 mm centrally
and to 0.31 mm at left antero-lateral corner. Anteriorly buckler
rim clearly defined with smoothed rectangular profile; laterally,
margins become indistinct coinciding with a loss of relief. Rim
on left margin has possible termination close to posterior of first
epimeron; rim on right margin indistinct after antero-lateral cor-
ner. Second tergite possesses a significant dorsal convexity run-
ning parallel to strongly curved posterior margin. Posterior
margin densely pustulose. Between raised buckler rim and low-
lying margins of dorsally convex second tergite, antero-lateral
corners of buckler possess shoulders bridging the gap in relief.
Left shoulder, length 3.20 mm, width 0.67 mm, delineated from
second tergite by distinctive suture. Right shoulder poorly
defined, length 3.37 mm, width 0.69 mm. Third preabdominal
tergite possesses similar dorsal convexity and pustulation to sec-
ond tergite. Posterior margin of tergite does not meet with lat-
eral margin of buckler, but is drawn out into a complex of
large, flattened, overlapping epimera. Fourth tergite width uncer-
tain; overlapping epimera overlay lateral margins of tergite. Pos-
terior boundary straight and densely pustulose, width 6.45 mm.
Fractures at posterior boundary reveal unremarkable ventral
surface.

Individual epimera identified by faint lines, alignment of pus-
tules and breaks of angle on lateral margin. Each epimeron den-
sely pustulated. Epimera on left side clearer than on right.
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Anterior-most epimeron on left of uncertain origin, length
unclear, width 1.90 mm, identified by instep of lateral margin
and faint posterior boundary; exists within the boundaries of
the left epimeron of third preabdominal tergite. Epimeron
boundaries lost to buckler rim on its left and posterior bound-
ary of third tergite on its right. Left epimeron of third tergite,
length 4.79 mm (from centre of posterior margin to posterior-
most tip of epimeron), width 1.95 mm, overlies fourth tergite
and its epimera; identified as a faint continuation of posterior
margin of tergite. Left epimeron of fourth tergite, length
2.01 mm (defined as per previous epimeron), width 2.12 mm,
identified by a continuation of posterior margin of tergite
through a sharp right angle. Epimeron asymmetrical; posterior-
most tip left of centre. Anterior-most epimeron on right mar-
gin questionably represented by short, faint, line similarly
placed to corresponding epimeron on left side. Right epimeron
of third preabdominal tergite symmetrical to corresponding

epimeron on left although tapering more gradually. Right
epimeron of fourth preabdominal tergite symmetrical to corre-
sponding epimeron on left.

PIN 5117/2 (Fig. 10A). Dorsal mould of disarticulated buckler
and partial postabdomen. Microtergite present. Buckler wider
than long, approximate length 11.00 mm, width 18.36 mm.
Buckler taphonomically distorted to rhomboidal shape, with
smallest angles at antero-left and postero-right corners, and
poorly preserved on left lateral margin with detached area of
cuticle. Buckler rim absent. Pustulation present across majority
of specimen. Shoulder on antero-left corner, length 6.03 mm,
maximum width 0.75 mm. Antero-right corner poorly pre-
served, possible proximal portion of a shoulder present. Second
tergite with strongly curved posterior boundary that straightens
laterally but becomes less distinct. Posterior boundary possibly
running onto detached cuticle on left margin. Third tergite with
dense pustulation on right margin. Fourth tergite with dense

A

C D

B

F IG . 9 . Nahlyostaspis bergstroemi gen. et sp. nov. PIN 5117/1, holotype. A, specimen under alcohol. B, interpretive drawing. C, speci-
men photographed dry, showing relief. D, close-up of antero-left corner of buckler. Abbreviations: br, buckler rim; ep, epimeron; pu,
pustules; sh, shoulder; t2–4, tergites 2–4. Scale bars represent 2 mm.
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pustulation close to left margin and on right third of tergite.
Centrally, posterior boundary slightly curved; laterally posterior
boundary poorly preserved but sharply angled posteriorly. Pos-
tabdomen significantly narrower than preabdomen or obscured
by fourth tergite. Only recognizable postabdominal segment
(five) with a length of 1.78 mm and preserved width 9.38 mm,
left side obscured by preabdomen. Posterior margin slightly
curved, parallel to the posterior margin of the preabdomen. Sub-
sequently postabdomen composed of straight, thin and parallel
strips of cuticle, which appear to be fractured dorsally towards
the right side, revealing the ventral surface. Ventral lateral mar-
gin appears continuous; no indication of segment boundaries.
Elements all at an angle of c. 15–20 degrees to first postabdomi-
nal segment. Maximum observed dimensions of the five ele-
ments are as follows: 1.13/4.66; 0.36/6.58; 0.55/6.77; 0.70/8.76;
and 1.17/7.95 mm.

PIN 5117/3 (Fig. 10B). Partial disarticulated buckler, total
length 7.20 mm, total width 9.50 mm, with very good relief.
Microtergite absent. Buckler rim on anterior and antero-lateral
margins is of significantly higher relief than adjacent cuticle.
Buckler rim, width 0.20 mm, sharply widens to 0.80 mm, form-
ing triangular area, at left antero-lateral corner. Exterior margin
of buckler rim indistinct on right antero-lateral corner; internal
margin displays a smooth transition between anterior and lateral
margins; rim narrows slightly to 0.12 mm on right lateral mar-
gin. Triangular shoulders in antero-lateral corners between high
relief buckler rim and low relief margins of second preabdomi-
nal tergite. Left shoulder, length 3.40 mm, maximum width
0.80 mm; right shoulder, length 4.80 mm, maximum width
0.56 mm. Second tergite dorsally convex. Centrally, tergite is
strongly curved; laterally tergite straightens to run c. 35 degrees
to straight anterior margin of buckler. Left posterior and lateral
margins poorly preserved. Third tergite also strongly curved, left
side questionably drawn out into an epimeron; right side similar,
here two faint lines diverge, one to the lateral margin and one
an ?epimeron. Fourth tergite poorly preserved; only two patches
of cuticle present in anterior corner. Tergite appears to be over-
lain by third tergite. Epimeron identified on right side by void
within matrix 1.33 mm proximally and 0.89 mm posteriorly of
the epimeron of the previous tergite, but otherwise consistent

with its proportions and morphology. No epimeron present on
left side.

Remarks. The holotype of Nahlyostaspis is very well pre-
served and is undoubtedly the best specimen to observe
both the buckler rim and the shoulders. The relief pre-
served in the holotype and PIN 5117/3 allows for a good
understanding of the spatial relationship between each
structure in three dimensions. A strong suture between
the shoulders and second tergite is observed, which is sig-
nificant in determining their origin.

Interpretation of the layered epimera is problematic
with respect to their low relief and the number of speci-
mens. Of the three specimens, PIN 5117/1 is best pre-
served and has the only complete buckler. The presence
of at least two pairs of epimera is highly likely; however,
the order of their layering remains an issue. PIN 5117/1
arguably displays evidence for epimera on each segment
of the buckler. The second tergite is clearly truncated at
its posterior margin by the third, a feature common
within all specimens, however within the epimera of the
third segment, short, faint, lines coincide with a reduction
of width on the left margin. Possible interpretations are
that these lines represent the posterior margins of the epi-
mera of the second tergite and that the third tergite over-
lies the epimera of the second. Alternatively, the lines
within the third tergite’s epimera and the narrowing in
width are coincidental and the relationship between the
second and third tergites is normal. The first interpreta-
tion would be highly unlikely in that a later segment
would overlie an earlier one; therefore, the second inter-
pretation is preferred. The implication of this is that there
are varying degrees of second-order differentiation within
the preabdomen. Whilst mid-section second-order differ-
entiation (between the preabdominal and postabdominal
nonfunctional pseudotagma) is common, segments within
each tagma are generally uniform.

A B

F IG . 10 . Nahlyostaspis bergstroemi gen. et sp. nov. A, PIN 5117/2, specimen under alcohol. B, PIN 5117/3, specimen under alcohol.
Scale bars represent 10 mm in A and 2 mm in B.
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The third tergite’s epimera are more clearly defined and
distinctly overlap the epimera of the fourth. This is best dis-
played by the anterior margin of the fourth preabdominal
tergite in having no contact with the lateral margin of the
buckler. The fourth tergite is also interpreted to possess its
own epimera, confirmed by the posterior margin having no
contact with the epimera of the third tergite, forming a
continuous uninterrupted line onto the epimera. As such,
the most reasonable explanation is that both the third and
fourth tergites possess epimera and that those from the
third tergite overlie those from the fourth, all of which have
become fused as part of the dorsal surface of the buckler.

Genus SKRYTYASPIS gen. nov.

LSID. urn:lsid:zoobank.org:act:9CB5DCE3-6952-4DA2-8A80-
A83733321702

Derivation of name. From the Russian crpsnsq (skrytyi) mean-
ing hidden, referring to the long time this fauna has remained
undescribed, with the suffix arp!" (aspis) from the Greek for
shield.

Type species. Skrytyaspis andersoni.

Diagnosis. Diploaspididae with buckler possessing a dis-
tinctive raised rim around the anterior and lateral mar-
gins; fourth preabdominal segment expanded.

Remarks. Although known only from disarticulated frag-
ments, Skrytyaspis is still observed to share characters
with Nahlyostaspis, in that both possess a buckler rim and
an expanded fourth preabdominal segment. Within
Skrytyaspis, the continuation of this buckler rim along the
lateral margin and lack of epimera can both be used to
differentiate the two genera. If the strongly associated dis-
articulated prosomata are indeed those of Skrytyaspis,
their unique outline would also help define this genus.
The similarities between Skrytyaspis and Nahlyostaspis are
not considered to be enough to segregate them from
other diploaspidids, pending a phylogenetic review.

Skrytyaspis andersoni sp. nov.

Figures 11–15

LSID. urn:lsid:zoobank.org:act:DBC2AF75-3D68-43CC-A951-
E5E3FF519FCC

2011 Undescribed chasmataspidid Lamsdell, p. 6, fig. 4b

Derivation of name. In honour of Lyall Anderson for his work
on the chasmataspidids and for his help and friendship.

Holotype. PIN 1138/2.20.

Additional material. PIN 1138/2.1, 1138/2.2, 1138/2.5–1138/2.19,
1138/2.21–1138/2.28 5116/5.1–5116/5.8, 5116/6.1–5116/6.2, 5116/
11.1, 5116/13, 5116/15.1–5116/15.2.

Horizon and locality. Upper Zub Formation – Lower Kureika
Formation, Russia, Early Devonian (Lochkovian).

Diagnosis. As for the genus.

Description. PIN 1138/2.20 (Figs 11, 12C–D) (holotype). Disar-
ticulated buckler with microtergite, presumed dorsal. Maximum
length 2.62 mm, maximum width 3.31 mm. Microtergite
incomplete laterally. Buckler rim present, extending over ante-
rior and lateral margins of buckler, defining the rounded rectan-
gular profile. Rim measures 0.10 mm wide at centre and
expands in width to 0.20 mm at left antero-lateral corner, but is
absent in antero-right corner. The rim reappears on the right
margin of the buckler, level with the boundary between the sec-
ond and third tergites. Here, the buckler rim maintains its tra-
jectory, thus creating a void between itself and the central part
of the tergites as they progressively narrow. The rim on the left
margin is similar, except the rim does not detach from the main
body of the buckler until the boundary between the second and
third buckler segments. The width on the left margin varies
between 0.10 and 0.20 mm, as the interior margin of the rim
conforms to outline of each segment. Shoulders are present on
both antero-lateral corners of the second tergite. The left shoul-
der starts close to the centre of the anterior margin of the
second tergite and terminates after 1.56 mm close to the postero-
lateral corner of this tergite, reaching a maximum width of
0.21 mm at its antero-lateral-most point. This line demarcating
the shoulder is unusually curved to follow the outline of the
tergite, when compared to the straight margin normally
observed in other diploaspidids. The right shoulder is signifi-
cantly smaller at 1.05 mm. It begins on the anterior margin, but
not as close to centre as the left shoulder, before terminating at
the antero-lateral corner. This area reaches a maximum of
1.05 mm wide and conversely has a convex margin relative to
the concave margin of the opposing shoulder. The second and
third tergites gently curve away posteriorly from centre. The
fourth tergite is significantly longer than the two preceding and
possesses postero-lateral corners that are sharp and lead from
the near-straight lateral margins into the slightly convex poster-
ior boundary.

PIN 1138/2.1 (Fig. 11). Disarticulated buckler. Fragmented;
missing right lateral margin. Partially obscured by PIN 1138/2.6
and PIN 1138/2.9. Microtergite absent. Buckler rim 0.18 mm
wide, present on anterior and left margins. Rim expands inward
to conform to the shape of each segment on the left margin.

F IG . 11 . Skrytyaspis andersoni gen. et sp. nov. PIN 1138/2, including holotype (1138/2.20). A, assemblage under alcohol. B, interpre-
tive drawing. The numbers for individual specimens are shown alongside them. Scale bars represent 10 mm.
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The buckler rim becomes detached from the buckler body as it
narrows at the boundary between the third and fourth tergites.
Rim terminates level with the left postero-lateral corner. A
shoulder is present in the left antero-lateral corner of second ter-
gite, measuring 3.20 by a maximum of 0.49 mm. The second
and third tergites possess a gently curved posterior margin. The
fourth tergite possesses straight lateral margins, but a convex
posterior margin with defined postero-lateral corners.

PIN 1138/2.2 (Fig. 11). Disarticulated buckler. Fragmented;
missing right antero-lateral corner. Partially obscured by frag-
ments PIN 1138/2.1 and PIN 1138/2.8. Anterior margin mostly
obscured by PIN 1138/2.1. Microtergite not observed. Buckler
rim present on anterior margin and left lateral margin at a con-
stant width of 0.18 mm. Rim becomes detached from buckler
body at the boundary between the third and fourth tergites. Sec-
ond and third tergites with posterior margin slightly curved.
Fourth tergite longer than previous tergites with a convex pos-
terior margin.

PIN 1138/2.6 (Fig. 11). Distinct semicircular prosoma. No
evidence of any features. Maximum length somewhat to the

right may indicate some taphonomic distortion. Posterior mar-
gin slightly convex.

PIN 1138/2.9 (Fig. 11). Large, near-complete prosoma. Quad-
rate in shape, posterior margin concave, anterior margin also
slightly concave. Slight genal spines seem to be an artefact of the
concave posterior margin.

PIN 1138/2.10 (Fig. 11). Fragmented cuticular remains, possi-
ble postabdomen. Triangular fragments on lateral margins of
cuticle concentration may represent large epimera. These epi-
mera are in a correct orientation relative to the centre line and
tapering direction if this was a postabdomen. Possible segment
boundaries exist, congruent with the possession of a single epim-
eron on each lateral margin. The matching of the boundaries
and epimera suggest at least four segments, with the last cuticle
patch potentially representing more than one. Total length
5.85 mm, width 3.08 mm.

PIN 1138/2.11 (Fig. 11). Near-complete prosoma. Semicircu-
lar with good anterior margin, right and posterior somewhat
indistinct. Left margin lost in fracture of rock and overlain by
PIN 1138/2.9.

A

C D

B

F IG . 12 . Skrytyaspis andersoni gen. et sp. nov. A–B, PIN 1138/2.22; A, specimen under alcohol. B, interpretive drawing. C–D, holo-
type, PIN 1138/2.20; C, specimen under alcohol; D, interpretive drawing. Abbreviations: br, buckler rim; mt, microtergite; sh, shoulder;
t2–4, tergites 2–4. Scale bars represent 2 mm in A–B and 1 mm in C–D.
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PIN 1138/2.12 (Fig. 11). Complete prosoma. Significantly
wider than long, giving a wide rectangular shape, with no
observed characters.

PIN 1138/2.13 (Fig. 11). Near-complete prosoma. Semicircu-
lar, although poorly defined. Posterior margin slightly convex.
Anterior showing several parallel lines possibly representative of
a marginal rim, ventral plate and suture, albeit an exact identifi-
cation of these structures is not possible due to lateral inconsis-
tency and poor definition.

PIN 1138/2.14 (Fig. 11). Near-complete prosoma exposed
from the ventral side. Antero-left margin obscured by PIN 1138/
2.12. Prosoma quadrate, tapering posteriorly with a concave pos-
terior margin. Anteriorly has a thin strip of cuticle, 0.15 mm
wide, running parallel to the anterior margin behind which a
distinctive ventral plate similar to that of Limulus is observed
measuring 0.70 mm laterally to 0.90 mm at the centre. As with
PIN 1138/2.9, the genal spines are considered an artefact of the
concave posterior margin.

PIN 1138/2.18 (Fig. 11). Complete quadrate prosoma exposed
from the ventral side, similar to PIN 1138/2.14. Ventral plate of
constant 0.60 mm width running parallel to a slightly concave
anterior margin. Posterior margin either displaying fragmenta-
tion or questionable genal facets.

PIN 1138/2.22 (Figs 11, 12A–B). Near-complete buckler.
Similar to holotype. Maximum length 7.73 mm, maximum
width 10.31 mm. Antero-right corner poorly preserved and
predominantly absent. Microtergite present, right side absent
2.25 mm past centreline. The length increases abruptly close to
the lateral margin creating a bulbous end. Buckler rim present
around buckler and is of higher relief than the cuticle it
encompasses. Width of rim is 0.22 mm at centre but gradually
expands across the anterior margin to the antero-lateral cor-
ners, the left of which is the only one preserved. Here, the rim
measures 0.40 mm wide and maintains this width along the
left margin to the posterior termination 0.67 mm short of the
postero-lateral corner of the buckler. The rim becomes
detached from the main body of the buckler at the boundary
between the second and third tergites, reaching a maximum
distance of 0.56 mm by its blunt termination. The rim on the
right margin is lost at the same place in the antero-lateral cor-
ner as the microtergite, but reappears halfway down the lateral
margin of the specimen at a width of 0.24 mm, from where it
gradually increases inwardly in width (i.e. the inner margin
changes gradient, whilst that of the outer margin remains
unchanged) to a maximum of 0.56 mm, before reducing to
0.22 mm at its posterior termination. The rim on the right
side does not separate from the main body of the buckler as it
does on the left side. In the poorly preserved antero-right cor-
ner, a boundary can be seen within the body of the second
tergite, which may represent the collapsed buckler rim. A
shoulder is suggested within the confines of the buckler rim in
the antero-left corner. This triangular region, 3.24 mm in
length by a maximum 1.28 mm in height, is suggested by a
slight change in relief, but is otherwise poorly delineated. The
second tergite gently curves posteriorly. This tergite, like the
others, has a pronounced anterior to posterior convexity, but
little from left to right. The third tergite is of similar dimen-
sions, however tapers by c. 0.50 mm from anterior to posterior.

On the left margin, the segment retreats from the buckler rim;
however on the right side, there is cuticle up to the rim, with
a small change in relief c. 0.75 mm from the buckler rim. The
fourth tergite is significantly longer the preceding and con-
versely has a convex posterior margin. The left margin is
straight and possesses a relatively sharp postero-lateral corner
of 135 degrees, which leads into the gently curving posterior
margin. The right postero-lateral corner is absent and the pos-
terior margin curves up onto the border with the buckler rim.

PIN 5116/5.4 (Fig. 13A). Incomplete prosoma exposed from
the ventral side. Good preservation; clearly defined marginal
lines, only antero-left preserved due to fracture. Ventral plate
0.66 mm at centre.

PIN 5116/5.5 (Fig. 13A). Possible disarticulated microtergite.
Long and thin, with no increase in appendage width along its axis,
remaining at a near-constant 0.32 mm. Total length 5.38 mm.

PIN 5116/5.6 (Fig. 13A). Complete buckler measuring
4.45 mm wide by 3.30 mm long. Microtergite absent but shoul-
ders present, forming a rim to the anterior margin. Small dis-
placement of shoulders to the left, forming an overlap with the
succeeding tergite of 0.14 mm, which is interpreted as deforma-
tion but could represent dislocation. The second tergite is
slightly curved, with the right margin reaching slightly further
posteriorly than left margin. Third tergite similar to preceding
tergite but with postero-right corner 0.54 mm further posterior
than left corner. Corresponding ventral segment boundary
superimposed onto dorsal surface, but curving in opposite direc-
tion to dorsal boundary. Boundaries measure a maximum of
0.72 mm apart at centre but curve towards each other and cross
over by 0.18 mm on left margin. The same seems applicable to
the right margin, but the ventral line is lost close the buckler
periphery. The fourth tergite is significantly longer and the pos-
tero-left corner is a near right angle, joining onto the straight
posterior margin. The postero-right corner is not fully preserved,
but appears to be considerably rounder.

PIN 5116/5.7 (Fig. 13A). Incomplete prosoma. Wide, horse-
shoe shaped with straight posterior margin. Taphonomically dis-
torted on the right. Ocelli positioned somewhat antero-left of
centre; each measures 0.32 mm. No lateral eyes observable.

PIN 5116/6.1 (Fig. 13B). Near-complete disarticulated buckler
with microtergite. Total length 5.42 mm, maximum width
8.15 mm. Microtergite with incomplete right margin. Shoulders
clear with increased relief relative to rest of structure, tapering
proximally before being obscured by the microtergite. Left
shoulder runs 3.09 mm across and 1.13 mm along the left ante-
ro-lateral corner and reaches a maximum width of 0.19 mm at
the apex. Right shoulder runs 2.49 mm across, 1.00 mm along
and has a maximum width of 0.30 mm where the corner
appears sharp relative to the left shoulder. The posterior margin
of the shoulders tapers until halfway down the lateral margins of
the second tergite. This tergite has a strongly concave posterior
segment boundary. From the third tergite, the postero-left cor-
ner of the buckler is lost. Third tergite shows a significant reduc-
tion in width from anterior to posterior. Fourth tergite with a
straight posterior margin observable for 5.42 mm. Lateral edges
of final tergite parallel to the longitudinal axis of buckler.

PIN 5116/6.2 (Fig. 14). Incomplete buckler with posterior-
most areas preserved. Boundary between second and third
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tergite is strongly curved. Posterior and right lateral margins of
third tergite complete. Posterior margin strongly curved. Right
postero-lateral corner acutely angled and projects, epimeron-like,
0.17 mm past its boundary with the fourth tergite. This corner
is also observed to reach 0.50 further posteriorly than the corre-
sponding left postero-lateral corner which notably possesses a
less acute angle and tapers to meet the preceding tergite. Fourth
tergite posterior and left margins straight, contrasting with the
relatively gently sloping curve of the right postero-lateral corner.
Left postero-lateral corner possesses small 0.03-mm epimeron
projecting postero-laterally.

PIN 5116/13 (Fig. 15). Well-preserved, complete, wide rectan-
gular buckler, measuring 5.92 mm long and 9.42 mm wide.
Microtergite missing. Buckler rim running entire anterior and
lateral sides measuring 0.17 mm at anterior increasing to
0.50 mm towards the lateral margins. This rim is best preserved

on the left lateral margin where it expands to a maximum of
0.92 mm in the antero-lateral corner before narrowing to
0.27 mm and further expanding to 0.75 mm at the posterior
margin. Although relatively poorly defined, the buckler rim on
the right margin appears to also have the same narrowing and
posterior expansion. Shoulders are present in the antero-lateral
corners of the second tergite; left shoulder 2.88 mm long by
0.61 mm wide, right shoulder 1.76 mm long by 0.20 mm wide.
The tergite is slightly curved. Dense tuberculation is present in
the central and posterior portions of each tergite. The fourth ter-
gite is marginally longer than the buckler rim. The posterior
margin of this tergite is fractured revealing the convex ventral
surface.

PIN 5116/15.1 (Fig. 13C). Near-complete buckler, length
3.76 mm, maximum width 5.80 mm. Postero-right corner and
microtergite missing. Buckler rim running along the anterior

A

B C

F IG . 13 . Skrytyaspis andersoni gen. et sp. nov. A, PIN 5116/5. Individual described specimens are labelled by their specimen number.
B, 5116/6.1. C, 5116/15.1. Scale bars represent 10 mm in A and 2 mm in B–C.
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and left lateral margins. This rim measures 0.15 mm anteriorly,
slightly widening to the antero-left corner. On the left, the lateral
margin of the rim runs roughly parallel to the lateral margin of
each preabdominal tergite and reaches a maximum width of
0.42 mm, narrowing slightly posteriorly. The second tergite dis-
plays moderate curvature and thickens laterally. The left margin
is unusually concave, a feature also reflected in the parallel buck-

ler rim. Shoulders are not observed. The third tergite, in contrast
to the second segment, narrows laterally. The fourth tergite is
significantly longer with a slightly convex posterior margin.

Remarks. The feature most immediately noticed about
Skrytyaspis is the tendency with which specimens are pre-
served in size-assorted accumulations. This suggests a
concentration of individuals at the time of burial, and so
potentially, the assemblage could be an indication of gre-
garious behaviour. Such an interpretation would have to
be considered with caution as chasmataspidids are found
in a wide range of environments, from fully marine to
lacustrine, and there is little other supporting behavioural
evidence. All specimens are disarticulated suggesting some
degree of transportation and the uniform size of the accu-
mulations could be due to mechanical sorting.

Structurally, Skrytyaspis shows several unique characters
within the Diploaspididae. The somewhat raised rim
around the buckler is observed to run the entire anterior
and lateral margins, terminating at the posterior. Whilst
these are also present on Chasmataspis laurencii and Nah-
lyostaspis bergstroemi, the rim of the former, although
similar in extent, has a greater width and the latter pos-
sesses a rim of reduced extent, but maintains a similar
width. The condition is considered to be more closely
related to Nahlyostaspis bergstroemi, with the posterior
extent of the rim being the only difference.

It is noted that on certain specimens, such as PIN
1138/2.20, the low relief areas in the postero-lateral
corners of the bucklers appear not to have been pre-
served. The lateral margins of each tergite are much lower
in relief relative to the central portions of each preab-
dominal tergite and the buckler rim, much like the low
relief areas on Nahlyostaspis specimens. The result of this
disparity is that sediment could fill the lower relief areas,
leaving only the higher relief areas visible. Conversely, it
is the flattened specimens, such as PIN 1138/2.20, that
are missing this portion of cuticle; in specimens retaining
their convexity, such as PIN 5116/13, this area of cuticle
remains present. Whilst this may simply be an artefact of
how the rock splits, this is yet to be tested, and upon
preparation, cuticle may yet be absent.

The specimen PIN 5116/13 displays a dense pustulation
on the central portions of the posterior margin of each pre-
abdominal segment, which is not observed on any other
specimen. Although seemingly unique within the Skrytya-
spis specimens, the possibility that this could be preserva-
tionally controlled cannot be excluded. Diploaspis casteri
and Diploaspis muelleri are separated on little more than
the presence of dense pustulation (Poschmann et al. 2005).

As with Nahlyostaspis bergstroemi, the fourth preab-
dominal tergite is elongated. The overall picture therefore
is a strong relationship between Skrytyaspis and Nahlyo-
staspis relative to other diploaspidids.

F IG . 14 . Skrytyaspis andersoni gen. et sp. nov. PIN 5116/6.2.
Specimen under alcohol. Scale bar represents 2 mm.

A

B

F IG . 15 . Skrytyaspis andersoni gen. et sp. nov. PIN 5116/13. A,
specimen under alcohol. B, interpretive drawing. Abbreviations:
br, buckler rim; sh, shoulder; t2–4, tergites 2–4. Scale bars repre-
sent 2 mm.

MARSHALL ET AL . : NEW CHASMATASP ID IDS FROM SIBERIA 651



DISCUSSION

Chasmataspidid diversity

The new Siberian taxa greatly contribute to the number
of known chasmataspidid specimens. Previously only
seven chasmataspidid genera were known, of which three
were monotypic. With the discovery of this Siberian
fauna, that number now stands at ten. The palaeogeo-
graphical range is also extended for Diploaspis casteri and
Heteroaspis stoermeri, which were previously known only
from Germany. With the discovery of Octoberaspis ushak-
ovi on October Revolution Island and the nature of the
recovery of chasmataspidids from Norilsk, Siberia may
prove to have been an important habitat for chasmatas-
pidids and the potential for the discovery of new taxa is
high. The new material also reveals a diversity of mor-
phology that has been previously unrecognized for chas-
mataspidids, as well as providing new characteristics that
provide new information influencing a number of poten-
tial homology statements for similar structures between
chasmataspidids, eurypterids and xiphosurans.

Ophthalmic ridges. Ophthalmic ridges are confirmed to
be present on Heteroaspis stoermeri, making their tentative
identification on Octoberaspis ushakovi more likely. They
were formerly an autapomorphy of Xiphosura, but their
presence in diploaspidids is another character which sug-
gests a closer relationship between these two groups.

Prosomal appendages. Dvulikiaspis has the best preserved
example of a paddle in all Diploaspididae, even though
only five podomeres are preserved. No attached append-
age has ever been observed proximally to distally in a
chasmataspidid, but there are still similarities in the pad-
dle-shaped appendage VI with the Eurypterina from
which comparisons can be made. These paddles are
shown to be convergent by their opposing positioning of
the articulating podomere 7a. If the paddle-forming
inflated podomeres are sequentially the same, then this
suggests that the total podomere count would be eight.
The ninth podomere in the eurypterine paddle is much
reduced into a tarsal claw. A similar structure may have
been present on the diploaspidid paddle, but may have
been disarticulated or simply not preserved.

An appendage with a near-complete series of podo-
meres was assigned to Chasmataspis laurencii (Dunlop
et al. 2004), where it was observed to possess an exopod
similar to the flabellum on appendage VI in extant
xiphosurans and in the Silurian euchelicerate Offacolus
kingi. This appendage almost certainly would have com-
prised eight podomeres, suggesting that chasmataspidids
are in possession of a sixth appendage with eight podo-

meres (assuming that the flabellum was only present on
the posterior prosomal appendage pair). However, the
phylogenetic positioning of the chasmataspidid families
must first be ascertained before inferences can be drawn
from this observation. Diploaspis casteri has also been fig-
ured with a near-complete disarticulated appendage
(Størmer 1972; Dunlop et al. 2001). This pediform
appendage has been shown to possess eight podomeres,
but probably would have to represent either appendage
IV or V considering Diploaspis casteri has also been
observed to possess a paddle-shaped appendage VI.
Eurypterids commonly extend their appendages from
underneath the prosoma at the fourth podomere
(Kjellesvig-Waering 1948); if this is also the case for
diploaspidids, then this supports a podomere count of
eight for appendage VI in Dvulikiaspis menneri. These
points give a strong possibility that the podomere count
of the paddle-shaped appendage VI is indeed eight, which
is the plesiomorphic condition for chelicerates (Lamsdell
2013), and would therefore distance the chasmataspidids
from the eurypterids and arachnids.

Microtergite. The chasmataspidid microtergite was first
recognized by Anderson et al. (2000) in Achanarraspis
(although Dunlop et al. (1999) explicitly assumed the
presence of a microtergite in Forfarella, indicating that
the discovery of microtergites in chasmataspidids had
occurred, unpublished, some years prior). Microtergites
were subsequently identified in Diploaspis casteri (Dunlop
et al. 2001), with more explicit examples revealed in the
new taxa Octoberaspis (Dunlop 2002 – in which the mic-
rotergite is first recognized, although the manuscript
came into print sometime subsequent to the 1999, 2000
and 2001 papers), Loganamaraspis (Tetlie and Braddy
2004) and Diploaspis muelleri (Poschmann et al. 2005).
Finally, Dunlop et al. (2004) restudied the available mate-
rial of Chasmataspis and recognized a structure inter-
preted as an articulating facet by Caster and Brooks
(1956) as a microtergite. All previous authors had either
implicitly or explicitly considered the first tergite to be
separate from the fused buckler; however, the reconstruc-
tion of Dunlop et al. (2004, fig. 8) appears to show the
first tergite fully fused with the buckler. However, it is
clear by their discussion that they interpreted the first ter-
gite as being distinct from the fused buckler tergites.
Lamsdell (2013) argued for an opisthosomal affinity for
somite VII and its microtergite, which St!urmer and
Bergstr!om (1981) had considered to be prosomal in ori-
gin, but did not suggest that the microtergite was fused
to the buckler in chasmataspidids. The specimens
described herein clearly show the microtergite to have
greater affinity to the opisthosomal segments, regularly
being preserved associated with bucklers where the
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prosoma has become disarticulated. However, within
many of the fragmentary specimens presented herein,
the microtergite is inconsistently present, indicating that
the first preabdominal segment is likely unfused to the
rest of the preabdomen or to the prosoma, remaining
freely articulating between the two. Therefore, the
chasmataspidid buckler represents fusion of only the sec-
ond–fourth preabdominal segments and not the whole
preabdomen.

Shoulders. Within Limulus, it has been shown that free
lobes, present on the anterior of somite IX, originate as
the opisthosomal remnants of the partial encephalization
of the preceding somite VIII (Scholl 1977; Sekiguchi et al.
1982; Selden and Siveter 1987). Within Chasmataspidida,
an analogous structure to the free lobes is here confirmed
in members of the Diploaspididae, yet appears absent in
the Chasmataspididae. These ‘shoulders’ on the anterior
margin of the second preabdominal segment (somite
VIII) in the diploaspidids actually represent the modified
antero-lateral margins of somite VIII and therefore are
not homologous to the free lobes of limulines.

This leaves such structures confirmed in limuline
xiphosurids and Diploaspididae and absent in synziphos-
urines, nonlimuline Xiphosurida, Chasmataspididae and
Eurypterida. The most noticeable and probably relevant
characteristic shared by Limulina and Diploaspididae, to
the exclusion of the other groups, is the curvature of the
fused segments. The curvature of the lateral margins of
the segments results in the antero-lateral corners of the
buckler or thoracetron failing to occlude with the poster-
ior margin of the carapace, resulting in a marked gape.
The limuline free lobes and diploaspidid shoulders appear
to close this gape and maintain the anterior profile of the
preabdomen relative to taxa that retain planar segments.
These structures represent convergent developments prob-
ably in response to an architectural necessity, that is, the
need for occlusion at the prosomal/opisthosomal articula-
tion (see Gould and Lewontin 1979). Within Limulina,
the free lobe functions with the vaulted carapace and tho-
racetron to create a ‘chamber’ beneath the animal free of
sediment for the gills during burrowing (Eldredge 1970).
It is unclear, however, whether the structures in diploas-
pidids served a similar function.

Buckler rim. The buckler rim was hitherto a character
only present in the Chasmataspididae (Dunlop et al.
2004). The structure is now confirmed in the diploaspid-
ids Nahlyostaspis and Skrytyaspis, however differs in that
it is also present along the anterior margin and not just
the lateral margins as in Chasmataspis. In the light of the
fact that the origin of this structure has yet to be deter-
mined, the homology of these buckler rims is yet to be

confirmed, but appears likely. The purpose of the rim has
yet to be established; it is present on the ventral bucklers
of Chasmataspis laurencii, but does not affect the splitting
of these plates. Likewise, the splitting of the dorsal and
ventral bucklers of Diploaspis casteri, which has no buck-
ler rims, is uninhibited (D. J. Marshall pers. obs.). The
relatively high relief of the buckler rim in Nahlyostaspis is
noteworthy, especially in comparison with the flattened
rim of Chasmataspis laurencii. This structure is not pres-
ent outside of Chasmataspidida, so could be phylogeneti-
cally significant for both inter- and intrarelationships;
contributing towards the chasmataspid monophyly
hypothesis and also more closely relating Nahlyostaspis and
Skrytyaspis to Chasmataspis.

Epimera. Although epimera on the fourth abdominal seg-
ment are common in diploaspidids (Heteroaspis and Oc-
toberaspis), their presence on the third segment is unique
to Nahlyostaspis. These overlying and flattened epimera of
the third and fourth tergites are in stark contrast to the
relatively inflated segments. They could have served to
bolster the fusion of the buckler, whilst also increasing
the surface area of this functional pseudotagma, effec-
tively creating an axial region. This central ‘axial’ area of
high relief can be seen to incrementally taper posteriorly;
a similar reduction in the segment width can be seen
within Skrytyaspis.

Segment articulations. Where present (PIN 5116/1 and
5116/3), articulation facets on the anterior margin of each
postabdominal segment are straight and smooth and do
not display any pustules or scales. This is commonly seen
in eurypterids and is interpreted to be the plesiomorphic
condition for all Euarthropoda (Lamsdell 2011). They are
absent on the preabdomen of all diploaspidid specimens
examined (all except Octoberaspis specimens; D. J. Marshall
pers. obs.).

Chasmataspidid affinities

Both the Chasmataspididae and Diploaspididae were orig-
inally included within Xiphosura (Caster and Brooks
1956 and Størmer 1972, respectively), but have also been
since considered a distinct monophyletic (Dunlop and
Selden 1997), polyphyletic (Bergstr!om 1975) or paraphy-
letic (Tetlie and Braddy 2004) entity. Chasmataspididae
has always appeared more closely allied to Xiphosura,
whereas Diploaspididae has been more and more linked
to eurypterids. The Chasmataspididae share the posses-
sion of a broad carapace and genal spines with Xiphosura;
however, both of these characters are probably plesiomor-
phic and carapace genal spines have recently been recog-
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nized in juvenile eurypterids (Lamsdell and Selden 2013).
Since their original description, the Diploaspididae have
been shown to possess a metastoma and a genital
appendage (Dunlop 2002), both synapomorphies with
Eurypterida. The presence of ophthalmic ridges, a former
defining character of the Xiphosura (Anderson and Selden
1997), is also confirmed in the Diploaspididae. The infor-
mation gained from this Siberian fauna is obviously phy-
logenetically significant; however, in sharing new
synapomorphies with both eurypterids and xiphosurans,
the chasmataspidids must undergo a phylogenetic analysis
before their positioning, and indeed, monophyly can be
ascertained.
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