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A trilobite faunule from the Lower Ktaoua Formation at Jbel Tijarfaouine in the eastern part of the Anti-Atlas, Mo-
rocco, includes well-preserved articulated specimens of the trinucleid Declivolithus titan sp. nov., the cyclopygids
Cyclopyge sibilla Šnajdr, 1982, and Heterocyclopyge sp., and the dalmanitid Eudolatites cf. E. galafrea Šnajdr,
1987. All species are either most closely related to or are conspecific with taxa from the middle Katian Bohdalec
Formation in the Prague Basin, consistent with a supposed Katian age for the middle part of the Lower Ktaoua For-
mation and amplifying the close palaeogeographic affinities of Perunica and west Gondwana in the Late Ordovi-
cian. However, the Cyclopyge species is much more widespread, consistent with its supposed pelagic life habit, being
found as far eastwards as Xinjiang Province, China. • Key words: Morocco, Ordovician, Katian, Declivolithus,
Cyclopyge.
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Morocco has yielded many well preserved Cambrian,
Ordovician and Devonian trilobites over the last three
decades, and the small fauna described in this paper adds
further to our knowledge of the later Ordovician. Trilo-
bites have been recognised from the Ktaoua Group in the
Anti-Atlas for more than fifty years (see Destombes
1972), and recently some of them have been made avail-
able on the open market, but no formal descriptions have
been given of the trinucleids and cyclopygids. The names
that have been used informally recognise that these trilo-
bites are related to species from the classical successions
of Bohemia. For example, the second known species of
the spectacular trinucleid Declivolithus Přibyl & Vaněk,
1967, is described in this paper, the type and only other
known species occurring in the Prague Basin. Excellent
complete specimens from Morocco supplement know-
ledge of its distinctive features. Much of the older Czech
literature is not available online, so this paper also serves
as a summary of some of the previous work on these
taxa. Trilobites have proved of particular service in palaeo-
geographical studies, and the Lower Ktaoua fauna as
a whole is relevant to the recognition of the extent of the
Ordovician Gondwana palaeocontinent and its fringing
terranes.
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The specimens described herein were collected by Lahcen
Ozammu and sons, who prospect for fossils in the region
near their farm in Kaïd Rami (El Kaid Errami), Er Rachidia
administrative district, in the eastern part of the Anti-Atlas.
The trilobites were excavated from the Lower Ktaoua For-
mation on Jbel Tijarfaouine (31°20´N, 04°31´W), a hill
ca. 26 km west of Rissani (Fig. 1). Quarries at Jbel Tijar-
faouine span the massive sandstones of the First Bani
Group (late Darriwilian-Sandbian) into the Lower Ktaoua
Formation (late Sandian-middle Katian), which is domin-
ated by coarse siliciclastics but with interbedded shales
(Van Roy 2006). The trinucleid, dalmanitid and most of the
cyclopygid material described herein is preserved as coun-
terpart moulds in grey siltstone from the middle part of the
Lower Ktaoua Formation. The same species of cyclopygid
is also preserved in relief in a fine-grained sandstone inter-
bedded with the shales.

The material is largely articulated, implying accumula-
tion of exoskeletons on a calm sea floor. However, some of
the trinucleids lack the lower lamella and hence are likely
to represent undisturbed moults. They were without doubt
benthic animals. Therefore, the species described here
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probably sample a life assemblage. It is of interest that the
cyclopygids also show likely moulted exoskeletons since
they, too, include articulated examples that lack free
cheeks – a particularly robust fused sclerite in this family.
If it is correct that these trilobites lived a free swimming
life then the implication of these incomplete exoskeletons
is that they came down to the sea floor to moult. This was
presumably less hazardous than attempting to moult in the
open sea. It is also likely that contact with the sedimentary
surface facilitated sloughing of the free cheeks. We also
note, however, that there are no small holaspides in these
assemblages, which implies that earlier growth stages of
the species described here may have inhabited a slightly
different biotope.
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We discuss below the details of the affinities of the trilobites
in the present fauna. All are compared with taxa in the Boh-
dalec Formation of the classical Ordovician sequence
of the Prague Basin. The presence of Declivolithus is par-
ticularly significant. Trinucleids evolved rapidly and were
prone to endemicity. Declivolithus titan sp. nov. is the sec-
ond known species of the genus, and is very similar to the
type species, D. alfredi, from the Bohdalec Formation.
These are the only localities for this distinctive trilobite.
We have identified the cyclopygid with another from the
same formation, although this species is probably much

more widespread, being a pelagic trilobite that was capable
of dispersal around the perimeter of the Ordovician Gon-
dwana palaeocontinent, probably as far as present-day
China. Eudolatites species are also closely related to those
from the Prague Basin, as Destombes (1972) already rec-
ognised. The complete trilobite fauna of the Bohdalec For-
mation has been reviewed by Vaněk & Vokáč (1997; also
Šnajdr 1987) for comparative purposes. Recent additions
to the Lower Ktaoua Formation trilobites (Corbacho &
Kier 2011, Corbacho & López-Soriano 2013, Corbacho et
al. 2014) include Nobiliasaphus, Chattiaspis? and Corru-
gatagnostus, again with species similar to those from the
Prague Basin. Nobiliasaphus is an asaphid closely related
to Birmanites, a genus widespread in the Far East (Myan-
mar and the South China plate). Hence the fauna as a whole
is without doubt related to Ordovician Gondwana, and sug-
gests proximity to Bohemia in the Katian. This observation
supports continental reconstructions based on faunal evi-
dence such as that of Fatka & Mergl (2009) which places
the “Perunica” microcontinent including the classical Bo-
hemian successions close to the western edge of the Gon-
dwana palaeocontinent in the Upper Ordovician. The most
recent treatment of Lower Palaeozoic biogeography by
Torsvik & Cocks (2016) supports this placement. We also
conclude that the trilobite fauna of the Lower Ktaoua For-
mation must be similar (but possibly not identical) in age to
the Bohdalec Formation, that is, middle Katian (see
Bergström et al. 2009; Fatka et al. 2013, 2015; Gutié-
rrez-Marco et al. 2017).
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� ����"# Location of Jbel Tijarfaouine site in the Anti-Atlas (from Nardin 2007) and stratigraphic units in the Upper Ordovician sequence of the Kaïd
Rami region (after Van Roy 2006). Asterisks mark locality in map and stratigraphic position.
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Specimens are deposited in The Natural History Museum
(London, UK), prefixed NHMUK PI It.

Family Trinucleidae Hawle & Corda, 1847
Subfamily Trinucleinae Hawle & Corda, 1847

Genus Declivolithus Přibyl & Vaněk, 1967

Type species. – Trinucleus alfredi Želízko, 1906, desig-
nated Přibyl & Vaněk 1967, p. 453.

Discussion. – We follow Hughes et al. (1975) in placing
Declivolithus in the subfamily Trinucleinae. The genus
has hitherto only included the type species, but a second,
closely related species occurs in Morocco (below). De-
clivolithus is an unusually large trinucleid, with several ranks
of pits behind the outer sulcate margin of the fringe (see
also Chlupáč 1952 and Vaněk & Vokáč 1997). It might be
considered similar to Trinucleus itself (see Hughes 1971),
which has a similarly sulcate cephalic periphery, but De-
clivolithus has a much wider fringe due to many additional
pits behind the sulcate zone, and by extending the whole
fringe posteriorly. There are about 35–47 rows of pits in
Trinucleus fimbriatus according to Hughes (1971) but
about 70 in Declivolithus. In the Moroccan species the inner
pits are relatively poorly ordered, but they are more organ-
ised on the inner margin of the fringe in D. alfredi. Shaw
(1995), however, considered Declivolithus as “closely re-
lated to Bergamia and possibly Nankinolithus, as well as
sharing general cephalic form with Decordinaspis and
Reedolithus”.

Declivolithus titan sp. nov.
Figure 2A–F

Holotype. – Dorsal shield with associated lower lamella
NHMUK PI It29214a, b (Fig. 2B, F).

Paratypes. – More or less complete dorsal exoskeletons
NHMUK PI It29211, It29212a, b, It29213a, b, It29215a, b;
cephalic shield NHMUK PI It29210.

Type locality. – Middle part of Lower Ktaoua Formation
(Katian), Jbel Tijarfaouine.

Etymology. – Titan refers to the Greek giant for this giant
among trinucleids.

Diagnosis. – Declivolithus with sulcate cephalic margin
that is narrower anteriorly, occupied by two pits; pits inside
sulcate margin hardly sorted into radial rows, even at inner
margin of fringe.

Description. – The description of the type species by Chlu-
páč (1952) is thorough, but articulated material from Mo-
rocco adds to the knowledge of the morphology of the genus.
However, the fringe is flattened out and it is very likely to
have been declined in life. This will have implications for
comparison with unflattened material, and we choose
to emphasise features other than general proportions in the
taxonomy. The maximum exoskeleton width at a point
close to level with the occipital ring is 1.2–1.3 times the
sagittal length, while the width of the fringe (tr.) at this
point is approximately equal to that of the adjacent genal
lobe in the flattened state. Including the genal spines, the
length of the fringe (exsag.) exceeds the sagittal length of
the dorsal exoskeleton. The glabella occupies two-thirds
cephalic length, and is 30% longer (sag.) than thorax,
which is somewhat longer again than triangular pygidium.

Glabella with inflated circular frontal lobe occupying
two-thirds glabellar length, with two pairs of pit-like
glabellar furrows behind it adjacent to the axial furrows on
the more depressed narrower part of glabella, as is typical
for trinucleines. There is also a pit-like furrow adjacent to
the axial furrow at the greatest width of the frontal lobe.
The occipital furrow is deepened laterally, reflecting a ven-
tral apodeme. Otherwise, the occipital ring is low, slightly
wider medially, and there is no evidence of an occipital
spine. Genal lobe with an outline approximating a quarter
circle, subdivided by a weak ridge extending from the
widest part of the anterior glabellar lobe towards the
posterolateral corner. Adaxially to the ridge there is a sur-
face sculpture of a fine reticulum; elsewhere, including the
frontal lobe of the glabella, there is very fine dense pitting
(Fig. 2E). One crushed specimen shows the impression of
the hypostome under the frontal lobe of the glabella
(Fig. 2D). Impendent in position, it takes up half the
glabellar length, and shows the impression of a large
subcircular middle body, edged posteriorly by a narrow
border of even width. It is like that of raphiophorids and
trinucleids in general.

Dorsal surface of fringe with coarse pits. A narrow
raised rim surrounds the cephalic perimeter. Only one E
arc. With the exception of I 1 inner arcs are not regularly
defined and a ‘fringe formula’ is not calculable. Outer mar-
gin of fringe with pits set in sulci between radially disposed
ridges. In front of the glabella the ridges are short and only
include two pits. Laterally the ridges are longer and a third
row of pits is present between them. There is variation be-
tween specimens as to when the third row appears. On the
smallest example (NHMUK PI It29210) the ridges are rela-
tively prominent. A cast from one perfectly preserved com-
plete external mould (Fig. 2A) shows 68 or 69 pits around
the periphery of the fringe. For other specimens, half fringe
counts are 35, 35, 37, 38 respectively, so the range is quite
limited. Inside from the organised outer rows the pits are
not regularly arranged and discrete arcs cannot be identi-
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fied with assurance. Where they have perhaps fortuitously
aligned themselves radially it is possible to identify five
(?six) pits spanning the width of the preglabellar area in-
side the sulcae, rising to seven or eight across the widest
part of the fringe. The fringe hugs the edge of the thorax,
but beyond that it is prolonged into acutely triangular areas
that diverge away from the pygidial margin; in life these
were probably inclined. Narrow posterior border is clearly
seen in these areas. Lower lamella with well-developed
girder that carries finely anastomosing raised ridges on its
lower surface (Fig. 2F). Exterior to this, a single E arc com-
prises the largest tubercles on the ventral surface, matching
the outer row on the dorsal surface. The first two I arcs are
relatively well organised, but interior to that the pattern of
tubercles is irregular. The innermost rows are better seen
towards the midline, where a total of six I arcs composed of
small tubercles can be identified. The inner margin of the
fringe is narrowest and pointed medially, with a similar
profile to that of the posterior margin of the pygidium, with
which it engaged during enrolment. Short, stout genal
spines originating from lower lamella in one available
specimen (Fig. 2C, right side) are about same length as the
pygidium.

Thorax of usual trinucleid type, subparallel sided, with
six similar segments and deep, transverse pleural furrows
extending almost to pleural tips. Transverse pygidium
varying in width from 2 to 2.6 times as wide as long, with
acuminate tip and steeply inclined border, deepest medi-
ally. Axis tapers to steeply sloping posterior border, widest
medially. Eight or nine pairs of pleural furrows, the most
posterior short and hard to discern, extending to narrow
raised marginal rim. Ring furrows narrow and complete;
the holotype shows half-ring like structures on the anterior
three segments.

Discussion. – Declivolithus includes what may be the lar-
gest trinucleids known, with some cephalic shields approach-
ing 5 cm across. The genus has hitherto been known only
from the type species, D. alfredi, from a type locality in the
Upper Ordovician at Rožmitál in the Voltuš Formation of
the Czech Republic. The lectotype (selected Přibyl & Va-
něk, 1967) is the original of Želízko (1906, pl. 1, fig. 1; re-
figured Přibyl & Vaněk 1967, pl. 1, fig. 1) and is not
well-preserved because of slight metamorphism. Better
preserved material was given a full and careful description
by Chlupáč (1952) under the name Tretaspis novaki. This
material was recovered from the “Upper Caradoc” Bohda-
lec Formation (Katian) of the classical Bohemian Prague

Basin (Barrandian area), and further material from that for-
mation was illustrated photographically by Přibyl & Vaněk
(1969, pls 4, 5; 1972, pl. 5), and much the same material
re-illustrated by Vaněk & Vokáč (1997, pl. 3, figs 1–5) and
Shaw (1995, fig. 10.7–13). T. novaki was considered to be
a junior subjective synonym of Trinucleus alfredi (e.g. Při-
byl & Vaněk 1967, 1969; Horný & Bastl 1970, p. 55),
which is accepted here with the reservations already noted
by Chlupáč (1952, p. 23). Bohdalec material includes
examples in full relief, which shows that the anterior lobe
of the glabella is much inflated. Further material from the
Bohdalec Formation illustrated by Hughes et al. (1975,
pl. 3, figs 38, 39), showed details of the lower lamella and
the cephalic surface sculpture – a fine reticulum (also Při-
byl & Vaněk 1969, pl. 4, fig. 4) – that Chlupáč (1952) had
not remarked, but which is also found on our specimens.

All Moroccan examples are flattened to some degree
during compaction of the shale in which they are pre-
served, and the apparently lesser convexity of the glabella
compared with D. alfredi reflects this. The Lower Ktaoua
material is closely comparable to the type species in most
features, even in having about 70–80 pits around the perim-
eter of the fringe, and in the number of rows of pits (insofar
as they can be counted) across any given section of the
fringe. The structure of the girder is like that of D. alfredi,
to the extent of carrying a surface sculpture of fine wavy
lines. The principal difference between the Moroccan and
Czech species is in the greater organisation of the pit rows
forming the inner margin of the fringe in the latter, in which
“the first three rows of pits …are distinctively concentric-
ally arranged and lie in radial sulci” (Chlupáč 1952, p. 20).
The same feature is shown by the specimens illustrated by
Hughes et al. (1975). Declivolithus titan shows no evi-
dence of sulcae along the flanks of the genal lobes, al-
though the smallest pits of the first three or four rows tend
to radial alignment, at least adjacent to the genae, as on the
left hand side of the holotype. On other specimens the inner
rows of pits are irregularly arranged in the same fashion as
the pits further across the fringe. Some specimens of
D. alfredi (e.g. Hughes et al. 1975, pl. 3, fig. 39) have
longer fringe sulci than any specimen of D. titan. The
lectotype is also slightly flattened and shows the sulcae ex-
tending more than half way across the fringe on the
mid-line, whereas they extend hardly one-third across on
D. titan. Chlupáč (1952) stated that there are three rows of
pits anteriorly within the sulcae (a fourth added
posterolaterally in some specimens), whereas the anterior
part of the fringe of D. titan only includes two pits, and the
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� ����&# Declivolithus titan sp. nov. • A – NHMUK PI It29212b, dorsal shield, latex cast from external mould. • B, F – holotype NHMUK PI It29214a,
internal mould of dorsal shield and associated lower lamella; F – detail of raised ridges on lower surface of girder. • C, E – NHMUK PI It29213b, dorsal
shield, latex cast from external mould; E – detail of pitting on right cheek. • D – NHMUK PI It 29213a, internal mould, counterpart of C. Scale bars 10 mm
except E (3 mm) and F (2 mm).

��������	
�	��
������	�	�
��	���	��	����



��$

'

(

)

�

�

*

������� ��	�
��� 	! ���"
� #�	$�"��
%&� � ��	'((��	)��
*�����	+,�����-	����
&���	�����	��
%	���	.
�
��




sulcate margin widens towards the broadest part of the
cephalon where three pits are usual between the ridges de-
limiting the sulcae. We note also some that well preserved
Bohemian specimens attributed to D. alfredi by Přibyl &
Vaněk (1969, pl. 5, figs 4, 9) show the dorsal surface of the
fringe carrying a prominent ridge parallel to the cephalic
margin inside the E arc. This is clearly not the case in the
Moroccan material, nor in specimens of D. alfredi showing
good dorsal detail (e.g. Hughes et al. 1975, pl. 3, fig. 39;
Přibyl & Vaněk 1969, pl. 4, fig. 2): in these the girder is not
reflected on the dorsal surface. Most of the specimens used
by Přibyl & Vaněk (1969) display the lower lamella. We
conclude that the specimens of Přibyl & Vaněk (1969,
pl. 5, figs 4, 9) do not belong within Declivolithus. Apart
from this detail, a full of synonymy of D. alfredi was given
by Vaněk & Vokáč (1997).

Family Cyclopygidae Raymond, 1925

Genus Cyclopyge Hawle & Corda, 1847

Type species. – Egle rediviva Barrande, 1846.

Cyclopyge sibilla Šnajdr, 1982
Figure 3A–H

1982 Cyclopyge sibilla n. sp.; Šnajdr, p. 229, pl. 1, fig. 2.
1997 Cyclopyge sibilla Šnajdr. – Vaněk & Vokáč, p. 27,

pl. 2, figs 1–11.
2011 Cyclopyge sp. – Corbacho & Kier, pl. 2, fig. 3.

Material. – More or less complete dorsal exoskeletons
NHMUK PI It29200–29204, It29206a, b, It29207a, b,
It29208a, b.

Description. – Most of our material is flattened, but one
dorsal exoskeleton lacking free cheeks retains full relief
(Fig. 3D–F), although it is preserved in arenaceous matrix
that fails to preserve external details. Nonetheless this spe-
cimen proves that the transverse convexity across the gla-
bella is greater than it is across the posterior part of the
thorax and the pygidium, the latter sloping gently down-
wards posteriorly. The eyes would have been subtended at
the lateral margin in such a way that they hung below the
rest of the dorsal exoskeleton (Han & Zhang 1985). The
deeply parabolic glabellar outline is preserved during flat-
tening that affects the specimens preserved in shale, appar-

ently without altering the proportions. The length of the
cranidium (sag.) is very close to its maximum width (tr.)
close to its posterior margin, and between 0.45 and 0.48 of
the total exoskeletal length. The single pair of comma-
shaped glabellar furrows is more readily apparent in the re-
lief material than on flattened examples, where they can be
nearly obliterated. They constitute a reliable character for
distinguishing Cyclopyge from other cyclopygids. The pos-
terior border is reduced to a triangular area widening lat-
erally, while the palpebral lobe is a narrow selvage running
around the edge of the cranidium to at least two thirds its
length. The eyes are holochroal, with hexagonal lenses in
gently spiralling files with about 24 lenses per file. The free
cheeks are fused as a single piece, and one specimen shows
lenses continuing to the mid-line (Fig. 3H, arrow), al-
though the height of the eyes must have been narrower
there; hence the eyes were probably fused anteriorly. The
specimen figured in Fig. 3G shows much of the visual sur-
faces, while on the left it has broken to display what would
have been the ventrally facing part of the left-hand eye,
with the very wide doublure uniting the cheeks carrying
strongly developed, widely spaced terrace ridges. The
cheeks + doublure of this specimen have been skewed
slightly to the right so that the maximum width of the
doublure is not in line with the sagittal line of the rest of the
exoskeleton. Hypostome not discovered.

Thorax with six segments, posterior three segments
with notably truncate tips. Thorax expands in width
slightly backwards as the pleurae become longer at the
same time as the axis tapers. Facets on the first three seg-
ments are strongest, with the articulation of the anterior
segment close to the axial furrow. Pleural furrow originally
rather deep and extending close to the pleural tips, but may
be obscured by flattening. Outline of axis rather zig-zag; all
rings of similar width (sag.). Two specimens show a me-
dian deflexion and shallowing of the ring furrows on pos-
terior segments (e.g. Fig. 3A, B). While this may have been
thought of as a preservational feature, it has also been
shown on Cyclopyge from China (Zhou et al. 1994, fig. 4e)
and may be the consequence of flattening a median infla-
tion of the axial rings.

Pygidium close to half (sag.) length of cephalon, and its
length between 0.47 and 0.53 maximum transverse width
at anterior margin. Narrow border 0.15 or less length of
pygidium and widening very slightly laterally; it is prob-
ably coincident with the doublure. Axis 0.35–0.4 length
of pygidium and wider than long, with broadly parabolic
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� ����+# A–H – Cyclopyge sibilla Šnajdr, 1982. • A – NHMUK PI It29202, complete specimen. • B – NHMUK PI It29403, axial shield. • C – NHMUK
PI It 29206, complete specimen with displaced cephalon. • D–F – NHMUK PI It29204a, dorsal (D), lateral (E) and dorsal anterolateral (F) views of axial
shield, internal mould. • G – NHM UK PI It20207, complete specimen with part of glabella removed to expose ventral side. • H – NHMUK PI It29200, in-
ternal moulds of two axial shields and visual surface (indicated by arrow at left). • I–J – Heterocylopyge sp. NHMUK PI It29205, partial thorax and
pygidium, dorsal (I) and lateral (J) views of internal mould. All scale bars 3 mm.
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outline and no defined axial ring. Apart from the anterior half
rib the pleural fields are without obvious pleural furrows apart
from a faint furrow in NHMUK PI It20207 (Fig. 3G). No
sculptural details preserved on the exoskeleton.

Discussion. – The Moroccan species belongs to a group of
Cyclopyge species in which there are no well-defined axial
rings on the mature pygidium. Many species, particularly
from the earlier Ordovician, have one or two well-defined
rings comparable with those on the thorax. The type spe-
cies Cyclopyge rediviva shows two pairs of pygidial pleural
furrows on well-preserved specimens in relief (Marek
1961). This feature is not clear on the flattened lectotype
(see Horný & Bastl 1970) but it could be assumed that this
is because of the more compressed preservation. No such
furrows are present on our specimen in full relief. Marek
(1961) also noted that the length (sag.) of the pygidium of
C. rediviva is 75% of its width. Measurements from other
figured specimens and from a few pygidia in the Natural
History Museum, London (NHMUK PI It59431), suggest
a greater range (60–75%) but always more than half, the
ratio in our specimens. The eyes of C. rediviva are stated by
Marek (1961) to be separate at the anterior cephalic mar-
gin. Transitory pygidia of all Cyclopyge species retain one
or two well-defined segments. It seems possible that in the
type species this immature condition has been carried for-
ward heterochronically into the holaspis. The type speci-
men of C. sibilla (Šnajdr, 1982) from the Bohdalec Forma-
tion is small and with two segments, and is probably
a transitory pygidium, and therefore not diagnostic. How-
ever, Vaněk & Vokáč (1997) recognised mature Cyclopyge
sclerites from the Bohdalec Formation, and applied
Šnajdr’s name to them, on the assumption that there is only
one Cyclopyge species present in that formation. These
cranidia and pygidia are indistinguishable from the new
and more complete material from the Lower Ktaoua For-
mation, notably having wide pygidia that lack or have at
most one faint pygidial pleural furrow; given the other simi-
larities between the Bohdalec fauna and Moroccan ones it
would be difficult to use any other species name. We pre-
sume also that a cranidium figured as Cyclopyge sp. by
Corbacho & Kier (2011) from the Lower Ktaoua Forma-
tion again represents the same species. Given the immatur-
ity of the type specimen of C. sibilla a measure of uncer-
tainty inevitably remains.

This nomenclatural problem is compounded further be-
cause another, closely similar species has been described
by Zhou et al. (1994) from the Nemagraptus gracilis
Biozone of northeastern Tarim, China, as Cyclopyge cf.
recurva Lu, 1962. Those authors listed and discussed
a number of other similar Asian species, none of them ad-
equately described. Interestingly, Zhou et al. (1994,
fig. 4g) figured an articulated specimen showing the same
median thoracic inflated areas as shown in Fig. 3A, B

herein. They also figured a meraspis pygidium (1994,
fig. 4i) displaying the two unreleased segments shown on
the type of C. sibilla. Zhou et al. (1994; also Zhou & Dean
1986) were not able positively to identify such material
with C. recurva Lu, 1962, because of the then inadequate
knowledge of its type material from the Pagoda Limestone
(see also Lu 1975). They state that “C. cf. recurva is char-
acterised by the anteriorly narrower eyes” which is also the
case on our Moroccan species. Given that Cyclopyge was
a pelagic trilobite (e.g. Fortey 1985) there seems no reason
why a single species should not have dispersed along
deeper palaeoenvironments surrounding the periphery of
the Ordovician Gondwana palaeocontinent.

We consider it likely that the species described here as
C. sibilla is conspecific with C. cf. recurva of Zhou et al.
(1994) from Tarim. The true C. recurva from the Pagoda
Limestone of the Yangtse Block has recently been fully
redescribed by Zhou et al. (2016). This material displays
a cephalon like that of the Moroccan species; however, the
pygidium has a wider border and pleural fields with clear
segments defined by thin, raised ridges. Fortey (1997)
identified material from the Thai equivalent of the Pagoda
Limestone – the Pa Kae Formation – with C. recurva, but
this material was reassigned by Zhou et al. (2016) to
C. subcylindrica Chen (in Li et al. 1975). If it is correct that
the species described here under the name C. sibilla is
globally widespread it is quite possible that another name
will prove to have priority, including one of the species of
Koroleva (1967) from Kazakhstan listed in Zhou et al.
(1994), which have historical priority. A global revision of
Cyclopyge is needed to clarify the taxonomy.

Occurrence. – Middle part of Lower Ktaoua Formation
(Katian), Jbel Tijarfaouine.

Genus Heterocyclopyge Marek, 1961

Type species. – Cyclopyge pachycephala Hawle and
Corda, 1847.

Discussion. – Although Heterocyclopyge has been consid-
ered as a subgenus of Microparia (e.g. Zhou et al. 1994),
species assigned to it share a deep, subquadrate pygidial
profile and relatively well-defined, acutely triangular py-
gidial axis with three axial rings, suggesting that they com-
prise a clade distinct from relatively effaced Microparia.
We follow Marek (1961) in treating Heterocyclopyge as
a separate genus.

Heterocylopyge sp.
Figure 3I–J

Material. – A single incomplete thorax and pygidium,
NHMUK PI It29205.
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Discussion. – A single incomplete specimen without ceph-
alic parts cannot be precisely determined. It is, however,
well preserved in relief and possesses four posterior thor-
acic segments. The thoracic pleurae are very short (tr.),
with deep pleural furrows not extending to the truncate tips
of the pleurae. The posterior margin of the posterior thor-
acic pleura curves towards the hammer-like tip of the pleura.
It is at once distinguished from Cyclopyge in its subquad-
rate pygidial outline, and its well-defined, tapering triangu-
lar pygidial axis with three axial rings that diminish in
width (sag.) posteriorly to a terminal piece that is approxi-
mately an equilateral triangle. The axis occupies just over
50% sagittal length of pygidium. Two pleural pygidial seg-
ments are defined, showing both pleural and interpleural
furrows, but they terminate rather abruptly far from the py-
gidial margin. In profile, the pygidium is convex behind the
axis. The deeply curved profile of the pygidium is like that
of the type species of Heterocyclopyge from the lower Kat-
ian (see Gutiérrez-Marco et al. 2017) Vinice Formation of
Bohemia (Marek 1961), but that species has a clearly de-
fined pygidial border and a blunt tip to the pygidial axis.
H. shelvensis (Whittard 1961, pl. 24, figs 3, 4) from the
Katian(?) Stapeley Volcanic Formation, UK, closely re-
sembles the type species, and differs from our new material
in similar features. The somewhat older species H. nigra
Horbinger and Vaněk 1985 from the Dobrotivá Forma-
tion of the Prague Basin is readily distinguished from
the Moroccan form in lacking pygidial pleural furrows.
Heterocyclopyge abunda (Zhou et al. 1994) from the
Nemagraptus gracilis to Climacograptus bicornis bio-
zones (Sandbian) of the Charchaq Group, China, is
known from abundant material compared with other de-
scribed species. This differs consistently from the Mo-
roccan species in having the terminal piece of the py-
gidial axis relatively effaced, while the axis as a whole
extends to much more than 50% pygidial length; pygidial
pleural furrows are much longer. Interestingly, Zhou et
al. (1994, fig. 5h) illustrated a specimen with a ‘hooked’
posterior thoracic pleura like that on our specimen. It seems
likely that we have an undescribed species from Mo-
rocco, but the material to hand is not sufficient to name it
formally.

Family Dalmanitidae Vogdes, 1890

Genus Eudolatites Delo, 1935

Type species. – Dalmanites angelini Barrande, 1852.

Remarks. – The genus Eudolatites has been divided into
four subgenera by Destombes (1972) and Šnajdr (1987).
The distinctions between E. (Eudolatites) Delo, E. (Bani-
latites) Destombes, E. (Deloites) Destombes, and
E. (Destombesites) Šnajdr are in the relative expression
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� ����0# Eudolatites cf. E. galafrea Šnajdr, 1987. • A – NHMUK PI
It29209a, dorsal exoskeleton, internal mould. • B – NHMUK PI It29209b,
latex cast from external mould. Scale bars 5 mm.
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and width of the pygidial border and the extent to which
interpleural furrows pass on to it. A species discovered in
the present fauna is very similar to the type species of
E. (Eudolatites) from the Bohdalec Formation of Bohe-
mia, having a weakly defined border on to which the back-
ward-curving interpleural furrows pass and just fail to
reach the margin. However, several similar-looking spe-
cies were named by Šnajdr (1987) as the basis for his sub-
genus Destombesites, including one also from the Bohda-
lec Formation. His assertion in diagnosing Destombesites
that “the rhachis reaches the posterior pygidial margin” is
puzzling, as it stops at the border. Furthermore, the trans-
verse width of the axis is stated to be “0.2–0.3 pygidial
width” into which range a Moroccan species (below) falls.
What may be the same Moroccan species was described
by Destombes (1972) in the subgenus Eudolatites (Eudo-
latites), and we see no reason to question that here. It is
likely that the subdivisions of Eudolatites require further
scrutiny, but our sparse material is not a good basis on
which to do that, and Eudolatites is used in the wider
sense here.

Eudolatites cf. E. galafrea Šnajdr, 1987
Figure 4A, B

?1972 Eudolatites (Eudolatites) sp. – Destombes, p. 43–45,
pl. 5, figs 1–7, text-fig. 3.

Material. – Slightly crushed dorsal exoskeleton NHMUK
PI It29209a, b.

Remarks. – The single specimen available is flattened, and
the cephalon may be somewhat foreshortened. The free
cheeks have been detached and pushed backwards so that
part of the visual surface is visible on the left. Crushing of
the frontal glabellar lobe against the doublure may have ac-
centuated the appearance of a shorter, more transverse
frontal lobe. There is also a question about the original pos-
ition of the eye, because the right-hand side of our speci-
men apparently shows the palpebral lobe in a relatively an-
terior position. The Lower Ktaoua specimen is best
considered in relation to descriptions of other taxa. It be-
longs within a group centred on the Bohemian type species
from the Bohdalec Formation (Barrande 1852, pl. 23,
figs 21–27; Přibyl & Vaněk 1972, pl. 2, fig. 2, pl. 3, fig. 1,
pl. 5, figs 3, 4; Vaněk & Vokáč 1997, pl. 7, fig. 1.2). This is
generally similar to our species in having long pygidial
interpleural furrows that curve back on to the border, but
Barrande’s (1852) and Přibyl & Vaněk’s (1972) illustra-
tions prove that the pygidia of the Bohemian species are
relatively longer, with width/length ratios about two-thirds
rather than half as in the Moroccan specimen. Commensur-
ate with this is the greater number of segments in the type
species: 15 axial rings compared with 11 in the Moroccan

example, and with 12 or 13 pygidial pleurae as opposed to
eight (faint ninth) in our specimen. Destombes (1972) de-
scribed a species from the same formation in Morocco that
shares the same wide pygidium with relatively few seg-
ments and narrow pygidial borders. This species was left in
open nomenclature by Destombes (1972), but it may repre-
sent the same species as ours, although better-preserved
cephalic shields are available in his collection. Pygidia of
E. angelini come to a point posteriorly, as does our speci-
men, but this is not clear on Destombes’ specimens; how-
ever his pl. 5, fig. 6 has exfoliated along the doublure, and
there appears to be a measure of distortion in his other two
pygidia. Šnajdr (1987) named Eudolatites (Destombesites)
promura from the Letná Formation of Bohemia on the basis
of a pygidium that shows a similar number of segments to
our example, but a width/length ratio similar to that of
E. angelini. The Letná species also lacks any indication
of a pygidial border. The closest match is another species
from the Bohdalec Formation, E. galafrea Šnajdr 1987.
Its original description was perfunctory, but additional
information on it was provided by Vaněk & Vokáč
(1997). The cephalic differences they cite from E. ange-
lini are difficult to assess on our material because of its
imperfections, but the proportions of the pygidium, con-
cavity of the pygidial border, and number of axial rings
and pleural segments are similar. Hence we compare our
material with that species, while recognising that the
whole group around E. angelini would benefit from
comparative revision.

Occurrence. – Middle part of Lower Ktaoua Formation
(Katian), Jbel Tijarfaouine.
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A small trilobite fauna is described from the Lower Ktaoua
Formation at Jbel Tijarfaouine in the eastern part of the
Anti-Atlas, Morocco, and includes well preserved articu-
lated material of trinucleids and cyclopygids and incom-
plete Eudolatites. The species are strikingly similar to
those from the middle Katian Bohdalec Formation of the
Prague Basin, reinforcing the palaeogeographic connec-
tions between Perunica and west Gondwana in the late Or-
dovician, and suggesting a similar age. Declivolithus titan
sp. nov. is the second known species of a distinctive ben-
thic genus that is confined to this region, and one of the lar-
gest trinucleids. A pelagic Cyclopyge species identified as
C. sibilla Šnajdr, 1982, can be compared with species from
much more dispersed localities, including the Tarim Basin,
China. Axial shields of Cyclopyge lacking cheeks are com-
mon in the Lower Ktaoua Formation, suggesting that these
trilobites came down to the sea floor when they were ready
to moult.
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