Earth and Environmental Science Transactions of the Royal Society of Edinburgh, 1-12, 2024

Spontaneous Article

Caridoid crustaceans from the Ballagan Formation
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ABSTRACT: The descriptions of two co-occurring cardioid crustaceans from the Ballagan Forma-
tion (Tournaisian, Lower Carboniferous) of Chirnside, Scottish Borders, help to resolve the taxonomy
of the genus Tealliocaris. Tealliocaris robusta Peach, 1908 is assigned to Schramocaris to form S. robusta
(Peach, 1908) comb. nov. on the basis of morphological characters such as the rugosity and position of
the branchial carinae as well as the nature of the pleon, and becomes the earliest representative of this
genus in Scotland. A new species of Tealliocaris is also recognised from this locality and is described as
T briggsi sp. nov., based on the smooth carapace, lack of pleonic grooves and the number of spines on the
scaphocerite and lateral margin of the anterior carapace. The systematic position of the Pendleian speci-
mens identified by Peach (1908) as ‘ Tealliocaris robustavar.’ is finally resolved and described as 7 weegie

Sp. nov.
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Peach (1908) described the genus Zealliocaris and included six
species: 1. etheridgii (Peach 1882, spelt T. etheridgei by Peach
1908), T formosa (Peach 1882), T loudonensis Peach 1908,
T robusta Peach 1908, T. tarrasiana Peach 1908 and T. woodwardi
(Etheridge 1877). Peach (1908) inferred that the type species of
his new genus was 7. loudonensis within the section describing
T woodwardi (Peach 1908; pp. 19-20). Brooks (1969) retained
the type of Peach (1908) as T loudonensis, but Schram’s (1979)
major work on British Carboniferous Malacostraca included
T ‘loudenensis’ (T loudonensis of Peach 1908) and T. tarrasiana
as junior synonyms of 7 woodwardi and included 7' formosa and
T robusta as junior synonyms of Pseudotealliocaris etheridgei
(Peach 1882). Schram (1979) also designated a lectotype, but
Briggs & Clarkson (1985) used the original specimen described
by Etheridge (1877) as the holotype after further elaborations
by Etheridge (1879) where the specimen was first described as
being the type of Anthrapalaemon? woodwardi. The designation
of T loudonensis as a junior synonym of 7" woodwardi was also
supported by Briggs & Clarkson (1985) in their revision of
Tealliocaris from Gullane. Clark restudied this material in
1989 (Clark 1989) and published his findings on Tealliocaris in
2013, where he accepted T loudonensis as the junior synonym
of T woodwardi. The species T. aff. loudonensis was also men-
tioned from Canada (Dewey & Fahraus 1982), as was T wood-
wardi (Miller & Purdy 1998), although it was later shown that
these belonged to the genus Schramocaris (Clark et al. 2018).
On describing a Devonian example of the genus Tealliocaris,
Gueriau et al. (2014) suggested that the type species of Teallio-
caris should be T loudonensis as Peach had originally inferred.
However, as Anthrapalaemon? woodwardi Etheridge 1877 was

the first described species, despite Peach’s inferences, 7. loudonen-
sis is here considered to be a junior synonym of 7. woodwardi,
which is the senior synonym.

When tealliocaridid crustaceans were first found near Great
Doward in the Forest of Dean (England, UK), it was originally
thought that they belonged to Pseudotealliocaris (see Jenkins
2007). Since the genus Pseudotealliocaris was considered by
Clark (2013) to be a junior synonym of Tealliocaris, it was nat-
ural to assume that they belonged to that genus instead. The
broad, round carapace with rugose carinae was reminiscent of
Pseudogalathea, so the crustacean from the Forest of Dean was
therefore compared with both Tealliocaris and Pseudogalathea,
but was found to be significantly different and thus placed in
the new genus Schramocaris by Clark et al. (2015).

Clark (2013) recognised three species of Tealliocaris from the
Carboniferous of Scotland: 7 etheridgii, T. robusta and T wood-
wardi, thus taking 7. robusta out of synonymy. Clark (2013) drew
attention to the discrepancy in age between 7. robusta from the
Tournaisian of southern Scotland and 7. robusta from the Pen-
dleian of the Midland Valley of Scotland, but was unable to dif-
ferentiate morphologically between them based on material
available at that time. More material has now been collected
from the Ballagan Formation of Tournaisian age at Willie’s
Hole, Chirnside near Duns (Scottish Borders, Fig. 1) in southern
Scotland, which helps with identifying the genus and species
based on diagnostic characters and a comparative landmark
analysis of the carapace as carried out on the type of the genus
by Clark et al. (2015).

Similar material in the collections of the Natural History
Museum (NHMUK), London, and National Museums
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Figure 1 Map showing the location of Willie’s Hole.

Scotland (NMS), Edinburgh, included specimens from the
cementstone of Visean age at Glencartholm, Langholm that
were assumed to be a species of Tealliocaris. In a notebook
held in the Object History Files (OHF) of the Hunterian
(OHF:10.10; p. 60) one of the authors (N.D.L.C.) made the
observation, while collecting fossil eumalacostracans at
Glencartholm in 1985, that these specimens were very similar
to T robusta from Whiteadder and may represent a new
species. These specimens, along with others in various insti-
tutions, were recently described as Schramocaris clarksoni
Clark et al. 2018.

1. Material and methods

Peach (1908) originally recorded two species of Tealliocaris from
the locality at Chirnside: 7. robusta and ‘T tarrasiana’. Peach
(1908) also described ‘T’ tarrasiana’ from the foot of the Tarras
Water near Glencartholm, Langholm and the specimens are
kept in the collections of the British Geological Survey. The
locality at Chirnside was subsequently collected from and the
sediments logged in detail in 2015 as part of the NERC funded
TW:eed project (Fig. 2) and the material is held in the collections
of National Museums Scotland in Edinburgh.

Landmark analysis using a digital vernier calliper on scaled
printed images was undertaken on this material and compared
with other similar crustaceans (other species of Schramocaris,
Tealliocaris and Pseudogalathea) previously analysed by Clark
et al. (2015, 2018) using PAST, which was standardised using
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Figure 2 Sedimentary log at Willie’s Hole with stratigraphical position
of Schramocaris and Tealliocaris. After Bennett in Ross er al. (2018).
Abbreviations: cl = clay; si = silt; vf = very fine sand.

Procrustes fitting and analysed using the Gower similarity
index for principal coordinate analysis (Hammer ez al. 2001).

2. Institutional abbreviations

GSE, British Geological Survey, Keyworth, UK; GLAHM, The
Hunterian, University of Glasgow, Glasgow, UK; NMS,
National Museums Scotland, Edinburgh, UK; NHMUK, Nat-
ural History Museum, London, UK; UCZM, Zoology
Museum, Cambridge University, UK.

3. Systematic palaeontology

Subclass Eumalacostraca Grobben 1892 sensu Martin & Davis
2001
Family Tealliocarididae Brooks 1962

Emended diagnosis. Slightly dorsoventrally flattened along
entire body; telson square with narrower posterior medial exten-
sion to cover telson ‘flap’; V-shaped cervical groove that curves
posteriorly to meet the medial carina of the carapace; first pleo-
nic tergite with three ridges.
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Figure 3  Stratigraphic framework of the European Lower Carboniferous showing the occurrences of Schramocaris and Tealliocaris in Britain and the
rest of Europe (Carpentier 1913; Gueriau et al. 2014). (1) 1. weegie sp. nov. at Bearsden, near Glasgow. (2) S. clarksoni and T. etheridgii at Glencartholm,
Scottish Borders. (3) 2S. sp. and ‘T loudonensis’ at Cheese Bay, East Lothian and Granton near Edinburgh. (4) ‘T loudonensis’ at Eclaibes, near Lille,
France. (5) S. robusta and T. briggsi sp. nov. at Chirnside, Scottish Borders and Chattlehope, Northumberland, England. (6) S. gilljonesorum from the
Forest of Dean, Gloucestershire, England. (7) T walloniensis from Strud, Belgium. (Carpentier 1913; Clark 2013; Gueriau et al. 2014; Clark et al. 2018).

Composition. The list of genera currently included in the Teal-
liocarididae follows Taylor et al. (1998) and Taylor (1999)
(although a revision of the genus Pseudotealliocaris is overdue
in light of recent studies of Tealliocaris by Briggs & Clarkson
1985; Clark 2013; and Gueriau et al. 2014):

Jerometichenoria Schram 1978
Laevitealliocaris Yang et al. 2018
Pseudotealliocaris Brooks 1962
Schramocaris Clark et al. 2015
Tealliocaris Peach 1908
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Remarks. The original diagnosis by Brooks (1962) states:
‘carapace without antero-lateral spines, and thoracic sternites
with sternal processes’; however, the type species of Tealliocaris
has anterolateral spines on the carapace and not all specimens
have the thoracic sternites with sternal processes (Clark 2013).
This has therefore been removed from the diagnosis.

Schramocaris Clark et al. 2015

Type species. S. gilljonesorum Clark et al. 2015 from the Cour-
ceyan Avon Group of Great Doward in the Forest of Dean
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Table 1 Characteristics differentiating the species of Schramocaris based on Clark et al. (2015, 2018) and the current study.

Species
Character (Fig. 7) S. gilljonesorum S. clarksoni S. matthewi S. robusta comb. nov.
Bosses on median keel Yes No Yes Yes
Bosses on lateral carinae Yes No Yes Yes
Bosses along carapace edge Yes No Yes Yes
Discontinuous 2nd lateral carina on carapace Yes Yes No No
Pustules on the branchial area Yes No Yes No
Pustules on the pleonic tergites Yes No Unknown Unknown
Age Tournaisian Visean Visean Tournaisian

(Fig. 3). Holotype GLAHM 152432 figured by Clark et al.
(2015; fig. 3a).

Emended diagnosis. First lateral carinae of the carapace about
Y4 distance from medial carina to second lateral carinae; short
rostrum; pleonic segments 3-5 of equal length; broad telson
and tailfan.

Remarks. The only major change from the original generic
diagnosis is that the nature of the second lateral carinae, or
ridges, varies between the different species of Schramocaris and
they are here used as specific diagnostic characters (Table 1).
The type species continues to have the diagnostic character of
the longitudinal branchial carinae being rugose and the second
lateral carinae being less distinct and, in some examples, reduces
in relief across the branchial region.

Schramocaris robusta (Peach 1908) comb. nov.
(Figs 4, 5)

Lectotype. The specimen originally described by Peach (1908,
pl. 3, Fig. 8) showing the carapace and tail identified as specimen
‘M.2739% is here chosen as the lectotype of this species. The spe-
cimen has since been given a new catalogue number as GSE
5942.

Type locality and formation. Willie’s Hole on the Whiteadder
Water east of Allanton Bridge. Ballagan Formation, dated to
the lower CM miospore biozone of the Ivorian, Tournaisian
(Butterworth & Butcher 1983; Waters et al. 2007, 2011; Smith-
son et al. 2012).

Paralectotypes. Illustrated by Peach (1908): GSE 5940 (pl. 3,
Fig. 5); GSE 5941 (pl. 3, Fig. 6), from the same locality as the
lectotype.

Additional material. Most of the new specimens examined are
in the collections of the National Museum of Scotland and were
collected by Stan P. Wood (prefixed G.2012.39) or as part of the
TW:eed project from Willie’s Hole (prefixed G.2015.32): NMS:
G.2012.39.12, G.2012.39.270, G.2012.39.271, G.2012.39.272,
G.2012.39.273, G.2015.32.61, G.2015.32.69, G.2015.32.75,
G.2015.32.819, G.2015.32.822, G.2015.32.824, G.2015.32.829,
G.2015.32.832, G.2015.32.833, G.2015.32.835, G.2015.32.836,
G.2015.32.840, G.2015.32.856, G.2015.32.857, G.2015.32.858,
G.2015.32.860, G.2015.32.915, as well as NMS G.1969.11 previ-
ously collected by S. M. Andrews.

Diagnosis. Lateral branchial carinae are robust and continue
from the posterior of the carapace to the cervical groove. The
second carina is equally rugose to the first with multiple offset
bosses along its full length.

Description. The external mould of the posterior portion of
the carapace and the cuticle of the pleon of this crustacean is
well preserved in the lectotype. No pereiopods have been pre-
served. The carapace has two lateral carinae in the branchial
area that are as robust as the median carina and ornamented
with offset bosses along their lengths. The outer edge of the cara-
pace is similarly ornamented. There are paired post-orbital
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carinae that are ornamented in a similar fashion to the branchial
carinae. The rostral groove splits the median ridge anterior of the
cervical groove which curves medially along the median carina.

Remarks. Only those specimens GSE 5940-5942 described by
Peach (1908) as Tealliocaris robusta from Willie’s Hole, Chirn-
side are here considered to be Schramocaris robusta. Peach’s ‘T
robusta var.” was subsumed into T robusta after Pseudoteallio-
caris was synonymised with Tealliocaris (Clark 2013). Despite
the age difference and some differences in the morphological
characteristics, Clark (2013) retained the name 7. robusta for
these specimens until a full assessment could be carried out
based on new material from Chirnside which the excavations of
2015 provided. Peach’s ‘T robustavar.” from the Namurian of the
Glasgow area is now given the new species name of 7. weegie (see
below).

Although Tealliocaris and Schramocaris superficially look
similar, they are quite distinct on the basis of the characters men-
tioned above as well as the shape of the carapace (Clark et al.
2015, 2018). Similarly, shape analysis of the carapaces of speci-
mens collected here for the TW:eed project, also using the tech-
niques covered by Clark et al. (2015, 2018), indicate that
Schramocaris robusta is similar to other species of Schramocaris
and different from all species of Tealliocaris (Figs 6, 7).

The type specimens all show the multiple offset bosses on the
carapace carinae that are typical for Schramocaris. Although the
type specimens were illustrated by Peach (1908; pl. 3, Figs 5, 6,
8), this detail of the carapace carinae was not shown.

Tealliocaris Peach 1908

Type species. Anthrapalaemon? woodwardi Etheridge 1877,
as designated by Schram (1979). Gueriau et al. (2014) stated

Figure 4 Lectotype of Schramocaris robusta comb. nov. (GSE 5942)
from Willie’s Hole, Chirnside. Scale bar = 5 mm.
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Figure 5 Schramocaris robusta from Willie’s Hole, Chirnside. (a) NMS G.2015.32.824.1 showing carapace in lateral view with robust rugose lateral car-
inae and robust triangular rostrum with rugose keel. (b) NMS G.2015.32.61 dorsal view of the carapace with faint first lateral carinae and more robust
second and outer lateral margins. (c) NMS G.2015.32.69 and (d) NMS G.2015.932.2 (paralectotype) carapaces in lateral view showing the rugose lateral
carinae. (¢) GSE 5941 dorsal external mould of the carapace showing rostrum and medial and first lateral carinae. Scale bars = 5 mm.

that T. loudonensis Peach 1908 was the type species by original
designation; however, although this species has an inferred
designation as type species (see introduction), it is a junior
synonym of 7. woodwardi. A lectotype of T. woodwardi,
GSE 5950, from Cheese Bay, East Lothian, was designated
by Schram (1979); however, Briggs & Clarkson (1985) consid-
ered a slab containing two specimens (GSE 5944) was the
‘holotype’, as it was the slab which was originally used by
Etheridge (1877) to describe Anthrapalaemon? woodwardi.
The specimen selected here from the slab (GSE 5944) as the
lectotype is the part and counterpart of the laterally com-
pressed specimen (Etheridge 1879; Figs 1, 2; Briggs & Clark-
son 1985; Fig. 2a, b (left-hand specimen)). The partial dorsal
specimen on the same slab is here considered to be a
paralectotype.
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Tealliocaris briggsi sp. nov.
(Figs 8, 9)

Etymology. Named after Prof. Derek E. G. Briggs who col-
lected material from this locality in the 1980s and contributed
greatly to our understanding of Carboniferous Crustacea in
Scotland. He was also the co-author of the first publication by
the present co-author (A.J.R.) (Ross & Briggs 1993).

Holotype. NMS G.2015.32.912 (Fig. 8).

Type locality and horizon. Willie’s Hole, Chirnside, Scottish
Borders. Lower part of the ‘plant bed’, Ballagan Formation.

Paratypes. NMS G.2015.32.66, G.2015.32.823.2, as well
as the specimen that Peach identified as ‘T tarrasiana’ from
Allanton, Berwickshire, GSE 13042 (‘m2049¢’ — Peach’s original
number).
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Figure 6 Principal coordinate analysis showing the three Carboniferous genera Pseudogalathea, Tealliocaris and Schramocaris. The three species of
Schramocaris show a general morphological similarity based on the 12 landmarks of the carapace as defined by Clark ez a/. (2015) using PAST (Hammer

et al. 2001).

Additional material. NMS G.2015.32.76, G.2015.32.823.1,
G.2015.32.825, G.2015.32.826, G.2015.32.827, G.2015.32.828,
G.2015.32.830, G.2015.32.834, G.2015.32.841, G.2015.32.859,
G.2015.32.861, G.2015.32.862, G.2015.32.911, G.2015.32.913,
G.2015.32.914, G.2015.32.916.

Diagnosis. This species has a generally smooth carapace and
lacks anterolateral spines. The scaphocerite has six or more

Median keel

Branchial area

Lateral carinae

Discontinuous 2nd carina

Carapace edge

pustules on pleonic tergites

Figure 7 Generalised reconstruction of Schiramocaris showing the position
of the important diagnostic characters based on Clark ez al. (2015, 2018).
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denticles along the outer edge (Fig. 9a, b), the median keel of
the carapace is weakly defined and the lateral carinae are absent
(Fig. 8a), and the pleon has no median keel or transverse grooves
on the tergites except the first but does have lateral sensory pores
on the third to fifth tergites (Fig. 8b).

Remarks. Although a specimen of ‘7. tarrasiana’ from Allan-
ton was mentioned by Peach, the specimen was not specifically
identified nor illustrated. It is likely that the specimen that he
referred to was GSE13042 (Fig. 9c) which is recorded as coming
from this locality and being of that species. This specimen does
not, however, have any of the diagnostic features that would dis-
tinguish it from ‘7 tarrasiana’ and therefore is not used here as
the holotype. The holotype of 7. briggsi was chosen from a
more recent collection of material collected as part of the TW:
eed Project (Bennet et al. 2015, 2017).

Although ‘T tarrasiana’ (excluding the specimen above) is no
longer recognised and has been synonymised with 7" woodwardi
(Briggs & Clarkson 1985; Clark 2013), it does exhibit characters
that distinguish it from 7. briggsi.

In the specimens of ‘T tarrasiana’ described and illustrated by
Peach (1908), there are features which distinguish them from the
current species from Willie’s Hole. The scaphocerite is incom-
pletely preserved in most specimens from Willie’s Hole, but
where it can be seen it has at least six spines on the distal lateral
edge. The specimens of this species described by Peach (1908)
from the foot of the Tarras Water have three to four spines
(GSE 10081).

The carapace lacks distinct lateral carinae posterior to the cer-
vical groove in the specimens from Willie’s Hole. In contrast, the
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Figure 8 Tealliocaris briggsi sp. nov. from Willie’s Hole. (a) Holotype:
NMS G.2015.32.912, mostly complete specimen. (b) Detail of pleon
showing sensory pores (P) and enlarged third pleonic somite (3) that
are characteristic of the genus. Scale bars = 5 mm.

specimens from Tarras Water all appear to have well-preserved
carinae similar to those seen in ‘7. loudonensis’ from Gullane
(see Briggs & Clarkson 1985; Fig. 3c; Clark 2013; Fig. 5).

Peach (1908) noted that the only species that could be con-
fused with ‘T tarrasiana’ is ‘T formosa’, which he considered
to be a larger species. ‘7. formosa’ was first described by Peach
in 1882 from a locality on the River Esk, 6.4 km south of the vil-
lage of Langholm in the Scottish Borders. In general, Peach
noted many characteristics that became known as common
with the other species of Tealliocaris which he described in
1908. He noted that the carapace was quadrilateral with a
slightly narrower anterior, the margins both anterior and poster-
ior being concave and rounded posterior angles. Peach also noted
there were two spines on the area anterior of the cervical groove
and lateral to the rostrum — a feature also noted of other species
by Clark (2013). There are several observations of Peach (1881)
that have not been verified in any specimens since: these include
the line of four to five spines from ‘a raised mound in front of the
cervical groove’ (Peach 1881, p. 83) to the median line of the ros-
trum and ‘the rostrum bears 2 lateral serrations’ (Peach 1881,
p. 84).

The abdomen of ‘T formosa’ was described by Peach (1882) as
being between 1.8 and 3 cm in length with the third pleonic ter-
gite being larger than the first, second, fourth and fifth tergites
(also noted in other species of Tealliocaris by Clark (2013)).
Unfortunately, the one specimen of this species that Peach illu-
strated with a carapace is now lost (GSE m2508c¢) and the struc-
ture of the carapace cannot now be compared reliably with other
specimens of Tealliocaris. The form that is found from Willie’s
Hole cannot, therefore, be assigned to ‘T’ formosa’, which was
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synonymised with P ‘etheridgei’ by Schram (1979) and included
under 7. etheridgii by Clark (2013).

The pleon of T briggsi has no ridges other than the proximal
part of the first pleomere and possibly a very shallow median
ridge on the second pleomere. There also does not appear to
be any obvious transverse grooves on the pleomeres that are
apparent on all the different species of Tealliocaris described
by Clark (2013).

Tealliocaris weegie sp. nov.
1908 Tealliocaris robusta var. Peach
(Figs 10-12)

Etymology. Named after the people of Greater Glasgow in the
local dialect as pertaining to Glasgow.

Holotype. UCZM 1.9430 (Fig. 10c).

Type locality and horizon. Bearsden, Glasgow (UK grid refer-
ence: NS 530 732). Shales above the Top Hosie Limestone, Pen-
dleian age.

Paratypes. GLAHM A2407, A2408 from Bearsden.

Additional material. Collected from localities around Glasgow
in the Pendleian dark shales above the Top Hosie Limestone
(Clark 1989). These localities include Bearsden GLAHM:
A2403, A2404, A2405, A2406, A2769, A21509; NMS
G.1981.63.17; Peel Burn (UK grid reference: NS 519 727)
GLAHM 114952, Red Cleugh Burn (UK grid reference: NS
655 784) GLAHM A21499; Hindog Glen (UK grid reference
NS 279 511) GLAHM A21510 and East Kilbride (locality
unknown) NMS G.1887.25.1033, G.1887.25.1034,
G.1887.25.1035, G.1887.25.1036. Material from the East Kil-
bride locality was first described by Peach (1908).

Diagnosis. Six or seven spines on the outer lateral margin of
the scaphocerite (Fig. 10a, ¢), between six and nine spines on
the anterolateral edge of the carapace (Fig. 1la, c), spinose
median keel of the carapace (Fig. 10c), two transverse grooves
on the tergite of the third pleomere (Fig. 10c).

Remarks. The description given in Clark (2013) was based
mostly on the exceptionally well-preserved material used here
to identify the new species T weegie. There were only a few speci-
mens known at that time from Willie’s Hole including the lecto-
type specimen of Schramocaris robusta described herein (Clark
2013; Fig. 15). The holotype of 7. weegie is chosen as the best-
preserved dorsal aspect from Bearsden collected by Stan
P. Wood in 1982 (Clark 1989; plate 5.2c; 2013; plate 2, Fig. 3)
(Fig. 10c¢).

The carapace has paired post-orbital carinae (which appear,
in some specimens, to terminate anteriorly as spines) (Figs 10c,
11b) as well as about seven anterolateral spines (Fig. 11c). Six
spines also occur on the mediodorsal ridge of the rostrum
(Fig. 10c) with a ventral tubercle towards the distal end. The
pitting on the surface of the cuticle of 7. weegie is marked
but represents the tegumental ducts also seen in other species
of Tealliocaris after the removal of the fragile epicuticle.
There are six to seven spines on the anterolateral margin of
the scaphocerites (Fig. 10a, c¢). The anterior part of the first
pleomere has three longitudinal ridges (Fig. 10c) in a similar
manner to the other two species of Tealliocaris. On the pleon,
the third tergite extends posterodorsally to cover most of the
fourth tergite, and the second tergite expands laterally
(Fig. 10c). Two lateral oval pores on the third tergite (Clark
2013; plate 2, Fig. 2) and sometimes less well preserved on
the second, are similar to those seen in the other two species
of Tealliocaris. There are two paired pores on the posterior
end of the median ridge on the fifth and sixth pleomeres
(Fig. 10c). The telson has two lateral spines, a crenulated
median ridge with posteriorly directed spines, and six spines
on the posterolateral ridges (Fig. 10c).
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Figure 9 Tealliocaris briggsi sp. nov. from Willie’s Hole. (a) Scaphocerites of paratypes NMS G.2015.32.66 and (b) NMS G.2015.32.823.2. (c) Pleon
showing enlarged third tergite (3) characteristic of the genus (GSE 13042). Abbreviation: t = telson. Scale bars =2 mm (a, b); 5 mm (c).

The specimen used by Jones et al. (2016) to place Tealliocaris
in the Peracarida (GLAHM A2407b) has a series of overlapping
plates on the ventral surface of the thorax (Fig. 10a, b). These
were suggested by Clark (2013) to be epipods, or gill structures,
and by Jones et al. (2016) as the elements of ‘a distended marsu-
pium’. However, on further examination of the specimen, the
overlapping plates are rectangular and similar in structure to
the sternites of Tealliocaris or the tergites of an overlying crust-
acean of a different genus (e.g., Crangopsis), rather than the mar-
supium (Fig. 10a, b). Another difference between the
interpretation of structures of Tealliocaris between Clark
(2013) and Jones et al. (2016) is whether there are lateral furcal
lobes of the telson. This was clearly shown not to be the case
by Clark (2013; Fig. 12). The other character used by Jones
etal. (2016) to eliminate Tealliocaris from being a decapod crust-
acean was the lack of endophragmal elements, which they sug-
gest are very fragile and may not preserve well. However, in
Clark (2013; Fig. 6) it is possible that the structures associated
with the phyllobranchiate gills may represent endophragmal ele-
ments, but this is still uncertain. There are only a few examples of
Tealliocaris being preserved in full lateral aspect as the pleonic
tergites are more often preserved dorso-ventrally, although the
carapace is often found preserved laterally.

The first pleonic tergite is not as wide as the subsequent ter-
gites and fits to the shape of the posterior carapace. This was
assumed by Clark (2013) to indicate that the pleon was attached
to the carapace, but the evidence is circumstantial and it is virtu-
ally impossible to state categorically whether a pleon is attached
to the carapace, or not, in the fossil record. Due to the uncer-
tainty of the interpretation of the various cuticular structures
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mentioned above, Tealliocaris is not here assigned to any higher
taxon (Table 2).

4. Distribution of Schramocaris and Tealliocaris

Schramocaris is found in what has been interpreted as a mud-
dominated shelf deposit within the Avon Group of the Forest
of Dean during the marine transgression of the earliest Carbon-
iferous (Waters & Davies 2006; Clark et al. 2015). These new
occurrences suggest that Schramocaris lived in shallow water
delta-top lakes with an allochthonous silty coal with plant debris
containing the caridoid crustaceans which is overlain by a mar-
ine incursion with lingulids at Willie’s Hole (Briggs & Clarkson
1989; Cater et al. 1989) and marginal marine to fully marine at
Glencartholm (Cater et al. 1989). The common theme is that
of a marine influence suggesting that Schramocaris may be a
marine crustacean, although this has been a difficult trait to
define in Carboniferous eumalacostracan crustaceans due to a
paucity of localities and poor preservation potential in anything
other than the lowest energy environments. Other similar Car-
boniferous crustaceans, such as Pseudogalathea, also appear to
live in the more marine environments, whereas 7Tealliocaris
seems to prefer the lower salinities (Briggs & Clarkson 1985,
1989) although T etheridgii is found associated with more brack-
ish water or marine organisms at Glencartholm (Schram 1979;
Clark 1989, 2013).

Schramocaris appears to have moved northwards with the gen-
eral marine transgression during the early part of the Tournai-
sian in southwest England into the middle Tournaisian of
southern Scotland (Bennett et al. 2015) and surviving into the
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Figure 10  Tealliocaris weegie sp. nov. from Bearsden. (a and b) GLAHM A2407b (paratype) specimen with interpretative sketch of the ‘plates’ (green) at an
angle to the thoracic sternites (red). (c) Holotype specimen UCZM 1.9430 showing spinose median keel (mk) and third pleomere (3). Scale bars = 5 mm.

Visean in marginal marine low energy environments of the
Upper Border Group near Langholm. In the Forest of Dean,
Schramocaris is found in a laminated magnesian calcite-rich
shale indicative of a nearshore marine environment with periodic
evidence of evaporation (Clark et al. 2015). The sediments at
Glencartholm in which S. clarksoni is found are shallow water
near shore marine cementstones with a high organic content
and evidence of evaporation with pseudomorphs after gypsum
and anhydrite (Cater et al. 1989; Clark et al. 2018). Schramocaris
robusta from Willie’s Hole is found in soft micaceous shales with
abundant plant remains (Cater et al. 1989) in an environment
that has been interpreted as freshwater with short-lived marine
incursions. Although the species have changed, it appears that
Schramocaris as a genus has retained its original environmental
tolerance to survive in nearshore low-energy marine conditions
(Cater et al. 1989; Clark et al. 2018). The variation in the orna-
mentation of the carinae and keel are the only means of distin-
guishing between these species, as the variation in the numbers
of spines and grooves are in Zealliocaris (Clark 2013). The gen-
eral morphology based on a 12-point landmark analysis of the
carapace is indistinguishable intraspecifically, although it is a
useful tool for distinguishing between the different genera
(Clark et al. 2015) as the morphological differences are not
taken into account in these analyses. In the case of Schramocaris,
however, it appears that the ornamentation is consistent within

https://doi.org/10.1017/51755691024000045 Published online by Cambridge University Press

the different time zones in which the crustacean exists, suggesting
that it is more likely an intraspecific rather than an ecophenoty-
pic effect.

The close association of Schramocaris and Tealliocaris at Wil-
lie’s Hole is unusual. The only other co-occurrence of these genera
is at Glencartholm where S. clarksoniis found in the limey cement-
stone at the base of a 2 m-thick succession that includes 7 ether-
idgii in the overlying calcareous shales, but they are not found
together. At Willie’s Hole they are found within the same
centimetre-thick layer near the base of the plant bed (Fig. 2).
This bed has yielded a variety of other fossils including millipedes,
a scorpion, ostracods, spinicaudatans, fish (rhizodont and
actinopterygian) scales and teeth, tetrapod bones and molluscs
(Smithson et al. 2012; Clack et al. 2016; Ross et al. 2018; Smithson
& Clack 2018; Ross 2021). Schramocaris has not yet been found in
rocks younger than Visean but Tealliocaris survived into the Pen-
dleian — at least in shales around Glasgow in the UK.

5. Distribution of tealliocaridids

The earliest known tealliocaridids come from the Famenian
(Devonian): T walloniensis of Strud in Belgium (Gueriau et al.
2014) as well as 7. palincsari from Jefferson County, Pennsylva-
nia, USA (Schram 1988; Jones et al. 2016) and possibly from
near Moscow, Russia (Schram 1980). All these occurrences are
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Figure 11 (a) Tealliocaris weegie sp. nov. partial lateral view from Bearsden with details of (b) post-orbital carinae (which appear to terminate anteriorly
as spines) and (c) anterolateral spines on the carapace (paratype GLAHM A2408). Scale bars = 5 mm.

from nearshore brackish environments and suggest that, even at
this early stage, tealliocaridids were spreading extensively along
the northern margins of the Rheic Ocean (Clark et al. 2018;
Yang et al. 2018). By the earliest Carboniferous, Schramocaris

Median keel

Lateral carinae

Transverse groove on 3rd pleonal tergite

\-‘.7_'-—‘:'\\
(Th

Figure 12 Generalised reconstruction of Tealliocaris showing the pos-
ition of the important diagnostic characters based on Clark (2013) and
Clark et al. (2015).
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had spread from Gloucestershire, UK (S. gilljonesorum) into
Scotland (S. robusta) and by the Visean is also found in North
America (S. matthewi) and Scotland (S. clarksoni) (Clark et al.
2015; Clark et al. 2018). In Scotland, France and North Amer-
ica, several species of Tealliocaris have been recognised from
the Visean until the Pendleian (Peach 1908; Carpentier 1913;
Copeland 1957; Brooks 1962; Schram 1979; Dewey & Fahraeus
1982; Briggs & Clarkson 1985; Schram 1988; Clark 2013;
Jones et al. 2016). Tealliocaridids were not, however, restricted
to the northern margins of the Rheic Ocean, but have also
been found in the Late Carboniferous of Ningxia, China across
the Palaeotethys Ocean from Euramerica to the North China
continental block (Laevitealliocaris xiaheyanensis) (Yang et al.
2018) and possibly to Gondwana (Turkish examples from Alan
Yayla were seen in the Sam Morris collection at the Natural His-
tory Museum, London). The ecological environment tolerated
by the tealliocaridids ranges from freshwater to marginal marine
and includes hypersaline and brackish lagoonal which suggests
that they were generalists and may help to explain their spatial
range during the Devonian and Carboniferous (Patton & Coutts
1885; Dewey & Fahreus 1982; Briggs & Clarkson 1985; Hes-
selbo & Trewin 1984; Cater 1987; Cater et al. 1989; Clark
1989, 1990, 1991; Briggs et al. 1991; Yang et al. 2018). Yang
et al. (2018) suggest that a prolonged pelagic stage may help to
explain how the tealliocaridids were able to disperse across the
Palaeozoic oceans and thrive in so many different environments.
This was also used as supporting evidence that Tealliocaris is a
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decapod and not a peracarid as first proposed by Peach in 1882
(Clark 2013; Yang et al. 2018), as extant peracarids lack a free-
living larval stage and remain in their local environment (Yang
et al. 2018). As suggested by Yang et al. (2018), further discover-
ies of tealliocaridids along the margins of the Palaeotethys
Ocean, in places such as Turkey and elsewhere, will help to
reinforce the concept of a widely distributed crustacean with a
prolonged pelagic stage. Although very small examples of Teal-
liocaris are known from the Gullane Shrimp-Bed from the
Visean of Scotland, they are already in an adult form even at
lengths of less than 2mm (Briggs & Clarkson 1985; Clark
2013), similar to the puerulus stage in the Achelata (Gurney
1942).

6. Acknowledgements

The authors thank the reviewers for their constructive com-
ments. This paper is a contribution to the TW:eed Project
(TetrapodWorld: early evolution and diversification: www.
tetrapods.org) funded by the Natural Environment Research
Council (NERC) Consortium Grant ‘The Mid-Palaeozoic
biotic crisis: setting the trajectory of tetrapod evolution’, led
by the late Professor Jenny Clack (University Museum of
Zoology, Cambridge), including National Museums Scotland
(NE/J020621/1). The first author (N.D.L.C.) was not funded
by this grant.

7. Competing interests

The authors declare there are no competing interests.

8. References

Bennett, C. E., Davies, S., Leng, M., Snelling, A., Millward, D., Kearsey,
T. 1., Marshall, J. E. A. & Reeves, E. J. 2015. A multi-proxy approach
to identifying short-lived marine incursions in the Early Carbonifer-
ous. Geophysical Research Abstracts 17, EGU2015-13164.

Bennett, C. E., Howard, A. S., Davies, S. J., Kearsey, T. 1., Millward, D.,
Brand, P. J., Browne, M. A. E., Reeves, E. J. & Marshall, J. E. A.
2017. Ichnofauna record cryptic marine incursions onto a coastal
floodplain at a key early Mississippian tetrapod site. Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology 468, 287-300. http:/dx.
doi.org/10.1016/j.palaeo0.2016.12.018

Briggs, D. E. G., Clark, N. D. L. & Clarkson, E. N. K. 1991. The Gran-
ton ‘shrimp-bed’, Edinburgh — a Lower Carboniferous
Konservat-Lagerstatte. Transactions of the Royal Society of Edin-
burgh: Earth Sciences 82, 65-85.

Briggs, D. E. G. & Clarkson, E. N. K. 1985. The Lower Carboniferous
shrimp Zealliocaris from Gullane, East Lothian, Scotland. Transac-
tions of the Royal Society of Edinburgh: Earth Sciences 76, 173-201.

Briggs, D. E. G. & Clarkson, E. N. K. 1989. Environmental controls on
the taphonomy and distribution of Carboniferous malacostracan
crustaceans. Transactions of the Royal Society of Edinburgh: Earth
Sciences 80, 293-301.

Brooks, H. K. 1962. The Paleozoic Eumalacostraca of North America.
Bulletins of American Paleontology 44, 163-338.

Brooks, H. K. 1969. Eocarida. In Moore, R. C. & Teichert, C. (eds) Trea-
tise on Invertebrate Paleontology, Part R, Arthropoda. 4, 332-45.
Boulder, CO: Geological Society of America and Lawrence, KS:
University of Kansas Press.

Butterworth, M. A. & Butcher, C. E. 1983. Basal Dinantian miospores
from the Cockermouth area, West Cumbria. Journal of Micropa-
laeontology 2, 13-6.

Carpentier, A. 1913. Contribution a I’étude du Carbonifére du Nord de
la France. Mémoires de la Société Géologique du Nord 7, 323-54.

Cater, J. M. L. 1987. Sedimentology of part of the Lower Oil Shale Group
(Dinantian) sequence at Granton, including the Granton
‘shrimp-bed’. Transactions of the Royal Society of Edinburgh 78,
29-40.

Cater, J. M. L., Briggs, D. E. G. & Clarkson, E. N. K. 1989. Shrimp-
bearing sedimentary successions in the Lower Carboniferous
(Dinantian) Cementstone and Oil Shale Groups of northern Britain.
Transactions of the Royal Society of Edinburgh: Earth Sciences 80,
5-15.


https://www.tetrapods.org
https://www.tetrapods.org
http://dx.doi.org/10.1016/j.palaeo.2016.12.018
http://dx.doi.org/10.1016/j.palaeo.2016.12.018
http://dx.doi.org/10.1016/j.palaeo.2016.12.018
https://doi.org/10.1017/S1755691024000045

12 NEIL D. L. CLARK AND ANDREW J. ROSS

Clack, J. A., Bennett, C. E., Carpenter, D. K., Davies, S. J., Fraser, N. C.,
Kearsey, T. 1., Marshall, J. E. A., Millward, D., Otoo, B. K. A.,
Reeves, E. J., Ross, A. J., Ruta, M., Smithson, K. Z., Smithson, T.
R. & Walsh, S. A. 2016. Phylogenetic and environmental context
of a Tournaisian tetrapod fauna. Nature Ecology & Evolution 1,
0002. doi: 10.1038/s41559-016-0002

Clark, N. D. L. 1989. 4 study of a Namurian crustacean-bearing shale
from the western Midland Valley of Scotland. PhD Thesis, University
of Glasgow (unpublished).

Clark, N. D. L. 1990. Minicaris brandi Schram 1979, a syncarid crust-
acean from the Western Midland Valley of Scotland. Scottish Jour-
nal of Geology 11, 125-30.

Clark, N. D. L. 1991. Palaemysis dunlopi Peach 1908 (Eocarida, Crust-
acea) from the Namurian (Carboniferous) of the Midland Valley
of Scotland. Scottish Journal of Geology 27, 1-10.

Clark, N. D. L. 2013. Tealliocaris: a decapod crustacean from the Car-
boniferous of Scotland. Palaeodiversity 6, 107-33.

Clark, N. D. L., Gillespie, R., Morris, S. E & Clayton, G. 2015. The
Lower Carboniferous crustacean Schramocaris gilljonesorum gen.
et. sp. nov. from the Forest of Dean. Journal of Systematic Palaeon-
tology 14, 799-807.

Clark, N. D. L., Miller, R. E & Ross, A. J. 2018. The distribution of
(Eumalacostraca, Crustacea) along the northwestern coast of the
Rheic Ocean during the Lower Carboniferous. Earth and Environ-
mental Science Transactions of the Royal Society of Edinburgh 107
(for 2017), 91-8.

Copeland, M. J. 1957. The arthropod fauna of the Upper Carboniferous
rocks of the Maritime Provinces. Geological Survey of Canada,
Memoir 286, 1-110.

Dewey, C. P. & Fahreus, L. E. 1982. Peracarids (Crustacea) from Missis-
sippian strata of western Newfoundland. Canadian Journal of Earth
Science 19, 666-70.

Etheridge, R. 1877. On the occurrence of a macrurous decapod (Anthra-
palaemon? woodwardi sp. nov.) in the Red Sandstone, or lowest
group of the Carboniferous formation in the south west of Scotland.
Quarterly Journal of the Geological Society of London 33, 863-79.

Etheridge, R. 1879. On the occurrence of the genus Dithyrocaris in the
Lower Carboniferous, or Calciferous Sandstone Series of Scotland,
and that of a second species of Anthrapalaemon in these beds. Quar-
terly Journal of the Geological Society of London 35, 464-74.

Grobben, C. 1892. Zur Kenntnis des Stammbaumes und des Systems der
Crustaceen. Sitzungsberichte der Kaiserlichen Akademie der Wis-
senschaften, Vienna. Mathematisch-naturwissenschaftliche Classe
101, 237-74.

Gueriau, P, Charbonnier, S. & Clement, G. 2014. First decapod crusta-
ceans in a Late Devonian continental ecosystem. Palaeontology 57,
1203-13.

Gurney, R. 1942. The Larvae of Decapod Crustacea. London: Ray Society.

Hammer, @., Harper, D. A. T. & Ryan, P. D. 2001. PAST: paleontological
statistics software package for education and data analysis. Palaeon-
tologia Electronica 4, 9 pp.

Hesselbo, S. P. & Trewin, N. H. 1984. Deposition, diagenesis, and struc-
tures of the Cheese Bay shrimp bed, Lower Carboniferous, East
Lothian. Scottish Journal of Geology 20, 281-96.

Jenkins, M. 2007. A rare fossil found on Great Doward. Transactions of
the Woolhope Club 55, 58-60.

Jones, W. T., Feldmann, R. M., Schram, F. R., Schweitzer, C. E. &
Maguire, E. P. 2016. The proof is in the pouch: Tealliocaris is a per-
acarid. Palaeodiversity 9, 75-88.

Martin, J. W. & Davis, G. E. 2001. An updated classification of the Recent
Crustacea. Los Angeles, CA: Natural History Museum of Los
Angeles County.

Miller, R. E & Purdy, S. C. 1998. Lower Carboniferous Tealliocaris
woodwardi (Crustacea, Malacostraca) from the Macumber Forma-
tion, New Brunswick (NTS 21 H/5). New Brunswick Department

of Natural Resources and Energy, Minerals and Energy Division,
Mineral Resources Report 98-4, 17-24.

Patton, A. & Coutts, J. 1885. Geological observations in the Parish of
East Kilbride. Transactions of the Geological Society of Glasgow 7,
309-33.

Peach, B. N. 1881. On some new crustaceans from the Lower Carbonifer-
ous rocks of Eskdale and Liddesdale. Transactions of the Royal Soci-
ety of Edinburgh 30, 73-91.

Peach, B. N. 1882. Further researches among the Crustacea and Arach-
nida of the Carboniferous rocks of the Scottish border. Transactions
of the Royal Society of Edinburgh 30, 511-29.

Peach, B. N. 1908. Monograph of the higher Crustacea of the Carbon-
iferous rocks of Scotland. Memoirs of the Geological Survey of
Great Britain 1, 1-82.

Ross, A. J. 2021. Searching for the first winged insects in Scotland.
Antenna 45, 159-60.

Ross, A. J. & Briggs, D. E. G. 1993. Arthropoda (Euthycarcinoidea and
Myriapoda). In Benton, M. J. (ed.) The Fossil Record 2, 357-61.
London: Chapman & Hall.

Ross, A. J., Edgecombe, G. D., Clark, N. D. L., Bennett, C. E., Carrio, V.,
Contreras-Izquierdo, R. & Crighton, B. 2018. A new terrestrial
millipede (Myriapoda: Diplopoda) fauna of earliest Carboniferous
(Tournaisian) age from the Scottish Borders helps fill ‘Romer’s
Gap’. Earth and Environmental Science Transactions of the Royal
Society of Edinburgh 108, 99-110.

Schram, F. R. S. 1978. Jerometichenoria grandis n. gen., n. sp. (Crustacea:
Mysidacea) from the Lower Permian of the Soviet Union. Journal of
Paleontology 52, 605-7.

Schram, F. R. S. 1979. British Carboniferous Malacostraca. Fieldiana:
Geology 40, 1-129.

Schram, E R. S. 1980. Pygocephalus from the Upper Carboniferous of
the Soviet Union. Journal of Paleontology 54, 50-6.

Schram, F. R. S. 1988. Pseudotealliocaris palinscari n. sp., a pygocepha-
lomorph from the Pocono Formation, Mississippian of Pennsylva-
nia. Transactions of the San Diego Society of Natural History 21,
221-5.

Smithson, T. R. & Clack, J. E. 2018. A new tetrapod from Romer’s Gap
reveals an early adaptation for walking. Earth and Environmental
Science Transactions of the Royal Society of Edinburgh 108, 89-97.

Smithson, T. R., Wood, S. P, Marshall, J. M. E. & Clack, J. E. 2012.
Earliest Carboniferous tetrapod and arthropod faunas from Scot-
land populate Romer’s Gap. Proceedings of the National Academy
of Science 109, 4532-7.

Taylor, R. S. 1999. The fossil Crustacea of China: their taxonomy, palaeo-
biology, biogeography and phylogenetic relationships. PhD Thesis,
University of Amsterdam. 156 pp.

Taylor, R. S., Yan-Bin, S. & Schram, F. R. S. 1998. New pygocephalo-
morph crustaceans from the Permian of China and their phylogen-
etic relationships. Palaeontology 41, 815-34.

Waters, C. N., Browne, M. A. E., Dean, M. T. & Powell, J. H. 2007.
Lithostratigraphical framework for Carboniferous successions of
Great Britain (Onshore). British Geological Survey Research
Report, RR/07/01. 60 pp.

Waters, C. N. & Davies, S. J. 2006. Carboniferous: extensional basins,
advancing deltas and coal swamps. In Brenchley, P. J. & Rawson,
P E (eds) The Geology of England and Wales, 173-223. London:
Geological Society of London. 11-22 pp.

Waters, C. N., Somerville, I. D., Stephenson, M. H., Cleal, C. J. & Long,
S. L. 2011. Biostratigraphy. In Waters, C. N. (ed) 4 Revised Correl-
ation of the Carboniferous Rocks in the British Isles. London: Geo-
logical Society of London.

Yang, Q., Gueriau, P, Charbonnier, S., Ren, D. & Béthoux, O. 2018. A
new tealliocaridid crustacean from the Late Carboniferous of North
China and its biogeographic implications. Acta Palacontologica
Polonica 63, 111-6.

MS received 1 November 2023. Accepted for publication 5 February 2024

https://doi.org/10.1017/51755691024000045 Published online by Cambridge University Press


https://doi.org/10.1017/S1755691024000045

	Caridoid crustaceans from the Ballagan Formation (Tournaisian, Lower Carboniferous) of Willie's Hole, Chirnside, Scottish Borders, UK
	ABSTRACT
	Material and methods
	Institutional abbreviations
	Systematic palaeontology
	head6
	head7
	Subclass Eumalacostraca Grobben 1892 sensu Martin &'; Davis 2001Family Tealliocarididae Brooks 1962
	Schramocaris Clark et al. 2015
	Schramocaris robusta (Peach 1908) comb. nov.(Figs 4, 5)
	Tealliocaris Peach 1908
	Tealliocaris briggsi sp. nov.(Figs 8, 9)
	Tealliocaris weegie sp. nov.1908 Tealliocaris robusta var. Peach(Figs 10--12)


	Distribution of Schramocaris and Tealliocaris
	Distribution of tealliocaridids
	Acknowledgements
	References


