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Figure 1 Stratigraphical framework, showing the new global subdivisions of the Upper Ordovician on the left,
their correlation to the classical British system as used in Morocco in the middle, and the lithostratigraphic
divisions of the Moroccan Upper Ordovician on the right. Units relevant to the fossil site are indicated in grey
and the approximate position of the fossil locality is arrowed. Lithological units not present in the Erfoud
area are italicised and placed in brackets (compiled from Elaouad-Debbaj 1984, 1986; Destombes et al. 1985;
Fortey et al. 1995, 2000; Ogg 2004; Webby et al. 2004; Gradstein et al. 2005; Bergstrom et al. 2006).

is, like the preceding Upper Ktaoua Formation, not present
around Erfoud. The Moroccan Ordovician deposits terminate
with the Upper Second Bani Formation of Hirnantian (Late
Ordovician) age. If present near Erfoud, and in the greater
Tafilalt region, it would be difficult to identify this formation;
it is, however, possible that it is absent in the Tafilalt altogether
(Destombes et al. 1985). Nevertheless, the geological map of
the area (sheet nr 244 Tafilalt-Taouz, 1/200 000 scale), com-
piled in 1975 and printed in 1986 (Fetah et al. 1986), shows
three tiny outcrops of the Upper Second Bani Formation
directly to the east of Erfoud, although the legend of the map
states this formation is only present in the west of the sheet.

3.2. Stratigraphical assignment and age of the specimen

The fossil was discovered at a sandstone outcrop approxi-
mately 11 km to the east of the town of Erfoud, in southeast-
ern Morocco (Fig. 2a, b). Although the site is undoubtedly of
Late Ordovician age, a more precise stratigraphical assignment
is difficult. When plotted on the geological map (sheet nr 244
Tafilalt-Taouz, 1/200 000 scale), the outcrop falls into an area
denoted as belonging either to the Lower Ktaoua or Upper
Tiouririne Formations, which the map fails to differentiate
near Erfoud, indicating only a lithological difference between

sandstones and bryozoan limestones (Fig. 2b). The latter
obviously belong to the Upper Tiouririne Formation, but no
distinction is made on the map between the sandstones of the
Lower Ktaoua and Upper Tiouririne Formations. Using chiti-
nozoans from a thin, shaly intercalation, Samuelsson et al.
(2001) dated the site to the Rawtheyan (middle Ashgill/late
Katyan, Late Ordovician), erroneously placing it in the Upper
Ktaoua Formation, which is actually not present in the area.
The microfossil assemblage recovered is indicative of a largely
Ashgill age, but the detailed attribution of the sample to the
Rawtheyan by Samuelsson et al. (2001) actually hinges on
poorly preserved chitinozoan specimens referred with some
doubt to Ancyrochitina Tmerga (Jenkins 1970). Therefore, a
precise attribution of the chitinozoan sample to the Rawtheyan
is overly ambitious, but a general Ashgill age can be retained.
A more precise age and stratigraphical attribution for the site
can be obtained by examining trace fossils and mineralogical
evidence. At the locality, large, cord-like trace fossils are
present. Nils Spjeldnaes (pers. comm. 2001) noted that this
type of trace fossil occurs in the area E of Erfoud from 30 m to
0-3 m below the contact between sandstones and the bryozoan
limestones belonging to the Upper Tiouririne Formation.
In their description of Rosfacrinus robustus, Le Menn &
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Figure 2 Geographical location of Ordovician surface outcrops in Morocco: (a) overview map (adapted from
Destombes et al. 1985); (b) map showing the geographic location of Ordovician surface outcrops east of Erfoud,
according to the geological map of the area (sheet nr 244 Tafilalt-Taouz, 1/200 000 scale). Cross-hairs indicate the

position of the site where the aglaspidid was found.

Spjeldnaes (1996) accepted that these sandstones, containing
the cord-like trace fossils, also belong to the Upper Tiouririne
Formation. The medium to dark grey colour and the mica-
ceous content of the sandstones at the site are also consistent
with the assumption that the locality would belong to the

Upper Tiouririne Formation, as mentioned previously. Com-
bining the available evidence, it seems justified to attribute the
fossil site to the Upper Tiouririne Formation, which, as per
Elaouad-Debbaj (1984, 1986), has a middle to late Pusgillian
(early Ashgill/middle Katyan, Late Ordovician) age (Fig. 1).
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Figure 3 Single specimen NMS G.2005.103.1 of Chlupacaris dubia gen et sp. nov., Pusgillian, Ashgill/Katyan,
Upper Ordovician, Upper Tiouririne Formation, ca. 11 km E of Erfoud, southeastern Morocco: (a) top view with
all three levels present; (b) top view of same specimen, upper level removed. Scale bar=10 mm.
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Figure 4 Camera lucida drawings of the single known specimen: (a) top view, all levels present; (b) top view, upper
level removed. Scale bar=10 mm. Abbreviations defined in the text (section 2.1).
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3.3. Co-occurring fauna and depositional environment

The fossil comes from a 30-50 cm thick, massive, medium
grained sandstone layer, forming the highest exposed level at
the site. The upper surface of the sandstone layer often exhibits
well developed wave-ripples, and exhibits mud cracks in vari-
ous places. A level of fine sandstones about 10 m below the
aglaspidid occurrence has yielded several specimens of
asaphid, dalmanitid and odontopleurid trilobites, together
with crinoids and ophiuroids. The fauna at the level from
which the aglaspidid was collected is, however, much less
diverse. It is entirely dominated by soft-bodied eldonioids,
which are an intriguing group of problematic Palacozoic
discoidal organisms with possible affinities to the echinoderms
(Friend 1995; Friend et al. 2002) or the lophophorates (Chen
et al. 1995; Dzik et al. 1997). The Moroccan fossils, which were
mistakenly placed in the Cambrian genus Eldonia Walcott,
1911, by Alessandrello & Bracchi (2003), locally occur in high
densities at this, and a number of other sites in the area. Some
of the eldonioids show evidence of shrinkage. Other fossils at
the site are much rarer and include: a problematic, soft-bodied
discoidal organism resembling the Cambrian ‘Ediacaria’
booleyi Crimes, Insole & Williams, 1995 from Ireland
(MacGabhann et al. in press); large conulariids; orthid bra-
chiopods; trinucleid trilobite fragments; plumulitid machaerid-
ian sclerites; and crinoid columnar fragments. Various trace
fossils, probably produced by vermiform organisms, are also
present at the site. From this evidence, it appears that the
massive sandstones preserving these fossils were deposited in a
very shallow, highly energetic and well aerated open marine
environment. The presence of mud cracks in the sediment, and
desiccation wrinkles in the eldonioids, points to episodes of
sub-aerial exposure, emphasising the extremely shallow, possi-
bly inter-tidal nature of the sediments. It is likely that some of
the fossils preserved at this level, such as the trinucleids, are
not in situ, but were washed in from deeper water. The
marginal nature of this environment could explain the rela-
tively low diversity of the fauna, dominated by eldonioids. The
preservation of soft-tissues in these shallow marine sandstones
is puzzling, and together with the massive, structureless nature
of the level preserving them, points to episodes of very rapid,
possibly storm-influenced, burial.

3.4. Preservation

Most of the disarticulated remains of the specimen are pre-
served as internal moulds in the sandstone, with some tergite
fragments represented by external moulds. Fragments of other,
originally calcified, organisms directly associated with the
specimen have largely undergone decalcification. Some of the
original calcium carbonate was apparently partially converted
into a patchily distributed, reddish mineral of possible iron
carbonatic composition. Preservation of the arthropod speci-
men appears to be broadly similar to that of the associated
fossils, indicating its cuticle was most likely also calcified.
Because the specimen is almost completely disarticulated, it
probably represents either a fresh exuvium, or an individual
that died shortly before burial. Total disarticulation was
probably caused by water currents in the high energy environ-
ment and the actions of scavengers and bioturbators. How-
ever, since all sclerites and sclerite fragments are still in close

association, the specimen must have been buried very shortly
after the onset of disarticulation. Otherwise the remains would
have quickly become broken up and spread out over a large
area. Synsedimentary movements in the water-saturated sands
after burial may also have contributed to the disarticulation of
the fossil.

4. Systematic description

Phylum Arthropoda von Siebold, 1848
Order Aglaspidida s.s. Raasch, 1939

Emended diagnosis. Small to medium-sized arthropods
having a mineralised cuticle. With the possible exception of a
hypostomal suture, cephalon totally devoid of visible ecdysial
sutures. Four, or possibly five, cephalic appendage pairs
present. First appendage pair antenniform, all postantennal
appendages of similar, undifferentiated construction. Append-
ages lacking below undifferentiated terminal three or four
trunk tergites. All trunk tergites free, with pleurae, and carry-
ing a pair of anterior tergal processes. Postventral plates
located beneath posterior tergites and base of tailspine
(emended from Hou & Bergstrom 1997).

Included taxa. Aglaspella granulifera, Aglaspis barrandei,
Aglaspis spinifer, Aglaspoides sculptilis, Chlupacaris dubia gen.
et sp. nov., Chraspedops modesta, Cyclopites vulgaris, Flobertia
kochi, Glyptarthrus vulpes, Glyptarthrus simplex, Tremaglaspis
unite, Uarthrus instabilis.

Genus Chlupacaris gen. nov.

Diagnosis. As for species.

Type and only species. Chlupacaris dubia gen. et sp. nov.

Derivation of name. Conflation of Chlupac, in honour of
the late Dr Ivo Chlupac, foremost specialist on the arthropods
and geology of the Palaeozoic of Bohemia, and caris, from
Latin, meaning ‘crab, shrimp’, and indicating the arthropod
affinity of the fossil. Gender feminine.

Chlupacaris dubia gen. et sp. nov.
(Figs 3-8)

- 2001 ‘possible aglaspidid’ Samuelsson, Van Roy & Vecoli,
p. 365, 367.

Diagnosis. Medium-sized aglaspidids with a highly convex
cephalon and moderately convex trunk. Cephalon approxi-
mately twice as wide as long, with a broadly rounded anterior
margin, rounded genal angles and a faint glabellar area.
Ovolunate eyes located subcentrally on cephalon, connected
by slightly raised, broad ridge, medially widening to an
interocular bulge. Anterior cephalic doublure divided by deep
median notch. Probably conterminant hypostome with central
ovoid body and large lateral wings present. Tergites slightly
curved, with weakly expressed pleural spines, and arranged
subparallel to each other. Axial region slightly raised and
poorly delimited. Tailspine short. Complete postventral plates
subcircular and pointed posteriorly.

Derivation of name. From Latin, dubius, -a, -um, meaning
‘doubtful’.

Holotype. NMS G.2005.103.1, kept in the collections of
the National Museums of Scotland, Edinburgh, U.K.

Figure 5 Single specimen NMS G.2005.103.1 of Chlupacaris dubia gen et sp. nov., Pusgillian, Ashgill/Katyan,
Upper Ordovician, Upper Tiouririne Formation, ca. 11 km E of Erfoud, southeastern Morocco: (a) top view of
third, lowermost level; (b) right-lateral view of cephalon; (c) left-lateral view of cephalon; (d) anterior view of
cephalon, with sideview of postventral plate; (¢) hypostome and tailspine, upper level, lighting from the upper
right; (f) silicone cast of external mould of inclined anterior cephalic doublure; (g) frontal view of external mould
of cephalic doublure. Scale bar in (a)-(d); 10 mm; in (e)—(g) 5 mm.
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Figure 6 Interpreted camera lucida drawings: (a) lower, third level of specimen, top view; (b) right side; (c) left
side; (d) anterior view; (e) drawing of silicone cast of doublure. Scale bar in (a) — (d)=10 mm, in (e) 5 mm.
Abbreviations defined in the text (see section 2.1).
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Additional specimens. None

Type locality. Site located ca. 11 km east of Erfoud, south-
eastern Morocco (Fig. 2b), and belonging to the Upper
Tiouririne Formation. Exact coordinates of the site are avail-
able from the author.

Age. Based on Elaouad-Debbaj (1984, 1986) it follows
that the Upper Tiouririne Formation, from which the speci-
men was collected, ranges from the middle to the uppermost
Pusgillian (early Ashgill/middle Katyan, Late Ordovician).

Description of NMS G.2005.103.1. Specimen almost com-
pletely disarticulated, with fragments exposed on three levels
(Figs 3a, b, 4a, b, 5a, 6a) within matrix. Separation between
upper and lower levels ca. 65 mm. Middle level exposed in
front of cephalon without need for removing upper level.

Cephalon cracked from anterior to posterior, slightly to left
of midline. Part of anterior cephalic margin missing over
2-4mm. On right side, near anterior margin, surface of
cephalon damaged over area of ca.0-75 cm? Deformation
limited, left lateral side of cephalon pushed slightly downward,
posterior edge also slightly crushed in places. Cephalon
width=61 mm, length=33 mm, height=28 mm. Anterior mar-
gin broadly rounded in top view (Figs 3a, 4a), exhibiting subtle
compound curvature with central median third of margin
curving slightly stronger than anterolateral margins. Specimen
lacking genal spines, having blunt genal angles. Posterior
margin almost straight, centrally curving upward and forward,
forming shallow indentation with width=15 mm. Lateral out-
line of cephalon resembling quarter circle, with faint bulge
starting about 5 mm above anterior margin (Figs 5b, c, 6b, ¢).
In anterior view (Figs 5d, 6d), upper outline of cephalon gently
curved over most of its length, but curvature becoming stron-
ger laterally with sides of cephalon sloping almost vertically.
Pair of eyes located subcentrally on cephalon,
length=ca. 5 mm. Eyes set 18 mm apart and connected by
faint, centrally raised, axially-widening ridge. Inconspicuous
glabella extending behind and in front of eyes, tapering
rearward, disappearing shortly before meeting posterior
cephalic margin and extending forward to ca.9 mm from
anterior margin. Glabella surrounded anteriorly by shallow
depression and divided by faint transverse depression 5 mm
from tip. Pair of faint, 6-7 mm long, elongated depressions
flanking glabella on same level as division. Second pair of more
or less circular depressions, diameter =3-4 mm, situated below
depressions, at same height as tip of glabella. Below glabella,
lower 5 mm of middle third of anterior margin bulging slightly
forward. Lateral margins of cephalon with more or less
flattened marginal rims. Raised line running parallel to pos-
terior cephalic margin visible to left of weak axial indentation.
Ventrally, anterior doublure largely missing, but preserved on
left side. External mould of doublure located on middle level
(Figs 3b, 4b, 5f, g, 6¢), showing doublure to be oriented at
angle of ca. 60°-70° to the horizontal, and subdivided by
deep, 5-7 mm wide, median notch.

Five fragmentary tergites visible behind cephalon, on upper
level (Figs 3a, 4a). Well-preserved fragment of tergite viewed
from underside (Fig. 7a) lying closest to cephalon,
length=12-5mm, preserved width=ca.30 mm. Fragment
weakly curved in both horizontal and vertical planes. Margin

farthest away from cephalon thinnest. Median depression
running along entire preserved width of tergite. Approximately
2mm behind and parallel to linear depression, other faint
depression observable along two-thirds of preserved width.
Behind this tergite fragment lay the weathered partial remains
of two other articulated tergites (Fig. 7b), preserved as external
moulds of the upper side. Fragments deformed by local
small-scale fracture. Length of tergites difficult to measure, but
estimated to be between 13mm and 15mm. Preserved
width=ca. 30 mm. Transverse linear impression running
approximately along middle of preserved width evident on
both external moulds. Other linear depression surrounded by
faint remains of tergite fragment lying to right of these
fragments (Fig. 7c). Preservation too poor for any useful
measurements. Two small tergite fragments lying on middle
level (Figs 3b, 4b), in front of cephalon and to right of it
(Fig. 7d, f), both carrying distinct, sharp ridge. Removal of
upper level revealing complete pleura near the edge of matrix,
ca. 70 mm behind external mould of the doublure (Fig. 7e).
Length=11 mm, greatest preserved width=ca. 33 mm. Pleura
slightly curving in vertical plane, anterior and posterior mar-
gins almost straight; posterior margin most strongly curved
near distal tip of the pleura, where it meets moderately curving
lateral pleural margin. Narrow transverse ridge running along
entire width of pleura, recurving near lateral pleural margin.
Faint furrow possibly present behind ridge, but due to some
minor deformation difficult to resolve unequivocally. Faint,
depressed line ca. 2 mm behind raised ridge, running parallel to
it for most of preserved width of pleura. Lowermost third level
(Figs Sa, 6a) showing complete tergite together with fragments
of three other tergites. Complete tergite flattened, showing
deformation in central area and near lateral margins (Fig. 7)),
length=8.5 mm, width=35 mm. Anterior and posterior mar-
gins straight, running parallel to each other. Posterior margin
with faint indentation medially, curving slightly distally, where
meeting lateral pleural margins. Lateral margins curving gently
backward. Tergite fragment with moderate vertical curvature,
most pronounced near lateral margins, embedded at angle of
ca. 45° in front of complete tergite (Fig. 7i). Situated in front
of this fragment is other tergite, approximately two-thirds
complete (Fig.7g), posterior margin mostly broken away.
Length=ca. 6:5 mm, total preserved width=ca. 27 mm. Ante-
rior margin straight. Partly-preserved right lateral margin
curving backward. Axial region 5Smm wide, raised. Faint
median transverse ridge present. Other tergite fragment to
right of this cluster of three tergites (Fig. 7h).

Tailspine and hypostome (Fig. Se) situated on top level,
behind cephalon, to right of well preserved tergite fragment,
lying in close proximity to each other. Crack running through
both sclerites. Tailspine (Figs Se, 71) having wide base and
showing thickened marginal rim, total length=16 mm.
Blunt anterior of tailspine carrying a pair of short, stout,
antero-laterally directed processes.

Hypostome situated directly behind tailspine, partially
overlapping it (Fig. 5e). Anterior of oval central body of
hypostome removed but outline compacted onto tailspine.
Anterior of hypostome central body pointed, posterior
rounded. Length of central area=ca. 13 mm. Central body

Figure 7 Single specimen NMS G.2005.103.1 of Chlupacaris dubia gen et sp. nov., Pusgillian, Ashgill/Katyan,
Upper Ordovician, Upper Tiouririne Formation, ca. 11 km E of Erfoud, southeastern Morocco: (a)-(j) tergite
and tergite fragments. Especially noteworthy are: (b) weathered external mould of two partial tergites in
articulation; (e) pleural fragment, showing limited curvature of pleurae; (g) tergite fragment, showing slightly
raised axis; and (j) virtually complete tergite, showing straight outline and limited curvature; (k) postventral plate,
lighting from the right; (1) tailspine, lighting from the upper right, with base of tailspine situated on the left; (m)
orthid brachiopod and (n) machaeridian sclerite associated with Chlupacaris. (a)—(c) and (1) upper level, (d)—(f),
(k), (m) and (n) middle level, (g)—(j) lower level. Scale bar in (a)—(j), (m) and (n) 5 mm; in (k) and (1) 2-5 mm.
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carrying pair of postero-laterally directed ‘wings’, total width
of plate including ‘wings’=ca. 24 mm.

Postventral plates situated immediately in front and to the
right of cephalon, on middle level (Fig. 7k). Length=14 mm,
maximum width =12-5mm, greatest height=ca.2-5 mm.
Plates having moderate convexity, greatest at rear, joined
along almost straight inner margin, outer margin semicircular,
becoming pointed at rear.

Remarks. In general outline, Chlupacaris most strongly
resembles the Late Cambrian aglaspidid Flobertia kochi from
Wisconsin. Although differing considerably in overall outline,
the presence of a trilobite-like ‘winged’ hypostome is shared by
both Chlupacaris and Tremaglaspis unite from the Tremadoc/
Tremadocian (Early Ordovician) of Wales. In addition, the
Early Cambrian aglaspidid-like arthropods Kodymirus vagans
and Kockurus grandis from Bohemia have hypostomes that are
extremely similar to that of Chlupacaris.

5. Interpretation and reconstruction

Although the specimen is disarticulated, individual parts are
preserved well enough to allow the exoskeleton to be pieced
together. A reconstruction of the dorsal aspect of the animal is
given in Figure 8a, while Figure 8b shows a left lateral view
and Figure 8c represents the frontal aspect of the arthropod.
The entire exoskeleton appears to have been smooth, lacking
any sculpture in the form of pustules or pits, but this may be an
artefact, caused by the coarse sediment in which the fossil is
preserved. Anyhow, if any ornament was present in life, it must
have been quite inconspicuous. As reported earlier, the pres-
ervation of the specimen is comparable to that of other,
originally calcified fossils associated with it (Fig. 7m, n),
indicating the exoskeleton was mineralised, probably having
been calcified.

5.1. Cephalon

Because of the limited deformation of the specimen, the
reconstructed general shape of the cephalon does not differ
significantly from the description above. The subtle compound
curvature of the anterior cephalic margin, as seen in top view,
and the slight anterior bulge visible in lateral view correspond
to the forward bulging of the median part of the lower 5 mm of
the anterior margin. The ovolunate eyes obviously had greater
relief in life, being somewhat crushed on the specimen, and
were most probably compound. The function of the median
bulge between both eyes is unclear; it may have carried a pair
of median ocelli. Median eyes are usually regarded as typical
for chelicerates, but are also known from other arthropods,
such as the marrellomorph Mimetaster hexagonalis (Stiirmer &
Bergstrom 1976). Raw (1957) suggested that median eyes
might have been present in the aglaspidid Chraspedops
modesta. The marginal cephalic rims of Chlupacaris are appar-
ently only limited to the lateral margins of the cephalon, and
do not seem to continue over the anterior or posterior margins.
They may represent structural reinforcements (Raasch 1939;
Hesselbo 1992). The faint depressions flanking the glabella
probably indicate sites of muscle attachment. The sclerotised,
winged hypostome described above covered a backward-facing
mouth. It resembles the hypostome of trilobites in overall
shape, but lacks any dividing furrows or border (Fig. 8e, g).
Because the specimen is disarticulated, the mode of attachment
and orientation of this hypostome cannot be observed directly.
The arrangement of the doublure (Fig. 8d, e), however, sheds
light on these questions. The median notch of the doublure
clearly accommodated the central anterior extension of the
plate, as shown in Figure 8e. This close association between the

hypostome and the doublure suggests that the hypostome
probably was attached to the inner margin of the doublure,
representing the conterminant hypostomal condition, as
defined by Fortey & Chatterton (1988) for trilobites. The
subvertical orientation of the anterior cephalic doublure fur-
ther indicates the hypostome must have been oriented at a
similar upturned angle. The elongated depressions flanking the
glabella dorsally coincide with the position of the ‘wings’ of the
ventral hypostome, and may be associated with musculature
connecting to this structure, to the mouth or to the anterior
part of the gut. The gentle bulging of the lower central part of
the cephalon, resulting in the subtle compound curvature of
the anterior cephalic margin, also coincides with this hypo-
stome. The faint, discontinuous line flanking the median
upward and inward curve of the central part of the posterior
cephalic margin may indicate the presence of a narrow pos-
terior doublure. With the probable exception of a hypostomal
suture, no other visible ecdysial sutures appear to have been
present on the cephalon; it probably split open along its entire
anterior margin during ecdysis, as is the case in modern-day
horseshoe crabs.

5.2. Trunk

From a number of observations, the shape and arrangement of
the trunk tergites can be deduced: (1) the largely straight
posterior cephalic margin only allows for a faint curvature of
the first trunk tergite; (2) the larger fragments of the anterior
tergites on the upper and middle levels show only very limited
curvature; (3) the two most complete posterior tergites exposed
on the lower level also clearly exhibit nearly straight anterior
and posterior margins. From this, it follows that all the trunk
tergites had a similar, largely straight shape, being differenti-
ated only by a gradual reduction in size posteriorly and that all
tergites must have been arranged subparallel to each other. In
the vertical plane, the pleurae had only a moderate curvature,
as shown by the tergites preserved on the middle and lower
levels. Hence, since the sides of the cephalon slope almost
vertically in their lower half, the first tergite can have extended
only about halfway down the sides of the cephalon, conferring
to its gently curving upper part, as visible in the lateral
reconstruction (Fig. 8b). As a result, the trunk was much less
convex than the cephalon. The complete tergites of the lower
level show there was a faintly raised, poorly delimited axial
region. In the case of the partial tergite that is embedded at an
angle, the raised axial region may have become somewhat
accentuated by lateral compression. Further evidence for this
axial region is presented by the indention and upward curve of
the median posterior margin of the cephalon, which served to
accomodate the faint axis when the body was flexed upward. A
depression on the underside corresponds to the pronounced
transverse ridge running dorsally across each tergite. It repre-
sents an articulating ridge as seen in other aglaspidids. Behind
this ridge is a faint depression, which is at its widest and most
pronounced near the lateral margins of the pleurae. The
function of the articulating ridge is not entirely clear, but in
aglaspidids it probably served to limit movement of the tergites
(Hesselbo 1992). In order for this articulating ridge to have
been effective, an overlap of at least one third of the length of
each tergite is needed in Chlupacaris. This large overlap and
the corresponding large articulating flange allowed great flex-
ibility of the body. Nevertheless, enrolment was probably
impossible for Chlupacaris. Because the only available speci-
men is disarticulated, the total number of tergites cannot be
established with certainty. In all, there are eleven tergites or
tergite fragments present in the specimen, but the possibility
that some fragments actually belong to the same tergite cannot
be excluded. However, the size of the base of the tailspine
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Figure 8 Reconstructions of Chlupacaris dubia gen et sp. nov.: (a) dorsal; (b) lateral. Note that the lateral aspect
of the tailspine is uncertain and may have been thicker; (c) anterior view; (d) ventral view of anterior cephalic
doublure with median notch; (e) ventral view of anterior cephalic doublure with inclined hypostome in place; (f)
postventral plates; (g) hypostome. Scale bar in (a)-(e)=10 mm; in (f) and (g) 5 mm.
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makes the presence of less than ten tergites unlikely, whilst at
the same time leaving space for no more than twelve tergites
with pleurae at most, as can be seen from the dorsal recon-
struction (Fig. 8a). It follows that most probably the trunk of
Chlupacaris comprised between ten and twelve tergites with
pleurae. It cannot be excluded that behind the last tergite with
pleurae a number of (semi)cylindrical sclerites preceded the
tailspine, as is the case for example in Emeraldella, but this
seems unlikely. The reconstructions (Fig. 8) chose to depict the
animal with an eleven-segmented trunk.

The broad tailspine was rather short with thickened lateral
margins. The anterolateral protrusions at its base represent
points for muscle attachment. One side of the tailspine was flat,
as seen in the specimen. The other side, and hence the
cross-section of the tailspine, is unknown. The cross-section
may have been flattened or relatively high, and may have
been triangular, as is the case in extant horseshoe crabs. In
addition to the large overlap between tergites, the short
tailspine suggests a marked dorso-ventral flexibility, as the
animal clearly did not rely on this structure to right itself.
Dorso-ventral flexibility may have been comparable to that of
synziphosurines, and was probably greater than that of many
long-tailed aglaspidids such as Aglaspis and Glyptarthrus.

Paired postventral plates were located (Fig. 8f) below the
last two tergites and the base of the tailspine.

5.3. Mode of life

The specimen may not be preserved in its living environment
but may have been washed in from deeper water, as is
probably the case for the trinucleid fragments from the same
horizon. Because nothing is known about the appendages of
Chlupacaris, its mode of life is uncertain. Its general shape
indicates a benthic arthropod and its smooth exoskeleton
suggests it was able to burrow through the substrate, with the
high-set eyes protruding above the sediment. The contermi-
nant, upward-directed hypostome, together with the highly
convex cephalon and much less vaulted trunk, may indicate a
filter feeder, as has been suggested for trilobites of similar gross
morphology (Fortey & Owens 1999). Trilobites using a cepha-
lic filter-feeding chamber often have elaborate genal spines, but
some of the supposed filter-feeders like Illaenus lack these
structures. Therefore, the lack of genal spines in Chlupacaris
does not necessarily exclude a filter-feeding mode of life. In this
scenario, the appendages would stir up sediment in the cavity
formed by the strongly convex cephalon and the upturned
hypostome, with the less convex trunk being kept suspended.
Chlupacaris may also have lived with its cephalon lying hori-
zontal on the sea floor and with the trunk burrowed at an
angle in the sediment, as postulated for the trilobites Bumastus
(Bergstrom 1973) and Stenopilus (Stitt 1976). The forward-
sloping arrangement of the rear cephalic margin in lateral view
of Chlupacaris lends some support to this notion, but it should
be noted that no proof exists for this mode of life in either
Bumastus or Stenopilus (Whittington 1997). A filter-feeding
strategy for at least some aglaspidids may be supported by the
rusophyciform trace fossil Raaschichnus gundersoni Hesselbo,
1988. Schmalfuss (1981) formulated a hypothesis in which
rusophyciform trilobite burrows are interpreted as filter-
feeding chambers. Although probably not generally applicable
(Fortey 1985; Seilacher 1985), this theory may hold true for a
number of rusophyciform traces. Little is known about the
mode of life of other aglaspidids, but they are usually consid-
ered to have been generalist predators or scavengers (Hesselbo
1992). A predatory mode of life is often considered primitive
(e.g. Fortey & Owens 1999). Since Chlupacaris is one of the
youngest aglaspidids known, a more derived filter-feeding
life-style for this arthropod is conceivable.

6. Morphological comparison of Chlupacaris with
other aglaspidids and aglaspidid-like arthropods

Based on the new provisional set of aglaspidid characters
proposed in section 1.3, the demonstrable presence of charac-
ters 1 (mineralised exoskeleton), 2 (lack of visible ecdysial
sutures other than hypostomal suture), 6 (possession of
postventral plates) and 8 (trunk terminating in a tailspine) in
Chlupacaris favours placement in the Aglaspidida s.s.

Of all aglaspidids s.s. and aglaspidid-like arthropods
from the Cambrian of North America discussed by Raasch
(1939) and Hesselbo (1989, 1992), Chlupacaris most strongly
resembles the genera Tuboculops, Flobertia, Setaspis and
Cyclopites in that they all lack genal spines and exhibit
rounded genal angles. Tuboculops and Setaspis are known only
from isolated cephala and these differ mainly from the cepha-
lon of Chlupacaris in the anterior placement of the eyes.
Cyclopites was probably more laterally flattened and had an
anteriorly located bilobed eye-node, which differs strongly
from the median eyes seen in Chlupacaris. The new fossil most
strongly resembles Flobertia. Only the anterior tergites of
Flobertia are known but these seem to be similar to the tergites
as reconstructed for Chlupacaris, being only moderately curved
and lacking pleural spines. The cephalon of Flobertia differs in
having smaller and slightly more anteriorly located eyes. The
small, poorly preserved aglaspidid-like arthropod Quasimodas-
pis brentsae from the Upper Cambrian of Nevada (Waggoner
2003) resembles Chlupacaris in lacking genal spines and appar-
ently having a rather short tailspine. It differs from Chlupacaris
by its sharper genal angles, its short pleural spines, its tergites
becoming progressively more recurved towards the rear and its
pitted surface texture. Jago & Baillie (1992) reported a small
Late Cambrian aglaspidid-like arthropod from Tasmania.
Only one poorly preserved specimen is figured, which seems to
resemble Chlupacaris in the lack of genal and pleural spines
and the parallel arrangement of the trunk tergites. Differences
concern the more anteriorly placed eyes, the possibly sharper
genal angles and the possession of a long tailspine. It should be
noted that this arthropod seems to have had twelve trunk
tergites.

The presence of a hypostome separates Chlupacaris from all
aglaspidids s.s. and aglaspidid-like arthropods discussed
above. Both Briggs et al. (1979) and Hesselbo (1992) reported
the presence of a labrum in Aglaspis spinifer, but this structure
is clearly different from the plate in Chlupacaris. However,
Fortey & Rushton (2003) recently described the highly atypical
aglaspidid ~ Tremaglaspis  unite  from the Tremadoc/
Tremadocian (Early Ordovician) of Wales as possessing a
large, well developed hypostome. Tremaglaspis has a long,
spatulate cephalon without eyes and an elongated body with a
broad axis and short pleurae. As in Chlupacaris, the tailspine is
short and the exoskeleton is devoid of ornamentation. The
paired postventral plates, which Fortey & Rushton (2003)
consider to be most likely fused along the midline, are quite
similar in shape to those of Chlupacaris, having a pointed
posterior cleft but being slightly more elongated. At first sight,
the hypostome of Tremaglaspis is rather different from that of
Chlupacaris. However, the central body of both plates is
similar, the main difference lying in the very small wings in
Tremaglaspis as compared to the strongly developed lateral
wings in Chlupacaris. The central body of the hypostome
of Tremaglaspis is also proportionately larger than that of
Chlupacaris. The greater overall size of the hypostome of
Tremaglaspis may indicate it handled larger food items than
Chlupacaris with its supposed filter feeding mode of life.
Notwithstanding their differences, the presence of a hypostome
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in both Tremaglaspis and Chlupacaris may point to a
sistergroup relationship between these arthropods.

Two other arthropods exhibiting a ‘winged’ hypostome
closely associated with the doublure and very similar to that of
Chlupacaris are the problematic arthropods Kodymirus vagans
(Chlupa¢ & Havlicek 1965; Chlupac 1995) and Kockurus
grandis (Chlupac 1995) from the Lower Cambrian of the Czech
Republic. Both Czech arthropods differ from Chlupacaris in
the shape of the cephalon, presence of pleural and dorsal
spines and a longer tailspine. Nevertheless, the ‘winged” hypo-
stome of Kodymirus is highly similar to that of Chlupacaris, the
only notable difference being the lack of a pointed median
protrusion in the former. In Kockurus too, the hypostome is
very similar to that of Chlupacaris, differences being the lack of
a pointed median protrusion, and the more strongly recurving
wings. Although a convergent origin for the hypostomes of
Kodymirus and Kockurus on the one hand and Tremaglaspis
and Chlupacaris on the other currently cannot be excluded,
their great similarity may indicate a closer relationship
between these arthropods than generally realised.

Another problematic arthropod from the Czech Republic
showing some resemblance to Chlupacaris is the Late
Ordovician Zonoscutum solum (Chlupac 1999a, b). Zonoscu-
tum is only known from a single cephalon. It shows a convexity
comparable to that of Chlupacaris and has a similar lateral and
frontal outline. Zonoscutum differs in having a procurved
posterior cephalic margin, pointed genal angles, more
anteriorly positioned eyes, which are also smaller, and the
presence of three pairs of faint furrows flanking the vague
glabellar area behind the eyes. Chlupac (1999a) considered that
the exoskeleton of Zonoscutum was mineralised.

Other genera showing some similarity to Chlupacaris are
Paleomerus from the Lower Cambrian of Sweden (Stermer
1956; Bergstrom 1971; Tetlie & Moore 2004) and Poland
(Ortowski 1983) and Strabops from the Upper Cambrian of
North America (Beecher 1901; Clarke & Ruedemann 1912;
Raasch 1939). Their general outline is aglaspidid-like and they
most probably had a mineralised exoskeleton. Paleomerus was
originally considered to differ from Strabops in having an
additional twelfth triangular tergite in front of the tailspine,
but Tetlie & Moore (2004) have shown this is not the case,
making both genera virtually indistinguishable, a fact com-
mented on earlier by Dunlop & Selden (1998). Both genera
resemble Chlupacaris in having a short, broad triangular
tailspine. The tailspines of Paleomerus and Strabops are,
however, much more massive than that of Chlupacaris. Other
differences include the shorter, less convex cephalon with its
recurving rear margin, the widely spaced anterior position of
the eyes and the complete lack of any kind of trilobation of the
exoskeleton. The Chinese Parapaleomerus sinensis Hou,
Bergstrom, Wang, Feng & Chen 1999, from the Lower
Cambrian of Chengjiang is broadly similar to Paleomerus and
Strabops, but it is distinguished from the latter by its lack of
eyes and by having only ten tergites anterior to the tailspine.

Chlupacaris does not seem to particularily resemble any of
the problematic Ordovician arthropods described by Cernysev
(1945, 1953) or Andreeva (1957), but the Russian material is
very incomplete and was rather poorly described and figured
by the original authors.
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