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A new species of cladid crinoid, Hylodecrinus cymrus, is described from the Pembroke Limestone Group (Mississippian, Tournaisian,
Courceyan) of West Angle Bay in south Pembrokeshire, Wales. It has a medium bowl-shaped aboral cup, with strong ridges extending across
the basals and radials forming pits at the plate corners. It is most similar to the late Tournaisian H. carinatus (Hall, 1861) of North America but
differs in having less strongly cuneate brachials that are longer than wide with more subtle carinae on the aboral side. This specimen represents
the first report of this genus from Europe, which most probably migrated from North America. Copyright © 2013 John Wiley & Sons, Ltd.
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1. INTRODUCTION

South Pembrokeshire has long been regarded as a classic
area for the study of Upper Palaeozoic rocks, with West
Angle Bay at the extreme western tip being renowned for
both its complex tectonic structures (Hancock et al., 1982)
and its well-exposed coastal section from the part terrestrial
Lower Devonian through the Old Red Sandstone facies
(Williams et al., 1982), into the transgressional lower part
of the Carboniferous Limestone. The bay at West Angle is
basically synclinal (Fig. 1), with Devonian rocks forming
each headland and the Carboniferous rocks exposed only
within the bay itself. Very little research has been carried
out into the composition, deposition and faunal elements
of the Carboniferous since Dixon’s (1921) original memoir,
apart from the description of a small patch of unique
echinoids (Hawkins, 1934) now long since eroded.
The detailed log of Abbott (2009) allows for a better un-

derstanding of the wide range of depositional environments
within the Tournaisian carbonate ramp sequence exposed
in this bay and enables a more precise placing of faunal
elements such as the crinoid described in this paper.

2. STRATIGRAPHY AND DEPOSITIONAL SETTING

The Lower Carboniferous (Mississippian) of South Wales has
traditionally been divided into two groups, the basal Lower
Limestone Shales and the overlying Main Limestone. Dixon
(1921) correlated these with Vaughan’s coral/brachiopod
zones, with the Lower Limestone Shales equivalent to
Vaughan’s Cleistopora (K) Zone, and with the Main Lime-
stone equivalent, in its lower part, to the Zaphrentis (Z) Zone.
According to recent stratigraphic revision (Waters et al., 2009,
2011), the Lower Limestone Shales are now referred to the
Avon Group, whereas the overlying Main Limestone is
referred to the Pembroke Limestone Group (Fig. 2). The West
Angle Bay exposes both the Avon Group and the lowermost
part of the Pembroke Limestone Group (the Black Rock
Limestone Subgroup of Waters et al., 2009), which are all
Courceyan in age (Fig. 2). The portion of the Black Rock
Limestone exposed in the West Angle was previously called
the Bluck’s Pool Limestone (Waters and Davies, 2006), but
this is now deemed an obsolete term.

This sequence records the basal Carboniferous marine
transgression which occurred as a result of the melting of the
Gondwanan ice sheets that formed in the latest Devonian
(George, 1970; Haq and Schutter, 2008). Across South Wales
(Fig. 3), the Courceyan can be seen to illustrate a westerly
deepening carbonate ramp facies model (Faulkner, 1988). In
the easterly part of the north crop, around Merthyr Tydfil,
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inner-ramp oolitic and peritidal limestones are represented.
Farther west, the Shipway Limestone Formation on the Gower
Peninsula illustrates mid-ramp shallow-marine conditions, pre-
dominantly below fair-weather wave-base, and is reported to
be a storm-dominated sequence (Faulkner, 1988), shallowing
upwards to oolites, presumably related to the global, glacially
driven regression at the middle/late Tournaisian (Hastarian/
Ivorian boundary) reported by Playford et al. (2012). Even
farther west, and farther offshore, in Pembrokeshire, is the
deepening-upwards sequence seen at Lime Kiln Cove, as
described below. This deepening-upward sequence in the Black
Rock Limestone with mudmounds in the distal part of the ramp
(Fig. 3) presumably reflects a late Tournaisian global transgres-
sion following the middle/late Tournaisian glaciation (Haq and
Schutter, 2008; Playford et al., 2012).

Abbott (2009) logged a 23-m-thick section through the
part of the Black Rock Limestone Subgroup which is
exposed in Lime Kiln Cove (Fig. 4), on the northern head-
land of the West Angle Bay, and undertook a detailed facies
analysis of this section in order to identify the envi-
ronments of deposition on the carbonate ramp during the
transgression. The very lowest part of this section illustrates
a near-shore depositional setting, situated on the mid-ramp
between fair-weather wave-base and storm wave-base,
which represented the ‘start-up’ phase of carbonate produc-
tion during the transgression. Above this, the depositional
environment progressively deepens through the shallowest
outer ramp and mid-outer ramp, and finally, the top of the
exposed section indicates a much deeper water outer-ramp
environment (Fig. 3).

Figure 1. (A) Index map of England and Wales, showing the locations of Pembrokeshire and the Gower Peninsula. (B) Map showing the location of West
Angle Bay. (C) Generalized NE-SW cross-section of Lime Kiln Cove, modified from Dixon (1921) and George (2008). (D) Simplified geological map, West
Angle Bay, Pembrokeshire, modified from George (2008), showing the location of the crinoid immediately adjacent to a small complex of parallel faults with

a total throw of about 3m.
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The crinoid described in this paper was collected from a
thin but prominent bed in the upper part of the section,
~18m above the base of the Black Rock Limestone, as
logged by Abbott (2009) in the Lime Kiln Cove. Lithologi-
cally, the bed is an impure carbonate mudstone, fine grained
and mid-grey in colour, with common carbonate nodules
and bioturbated by non-branching burrows, often backfilled
with crinoid debris. The bed displays a fairly low fossil den-
sity of around 10% consisting of brachiopods (productids
with spines and rhynchonellids), crinoid ossicles (sometimes
articulated) with rare fenestellid and branching bryozoans.
This horizon was interpreted by Abbott (2009) as having
been deposited below storm wave-base, during quieter
conditions, although the articulation shown by some of the
crinoids may indicate occasional more rapid burial events.
This facies was labelled ‘Biolithofacies D’ by Abbott
(2009), and in this upper part of the section, it belongs to
her facies association 4 (Fig. 2): interbedded unfossiliferous
carbonate muds and fossiliferous limestones showing an in-
creased faunal diversity from that seen in facies associations
1–3. Abbott considered this to represent the deepest-marine
conditions present throughout the succession in the Lime
Kiln Cove, with deposition occurring in an outer-ramp envi-
ronment with a fully marine fauna established.

Figure 2. Stratigraphic chart (not to scale) and lithological log of Lime Kiln
Cove, Pembrokeshire (log simplified from Abbott, 2009). The crinoid hori-
zon is shown with an asterisk. Indicated grain size refers to the maximum

bioclast size where fossil content is above 10%.

Figure 3. Simplified cross-section and location map of South Wales showing the Courceyan and Chadian carbonate ramp structure, after Faulkner, 1988.
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3. SYSTEMATIC PALAEONTOLOGY

Class CRINOIDEA Miller, 1821
Subclass CLADIDA Moore and Laudon, 1943

Order DENDROCRINIDA Bather, 1899
Superfamily TEXACRINACEA Strimple, 1961

Family STAPHYLOCRINIDAEMoore and Strimple, 1973
Genus Hylodecrinus Kirk, 1941

Type species. Hylodecrinus sculptus Kirk, 1941; by orig-
inal designation.

Diagnosis. Crown cylindrical to expanded. Aboral cup low
to medium bowl-shaped; infrabasals not visible, covered by
stem attachment area; basals slightly larger than radials and
may be swollen or bulbous; radials wider than high with
plenary facets; three anals in cup, radianal, anal-X, and right-
tube plate; cup plate ornamentation ranges from smooth in a
few species to having strong ridges producing fluting and pits
at plate corners in many species. Arms slender, primibrachial
two axillary in all rays; brachials range from rectangular to
subcuneate to cuneate between species; arm branching
isotomous on first two bifurcations, endotomous on higher
bifurcations. Column usually pentagonal, rarely round.

Hylodecrinus cymrus sp. nov.
Figure 5

Diagnosis. A species of Hylodecrinus with a medium
bowl-shaped aboral cup, strong ridges extending across
basals and radials forming pits at plate corners; basals and
axillaries not swollen; brachials rectangular to subcuneate,
generally longer than wide, subtle carinae on aboral surfaces.

Description. Crown shape unknown because of poorly pre-
served arms. Aboral cup medium bowl-shaped, height to width
ratio 0.6; plates ornamented with strong ridges radiating from

the centre of the basals onto the radials; apical pits present at
plate corners between basals and radials created by depressions
between ridges; infrabasals not visible, covered by stem attach-
ment area; basals slightly larger than radials; radials wider than
high with plenary facets. Three anal plates in cup, namely the
radianal, anal-X and right-tube plate, together support the base
of a heavily plated anal sac distally covered by rock matrix.
Arms uniserial, branching on primibrachial two on the B and
C rays, the only rays exposed; arms branch again on
secundibrachial seven in C ray; remainder of arms unknown.
Brachials rectangular to subcuneate, generally longer than wide
but may be nearly equidimensional; distinct articular sockets
for pinnules; very subtle carinae on aboral surfaces. Pinnulars
rectangular, longer than wide. Column pentagonal based on
the outline of the lower of the two preserved columnals.

Etymology. Cymrus, or Welsh, because of the holotype’s
provenance fromWest Angle Bay, south Pembrokeshire,Wales.

Type. Holotype and only known specimen is the National
Museum of Wales 2008.18G.1.

Measurements. See Table 1.
Occurrence. Mississippian, Tournaisian, Courceyan, Pem-

broke Limestone Group, Lime Kiln Cove, West Angle Bay,
south Pembrokeshire. British National Grid SM 8528 0332.

4. DISCUSSION

Hylodecrinus cymrus sp. nov. represents the first report of this
genus from Europe. In North America, there are eight known

Figure 4. Photo of Lime Kiln Bay, looking SE, with the locality of the cri-
noid marked with an asterisk on the left. The tight folding typical of the
Black Rock Limestone at West Angle Bay is also indicated by the syncline.

Table 1. Measurements (mm) at the C ray of the holotype of
Hylodecrinus cymrus sp. nov.

Crown Cup Basal Radial Arm Pinnule

H H W H W H W L W L W

>11.5 3.9 6.9 2.3 2.5 1.5 2.2 >8 1.5 >3 0.6

Table 2. Ranges for species of Hylodecrinus (see Kammer and
Ausich, 2007, for chronostratigraphic correlations)

Courceyan
(Early

Osagean)

Early
Chadian
(Mid-

Osagean)

Late Chadian–
Arundian

(Late Osagean)

Holkerian
(Early

Meramecian)

H. bonoensis X
H. sculptus X X
H. briareus X X
H. robustus X
H. gibsoni X
H. asper X
H. clio X
H. carinatus X X X
H. cymrus X

All are North American species discussed in the text, except H. cymrus sp. nov.
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species of the genus (Kammer and Ausich, 1993; Webster,
2003) ranging from the early Osagean to the earlyMeramecian,
or Courceyan (Ivorian) to Holkerian (see Ausich and Kammer,
2006, and Kammer and Ausich, 2007, for Mississippian inter-
continental stage correlations), with maximum diversity
during the late Osagean (late Chadian–Arundian) (Table 2).
Hylodecrinus cymrus is most similar to H. carinatus (Hall,
1861), which occurs in the lower part of the Burlington Lime-
stone, which is early Osagean or Ivorian in age. However, the
latter differs in having strongly cuneate brachials that are
shorter than wide with distinct carinae on the aboral side.
Other similar species with strong, radiating ridges on the cup
plates include the younger H. briareus (Worthen, 1882),
which has additional small ridges on the cup plates creating
a wrinkled appearance, and H. sculptus Kirk, 1941, which has
swollen basals and axillaries, and short brachials. Distinctly
different species include H. bonoensis (Miller and Gurley,
1890) with weak ridges on the cup plates, and H. asper Kirk,
1941, H. clio (Meek and Worthen, 1869), H. gibsoni (White,
1878), andH. robustusKammer andAusich, 1993, all of which
have smooth cup plates (see Table 2 for stratigraphic ranges).

The age equivalence and morphologic similarities of
H. cymrus and H. carinatus suggest these two species are
closely related and share a common ancestor. This also sup-
ports the hypothesis of a migration route between Europe
and North America during the early Mississippian (Kammer
et al., 2007; Ausich and Kammer, 2013). The direction of
migration is indeterminate because of the age equivalence
of these two species, but the large numbers of species of
Hylodecrinus in North America (Table 2) suggest this area
was a likely centre of evolution for the genus. In addition,
the rare occurrence of H. cymrus at only one locality in
Europe suggests it was a migrant from North America.
Ausich and Kammer (2013, table 4, Fig. 5) reported that
Mississippian advanced cladids were more diverse in North
America than the British Isles (80 vs. 48 genera), but when
adjusted for sample size differences by rarefaction analysis,
original diversities were probably similar. Thus, the direc-
tion of migration cannot be determined with any certainty.

The crinoid fauna from the West Angle Bay is age equivalent
to the Ivorian-age crinoids fromHookHead, Ireland (Ausich and
Sevastopulo, 2001). Crinoids associatedwithH. cymrus from the

Figure 5. Hylodecrinus cymrus n. sp., NMW 2008.18G.1, holotype; (A) BC-ray view, �5.0; (B) posterior view showing anal plates in cup and proximal anal
sac, �7.0; (C) aboral view showing pentagonal column, �5.0.
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Black Rock Limestone atWest Angle Bay include the camerates
Rhodocrinites versimilis (Grenfell, 1876), Actinocrinites
laevissimus Austin and Austin, 1843,Dialutocrinus tessellatus
(Phillips, 1836) and Platycrinites sp.; the cladids Blothrocrinus
longidactylus (Austin and Austin, 1847) and Holcocrinus
smythi (Wright, 1934); and the flexible Taxocrinus hibernicus
(Wright, 1934) (Ausich and Kammer, 2006).
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