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INTRODUCTION
Müller and Reisz (2005) described a new taxon of capto-

rhinid reptile (Concordia cunninghami) from the Hamilton 
Quarry, a Pennsylvanian Lagerstätte in Greenwood County, 
Kansas (Schultze 1996). Concordia cunninghami is the 
earliest-known member of Captorhinidae and remains the 
only Carboniferous record of this important, otherwise 
Permian clade. This small reptile is particularly important 
because its discovery has allowed palaeontologists to follow 
the evolutionary history of this clade, as it gradually transi-
tioned from small insectivorous and carnivorous amniotes to 
omnivores (as seen in basal captorhinids) and eventually the 
highly derived herbivores (moradisaurine captorhinids) that 
we see in the Late Permian. There is convincing evidence 
that captorhinids are the first group of eureptiles to diversify 
significantly during the initials stages of amniote evolution 
(LeBlanc et al. 2015; Modesto et al. 2014). 
Unfortunately, the name Concordia is preoccupied by an 

extant hippolytid crustacean, Concordia Kingsley, 1880. 
The hippolytid Concordia is currently considered a junior 
synonym of Latreutes Stimpson, 1860, with the sole spe-
cies Concordia gibberosus Kingsley, 1880 in the synonymy 

of Latreutes parvulus (Stimpson, 1871) (Ledoyer 1986). 
Although Concordia Kingsley, 1880 is not currently 
considered a valid genus, the name nevertheless remains 
unavailable, necessitating the establishment of a replace-
ment name for the captorhinid C. cunninghami.

SYSTEMATIC PALAEONTOLOGY
EUREPTILIA Olson, 1947

CAPTORHINIDAE Case, 1911
Euconcordia nom. nov.

Concordia Müller and Reisz, 2005, non Kingsley, 1880
Type Species: Concordia cunninghami Müller and Reisz, 2005.
Holotype: KUVP 87102a & b, (Fig. 1 A, B) dorsally 

preserved skull and its counterpart, a partial, ventrally 
preserved braincase (originally erroneously indicated as 
KUVP 8702a & b).
Referred Specimens: KUVP 96164a & b, (Fig. 2 A, B) 

skull preserved in palatal view, and its counterpart, a partial 
skull roof preserved in dorsal view (originally erroneously 
indicated as KUVP 96/64). 
Horizon and Locality: Calhoun Shale, Shawnee 

Group, Virgilian Series, Upper Pennsylvanian; Hamilton 
Quarry near Hamilton, Greenwood County, Kansas, USA.
Emended Diagnosis: Small captorhinid eureptile char-

acterized by the presence of teeth on the medial and lateral 
edges of the vomer, and an extensive field of teeth on the 
cultriform process of the parasphenoid. In addition, there is 
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Abstract: The oldest known captorhinid reptile, and the only Carboniferous representative of this important clade of early 
eureptiles was named Concordia cunninghami. This was done on the basis of the cranial material from two specimens, but the 
name is preoccupied by an extant hippolytid crustacean. We therefore coined the new name, Euconcordia, as a replacement 
name for this taxon, and the new combination is Euconcordia cunninghami. In addition, the recent significant increases in our 
understanding of dental anatomy in early amniotes in general, and captorhinid reptiles in particular, has allowed us to reinter-
pret the anatomy of the marginal and palatal teeth of this taxon. 
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Figure 1. Euconcordia cunninghami, holotype, KUVP 87102a & b. A, skull roof exposed in dorsal view, with left mandible 
partially exposed and moved anterolaterally, with quadrate bone still partly in articulation with the articular bone. B, its 
counterpart, a partial, ventrally exposed braincase (This specimen was originally erroneously identified as KUVP 8702a & b). 
Abbreviations used in figures: ar, articular; bo, basioccipital; d, dentary; f, frontal; l, lacrimal; m, maxilla; n, nasal; op, opisthot-
ic; p, parietal; pf, postfrontal; pal, palatine; pm, premaxilla; po, postorbital; pp, postparietal; ps, parasphenoid; pt, pterygoid; 
q, quadrate; s, stapes; sa, surangular; so, suprapccipital; sq, squamosal; st, supratemporal; v, vomer. Scale bars = 1cm

a longitudinal ridge on the mandible along the dorsal edge 
of the sculptured lateral surface of the dentary and surangu-
lar bones. On the pterygoid, the large fields of palatal teeth 
covering the transverse flange of the pterygoid and the an-
terior palatal process of the bone are separated by a narrow 
edentulous groove. Differs from all other captorhinids in 
having posteriorly embayed parietals, reduced heterodonty, 
lacking a downturned premaxilla with enlarged anterior 
teeth, lack of a retroarticular process, and absence of a med-
ial alary process on the jugal.  
Etymology: An alteration of the previous name 

Concordia, by adding the prefix Eu, meaning true. 

NEW COMPARATIVE ANATOMICAL 
INFORMATION
Recent studies of dental development and evolution 

among captorhinid eureptiles and Early Permian pararep-
tiles (LeBlanc and Reisz 2015) have now allowed us to 
reinterpret the dental anatomy of this basal captorhinid. 
We therefore take this opportunity to reexamine the dental 

morphology of Euconcordia cunninghami, and also provide 
more complete visual information on the remarkable cra-
nial remains of this taxon. 
The marginal dentition was originally described as pointed, 

conical teeth, with places for up to five small teeth on the 
premaxilla, and up to 18 places on the maxilla, with no true 
caniniform. The four anterior-most teeth are distinctly more 
elongated than the more posterior members of the series. The 
dentary has places for 17 teeth, uniform in shape, slender 
with recurved apices. Our interpretation, based on careful 
reexamination of the marginal dentition, differs from the 
original description in a number of impactful ways. 
The right premaxillary teeth (Fig. 3A) exposed in medial 

view are indeed slender, but are quite long, extending nearly 
the same distance above the alveolar shelf of the bone as the 
anterior maxillary teeth.  In addition, the first premaxillary 
tooth appears to be slightly longer than the fifth tooth, based 
on the distance between the tip of the tooth and the edge of 
the alveolar shelf. Apically, the teeth curve slightly medially, 
have a delicate lingual ridge that extends to the central apex, 
and on either side of the tip, there are delicate carinae. 
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Figure 2. Euconcordia cunninghami, referred specimen KUVP 96164a & b. A, the skull roof preserved in dorsal view. B, its 
counterpart, skull preserved in palatal view. This specimen was originally erroneously labeled as KUVP 96/64 (Müller and 
Reisz 2005). Abbreviations as in Figure 1. Scale bars = 1cm

The outline of the maxillary teeth (Fig. 3A, B) also differs 
from their original description. The teeth are not simple 
cones, but are slightly bulbous at the base, with crowns 
that are not conically pointed but rather are more complex, 
with anterior and posterior carinae restricted to the apex of 
the tooth and forming an obtuse triangular cutting blade. 
The crown portion of each tooth is covered by enamel and 
curves gently medially, and slightly posteriorly, although it 
lacks the distinct recurvature that characterizes basal eurep-
tiles (Carroll 1964). The posterior maxillary teeth are not 
conical either, but exhibit a slightly bulbous base or with 
parallel sides, and the relatively broad crowns of these teeth 
display delicate apical carinae. These teeth are reminiscent 
of the marginal teeth of other basal captorhinids (Modesto 
1996), including Captorhinus laticeps, and differ from 
the teeth in the basal eureptiles Hylonomus, Paleothyris, 
Thuringothyris, and Protorothyris. Their teeth have a simple 
conical outline with recurved tips, and lack apical carinae 
(pers. obs. RRR). It is generally agreed that this morphol-
ogy is associated with faunivory, feeding on arthropods and 
small tetrapods. It is likely that the dental morphology that 
is present in these four eureptiles represents the primitive 
condition for amniotes. Thus, we can argue that some the 
dental modifications towards omnivory and eventually 
high fiber herbivory that characterize later captorhinids are 
already present in Euconcordia. In particular the slightly 

bulbous dentition in combination with the carinae may 
have been ideally suited for feeding on a wider variety of 
foods than basal eureptiles. However, based on size and 
body shape, it is unlikely that Euconcordia and other early 
single tooth-rowed captorhinids were high fiber herbiroves. 
That feeding behavior is most likely present in the moradi-
saurine captorhinids (Reisz and Fröbisch 2014). 
The dentary teeth (Fig. 3C) are plesiomorphic in being 

less heterodont than the maxillary teeth, and lack the 
typical captorhinid condition of greatly enlarged first 
and second teeth. In fact, the first tooth of the dentary is 
comparatively small, and the space for the second tooth 
suggests that the tooth occupying it would also have to 
be small. The largest teeth of the dentary are located in 
the mid-region of the tooth row, occupying tooth pos-
itions 8 through 12. They are clearly bulbous in lateral 
outline, and each possesses carinae on either side of the 
central apex. The teeth are slightly recurved at the tip, 
but this is because each tip points posterodorsally, and 
the curvature of the anterior carina is more pronounced 
than the posterior carina. It should also be noted that the 
most posterior teeth seem to lose this recurvature entirely, 
whilst maintaining their bulbous base. 
Like most other Paleozoic reptiles, Euconcordia possess-

es dentition on several elements of the palate. Although 
previously referred to as ‘denticles’, we prefer to restrict that 
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Figure 3. Marginal dentition of Euconcordia cunninghami. A, KUVP 96164a, right premaxilla and maxilla exposed in lingual 
view.  B, KUVP 96164a, left maxilla exposed in partial lateroventral view.  C, KUVP 87102a, dentition on left dentary, exposed 
in partial lateral view. Scale bar = 1cm

term to the structures that are present along the cutting 
edges in teeth of theropod or prosauropod dinosaurs (Brink 
and Reisz 2014; Sues et al. 2004), or the crowns of iguanid 
squamates. We therefore use a different dental termin-
ology, referring to the palatal dentition using the term 
teeth, rather than ‘denticles’, as is the convention in extant 
anatomical descriptions (Mahler and Kearney 2006). This 
is done in order to emphasize the similarities between the 
dentition on the palatal and marginal bones of the skull.  
Anatomically, the palatal teeth of Palaeozoic amniotes ap-
pear to be indistinguishable from their marginal teeth, and 
are characterized by the presence of enamel, dentine, and 
pulp cavity. It is therefore likely that they developed the 
same way as marginal teeth, and are therefore development-
ally homologous with them. 
The vomer was originally described as possessing two 

rows of ‘denticles’, with the lateral row being considered 
to be autapomorphic. Our interpretation differs from the 

original description in recognizing that the vomerine den-
tition is not arranged into single lateral and medial rows, 
but rather in two patternless fields of teeth (Fig. 2B). The 
teeth making up the field running along the lateral edge of 
the vomer are smaller than the teeth of the medial field, as 
well as those in other palatal fields. This is in stark contrast 
with other captorhinids, where the vomer is completely 
edentulous and exhibits well developed longitudinal ridges 
where the lateral and medial fields of teeth are located in 
Euconcordia cunninghami.
The palatine bone has a large field of teeth covering the 

medial half of the bone (Fig. 2B), and is more extensive 
than in any other captorhinid or basal eureptile. This field 
of palatine teeth is confluent with that on the pterygoid.  
Three fields of teeth are present on the pterygoid. The first 
and longest is located on a broad ridge that extends anter-
iorly from the basicranial articulation to the vomer, along 
the medial edge of palatal ramus. The second field covers the 
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ventral surface of the transverse flange. The third field spans 
the ventral surface of the bone between the other two fields, 
meets the first, medial field at the level of the basicranial 
articulation. However, these conjoined fields are separated 
from that on the transverse flange by an acute angled edentu-
lous groove with an apex that points towards the basicranial 
articulation. As is the case for the palatine, the fields of teeth 
on the pterygoid are more extensive and cover a greater area 
of the bone than in any other Early Permian eureptile, and 
significantly more than in any other captorhinid. 
The cultriform process of the parabasisphenoid is edentulous 

only in the area that is overlain by the palate, whereas poster-
iorly it bears an extended field of teeth where it is exposed ven-
trally in the region of the interpterygoid vacuity (Figs. 1B, 2B). 
This field is transversely expanded in the region of the tubera, 
extending a short distance posteriorly onto the main body of 
the parabasisphenoid, and reminiscent of the condition seen in 
the early eureptiles Hylonomus (Carroll 1964) and Paleothyris 
(Carroll 1969), but contrary to the edentulous parasphenoid 
of Thuringothyris (Müller et al. 2006).
We can therefore conclude that in contrast to other cap-

torhinids, the palatal dentition is much more extensive in 
Euconcordia cunninghami, and much of the palatal surface 
is covered by fields of small teeth. These small teeth do 
not increase in size posteriorly on the transverse flange 
of the pterygoid, as it commonly occurs in other reptiles 
(Reisz et al, 2014). 
Two interesting anatomical features of Euconcordia 

cunninghami are relevant to studies of captorhinid evo-
lution, and worthy of discussion. All captorhinid reptile 
specimens that have the appropriate region of the skull 
preserved show the presence of a well developed, medially 
projecting alary process on the jugal. This stout process 
forms a rugose sutural contact with the base of the trans-
verse flange of the pterygoid. The ectopterygoid bone that 
usually resides in this region of the palate in other reptiles 
is absent in captorhinids. The absence of the alary process 
in E. cunninghami (Fig. 2B) does raise the possibility that 
an ectopterygoid may have been present, because the alary 
process of the jugal normally takes on the function of 
bracing the cheek against the pterygoid bone in the region 
where the ectopterygoid is usually located in other rep-
tiles. It is not possible to determine with confidence if the 
bone was present or absent in E. cunninghami  because this 
region of the palate is incompletely preserved. This region 
of the skull is also not preserved well in Thuringothyris, the 
generally accepted sister taxon to E. cunninghami and all 
other captorhinids, but the presence of an ectopterygoid 
was reported in that taxon (Boy and Martens 1991; Müller 
et al. 2006). The absence of an alary process on the jugal of 
Eucondordia, suggests that the ectopteryoid may have been 
also present in E. cunninghami.

The second unusual feature of E. cunninghami is the pres-
ence of a sharp ridge that separates the lateral, ornamented 
surface of the dentary and surangular bones, from their 
smooth dorsal surface (Fig.1A). The latter smooth surface is 
presumed to be for the insertion of the large jaw adductor 
musculature, and is widely present in other captorhinids. 
Interestingly, this smooth surface complements the lateral-
ly expanded temporal region of the skull, where the jugal 
extends ventrally and laterally beyond the maxillary tooth 
row. The dorsal smooth shelf is particularly large in the 
moradisaurine captorhinids (Reisz et al. 2010), but is also 
well developed in Captorhinus (Heaton 1979), Labidosaurus 
(Modesto et al. 2005), and Rhiodenticulatus (Berman and 
Reisz 1989). However, in these captorhinids the separation 
between these two areas of the lower jaw is not sharply 
demarcated by a ridge as is seen in E. cunninghami.
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