Foss. Rec., 18, 73-80, 2015
www.foss-rec.net/18/73/2015/
doi:10.5194/fr-18-73-2015

© Author(s) 2015. CC Attribution 3.0 License.

Fossil Record museum fur

naturkunde
Open Access berlin

New specimen of Cacops woehri indicates differences in the
ontogenetic trajectories among cacopine dissorophids

N. B. Frobisch, A. Brar?, and R. R. Reisz?

IMuseum fiir Naturkunde, Leibniz Institut fiir Evolutions- und Biodiversitatsforschung, Invalidenstrasse 43,

10115 Berlin, Germany

2Department of Biology, University of Toronto at Mississauga, 3359 Mississauga Road N, Mississauga, ON L5L 1C6, Canada

Correspondence to: N. B. Frobisch (nadia.froebisch@mfn-berlin.de)

Received: 28 October 2014 — Revised: 22 December 2014 — Accepted: 7 January 2015 — Published: 27 January 2015

Abstract. The Lower Permian Dolese locality has produced
numerous exquisitely preserved tetrapod fossils represent-
ing members of a lower Permian upland fauna. Therein,
at least nine taxa of the clade Dissorophoidea, ranging in
size from the large predaceous trematopid Acheloma to the
miniaturized amphibamid Doleserpeton, highlight the great
taxic and ecological diversity of this anamniote clade. Here
we describe a large specimen of the dissorophid Cacops
woehri, which was previously only known from the juvenile
or subadult holotype skull. Another member of the genus Ca-
cops present at the Dolese locality, Cacops morrisi, is also
represented by specimens spanning juvenile, subadult, and
adult stages, allowing for a comparison of morphological
changes taking place in the late phases of the ontogenetic tra-
jectory of cacopine dissorophids. The new find shows that, in
contrast to C. morrisi and C. aspidephorus, C. woehri only
undergoes relatively subtle changes in skull morphology in
late ontogeny and retains the overall more gracile morphol-
ogy into adult stages. This includes retention of the rather
shallow skull shape as well as a pattern of sculpturing con-
sisting of elongate ridges and grooves and a large occipital
flange. This suggests somewhat different functional demands
in C. woehri than in other known species of Cacops, possibly
associated with a different ecology paralleling the great taxic
diversity of dissorophoids at the Dolese locality.

1 Introduction

The Lower Permian Dolese Brothers Limestone Quarry lo-
cality near Richard Spur in Oklahoma is the most produc-
tive fossil site for Paleozoic terrestrial ecosystems, and has
yielded more than 40 fully terrestrial tetrapod taxa, many
of which are endemic to the locality (Anderson and Bolt,
2013; Anderson and Reisz, 2003; Bolt, 1969, 1977; Frobisch
and Reisz, 2008; Frobisch and Reisz, 2012; Maddin et al.,
2006; Reisz, 2005; Sullivan and Reisz, 1999; Sullivan et al.,
2000). The vertebrate fossils are preserved in clay-rich con-
tinental sediments of Artinskian age (Lucas, 2006; Wood-
head et al., 2010) that form infills within the Ordovician Ar-
buckle Limestone. The preservation of the fossils is extraor-
dinary, both in terms of sheer number of specimens and the
overall quality of preservation, and provides detailed insights
into the anatomy of Permian tetrapods. The locality is con-
sidered to preserve an upland fauna, with the infills of the
extensive cave system serving as natural traps for the verte-
brate fauna inhabiting this upland environment (Reisz et al.,
2009). The locality therefore complements data from well-
known Lower Permian lowland lacustrine localities (Reisz et
al., 2009; Schoch, 2009). Within the Dolese fauna, members
of the clade Dissorophoidea represent an important compo-
nent of the tetrapod community with at least nine taxa known
from this locality. They range in size from the miniaturized
amphibamid Doleserpeton, with delicate bicuspid pedicelate
teeth and an average skull length of about 1 cm, to the large
trematopid Acheloma, with dagger-like large teeth and an es-
timated skull length of about 20 cm. Some taxa are known
from fragmentary remains, or one or two specimens (An-
derson and Bolt, 2013; Frobisch and Reisz, 2008; Frobisch
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and Reisz, 2012), while the amphibamid Doleserpeton oc-
curs in copious amounts (Bolt, 1969; Sigurdsen and Bolt,
2010). Nevertheless, we see a greater taxic diversity of dis-
sorophoids than in any other Paleozoic locality.

Dissorophoidea is a large clade that was very successful
during the Paleozoic and continues to be so today, as most
authors consider some or all three groups of modern am-
phibians to be part of Dissorophoidea (Anderson, 2008; An-
derson et al., 2008b; Milner, 1988, 1993; Schoch and Mil-
ner, 2004; Sigurdsen and Green, 2011), but see, for exam-
ple, Marjanovi¢ and Laurin (2013) for a different view. Re-
cent phylogenetic analyses have recovered two distinct sub-
clades within fossil dissorophoids, one comprising the OlI-
soniformes (dissorophids and trematopids) and one com-
prising the Xerodromes (amphibamids and branchiosaurids)
(Anderson et al., 2008b; Frobisch and Schoch, 2009; Schoch,
2012; Schoch and Milner, 2014). Amphibamids and bran-
chiosaurids are represented by very small, miniaturized taxa
which share a large number of characters with modern am-
phibians. While branchiosaurids were highly aquatic, am-
phibamids also include forms that were likely very terres-
trial as metamorphosed adults (Schoch, 2009, 2010). Be-
cause of their central role in the controversial discussions
surrounding the origin of modern amphibians, amphibamids
and branchiosaurids have received much attention in the lit-
erature during the past 30 years, resulting in a quite de-
tailed understanding of their diversity, biology, and phy-
logenetic relationships (Anderson and Bolt, 2013; Ander-
son et al., 2008a; Bourget and Anderson, 2011; Boy, 1972,
1986, 1987; Boy and Sues, 2000; Frobisch and Reisz,
2008; Frobisch and Schoch, 2009; Huttenlocker et al., 2007;
Schoch, 2004; Schoch and Milner, 2008; Schoch and Ru-
bidge, 2005; Werneburg, 2001, 2002, 2003). Unlike the small
Xerodromes, olsoniforms are represented by rather large
forms, some of which were heavily armored. They were
likely highly terrestrial and predacious as post-metamorphic
adults with an almost amniote-like ecology (Reisz et al.,
2009; Schoch, 2009). Although they have been known from
classic Permian deposits for over a century (Carroll, 1964;
Demar, 1966, 1967, 1968; Romer, 1947; Williston, 1910,
1911), they did not receive much attention for some decades,
and many taxa remain in need of taxonomic revision. Only in
recent years have they received renewed interest, and the is-
sues regarding their morphology, diversity, and relationships
have been reevaluated through the restudy of known taxa and
the discovery of new fossil material (Berman et al., 1985,
2009, 2011; Frobisch and Reisz, 2012; Holmes et al., 2013;
Maddin et al., 2010; May et al., 2011; Polley and Reisz,
2011; Reisz et al., 2009; Schoch, 2012; Schoch and Sues,
2013).

For some Paleozoic amphibians, extensive ontogenetic se-
ries are preserved, providing important insights into their
development and growth (Frobisch et al., 2010; Schoch,
2004, 2009, 2014; Witzmann and Pfretzschner, 2003; Witz-
mann and Schoch, 2006a, b). In particular, thanks to the
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Figure 1. Side-by-side photos of the holotype OMNH 73216 (left)
and referred specimen BMRP 2007.3.5 (right) of Cacops woehri in
dorsal (top) and palatal (bottom) view.

excellent preservational conditions in the lakes that these
taxa inhabited, micromelerpetontid and branchiosaurid dis-
sorophoids have been studied extensively. Because of their
phylogenetic significance amphibamid ontogeny (Schoch,
2009) has also attracted attention. However, much less is
known about the ontogeny of the olsoniforms. Evidence from
the trematopid Mordex suggests that at least some olsoni-
forms had an aquatic larva very similar to branchiosaurids
and amphibamids, and that they underwent a drastic meta-
morphosis into a terrestrial adult (Milner, 2007; Schoch,
2009), but further details of the larval ecology and devel-
opmental trajectories of olsoniforms remain largely elusive.
Here we describe a new specimen of the dissorophid Ca-
cops woehri from the Dolese deposits which is 25 % larger
than the previously described holotype (Frobisch and Reisz,
2012) (Fig. 1). This new specimen confirms the taxic iden-
tity of this species, and is distinct from another species of
Cacops from this locality, Cacops morrisi. The presence of
two very closely related terrestrial taxa in the same locality
is a rare occurrence in the Paleozoic, and is worthy of de-
tailed examination. Cacops morrisi is known from several
skulls, with a size range of about 33 % (Reisz et al., 2009).
This allows for a comparison of the late phases of ontogeny
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in two closely related species and provides new insights into
anatomical changes throughout the ontogenetic trajectories
of olsoniform dissorophoids.

2 Systematic paleontology

Temnospondyli Zittel, 1888
Dissorophoidea Bolt, 1969
Olsoniformes Anderson et al., 2008a
Dissorophidae Boulenger, 1902
Cacops Williston, 1910

Type species. Cacops aspidephorus Williston, 1910, by
original designation.

Diagnosis. Dissorophid temnospondyl with a more or less
pronounced pattern of bony ridges and depressions along
the skull roof, snout, and sides of the skull; nasal with near
horizontal anterior portion and dorsally arching posterior
portion; posteriorly foreshortened skull roof. Large, concave
lateral exposure of the palatine (LEP) positioned along the
anteroventral edge of the orbit. Contact between ventral
process of the tabular and the dorsal process of the quadrate
closes tympanic region posteriorly in adult specimens.

Cacops woehri Frobisch and Reisz, 2012

Type locality and horizon. Dolese Brothers Limestone
Quarry near Richard Spur, SW 1/4 section 31, T4N, R11W,
Comanche County, Oklahoma, USA.

Material/referred specimens. Holotype OMNH 73216 and
new referred specimen BMRP 2007.3.5.

Revised diagnosis. Species of the genus Cacops that dif-
fers from C. aspidephorus and C. morrisi in the lack of the
tall, boxy skull in the temporal region; has instead a rather
shallow skull shape that is retained in adults; more dorsally
located orbits and an “L-shaped” opening of the tympanic
embayment. The sculpturing pattern consists of characteris-
tic radial ridges and grooves that become only slightly more
pronounced in adult individuals.

Description of large specimen BMRP 2007.3.5

The new specimen of Cacops woehri BMRP 2007.3.5 con-
sists of a partial skull that preserves the posterior skull roof
and interorbital region, left cheek region, and parts of the
palatal region (Figs. 2—-4). Although incomplete, the skull
bones of the specimen are very well preserved and show su-
tural patterns and dermal sculpturing in fine detail.

Cacops woehri was previously known from a single speci-
men, a well-preserved skull that was considered to represent
a juvenile or subadult individual (Frobisch and Reisz, 2012)
because of its relatively small size and the pattern of sculp-
turing. This can now be corroborated based on the new spec-
imen of C. woehri (BMRP 2007.3.5.) from the same locality,
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Figure 2. Photo and drawing of the skull of the new specimen of
Cacops woehri BMRP 2007.3.5 in dorsal view. Scale bar equals
lcm.

which is 25% larger than the holotype. The holotype mea-
sures 11 mm from the posterior end of the pineal foramen
to the occipital rim, compared to 14 mm in the new referred
specimen. The width of the skull table measured from side to
side of the lateral edge of the supratemporal boss is 37.5mm
in the holotype versus 50 mm in BMRP 2007.3.5. The in-
terorbital width at the level of the postfrontal-frontal contact
at the orbit amounts to 12.5mm in the holotype and 17 mm
in the referred specimen BMRP 2007.3.5.

Overall the resemblance between the two specimens is
striking, with very few morphological changes aside from the
significant size difference. The anterior portion of the frontals
of BMRP 2007.3.5 is not preserved, but their posterior por-
tion indicates that they had a rather slender, rectangular shape
as also seen in the holotype of C. woehri. They make con-
tact with the parietals posteriorly in an interdigitating suture
and posterorlaterally contact the postfrontals along the rim
of the orbit (Figs. 2, 3). The parietals are well preserved
and enclose a round pineal foramen. Their anterior portion
is rather narrow, but they flare out laterally at the level of
the pineal foramen, so that the posterior part is significantly
wider than the anterior region. This shape of the parietals is
also seen in the holotype of C. woehri, as well as in the ju-
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Figure 3. Photo and drawing of the skull of the new specimen of
Cacops woehri BMRP 2007.3.5 in left lateral view. Scale bar equals
lcm.

venile and adult specimens of C. morrisi (Reisz et al., 2009).
Anterolaterally, the parietal has a well-defined suture with
the postfrontal, while posterolaterally these two make contact
with the supratemporal. Posteriorly, they are bordered by the
postparietals, which they contact in a slightly interdigitating,
transversely orientated suture. The postparietals consist of a
short and wide dorsal portion that forms the posteriormost
part of the skull table and bears pronounced dermal sculptur-
ing (Fig. 2). This dorsal portion of the postparietal is demar-
cated from a smooth ventrally sloping occipital flange by a
pronounced and slightly elevated occipital rim. The occipital
flanges of the postparietals are large and roughly triangular
in shape. They enclose an arched opening, in which elements
of the occipital region are visible, but not clearly identifiable
(Fig. 2).

The postfrontals are broadly crescent shaped and form the
posterordorsal rim of the orbit. In contrast to the holotype,
they lack the long and slender posterolateral process which
wedges in between the postorbital and the supratemporal. In-
stead, they make contact with the supratemporal posteriorly
in a rather short, straight suture (Fig. 2). Due to the absence
of the posterior process of the postfrontal, the postorbital has
a broader sutural contact with the supratemporal than in the
juvenile holotype of Cacops woehri. In the holotype, the con-
tact between postorbital and supratemporal is minute, while
in C. morrisi the two elements do not make contact at all,
neither in the juvenile nor in the adult specimen (Reisz et
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al., 2009). In the large specimen of C. woehri, the postor-
bital has the shape of a blunt triangle that forms the posterior
rim of the orbit. Its posterolateral side makes contact with
the squamosal and laterally it is flanked by the jugal. The
squamosal is a large element and as typical for dissorophoids,
forms a significant part of the temporal and otic regions of
the skull. It consists of a sculptured dorsal and lateral part
that contacts the supratemporal dorsally, the postorbital and
jugal laterally, and quadratojugal ventrolaterally. Moreover,
it has a steeply sloping, smooth squamosal flange that en-
closes a narrow, elongate gap in the otic region. Dorsolater-
ally it makes contact with the supratemporal and the tabular,
which contribute to the smooth dorsal part of the squamosal
embayment, the semilunar flange (Fig. 3).

The small tabular bone forms the posterolateral corner the
skull table. It contributes to the skull roof with a small sculp-
tured area, and posteriorly continues in a ventrally oriented,
smooth flange that forms the lateral parts of the large oc-
cipital flange (Fig. 2). Laterally, the tabular also has a ven-
trally oriented smooth portion that forms the posterodorsal
part of the otic region. Unfortunately, the tabular is not com-
pletely preserved posterolaterally and it remains uncertain as
to whether it had a pronounced ventral projection as seen in
the holotype of Cacops woehri or even approached or made
contact with the quadrate as seen in adults of Cacops morrisi
(Reisz et al., 2009). Overall, however, the preserved parts of
the otic region in the new specimen are remarkably similar
to the juvenile holotype and enclose a narrow gap in between
the two smooth flanks of the squamosal (Fig. 3).

The jugal contributes significantly to the cheek region with
a large, triangular dorsal process that contacts the postorbital
anterodorsally and the squamosal posterolaterally. Its ven-
tral portion is broken and it is uncertain whether an anterior
process extended along the posteroventral rim of the orbit as
seen in the holotype. Only a small part of the quadratojugal
is preserved in the large specimen of C. woehri at the pos-
teroventral edge of the cheek region. It wedges in between
the jugal anteriorly and the squamosal posteriorly.

The preserved palatal region of specimen BMRP 2007.3.5
is filled with large calcite crystals (Fig. 4). Only the pentago-
nal basal plate of the parasphenoid is preserved, and it shows
robust lateral processes for the basicranial articulation with
the pterygoids. The carotid foramina are rather large, oval,
and located at the base of the cultriform process. Medially,
the basal plate bears a semilunate, depressed area that prob-
ably served for muscle attachment.

3 Discussion

The exceptional preservation at this locality allows for a
comparison of the late stages of ontogeny in two closely re-
lated species of dissorophids, namely Cacops woehri and Ca-
cops morrisi. Unfortunately, the material of the third species
of Cacops, Cacops aspidephorus, is encrusted in hard iron
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Figure 4. Photo and drawing of the skull of the new specimen of
Cacops woehri BMRP 2007.3.5 in ventral view. Scale bar equals
lcm.

stone and only poorly preserved, hindering detailed anatom-
ical comparisons with the two Dolese species (Frobisch and
Reisz, 2012; Reisz et al., 2009; Schoch, 2012; Williston,
1910). Cacops morrisi represents the typical morphology as
classically associated with the genus Cacops, which is also
present in the type species Cacops aspidephorus despite its
overall much poorer preservation. Most prominently, this in-
cludes the massive, rectangular box shape of the skull roof
and the pronounced sculpturing of the dermal skull bones.
Distinct ridges along the edges of the temporal regions and
along the snout region add to the distinctive morphology of
the Cacops skull. The most juvenile specimen of C. mor-
risi is one-third smaller than the largest, presumably adult
specimen, and notable ontogenetic changes take place along
their ontogenetic trajectory (Reisz et al., 2009). The shal-
lower skull shape of the juvenile becomes significantly box-
ier in the adult stage, which is paralleled by an increase in
dermal sculpturing. While the sculpturing is more shallow
and certain regions of the skull in the smallest juvenile such
as the sides of the snout and the frontal and jugal regions
are almost smooth, the ornamentation becomes heavier and
deeper in the adult and is evenly distributed over the dermal
skull elements. Moreover, the smallest specimen of C. mor-
risi shows a laterally exposed ectopterygoid at the ventral rim
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of the orbit, which is not present in the adult individual, and
among other dissorophids is only seen in Scapanops neglecta
(Schoch and Sues, 2013). Its presence in the juvenile spec-
imen of C. morrisi is reminiscent of the condition seen in
trematopids (Polley and Reisz, 2011; Reisz et al., 2009). An
additional, profound change takes place in the otic region of
C. morrisi with the posterior closure of the squamosal em-
bayment. This is achieved by a contact between the ventral
process of the tabular and the dorsal process of the quadrate,
which in the juvenile are still separated by a large gap. How-
ever, a third, intermediate sized skull of C. morrisi still lacks
the contact, suggesting that the otic closure occurred only in
the latest stages of ontogeny.

The available ontogenetic data for C. woehri are some-
what less complete than for C. morrisi due to the fewer num-
ber of known skulls, and the incomplete preservation of the
presumed adult specimen BMRP 2007.3.5. Nevertheless, the
data at hand allow for a comparison of the ontogenetic tra-
jectories of the two Cacops species and indicate that the
changes in C. woehri are much less pronounced than in C.
morrisi. The overall skull shape of C. woehri is much shal-
lower than in even the juvenile C. morrisi, and significantly
more so than in the adults of C. morrisi and C. aspidephorus.
Judging from the preserved region of BMRP 2007.3.5, the
overall skull shape did not change in shape significantly, in-
dicating that a comparatively shallow skull shape was indeed
a characteristic feature of Cacops woehri that sets it apart
from the other two species of the genus. Similarly, there is
no drastic change in ornamentation between the juvenile and
the large specimen of C. woehri. In contrast, the distribution
and the pattern of elongated radial ridges and grooves is al-
most identical in both specimens and only appears scaled up
in size, but not intensity, in the large specimen (Fig. 1). An
almost ornamentation-free region along the jugal-squamosal
suture in the cheek region is still present in the large spec-
imen (Fig. 3), unlike C. morrisi, where regions of the skull
that are smooth in the juvenile are heavily ornamented in the
adult (Reisz et al. 2009). Unfortunately, the otic region is not
fully preserved in the large specimen of C. woehri, and there-
fore it is not possible to determine whether a posterior clo-
sure of the squamosal embayment took place in this species.
The preserved parts of the otic region, i.e., the squamosal
enclosing a narrow transversely oriented gap and the sutural
patterns with the supratemporal and tabular, are remarkably
similar in the two specimens. A few anatomical changes are,
however, visible between the two specimens of C. woehri.
One is seen in the sutural patterns of the postorbital bone
with the neighboring skull elements. In the juvenile specimen
the postfrontal has a long and slender posterior process that
wedges in between postorbital and the supratemporal, leav-
ing only a minute contact between the latter two elements.
This posterior process of the postfrontal is absent in the large
specimen, which shows a fairly long suture between the pos-
terodorsal side of the postorbital and the anterolateral side
of the supratemporal (Figs. 1, 2). Although in C. morrisi,
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the postorbital does not contact the supratemporal in either
the juvenile or the adult specimen (Reisz et al., 2009), there
is some shape change during ontogeny, with the posterolat-
eral process of the postfrontal becoming wider, and creating a
wider sutural gap between the postorbital and the supratem-
poral. Another change can be seen in extent of the smooth
occipital flange made up of the posteroventral parts of the
postparietals and tabulars. In the juvenile of C. woehri, the
occipital flange is already significantly larger than in either
ontogenetic stage of C. morrisi, and increases even more in
size in the large specimen BMRP 2007.3.5. A difference in
shape is also visible in the parasphenoid basal plate. While
the overall morphology stays constant in C. woehri, the basal
plate of the large specimen is somewhat shorter and wider
than in the juvenile, possibly indicating a change in skull pro-
portions towards a shorter posterior skull table in the large
animal (Fig. 4).

The much shallower skull of C. woehri relative to the
other two Cacops species, C. aspidephorus and C. morrisi,
is the most obvious and pronounced difference setting this
species apart, and the new specimen shows that this is re-
tained into late ontogenetic stages. Together with the ex-
tremely large occipital flange, it is suggestive of different
functional demands, e.g., associated with a different feed-
ing ecology. This, however, will have to remain somewhat
speculative until additional specimens of this species become
available. Nevertheless, the overall differences between the
two species of Cacops correlates well with the overall more
gracile, delicate morphology of the skull and teeth of C.
woehri, as well as the more heavily ornamented, more mas-
sively constructed skull and slightly more robust teeth of C.
morrisi.

The large taxic and morphological diversity seen in dis-
sorophids suggests that they were a very successful group
and new finds and the recent restudy of historic material have
revealed a much greater ecological diversity than previously
known (Bolt, 1977; Carroll, 1964; Demar, 1966, 1967, 1968;
Frébisch and Reisz, 2008; Reisz et al., 2009; Schoch, 2012;
Schoch and Sues, 2013; Williston, 1910). Even the limited
data set at hand in terms of growth stages in dissorophids
indicates that this diversity is in parts established in and
achieved through somewnhat different ontogenetic trajecto-
ries. This supports the notion that, during the upper Carbonif-
erous and Permian, dissorophids represented important fau-
nal elements of terrestrial vertebrate communities, and were
highly successful terrestrial predators alongside the reptiles
and synapsids of their time. Their significance is underscored
by the evidence provided by the Dolese fauna, with a stag-
gering, and yet still increasing, taxic and ecological diversity
in this fully terrestrial assemblage. For reasons yet unknown,
the olsoniform lineage disappears towards the end of the Per-
mian, leaving only the amphibamid/branchiosaurid lineage
within dissorophoids to continue their successful evolution-
ary history into recent times.
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Institutional abbreviations: OMNH, Oklahoma Museum
of Natural History, USA; BMRP, Burpee Museum of Natural
History, USA.

Anatomical abbreviations: bo/op?, basioccipi-
tal/opisthotic; f, frontal; j, jugal; p, parietal; po, postorbital;
pof, postfrontal; pp, postparietal; psph, parasphenoid; pt,
pterygoid; gj, quadratojugal; sq, squamosal; st, supratempo-
ral; t, tabular.
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