Micromorph brachiopods from the late Asbian
(Mississippian, Viséan) from northwest Ireland
(Gleniff, County Sligo)

BERNARD MOTTEQUIN, GEORGE SEVASTOPULO & ERIC SIMON

A diverse assemblage of minute brachiopods is reported from the Viséan (late Asbian) Meenymore Formation exposed
in the Gleniff outlier, County Sligo, northwest Ireland. The assemblage includes 14 micromorph species and juveniles of
larger species, in which spire-bearers (Athyridida, Spiriferida and Spiriferinida) are the most diverse. Most of the species
are left in open nomenclature as only few specimens show internal features. However, a new species of the uncommon
orthotetide Drahanorhynchus (D. gleniffensis sp. nov.), previously known from the Mississippian of the Czech Repub-
lic, Spain and Germany, is described. In addition, the lectotype of the athyridide Hustedia multiplicata (de Koninck,
1887), from the Tournaisian of Tournai (Belgium) is selected and illustrated photographically for the first time. The
brachiopods from Gleniff are associated with other small-sized benthic organisms particularly echinoderms and
molluscs (gastropods, rostroconchs). The environmental factors, which lead to the small size, are not clearly understood
although they probably included a combination of biological (e.g. food supply) and physicochemical (e.g. water oxygen-
ation) parameters. Salinity is probably not implicated because brachiopods and echinoderms are generally stenohaline.
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Well-preserved brachiopod faunas containing small indivi-
duals have been reported from several occurrences in Mis-
sissippian limestones of Western Europe (e.g. Brunton
1966a, 1968, 1984; Brunton & Champion 1974; Bassett &
Bryant 1993; Morris 1994; Martinez-Chacén 1997) and
elsewhere in the world (e.g. Balifiski & Sun 2008; Sun &
Balinski 2008, 2011). The present paper is concerned with
micromorph brachiopods recovered from the Viséan Mee-
nymore Formation in northwest Ireland (Figs 1, 2). This
study complements those of Brunton (1966a, 1968, 1984)
and Harper & Jeffrey (1996a, b) on Irish Viséan brachio-
pod faunas.

Geological setting
The Carboniferous rocks adjoining Donegal Bay, north-

west Ireland (Fig. 1), have been described by George &
Oswald (1957), Oswald (1955) and, in summary form, by
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Sevastopulo & Wyse Jackson (2009). The stratigraphical
age of the rocks in the area shown on the map in Fig. I ex-
tends from the early to late Viséan (Fig. 2). The younger
part of the succession (Benbulben Shale Formation, Glen-
car Limestone Formation and Dartry Limestone Forma-
tion, all assigned to the Tyrone Group) forms high ground,
including the mountains of Ben Bulben and Slievemore, in
the southeast quarter of the map. Oswald (1955) described
two formations, in ascending order the Glenade Shale and
Glenade Sandstone, which form a cap to the Dartry Lime-
stone in this region. The former, which is extremely poorly
exposed in the area shown in Fig. 1, has been renamed the
Meenymore Formation (Brandon 1977; Fig. 2) and is the
oldest formation of the Leitrim Group.

During mapping of the area above Gleniff (Fig. 1), an
outlier of weathered clay with nodular limestone, referred
to below as the Gleniff outlier, was discovered. The extent
of the outlier is difficult to establish because of poor expo-
sure except where a track from Gleniff to the abandoned
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Figure 1. Regional geology of
northwest County Sligo show-
ing the location of the Gleniff
outlier. Based on MacDermot et
al. (1996).
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baryte mine on Slievemore, County Sligo (Figs 1, 3) cuts
through it for approximately 30 m. The rocks, even though
they are weathered are clearly lithologically distinct from
the surrounding cherty limestones of the Dartry Limestone
Formation, which also are in places thoroughly weathered
to chert rubble set in clay. The lithology and the fauna,
which includes the ammonoid Nomismoceras sp., is con-
sistent with that of the Meenymore Formation, which is
stratigraphically younger than the Dartry Limestone. The
geological relationships strongly suggest that the outlier is
allochthonous: the Dartry Limestone Formation is found
up to ca 70m topographically higher along the track and
elsewhere above the outlier. The most probable explana-
tion of the present position of the outlier, topographically
below the top of the Dartry Limestone Formation, is that it
is a raft of the Meenymore Formation, which has arrived in
its present position as a result of karstic solution collapse.
This is consistent with the presence of several caves dis-
sected by the cliffs in the Dartry Limestone Formation and
numerous boulders of sandstone, identified as derived
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from the Glenade Sandstone Formation, at topographic
levels similar to and below the Gleniff outlier.

Material and methods

The brachiopods described here were obtained by surface
collecting and disaggregation of bulk samples from weat-
hered shale and limestone exposed on both sides of the
track (Fig. 3) (collecting locality: Irish Grid Reference
173390 345759). Note that this sampling method has pro-
bably lead to the amalgamation of the faunas of several
beds and it is not possible to determine precisely the real
thickness of the succession sampled. To disaggregate the
clay, bulk samples were simmered in a weak solution of the
surfactant Quaternary O (Zingula 1968); the resulting
sludge was sieved and dried and the fossils picked using a
stereomicroscope. All these specimens are housed at the
Geological Museum, Trinity College, Dublin (TCD). Ad-
ditional material from the de Koninck collection, curated at
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Figure 2. Regional stratigraphy of northwest County Sligo, showing the
stratigraphical position of the Meenymore Formation. The asterisk de-
notes the horizon from which the brachiopods were collected.
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(IRScNB), is also illustrated.
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Figure 3. Sketch map of the location of the Gleniff Meenymore outlier
(Irish Grid Reference 173390 345759) showing the access from the gate
on the Gleniff Horseshoe road. Modified from a sketch map prepared by
the late Conor MacDermot, Geological Survey of Ireland.

Abbreviations. — Hi — height of the ventral interarea;
L —length of the shell; Td — thickness of the dorsal valve;
Tv — thickness of the ventral valve; W — width of the shell;
Wi — width of the interarea; Ws — width of the sulcus.

Systematic palaeontology

The supraspecific classifications follow Holmer & Popov
(2000) for Order Lingulida, Rachebceuf (2000) for Subor-
der Chonetidina, Brunton et al. (2000) for Suborder Pro-
ductidina, Williams & Brunton (2000) for Suborder Ortho-
tetidina, Williams & Harper (2000) for Order Orthida,
Savage et al. (2002) for Order Rhynchonellida, Alvarez &
Rong (2002) for Order Athyridida, Carter et al. (2006) for
Order Spiriferida, Carter & Johnson (2006) for Order Spi-
riferinida, and Lee et al. (2006) for Order Terebratulida.
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Subphylum Linguliformea Williams et al., 1996
Class Lingulata Gorjansky & Popov, 1985
Order Lingulida Waagen, 1885

Superfamily Discinoidea Gray, 1840

Family Discinidae Gray, 1840

?Genus Oehlertella Hall & Clarke, 1890

Type species. — Discina pleurites Meek, 1875; from the
Cuyahoga Formation, Tournaisian, Ohio, USA.

Oechlertella? sp. indet.
Figure 4A-E

Material. — One dorsal valve (TCD.60901).

Remarks. — This incomplete single, small-sized (ca 1.5 mm
in width), convex, subcircular (with flattened posterior
margin) dorsal valve is characterized by the submarginal
position of its apex and is covered by numerous fine
growth lines (Fig. 4E). The particular position of the apex
suggests a tentative assignment to the poorly known genus
Oehlertella Hall & Clarke (1890) rather than to the long
ranging discinid Orbiculoidea d’Orbigny, 1847. Neverthe-
less, ventral valves are required to reach a more confident
identification notably based on the position and form of the
pedicle track, as the dorsal valves of the discinid genera
mentioned above, but also that of Lingulodiscina Whitfield,
1890 (doubtfully reported in the Carboniferous by Holmer
& Popov 2000), are relatively similar.

Order Productida Sarycheva & Sokolskaya, 1959
Surborder Chonetidina Muir-Wood, 1955
Superfamily Chonetoidea Bronn, 1862

Family Anopliidae Muir-Wood, 1962

Subfamily Caenanopliinae Archbold, 1980

Genus Globosochonetes Brunton, 1968

Type species. — Globosochonetes parseptus Brunton, 1968;
from the Viséan (Asbian) Upper Glencar Limestone For-
mation, County Fermanagh, Northern Ireland.

Globosochonetes sp. indet.
Figure 4F-AA

Material. — Ten articulated specimens, six ventral and nine
dorsal valves (TCD.60902-60908).

Description. — Shell small-sized (ca 5 mm in width), clearly
wider than long, transverse in outline, strongly concavo-
convex, greatest width probably at the hinge line (none of the
specimens is complete); hinge line straight; anterior commis-
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sure clearly uniplicate. Ventral valve with median part infla-
ted like a round-topped fold; umbo prominent; beak straight;
interarea low, flat but slightly concave near beak; delthyrium
open (no trace of pseudodeltidium possibly as a result of poor
preservation). Dorsal valve strongly concave; interarea linear,
hypercline, flat; notothyrium concealed by convex chilidium.

Only one pair of broken spines observed only in a sin-
gle specimen (Fig. 4L, N). Ribs rounded, arising close to
umbones and increasing by rare intercalations and bifurca-
tion, those in ventral central part being parallel; microlines
numerous, regularly spaced (ca 35 um between each line);
26 ribs in the largest specimen (5-6 ribs per mm at the ante-
rior margin); intercostal grooves similar to ribs.

Ventral interior unknown. Dorsal valve interior
(Fig. 4Q—AA) with long, narrow inner socket ridge, almost
parallel to hinge line, widely divergent anteriorly (159°,
n=1) and supported small, posteroventrally oriented cardi-
nal process, cardinal process small but distinct (Fig. 4S-T,
X, AA); anderidia thin, short, anteriorly divergent at 110°
(n=1); accessory septa very long, blade-like, anteriorly di-
vergent at 16-24° (n =2).

Remarks. — These transverse anopliides indubitably belong
to Globosochonetes and may represent a new species cha-
racterized by its transverse outline, its ventral valve strongly
inflated in its middle part, its low number of spines, and its
ribbing, but additional material is required to reach a precise
specific identification. Globosochonetes sp. indet. differs
from G. parseptus Brunton, 1968, from the Upper Glencar
Limestone Formation (Asbian) of County Fermanagh, no-
tably by its more transverse outline and its ventral valve with
inflated median part, which is distinct from the lateral. Glo-
bosochonetes sp. indet. is closely similar to G. waldenburgi-
anus (Paeckelmann, 1930), first described from the German
Upper Kulm facies (Viséan, Saxony) and also reported in
the Bashkirian and Moscovian of the Spanish Cantabrian
Mountains (Martinez Chacén 1979, Rio Garcia 2002), in its
size, its outline and its inflated ventral valve, but it can be
distinguished from the latter by its lateral ribs that are not di-
vided or only exceptionally so.

Family Rugosochonetidae Muir-Wood, 1962
Subfamily Rugosochonetinae Muir-Wood, 1962
Genus Rugosochonetes Sokolskaya, 1950

Type species. — Orthis hardrensis Phillips, 1841; from the
Viséan (Brigantian) of Hardrow, Yorkshire, England.

Rugosochonetes? sp. indet.
Figure 4BB-EE

Material. — Two dorsal valves (TCD.60909-60910).
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Figure 4. A—E - Oehlertella? sp. indet., incomplete dorsal valve (TCD.60901) in dorsal, lateral, oblique posterior and anterior views and close-up of the
growth lamellae. e F-AA — Globosochonetes sp. indet. « F-K — almost complete articulated specimen (TCD.60902) with close-up of the central part of the
ventral and dorsal inteareas showing the delthyrium, chilidium and both lobes of the cardinal process and in ventral, dorsal, lateral, posterior and anterior
views. ¢ L-O — almost complete ventral valve (TCD.60903) in ventral, lateral, posterior and anterior views. * P — incomplete ventral valve (TCD.60904).
* Q-S — incomplete dorsal interior (TCD.60905) in posterior, lateral and ventral views. * T-W — incomplete dorsal interior (TCD.60906) in ventral, lat-
eral, posterior and anterior views. ® X—AA — incomplete juvenile dorsal interior (TCD.60907) in dorsal, lateral and posterior views and close-up showing
the blade-shaped accessory septa, the anderidia, and the cardinal process pit. * BB-EE — Rugosochonetes sp. indet. Dorsal valve (TCD.60909) in internal,
external, lateral and posterior views. All the specimens are from the Meenymore Formation, Gleniff. Scale bar: 1 mm for all, except A-D and
AA (500 um), E (200 pm) and F (250 um).

Remarks. — These strongly concave dorsal valves are inter- anderidia (44° [n = 1]). These features suggest a possible as-
nally characterized by small cardinal lobes fused medianly, a  signment to Rugosochonetes in spite of the lack of knowledge
low and short median septum and strong, anteriorly divergent ~ about the ornamentation as a result of very poor preservation.
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Figure 5. Argentiproductus cf. margaritaceus (Phillips, 1836) from the
Meenymore Formation, Gleniff. ¢ A—D — almost complete dorsal valve
(TCD.60911) in external, internal, posterior and lateral views. ¢ E, F —in-
complete dorsal valve (TCD.60912) with close-up of the cardinal process

312

Suborder Productidina Waagen, 1883

Superfamily Productoidea Gray, 1840

Family Productellidae Schuchert, 1929

Subfamily Productininae Muir-Wood & Cooper, 1960

Genus Argentiproductus Cooper & Muir-Wood, 1951

Type species. — Producta margaritacea Phillips, 1836;
from the Viséan of County Fermanagh, Ireland.

Argentiproductus cf. margaritaceus (Phillips, 1836)
Figure 5

Material. — Four ventral and three dorsal valves
(TCD.60911-60917).

Description. — Shell concavo-convex, wider than long,
rounded subpentagonal in outline, widest at midlength; an-
terior commissure rectimarginate; anterior margin rounded
in ventral view. Ventral valve moderately convex, with pe-
dicle sheath. Dorsal valve slightly concave.

Spines prostrate to recumbent on flanks, erect on umbo
(clasping spines).

Ventral interior unknown. Interior of dorsal valve
(Fig. 5A-F) with cardinal process bifid with lobes
dorso-posteriorly incised and projecting well beyond the
hinge line; adductor scars rounded trigonal in outline; no
myophragm; cardinal ridges diverging from the cardinal
process base at low angle from hinge line; rugae traces visi-
ble on the internal surface of the valve.

Remarks. — These juvenile specimens are tentatively assig-
ned to the type species of Argentiproductus due to their
close similarity to the material from the Upper Glencar
Formation of Co. Fermanagh illustrated by Brunton
(1966a) and Brunton et al. (1993). The doubt is due to the
absence of larger specimens that would have allowed ob-
servation of the characteristic ornamentation. On the basis
of exceptionally well-preserved material from the Tournai-
sian of South China, Sun & Baliriski (2008) discussed ex-
haustively the mode of attachment of juveniles of A. mar-
garitaceus to the substrate. Two poorly preserved and
minute ventral valves, which are attached to crinoid ossic-
les by clasping spines, complement the available larger
ventral valve (Fig. SL-Q).

grooved lobes (dorsal side) and in internal view. * G-J — ventral valve
(TCD.60913) in ventral, dorsal, slightly oblique lateral and posterior
views. ¢« K — ventral valve (TCD.60914). « L-O — fragmentary ventral
valve (TCD.60915) attached to crinoid ossicle by clasping spines in lat-
eral view, close-ups (showing the thin clasping spines) and in dorsal view.
* P—Q —incomplete ventral valve (TCD. 60916) attached to crinoid ossicle
in posterior and lateral views. Scale bar: 500 um for all, except E (100 um)
and L (1 mm).
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Order Orthotetida Waagen, 1884
Suborder Orthotetidina Waagen, 1884
Superfamily Orthotetoidea Waagen, 1884
Family Schuchertellidae Williams, 1953
Subfamily Streptorhynchinae Stehli, 1954

Genus Drahanorhynchus Havlicek, 1967

Type species. — Drahanorhynchus drahanicus Havlicek,
1967, from the Brezina Formation, Viséan, Czech Repub-
lic.

Drahanorhynchus gleniffensis sp. nov.
Figures 6, 7, Table 1

Type. — Holotype (TCD.60926), an incomplete dorsal
valve (Figs 6X-Z, 7).

Type horizon and locality. — Meenymore Formation (Vi-
séan, late Asbian), Gleniff (Irish Grid Reference 173390
345759).

Material. — Fifty-five ventral and nine dorsal valves
(TCD.60918-60930).

Etymology. — From Gleniff (County Sligo), the type loca-
lity.

Diagnosis. — A species of Drahanorhynchus with shell
wider than long (up to ca 3.5 mm in width), planoconvex
and semi-circular in outline. Faint median depressions
developed on both valves. Six rounded ribs per 1 mm at
ventral anterior margin. Dorsal ventral muscle field well
defined, extending up to about half of the valve length,
diamond-shaped; myophragm flanked by up to 4 pairs of
radiating septa in these adult specimens.

Description. — Shell small-sized (up to ca 3.5 mm in
width), wider than long (W/L: 1.33-1.73 [n = 6]), plano-
convex, semi-circular in outline; hinge line straight nar-
rower than the greatest width (Wi/W: 0.65-0.89 [n = 8]);
anterior margin straight in ventral view; anterior commis-
sure rectimarginate or undulose. Ventral valve more or less
subconical (especially in juveniles; Fig. 6C, T) or convex,
with a faint depression developed in its anterior part; beak
straight; interarea of variable height (Hi/Wi: 0.21-0.5
[n = 5]), flat, catacline to apsacline; delthyrium closed by
strongly convex and stout pseudodeltidium (Fig. 6M, N)
bearing some growth lines; attachment cicatrix in some
specimens with koskinoid perforations (Fig. 6I); supra-
apical foramen only seen in juveniles (Fig. 61, J, O, S) and
of clearly larger diameter than that of the koskinoid perfo-
rations. Dorsal valve bearing a faint depression in its ante-
rior part; chilidium vestigial.

Table 1. Measurements of Drahanorhynchus gleniffensis sp. nov.
(in mm). Brackets indicate estimation. Abbreviations: Hi — height of ven-
tral interarea; Ld — length of dorsal valve; Lv — length of ventral valve;
Tv — thickness of ventral valve; W — width of shell; Wi — width of
interarea.

TCD w Wi Lv Ld Tv Hi
60918 35 3.1 2.4 L5 1.3
60920 1.8 0.7) 1.2 / /
60921 2 1.3 1.5 0.5 0.3
60922 1.6 1.4 1 0.5 0.3
60923 1.9 1.6 1.1 0.7 0.5
60924 1.6 1.4 1.1 0.8 0.7
60926 (3.6) (2.4) 2.5

60927 2.1 / 1.5

60928 2 1.6 L5

Ornamentation multicostellate (ribs increasing by in-
tercalation in dorsal and ventral valves, rare bifurcations in
ventral valve); 6 rounded ribs per | mm at ventral anterior
margin, separated by similar intercostal grooves; micro-
growth lines abundant (5-6 per 0.1 mm), some of them
thickened; spines projecting from rib crest preserved in
several specimens (Fig. 6V, W).

Ventral interior with small teeth rectangular in outline
(Fig. 6M, N). Dorsal valve interior (Figs 6Y, 6AA-CC, 7B)
with bilobed cardinal process with small lobes posteriorly
oriented; dental sockets small, open postero-laterally;
socket ridges strongly diverging from hinge line and
fused to the cardinal process; muscle field well-defined in
adult shells extending up to about half of the valve length,
diamond-shaped; myophragm flanked by up to 4 pairs
of radiating septa in adult specimens (not developed in ju-
veniles).

Remarks. — The genus Drahanorhynchus was originally
described from the Viséan of Central Europe (Czech Re-
public) by Havlic¢ek (1967). Its diagnosis was revised by
Martinez Chacén & Winkler Prins (1977) and our material
conforms to it exactly. To our knowledge, only steinkerns
have been illustrated in the literature and the specimens un-
der discussion here are the first with preserved shell to be
illustrated, showing notably the microspinous ornament
previously reported by various authors (see references
herein) and the presence of a supra-apical foramen similar
to that illustrated by Brunton & Cocks (1996, fig. 1.6) in a
Silurian strophomenide (“Leptaena”). This particular
structure was lost early during the ontogeny in Orthoteti-
dina (Williams & Brunton 1993, Brunton & Cocks 1996),
but demonstrates that larval stages of this species were able
to fix on a substrate with their pedicle before cementing on
it during late stages. Moreover, the exfoliated parts of
the inner surface of the dorsal valve illustrated in Fig. 6CC
distinctly shows numerous dimples, which correspond
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to radially distributed deflections of the laminae point-
ing outwardly. They correspond to the “closely crowded
pits” reported by Havli¢ek (1967) on the internal moulds
of Drahanorhynchus drahanicus Havlicek, 1967. Note
that, due to the preservation, it is not possible to see if the
lobes are bilobed posteriorly or not. Besides its presence
in Central Europe, Drahanorhynchus has been reported
from the Tournaisian—Bashkirian of Spain (Martinez
Chacon & Winkler Prins 1977, Amler & Winkler Prins
1999, Martinez Chacén et al. 2003) and from the Tour-
naisian—Viséan (Culm facies) of Germany (e.g. Marti-
nez Chacon & Winkler Prins 1977, Martinez Chacoén et
al. 2003).

Drahanorhynchus gleniffensis sp. nov. differs from
D. drahanicus Havlicek, 1967 and D. paeckelmanni
(Gallwitz, 1932) notably in its smaller size and its more
divergent socket ridges. From Drahanorhynchus
cantabricus Martinez Chacon & Winkler Prins, 1977,
the new species is distinguished notably by its smaller
size and the presence of faint ventral and dorsal me-
dian depressions usually developed in the largest speci-
mens.

Class Rhynchonellata Williams et al., 1996

Order Orthida Schuchert and Cooper, 1932
Suborder Dalmanellidina Moore, 1952

Superfamily Enteletoidea Waagen, 1884

Family Schizophoriidae Schuchert & LeVene, 1929

Genus Schizophoria King, 1850

Type species. — Conchyliolithus (Anomites) resupinata
Martin, 1809; from the Viséan of Dovedale, Derbyshire,
England.

Schizophoria sp. indet.
Figure 8A-E

Material. — Three ventral valves (TCD.60931-60932).

Remarks. — These wider than long (W/L: 1.36 [n = 1])
ventral valves (up to 1.95 mm in width) display the follow-
ing characters: hinge line straight, narrower than the great-
est width (Wi/W: 0.52 [n = 1]), interarea moderately
high (for the size of the specimens!), relatively flat to
concave, ortho-apsacline; delthyrium large, open (mar-

gin angle: 39-44°; n = 3); ornamentation multicostellate
(4-5 ribs per 0.5 mm on the anterolateral margin); teeth
strong (muscular field unobserved). Although further
material is required for a more exact identification, our
material is externally closer to juveniles of Schizophoria
resupinata dorsosinuata Demanet, 1934 illustrated by
Brunton (1968, pl. 2, figs 22-36) from the Upper Glen-
car Formation in terms of ventral valve shape and intera-
rea rather than to those assigned to Rhipidomella miche-
lini (Léveillé, 1835) by Brunton (1968, pl. 3, figs 21, 22,
24, 25) from the same lithostratigraphic unit. They are
thus identified as Schizophoria sp. in the absence of dor-
sal valves.

Order Rhynchonellida Kuhn, 1949

Superfamily Rhynchoporoidea Muir-Wood, 1955
Family Rhynchoporidae Muir-Wood, 1955
Subfamily Tretorhynchinae Savage, 2002

Genus Tretorhynchia Brunton, 1971

Type species. — Terebratula trilatera de Koninck, 1843;
from the upper part of the Visé Formation, Viséan (Arund-
ian), Visé, Belgium.

Tretorhynchia cf. trilatera (de Koninck, 1843)
Figure 8F-O

Material. — Twenty-one articulated specimen (TCD.60933
to 60935).

Description. — Shell subtriangular in outline, small-sized
(up to 2.9 mm in width), longer than wide (W/L: 0.87-0.89
[n = 2]), aequibiconvex, widest in anterior third part of
shell; anterior commissure rectimarginate; anterior margin
strongly emarginate in ventral view. Ventral valve with
median groove; beak suberect; delthyrium open. Dorsal
valve with well-developed median groove.

At least 14 simple rounded ribs (the preservation is not
sufficiently good to make an exact count) separated by sim-
ilar intercostal grooves.

Internal morphology unknown; some exfoliated shells
display endopunctae.

Remarks. — Our material is tentatively assigned to Treto-
rhynchia trilatera as the specimens are externally very

Figure 6. Drahanorhynchus gleniffensis sp. nov. Meenymore Formation, Gleniff. ¢ A—E — ventral valve (TCD.60918) in ventral, dorsal, lateral, poste-
rior and anterior views. ® F — ventral valve (TCD.60919). ¢« G-I — ventral valve (TCD.60920) in ventral and posterior views and close-up of the umbo
showing koskinoid structure. « J-N — ventral valve (TCD.60921) in ventral, dorsal and posterior views and close-ups showing the strongly convex
pseudodeltidium and the small teeth. « O, P — ventral valve (TCD.60922) in ventral and posterior views. ® Q, R —incomplete ventral valve (TCD.60923) in
ventral and posterior views. ® S—U — ventral valve (TCD.60924) in ventral, lateral and posterior views. * V, W—ventral valve (TCD.60925) in oblique ven-
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tral view showing preserved spines close to the anterior margin and close-up in lateral view. * X—Z — incomplete dorsal valve incrusted by enigmatic or-
ganism (holotype, TCD.60926, see also Fig. 7) in external and internal views and close-up of the vestigial chilidium and the cardinal process lobes.
* AA —juvenile dorsal interior (TCD.60927). * BB — juvenile dorsal interior (TCD.60928). « CC — incomplete dorsal interior (TCD.60929). Scale bar:
500 pm for all, except A-F and X-Y (1 mm), I (100 pm), M-N (250 um), W (200 um) and Z (400 pm).
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Figure 7. Drahanorhynchus gleniffensis sp. nov. Meenymore Forma-
tion, Gleniff. Slightly strained reconstruction of the holotype
(TCD.60926; see Fig. 6X-Z for comparison), i.e. an incomplete dorsal
valve in external and internal views. Scale bar: 500 pm.

close to juveniles from the Asbian Upper Glencar For-
mation of County Fermanagh assigned to Tretorhynchia
trilatera by Brunton (1984, figs 16, 17). However, no adult
was recovered from Gleniff and the internal features are
not exposed. The types of Tretorhynchia trilatera are from
Visé (southern Belgium) and were recovered from the Visé
Formation ranging from the late Tournaisian to the late Vi-
séan (although they have not been collected from the Liv-
ian). Most of the fossils from Visé have been recovered
from quarry F-G (e.g. Demanet 1958, Pirlet 1967, Poty
1982, Hance et al. 2006), where exposures still exist al-
though the rocks are unfortunately inaccessible. The rocks
are massive algal and bioclastic boundstones that form
buildups rich in brachiopods of late Asbian age (Warnant-
ian; e.g. Hance et al. 2006). This is of course not the case
for all the brachiopods present in the old “Visé collections”
disseminated in numerous museums through the world but
itis likely to be the case for this rhynchonellide species due
its state of preservation and coloration (see discussion in
Demanet 1958). Besides its presence in County Fermanagh
(Brunton 1984), T. trilatera was reported in mid to late Vi-
séan strata by Brunton (1971) and Brunton & Tilsley
(1991). Note that Pakhnevich (2013) recently proposed to
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Figure 8. A-E — Schizophoria sp. indet. Almost complete ventral
valve (TCD.60931) in external, internal, lateral, posterior and anterior
views. ® F-O — Tretorhynchia cf. trilatera (de Koninck, 1843).
e F-J — articulated specimen (TCD.60933) in ventral, dorsal, lateral,
posterior and anterior views. * K-O — articulated specimen (TCD.
60934) in ventral, dorsal, lateral, posterior and anterior views. All
the specimens are from the Meenymore Formation, Gleniff. Scale
bars: 1 mm.

transfer the subfamily Tretorhynchinae to the Leiorhynchi-
dae (Camarotoechioidea) on the basis of the internal struc-
tures, but here we follow Savage’s (2002) classification as
the development of endopunctae in rhynchonellid shells is
unusual and, thus, is considered as a significant parameter
for classification.
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Figure 9. Nucleospira aff. carlukensis (Davidson, 1859) from the Meenymore Formation, Gleniff. ¢ A—E — articulated specimen (TCD.60936) in ven-
tral, dorsal, lateral, posterior and anterior views.  F-L — articulated specimen (TCD.60937) in ventral, dorsal, lateral, posterior and anterior views and de-
tails of the ventral area (note the circular drill hole on the right of the dorsal umbo) and the microspinous external ornamentation. * M, N —incomplete ar-
ticulated specimen (TCD.60938) in dorsal view with microspinous external ornamentation preserved and detail of it. Scale bars: 1 mm, except
K (500 pm), L (50 ym), and N (200 pm).

Order Athyridida Boucot et al., 1964
Suborder Athyrididina Boucot et al., 1964
Superfamily Nucleospiroidea Davidson, 1881
Family Nucleospiridae Davidson, 1881

Genus Nucleospira Hall, 1858 in Davidson (1858)

Type species. — Spirifer ventricosus Hall, 1857; from the
Lower Helderberg Group, Lochkovian, New York, USA.

Nucleospira aff. carlukensis (Davidson, 1859)
Figures 9A-N, 11A-D

aff. 1859 Spirifera carlukensis; Davidson, p. 59, pl. 13,
figs 14, 14a, b.

Material. — Eleven specimens with conjoined valves and
one incomplete dorsal valve (TCD.60936-60940).

Description. — Shell small-sized (at least 2.4 mm in width,

but probably larger as demonstrated by a fragmentary
dorsal valve; Fig. 11A-D), roughly elliptical in outline,
dorsibiconvex (Tv/Td: 0.8-0.87 [n = 2]) and slightly
longer than wide (W/L: 0.93-0.94 [n= 2]); hinge line
straight, narrower than maximum width (Wi/W:
0.51-0.53 [n = 2]); anterior margin straight or slightly
emarginate in ventral view; anterior commissure recti-
marginate to weakly undulose. Ventral valve with pro-
minent umbo; beak very slightly curved; interarea trian-
gular, low, apsacline, concave; delthyrium wide, open;
very shallow depression developed in anterior part of
some shells; no dorsal interarea. Dorsal valve with pro-
minent umbo and greatest convexity at or posteriorly to
mid-valve; no interarea; no fold.

Shell smooth but with growth lines visible close to the
lateral and anterior margins; numerous delicate spines,
generally broken (Fig. 9L-N).

Ventral interior unknown. Dorsal valve interior with
cardinal flange strongly posteriorly recurved (crura bro-
ken) (Fig. 11A-D); dental sockets deep.
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Remarks. — The presence of spines covering the shell sur-
face, the apsacline ventral interarea and the markedly po-
steriorly recurved cardinal flange are characteristic of the
genus Nucleospira. The outline of these small shells is si-
milar to that of the lectotype of N. carlukensis (Davidson,
1859) from the late Viséan of Lanarkshire, which was
chosen but only partially illustrated by Brunton (1984,
fig. 77), but specimens of similar size have not been found
at Gleniff and display a clearly dorsibiconvex profile. Our
specimens are smaller but externally close to those from
the Upper Glencar Formation assigned to Nucleospira
carlukensis by Brunton (1984; see also Brunton et al.
1996), despite the fact that they do not display thickened
growth lines (see Brunton 1984, figs 79a, 80b). Further-
more, our material shares a similar outline with that of
N. rowleyi Weller, 1914 from the Louisiana Limestone of
Missouri, but displays a more dorsibiconvex profile. On
the basis of their external shape, we presently underline
the similarities between the Gleniff species and that of
Davidson (1859), but more data (e.g. ventral internal fea-
tures) are necessary to reliably discriminate these tiny
brachiopod species.

Superfamily Retzioidea Waagen, 1883
Family Neoretziidae Dagys, 1972
Subfamily Hustediinae Grunt, 1986

Genus Hustedia Hall & Clarke, 1893

Types species. — Terebratula mormoni Marcou, 1858; from
the Moscovian (Desmoinesian) ‘“Mountain Limestone”
near Salt Lake City, Utah, USA.

Hustedia radialis (Phillips, 1836)
Figure 10A-T

1836 Terebratula radialis Phillips; p. 223, pl. 12,
figs 40, 41.

1974 Hustedia cf. radialis (Phillips). — Brunton & Cham-
pion, p. 825, pl. 109, figs 10-18.

1984 Hustedia radialis (Phillips). — Brunton, p. 44,
figs 30-38 (see this author for a more complete sy-
nonymy).

1991 Hustedia radialis (Phillips). — Brunton & Tilsley,
pp- 290, 292.

Material. — Thirty-nine articulated specimens, one ventral
and one dorsal valve (TCD.60941-60945).

Description. — Shell small-sized (ca 5 mm in width),
slightly longer than wide (W/L: 0.82-0.93 [n= 3]), widest
at about midlength, ventribiconvex (Tv/Td: 1.09-1.65
[n = 4]), suboval in outline; hinge line clearly shorter than
greatest shell width (Wi/W: 0.33-0.4 [n = 3]); anterior
margin rounded in ventral view; commissure rectimargi-
nate or very slightly sulcate. Ventral valve with prominent
umbo and greatest convexity posteriorly to midlength; fo-
ramen large, circular, permesothyrid; interarea small, flat
to weakly concave, apsacline; symphythium flat; no sulcus
and no fold. Dorsal valve with or without shallow sulcus
arising in its posterior part and with greatest convexity
slightly posterior to valve midlength.

Ornamentation of ca 16—18 simple, rounded ribs on the
dorsal valve, separated by intercostal grooves of similar
section; one specimen displaying one growth line excep-
tionally thickened on both valves (Fig. 10A-C).

Internal morphology not observed.

Remarks. — Although their internal morphology is un-
known, the specimens from Gleniff are essentially identi-
cal with those assigned to Hustedia radialis by Brunton &
Champion (1974) and Brunton (1984). A single specimen
exceptionally displays one thickened growth line on both
valves (Fig. I0A—C). Growth lines have not been reported
before in H. radialis, but this may be simply the result of
an accident during growth, such storm inflicted damage to
the mantle arresting growth abruptly (L. Angiolini, pers.
comm. 2014). Brunton (1984) doubtfully placed Hustedia
multiplicata (de Koninck, 1887) (misspelled multicostata
in the legend of de Koninck’s plate 22), from the Tournais-
ian of Tournai (Tournai Formation; see also Demanet
1958), in synonymy with H. radialis. The specimens
identified as Hustedia multiplicata and illustrated by de
Koninck (1887, pl. 22, fig. 20 [IRScNB a5512] and
figs 21-24 [IRScNB a5513]) are here illustrated photog-
raphically for the first time. The specimen IRScNB a5513
is here chosen as lectotype (Fig. 10U-Y) of de Koninck’s
species, which differs at first sight from Hustedia radialis
by its subcircular outline but displays the same number of
dorsal ribs as the lectotype of Phillips’ species (see Brun-
ton 1984, fig. 32). The second specimen (IRScNB a5512;
Fig. 10Z-CC) illustrated by de Koninck (1887) differs
from the lectotype of Hustedia multiplicata by its outline,
which is similar to that of H. radialis but is here provisio-
nally identified as H. sp. indet. More specimens from
Tournai are required to discuss similarities and differen-
ces between both species further (including data on size
and internal features).

Figure 10. A-T — Hustedia radialis (Phillips, 1836) from the Meenymore Formation, Gleniff. ¢ A-E — juvenile articulated specimen (TCD.60941) in
ventral, dorsal, lateral, posterior and anterior views (note the exceptional development of a growth line in both valves). ¢ F-J — juvenile articulated speci-
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men (TCD.60942) in ventral, dorsal, lateral, posterior and anterior views. ® K—O — articulated specimen (TCD.60943) in ventral, dorsal, lateral, posterior
and anterior views. « P-T — articulated specimen (TCD.60944) in ventral, dorsal, lateral, posterior and anterior views. ® U-Y — Hustedia multiplicata (de
Koninck, 1887), from the Tournaisian Tournai Formation, Tournai (southern Belgium). Articulated specimen (lectotype, IRScNB a5513, illustrated by
de Koninck 1887, pl. 22, figs 21-24) in ventral, dorsal, lateral, posterior and anterior views. ® Z-CC — Hustedia sp. indet. from the Tournaisian Tournai
Formation, Tournai (southern Belgium). Articulated specimen (IRScNB a 5512, illustrated by de Koninck 1887, pl. 22, fig. 20) in ventral, dorsal, lateral,
posterior and anterior views. Scale bars: 1 mm.
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Figure 11. A-D — Nucleospira aff. carlukensis (Davidson, 1859). Frag-
mentary dorsal valve (TCD.60939) in posterior, external, internal and
lateral views. * E-L — undetermined athyridide. ¢ E, F — almost complete
articulated specimen (TCD.60946) in ventral and dorsal views.
* G-L —juvenile articulated specimen (TCD.60947) in ventral, dorsal, lat-
eral, posterior and anterior and detail of the impunctate shell. All the spec-
imens are from the Meenymore Formation, Gleniff. Scale bars: 1 mm
(A-K) and 50 um (L).

Athyridide gen. et sp. indet.
Figure 11E-L

Material. — Four articulated specimens and one ventral
valve (TCD.60946-60948).

Remarks. —These small (ca up to 2.3 mm in width), smooth
(with scarce obscure growth lines), ventribiconvex and
rectimarginate shells are considered as representatives of
the order Athyridida as they possess an astrophic and im-
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punctate shell. The largest specimen displays deltidial pla-
tes that partially covered the delthyrium (no foramen is de-
veloped). However, they cannot be assigned to a known
genus because the internal features are unknown. Our ma-
terial shares external similarities (e.g. outline, palintrope),
except the presence of deltidial plates, with some unidenti-
fied athyridides illustrated by Sun & Balinski (2011,
figs 35A-N) from the Tournaisian Muhua Formation of
South China.

Order Spiriferida Waagen, 1883

Suborder Spiriferidina Waagen, 1883
Superfamily Ambocoelioidea George, 1931
Family Ambocoeliidae George, 1931
Subfamily Ambocoeliinae George, 1931

Genus Crurithyris George, 1931

Type species. — Spirifer urei Fleming, 1828; from the Vi-
séan of Strathaven, Lanarkshire, Scotland.

Crurithyris sp. 1
Figure 12

Material. — Nine articulated specimens and eleven ventral
valves (TCD.60949-60952).

Description. — Shell small-sized (up to ca 2.5 mm in
width), markedly ventribiconvex (Tv/Td: 2.35-3.85
[n =2]), slightly longer than wide to wider than long (W/L:
0.97-1.12 [n = 3]), rounded in outline, widest at about mid-
length; hinge line markedly narrower than greatest shell
width (Wi/W: 0.51-0.59 [n = 2]); anterior commissure rec-
timarginate; anterior margin straight or very slightly emar-
ginate in ventral view. Ventral valve with prominent umbo
and greatest convexity posteriorly to midlength; faint me-
dian depression present in some specimens; beak slightly
curved; interarea cata-apsacline, moderately high, con-
cave; in juveniles, top of delthyrium with semi-circular
opening bordered by thickened shell layer resembling the
extension of narrow deltidial plates (see remarks below).
Dorsal valve with greatest convexity posteriorly to mid-
valve, inflated umbonally; interarea lower than ventral one,
anacline, slightly concave.

Shell covered with numerous spine bases of two types
(thin and large ones; Fig. 12F).

Ventral interior with small teeth (Fig. 12J) (other fea-
tures not visible). Dorsal interior unknown.

Remarks. — These specimens are assigned to Crurithyris on
the basis of the external features (e.g. shell strongly ventri-
biconvex, ornamentation of two types of spines). The poor
state of preservation of the largest specimens does not allow
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confirmation that the semicircular opening developed at
the top of the delthyrium (Fig. 12B, J) was reduced during
the growth of the organism, but it is highly probable. An
identical structure has been illustrated by Sun & Balifiski
(2011, fig. 23B1) in Crurithyris cf. nastus Brunton &
Champion, 1974 from the Tournaisian of South China.
From the viewpoint of specific identification, the lack of
knowledge of the internal features, which are especially
important in the case of small-sized smooth brachiopods
devoid of external significant features, remains problematic.
Among the species known from the Viséan of the Britain
and Ireland (George 1931; Brunton & Campion 1974;
Brunton 1976, 1984), the specimens from Gleniff are ex-
ternally closer to C. nastus than to C. urei (Fleming, 1828)
on the basis of the dorsal valve profile, which is umbonally
inflated. However, for the reasons discussed above, it is
better to leave these specimens provisionally in open no-
menclature. Moreover, a thorough comparative study of
Mississippian ambocoeliides from Western Europe, no-
tably those described by George (1931) and those illustra-
ted but not described by de Koninck (1887; see Mottequin
& Legrand-Blain 2010), is urgently needed to assess better
the diversity of this family during this interval, and especi-
ally the nature of the spines, but is beyond the scope of this

paper.

Crurithyris? sp. indet.
Figure 13

Material. — Twelve articulated specimens and one dorsal
valve (TCD.60953-60958).

Description. — Shell small-sized (ca 3 mm in width), ven-
tribiconvex (Tv/Td: 1.36-1.66 [n = 5]), slightly longer than
wide to slightly wider than long (W/L: 0.96-1.07 [n = 3]),
rounded in outline, widest at about midlength; hinge line
narrower than greatest shell width (Wi/W: 0.42-0.47
[n = 3]); anterior commissure rectimarginate; anterior mar-
gin emarginate in ventral view. Ventral valve with promi-
nent umbo and greatest convexity posteriorly to midlength;
sulcus generally developed, originating anteriorly to mid-
length; beak not curved; interarea apsacline, moderately
high and concave; delthyrium triangular with no deltidial
plates. Dorsal valve regularly convex with greatest conve-
xity posteriorly to mid-valve length but not particularly in-
flated umbonally; sulcus shallow, arising in valve posterior
part; interarea linear, anacline, slightly concave.

Shell smooth except some growth lines (no spine bases
observed).

Internal morphology unknown.

Remarks. — On the basis of the external morphology, these
specimens are doubtfully assigned to Crurithyris as they do

Figure 12. Crurithyris sp. 1 from the Meenymore Formation. « A~F —
articulated specimen (TCD.60949) in ventral, dorsal, lateral, posterior
and anterior view and detail of the microspinous external ornamentation
(small and large spine bases are visible). ¢ G-I — articulated specimen
(TCD.60950) in ventral, dorsal, and anterior views. * J-M — detail of the
interarea of a ventral valve (TCD.60951) and the same in ventral, lateral
and posterior views. Scale bar: 500 um, except F (50 um) and J (75 pum).

not show spines — however the absence of the latter may be
a preservation bias although this seems to be unlikely as the
other brachiopod species display minute details of their
microornament —, and the absence of deltidial plates. Besi-
des these features, they differ markedly from Crurithyris
sp. 1 notably in their less inflated shell and their more deve-
loped sulci. On the basis of the external features (e.g. short
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hinge line, rounded lateral extremities, biconvex shell), an
assignment to the Martinioidea may be envisaged, but the
lack of data related to their internal morphology, which is
crucial for discrimination (e.g. knoblike cardinal process in
Ambocoelioidea vs. ctenophoridium in Martinioidea),
precludes a more detailed discussion.

Order Spiriferinida Ivanova, 1972

Suborder Spiriferinidina Ivanova, 1972
Superfamily Pennospiriferinoidea Dagys, 1972
Family Punctospiriferidae Waterhouse, 1975

Genus Punctospirifer North, 1920

Type species. — Punctospirifer scabricosta North, 1920;
from the top of the Ashfell Sandstone Formation (Viséan,
late Arundian), Westmoreland, England.

Punctospirifer? sp. indet.
Figure 14

Material. — Five articulated specimens, three ventral and
two dorsal valves (TCD.60959-60964).

Description. — Shell small-sized (ca 4 mm in width for the
largest, but flattened specimen), wider than long (W/L:
1.18 [n=1]), ventribiconvex (Tv/Td: 1.82 [n = 1]), rounded
subpentagonal in outline with rounded cardinal angles, wi-
dest at about midlength; hinge line narrower than greatest
shell width (Wi/W: 0.67 [n = 1]); anterior commissure
uniplicate; anterior margin slightly emarginate in ventral
view. Ventral valve with flanks steeply sloping towards la-
teral margins; umbo prominent; beak curved; interarea mo-
derately high (Hi/Wi: 0.22 [n = 1]), triangular, apsacline,
concave; delthyrium open; sulcus well delimited by strong
sulcal ribs, wide (Ws/W: 0.47 [n = 1]), flat-bottomed at
front. Dorsal valve with low but well defined, flat-topped
fold; interarea linear, flat, orthocline.

Fold and sulcus smooth; on ventral valve, about 4 lat-
eral ribs arising anteriorly to the umbo (except the sulcal
bounding ribs) but obscure on posterolateral parts of
flanks; microornament of imbricate and closely spaced
growth lines and discontinuous capillae becoming wider
with the imbrications anteriorly as tiny U-shaped
crenulations of lamellae (Fig. 14P, Q).

Ventral interior unknown. Dorsal valve interior
(Fig. 14N, O) with deep dental sockets; inner socket ridges
diverging at an angle of 49° (n = 1); cardinal process badly
preserved, sessile (?); crural plates long (?).

Remarks. — On the basis of the available data, and despite

the lack of knowledge of the ventral internal morphology,
the nature of the shell (impunctate or punctate) and a mar-
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kedly rounded outline, our material is tentatively assigned
to Punctospirifer. This is on the basis of the microornament
(see discussion in Campbell 1959 and Carter 1999). Tylo-
thyris North, 1920, which is also characterized by nume-
rous imbricate growth lamellae, is devoid of capillae, at least
in the type species (see Brunton 1984 and Mottequin
2010). By their overall shape, their small size and their ob-
solescent lateral ribs, the Gleniff specimens display some
similarities of the external shell with the type species of
Texathyris Carter, 1972, i.e. T. elegantula Carter, 1972, but
they can be readily distinguished from this species notably
by the presence of capillae and the fold which is not bounded
by two deep grooves. Brunton (1987) reported that Punc-
tospirifer scabricosta North, 1920 occurs abundantly
within the Dartry Limestone Formation in Co. Fermanagh
but did not illustrate the species.

Order Terebratulida Waagen, 1883

Suborder Terebratulidina Waagen, 1883
Superfamily Cryptonelloidea Thomson, 1926
Family Cryptonellidae Thomson, 1926
Subfamily Cryptonellinae Thomson, 1926

Genus Cryptonella Hall, 1861

Type species. — Terebratula rectirostra Hall, 1860; from
the Mid Devonian of western New York, USA.

Cryptonella? sp. indet.
Figure 15

Material. — Seven articulated specimens (TCD.60965 to
60967).

Description. — Shell small-sized (4.3 mm for the largest
specimen), longer than wide, aequibiconvex to slightly
ventribiconvex, elongate in outline, widest at about the two
thirds of the shell; anterior commissure rectimarginate; an-
terior margin relatively rounded in ventral view. Ventral
umbo prominent, beak straight, pierced by permesothyrid
foramen; delthyrium concealed with deltidial plates. Dor-
sal valve regularly convex both in posterior and lateral pro-
file views and with greatest convexity at mid-valve.

Shell covered with growth lines.

Internal morphology unknown.

Remarks. — The lack of knowledge about the internal featu-
res precludes a definite generic assignment. However,
some external features such as the ventral beak being not
incurved, which allows the exposition of the deltidial pla-
tes, suggest a possible assignment to Cryptonella Hall,
1861, whose representatives are particularly rare within the
Mississippian (Brunton 1984) — C. minranensis Brunton,
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Figure 13. Crurithyris? sp. indet. from the Meenymore Formation, Gleniff. * A~E — incomplete articulated specimen (TCD.60953) in ventral, dorsal,
lateral, posterior and anterior views. ® F-J —articulated specimen (TCD.60954) in ventral, dorsal, lateral, posterior and anterior views. ¢ K—O — articulated
specimen (TCD.60955) in ventral, dorsal, lateral, posterior and anterior views. ® P-T — juvenile articulated specimen (TCD.60956) in ventral, dorsal, lat-
eral, posterior and anterior views. ¢ U-Y — juvenile articulated specimen (TCD.60957) in ventral, dorsal, lateral, posterior and anterior views. Scale bars:
1 mm.

1984 from the Viséan of Co. Fermanagh (several horizons
of the Glencar Formation; Brunton 1987) —and Pennsylvan-
ian (Pérez-Huerta 2004) strata.

Palaeoecology

Brandon (1977) showed that much of the Meenymore For-
mation was deposited in restricted environments associa-
ted with tidal flats, with several horizons of stromatolites,
dolomicrites and evaporites. The relatively rare horizons
with fossils contain faunas that are different from those of
the open marine Glencar and Dartry formations, which in-
clude colonial rugose corals and large brachiopods and cri-
noids. The fauna from the Meenymore Formation of the

Gleniff outlier is characterised by small-sized fossils, in-
cluding the brachiopods described above, molluscs, no-
tably ammonoids, nautiloids, gastropods and rostroconchs,
a varied fauna of echinoderms, discussed by Sevastopulo
(2002), and ostracodes and rare trilobites. Corals and bryo-
zoans are extremely poorly represented in terms of both
numbers of individuals and of taxa. Many of the fossils are
encrusted with a micrite crust, which is probably microbial
in origin.

The brachiopod fauna is relatively diverse and well pre-
served. Nevertheless, the use of diversity indices (e.g.
Margalef and Shannon-Wiener) is not very useful because,
as explained above and due to the poor exposure of the
rocks assigned to the Meenymore Formation at Gleniff, the
sampling method may have resulted in the amalgamation
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of several subfacies. At least 14 species have been found
and most of the specimens correspond to tiny adults
(micromorphs), although juveniles of larger species are
present within the assemblage; this degree of diversity is
similar to that reported from the Viséan (Warnantian) of
Badajoz in SW Spain by Martinez Chacén (1997) but the
Irish and Spanish assemblages are markedly different in
their generic composition. At Gleniff, spire-bearers (Athy-
ridida, Spiriferida, and Spiriferinida) represent 40% of the
whole assemblage with six species but, in terms of num-
bers of specimens, the orthotetides, represented only by
Drahanorhynchus gleniffensis sp. nov., are the most abun-
dant. Due to the reasons discussed above, it is not possible
to determine if this species is an opportunist with respect to
the spire-bearing brachiopods. As information about the
internal features are lacking for most of the taxa, the results
of the systematic study should be considered as provi-
sional. Nonetheless, the Gleniff assemblage is consider-
ably less diverse than that from the slightly older open ma-
rine faunas from the Asbian Upper Glencar Limestone and
the Dartry Limestone in nearby localities of County
Fermanagh where 56 species were recognized (Brunton
1966a, 1968, 1984, 1987; Brunton & Mason 1979; Brunton
& Mundy 1986). Brunton (1987) suggested that this excep-
tional diversity most probably resulted from the associa-
tion with carbonate mudbank environments or their close
proximity, following Boucot’s (1975) opinion that attrib-
uted higher diversity assemblages to reefal environments
than to level-bottomed ones. It is notable that the smooth
rhynchonellide Lambdarina has not been found at Gleniff
nor in the faunas described by Brunton (1966a) although it
is a common element of micromorph faunas from the
Tournaisian and Viséan of Western Europe (Brunton &
Champion 1974, Bassett & Bryant 1993, Morris 1994,
Martinez Chacon 1997) and elsewhere in the world (see
references in Balifiski & Sun 2008).

As mentioned by Brunton (1987), the degree of articu-
lation, the state of preservation of the most delicate orna-
mental structures and the infestation by organisms after
death are of considerable importance in establishing the as-
semblage type. The percentage of articulated specimens of
spiriferides, athyridides, rhynchonellides and terebra-
tulides, which are all characterized by strong articulatory
processes, is high. This is not the case for the orthotetides
and orthides, which are all disarticulated, and only a small
proportion of the specimens of chonetidines remain articu-
lated. The preservation of the minute spiny projections
present in the orthotetide D. gleniffensis sp. nov. (Fig. 6V, W)
or the spine bases in Crurithyris sp. 1 (Fig. 12F) and
Nucleospira sp. (Fig. 9L-N) is exceptional to common.
Growth microlines are very well preserved in numerous
specimens of the former as well as in the spiriferides.
Spines developed along the hinge line in Globosochonetes
are also well preserved. It thus seems likely that the Gleniff
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assemblage represent an in sifu accumulation (life assem-
blage), although time-averaged.

The small body of the brachiopods and their thin shell
may allow them to raft on the muddy substrate, with only
limited hard counterparts provided by skeletobionts (see
above), but they were probably very sensitive to sediment
disturbances due to their sessile mode of life (e.g.
Tomasovych 2006). Brachiopods with an open delthyrium
or foramen are normally interpreted as having lived at-
tached to various kinds of substrate (e.g. lime mud, shells,
algae) by their pedicle; the orthotedides clearly display a
small cementation cicatrix (Fig. 6G-I) at the top of the ven-
tral umbo with koskinoid perforations (Jux & Strauch
1966). There is no consensus about the origin of these min-
ute perforations. They may be drilled mechanically by bor-
ing organisms (Thomas 1958, Williams & Brunton 1993)
or be related to development of an attachment organ (e.g.
Grant 1976, 1980; Martinez Chacén & Garcia-Alcalde
1978). Some productidines are found attached to crinoid
ossicles by thin clasping spines (see also Brunton 1965,
1966a and Sun & Baliniski 2008 for discussion about the
mode of attachment of productidines).

Post-mortem (?) encrustations by enigmatic organisms
(Figs 6X, 7A) was noted in D. gleniffensis sp. nov. and cir-
cular drill holes, perpendicular to the shell surface were ob-
served in the athyridides Hustedia (Fig. 10K, L) and
Nucleospira (Fig. 9G-K) but these have not been studied
quantitatively because the number of specimens is too
limited (see e.g. Brunton 1966b, Bassett & Bryant 1993,
Morris 1994, Martinez Chacén 1997, Baumiller er al.
1999, Deline et al. 2003, Mottequin & Sevastopulo 2009,
Mottequin 2010, Sun & Balinski 2011 for drill holes in
Mississippian brachiopods).

The reasons for the large percentage of micromorph
taxa of brachiopods in the Gleniff fauna, which is mirrored
by the echinoderms (Sevastopulo 2002, 2008), are difficult
to elucidate but their small size is probably the result of the
combination of several biotic (e.g. food supply) and
physicochemical (e.g. water oxygenation) factors. It is un-
likely to be a consequence of abnormal salinity, because
both echinoderms and brachiopods are largely stenohaline.
What is notable about the Gleniff fauna is that most of the
sessile benthos was epifaunal suspension feeders confined
to the lowest epifaunal tier of the spectrum of tiering dis-
cussed by Ausich & Bottjer (1982). Fenestrate bryozoans,
many of which would have occupied a slightly higher level
in the hierarchy of tiering, are conspicuously rare. Accord-
ing to Pérez-Huerta & Sheldon (2006), nutrient availability
played an important role in controlling the size of the
spire-bearering brachiopods (athyridides, spiriferides, and
spiriferinides), which may have only reached a large size
when food supply was abundant, and would tend to be
smaller otherwise, as for instance in deeper water settings.
Thus, the size of the spire-bearing brachiopods would have
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Figure 14. Punctospirifer? sp. indet. from the Meenymore Formation, Gleniff. + A—E — articulated specimen (TCD.60959) in ventral, dorsal, lateral,
posterior and anterior views. * F-J — almost complete articulated specimen (TCD.60960) in ventral, dorsal, lateral, posterior and anterior views.
¢ K, L — ventral valve (TCD.60961) in ventral and lateral views. ® M—O — dorsal valve (TCD.60962) in external, posterior and internal views.
* P-Q — crushed specimen (TCD.60963) in ventral and dorsal views. Scale bars: 1 mm.

been related to food availability and water depth (Pérez-
Huerta & Sheldon 2006). In contrast, the productides
would be larger and dominant in food-depleted environ-
ments according to Pérez-Huerta & Sheldon (2006). Never-
theless, the size of most of the brachiopods occurring in the
Gleniff assemblage is similar and thus food availability is
probably not the major limiting factor. Several authors
(e.g. Fiirsich & Hurst 1974, Pérez-Huerta & Sheldon 2006)
have pointed out the importance of the lophophore effi-
ciency for explaining the differences observed in brachio-
pod assemblages (spire-bearers vs. productides) but this re-
main highly conjectural in the absence of modern
representatives of these brachiopods. The lophophore of
the spire-bearers is thought to have been an efficient filter-
ing system due to its ability to produce strong inhalant and

exhalant currents (Fiirsich & Hurst 1974, Vogel 1975,
Pérez-Huerta & Sheldon 2006) while the productide lopho-
phore would have been able to generate multidirectional
currents that may have permitted the capture of food parti-
cles from a larger area around the shell than in the athy-
ridides or spiriferides for example (Grant 1972, Pérez-
Huerta & Sheldon 2006). Despite the fact that spire-bearers
constitute a large part of the brachiopod assemblage, it is
important to note the abundance of the orthotetide
Drahanorhynchus gleniffensis sp. nov. with a cementing
habit, which was probably equipped with an unsupported
low spirolophe (see Grant 1980 for lophophore reconstruc-
tion in Derbya). Alexander (1977) reported small-sized
brachiopods associated with small fenestrate bryozoans,
corals and gastropods in Mississippian reducing, muddy,
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Figure 15. Cryptonella? sp. indet. from the Meenymore Formation,
Gleniff. ¢ A—E —articulated specimen (TCD.60965) in ventral, dorsal, lat-
eral, posterior and anterior views. * F-J — articulated specimen
(TCD.60966) in ventral, dorsal, lateral, posterior and anterior views.
Scale bar: 1 mm.

lagoonal environments of Utah that were characterized by
reduced water circulation and agitation. In such a
depositional setting similar to that of Gleniff, water oxy-
genation prevailing on the sea floor was probably not opti-
mal. Furthermore, brachiopod assemblages characterized
by small-sized and smooth-shelled species with relatively
high surface area to volume ratio were interpreted as re-
flecting limited trophic resources and/or a poorly oxygen-
ated environment (e.g. Thayer 1986, Levin 2003, Payne et
al. 2011, Garbelli et al. 2014).

Conclusions

The brachiopod assemblage recovered from the late As-
bian Meenymore Formation at Gleniff included 14 taxa
which mostly belong to the spire-bearers (Athyridida, Spi-
riferida, and Spiriferinida). Most of the specimens repre-
sent micromorphic species but also juveniles of larger
ones; no endemic genera were recognized among the mate-
rial investigated and we can underline the absence of the
smooth-shelled rhynchonellide Lambdarina, which is ge-
nerally a common element in Mississippian small-sized

326

brachiopod faunas. The brachiopod diversity is markedly
lower than that known from the Asbian Upper Glencar For-
mation in which Brunton (1987) reported 56 species, but
comparable to the 12 species recognized within non-reef
facies of the underlying Dartry Formation (Brunton 1987).
These minute brachiopods are associated with other
small-sized benthic organisms such as molluscs and echi-
noderms, but this generalized small size cannot be related
to abnormal salinity as brachiopods and echinoderms are
generally stenohaline and its causes remain obscure, but is
most likely the consequences of the combination of several
physicochemical and biotic factors.
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