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Pachycormidae is an extinct group of Mesozoic fishes that exhibits extensive body size and shape disparity. The Late 
Jurassic record of the group is dominated by fossils from the lithographic limestone of Bavaria, Germany that, although 
complete and articulated, are not well characterized anatomically. In addition, stratigraphic and geographical provenance 
are often only approximately known, making these taxa difficult to place in a global biogeographical context. In contrast, 
the late Kimmeridgian Nusplingen Plattenkalk of Baden-Württemberg is a well-constrained locality yielding hundreds of 
exceptionally preserved and prepared vertebrate fossils. Pachycormid fishes are rare, but these finds have the potential 
to broaden our understanding of anatomical variation within this group, as well as provide new information regarding 
the trophic complexity of the Nusplingen lagoonal ecosystem. Here, we review the fossil record of Pachycormidae from 
Nusplingen, including one fragmentary and two relatively complete skulls, a largely complete fish, and a fragment of 
a caudal fin. These finds can be referred to three taxa: Orthocormus sp., Hypsocormus posterodorsalis sp. nov., and 
Simocormus macrolepidotus gen. et sp. nov. The latter taxon was erected to replace “Hypsocormus” macrodon, here 
considered to be a nomen dubium. Hypsocormus posterodorsalis is known only from Nusplingen, and is characterized 
by teeth lacking apicobasal ridging at the bases, a dorsal fin positioned opposite the anterior edge of the anal fin, and a 
hypural plate consisting of a fused parhypural and hypurals. The holotype specimen contributes additional palaeobiolog-
ical information, with small teleosteans preserved as gastric contents and ribs showing signs of callus formation. These 
new findings extend our knowledge of the anatomy and diversity of Pachycormidae, and represent an important first 
step in understanding factors controlling their distribution and morphological variation in the Late Jurassic of Europe.
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Introduction
Pachycormidae is a clade of extinct fishes on the teleost stem 
exhibiting high size and body shape disparity (Friedman et 
al. 2010; Friedman 2012). Two sub-groups have been recov-
ered in phylogenetic analyses; a clade consisting mainly of 
planktivorous taxa, and a macrocarnivorous clade (Fried-
man 2012). Pachycormids first appeared in the Early 
Jurassic (Toarcian) of Europe, and their diversity in both the 
Early and Late Jurassic is concentrated in Europe (Wretman 
et al. 2016). Whether this is attributable to historical biases 

in research and collecting effort or biological signal remains 
to be determined.

Pachycormids from the Late Jurassic Plattenkalks of 
Germany are moderately diverse, and include five named 
genera (Table 1): the large (>2 m standard length), edentulous 
Asthenocormus, belonging to the planktivorous clade, and 
four genera with robust dentition (Pseudoasthenocormus, 
Hypsocormus, Orthocormus, and Sauropsis; Arratia and 
Schultze 2015). The genera differ substantially from each 
other in size, shape, and thus in inferred palaeoecology; 
however, poor stratigraphic and locality data associated 
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with historical collections makes temporal and geographic 
range difficult to assess.

Recent research effort has emphasized understanding 
the planktivorous pachycormid clade (e.g., Schumacher et 
al. 2016; Cawley et al. 2019; Dobson et al. 2019). Much less 
attention has been given to the macrocarnivorous radiation, 
despite its richer fossil record. The monophyly of many gen-
era is in doubt (Hypsocormus, Sauropsis; Mainwaring 1978; 
Lambers 1992), and only rather cursory descriptions are 
available for many species. The latter issue is exacerbated 
by taphonomic factors typical of the Bavarian plattenkalk 
deposits where, due to spectacular soft-tissue preservation 
but extensive crushing, many osteological details are not 
visible externally or are obscured by damage.

Although less famous than the Bavarian Plattenkalks to 
the east, vertebrate fossils from the Nusplingen Plattenkalk 
of Baden-Württemberg, Germany, have been known since 
the 19th Century (e.g., Fraas 1854, 1855, 1878; Quenstedt 
1856–1857). The Staatliches Museum für Naturkunde 
Stuttgart has been conducting scientific excavations at the 
locality uninterruptedly since 1993, resulting in a signifi-
cant collection (~350 documented species of fossil plants, 
animals and ichnofossils; Dietl and Schweigert 2011; 
Schweigert 2015). Despite substantial new fish finds, pachy-
cormids from Nusplingen remain exceedingly rare, with 
only a few fragmentary specimens described in the early 
1900s (Heineke 1906). These finds have not been included 
in recent revisions of the group, making it difficult to assess 
variation in these fishes across central European basins. 
Moreover, the recent generation of explicit palaeobiogeo-
graphical hypotheses regarding the distribution of marine 
reptiles in the Late Jurassic European basins (Tyborowski 
and Błażejowski 2019) makes such a fine-scale evaluation 
of the fish fauna desirable.

Institutional abbreviations.—GPIT, Palaeontological Col-
lection of Tübingen University, Tübingen, Germany; MB, 
Museum für Naturkunde, Berlin, Germany; NHMUK, Natu-
ral History Museum, London, UK; NRM, Natur his toriska 
Riksmuseet Stockholm, Swe den; SMNS, Staat liches Museum 
für Naturkunde Stuttgart, Germany; SNSB-BSPG, Bavarian 
State Collection for Palaeontology and Geology, Munich, 
Germany; SNSB-JME, Jura-Museum Eichstätt, Germany.

Other abbreviations.—SL, standard length; so, suborbital.

Nomenclatural acts.—This published work and the nomen-
clatural acts it contains, have been registered in ZooBank: 
urn:lsid:zoobank.org:pub:C20B1AC2-CC72-426E-8382-
D1AD41937329

Geological setting
The Nusplingen locality is located in the southwestern part 
of the Swabian Alb (Baden-Württemberg, Germany; Fig. 1). 
The up to 15-metre-thick section consists of several inter-
vals of finely laminated, partly bituminous limestone, inter-
rupted by a few bioturbated limestone beds and occasional 
turbidite layers (Dietl et al. 1998), of late Kimmeridgian 
age (Lithacoceras ulmense Subzone: Schweigert 1998, 2007, 
2015). The laminated limestone was deposited in a less than 
100-metre-deep restricted lagoonal environment (Dietl and 
Schweigert 2004). Anoxia or dysoxia was limited to the sea-
floor, whereas the upper parts of the water column were 
permanently oxygenated (Stevens et al. 2014; Hättig et al. 
2019). Preservation of the ichthyofauna differs from the type 
generally observed at Solnhofen: soft tissues are mostly not 
preserved, and the fishes tend to show a higher degree of dis-
articulation (Schweigert et al. 2003; Chellouche 2016).

Table 1. Diversity, stratigraphic, and geographic range of pachycormid fishes from the Late Jurassic of Central Europe.

Taxon Stratigraphic range Geographic range References
Sauropsis Toarcian–Tithonian Germany, ?Cuba

Sauropsis longimanus Agassiz, 1833 Bavaria (Germany)  Agassiz 1833–1843
Sauropsis depressus Eastman, 1914 Tithonian Bavaria (Germany) EM personal observation
Sauropsis curtus Eastman, 1914 Bavaria (Germany) Eastman 1914

Asthenocormus Tithonian Bavaria (Germany)
Asthenocormus titanius (Wagner, 1863) Tithonian Bavaria (Germany) Arratia and Schultze 2013

Pseudoasthenocormus Tithonian Bavaria (Germany)
Pseudoasthenocormus retrodorsalis (Eastman, 1914) Tithonian Bavaria (Germany) Lambers 1992

Hypsocormus Callovian–Tithonian Germany, France, UK
Hypsocormus insignis Wagner, 1860 Tithonian Bavaria (Germany) EM personal observation
Hypsocormus macrodon Wagner, 1863 
(= Simocormus macrolepidotus gen. et sp. nov.) Kimmeridgian–Tithonian Bavaria (Germany) EM personal observation

Orthocormus Kimmeridgian–Tithonian Germany, France, UK, 
Poland

Orthocormus roeperi Arratia and Schultze, 2013 Kimmeridgian Bavaria (Germany) Arratia and Schultze 2013

Orthocormus teyleri Lambers, 1988 Kimmeridgian Cerin (France), Bavaria 
(Germany)

Lambers 1988; Liston et al. 
2019

Orthocormus cornutus Weitzel, 1930 Tithonian Bavaria (Germany) Lambers 1992; Arratia and 
Schultze 2013
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Material and methods
Four specimens referred to Pachycormidae have been re-
ported from Nusplingen: two caudal fin fragments, of which 
one was figured by Quenstedt (1856–1857: pl. 100: 6); the 
second was mentioned by Heineke (1906) and could not be 
relocated. A “suboperculum” (GPIT/OS/1303) was figured 
by Heineke (1906: fig. 9), this specimen includes a lower jaw 
and some cranial elements; and lastly a relatively complete 
skull was fully described and figured (Heineke 1906: pl. 
3: 1). In addition to these published reports, two additional 
specimens from Nusplingen referable to Pachycormidae 
were identified during the course of this study: a complete, 
articulated skeleton (GPIT/OS/00836), and a skull and pec-
toral fin in ventrolateral view (SMNS 96988/4).

Osteological nomenclature follows conventional acti-
nopterygian terminology (Gardiner and Schaeffer 1989), 
with the following clarification. Some authors (Woodward 
1908; Lambers 1992) have identified a bone situated be-
tween the posttemporal (= suprascapular of Mainwaring 
1978) and parietal, which they labeled as the supratemporal. 
According to Gardiner and Schaeffer (1989), the actinopte-
rygian supratemporal is positioned anterior to the supratem-
poral commissure and fuses with the dermopterotic, mak-
ing the pachycormid “supratemporal” more consistent in 
position with an extrascapular. However, the extrascapulars 
are hypothesized to have been lost in pachycormids based 
on the position of the supratemporal commissure within 
the posttemporal (Mainwaring 1978). Therefore we refer 
to this element as a ?extrascapular, to denote its uncertain 
homologies.

In addition, we use the following pachycormid-specific 
anatomical nomenclature:

Pachycormids are characterized by the presence of a 
raised dorsomedial prominence on the skull, which has 
been hypothesized to serve as a cutwater (Weitzel 1930). 
In Pachycormus, this structure is formed primarily by the 
frontal and parietal, and has been termed the cranial boss, 
or frontoparietal boss (Mainwaring 1978). However, in 
Hypsocormus and some species of Orthocormus, the boss 
begins further posteriorly and rises at a steeper angle, with 
the bones of the dermal pectoral girdle (posttemporal and 
?extrascapular) forming the largest part (Woodward 1908). 
For this reason, Lambers (1992) considered “temporal boss” 
a more appropriate name for this structure, and we follow 
this nomenclature here.

We use “small” to describe flank scales that occur in a 
2:1 ratio with vertebral elements/myomeres when preserved 
(e.g., Hypsocormus insignis, Sauropsis longimanus). Taxa 
with “large” scales (1:1 ratio) include Simocormus macro-
lepidotus gen. et sp. nov., Sauropsis depressus, and Pseudo-
asthenocormus retrodorsalis. Orthocormus cornutus and 
O. teyleri have “very small” scales (4:1 ratio with vertebral 
elements). This nomenclatural decision addresses problems 
with scaling absolute measurements over a wide range of 
body sizes.
Hypsocormus.—Hypsocormus historically comprises two 
species from the Late Jurassic of Germany, Hypsocormus 
insignis and “Hypsocormus macrodon” (see below for dis-
cussion and revision). NRM P425, consisting of braincase 
and pectoral material previously described as Hypsocormus 
(Holmgren and Stensiö 1936; Rayner 1948; Jessen 1972), 
is more consistent with Orthocormus (following Lambers 
1992), and so we use the latter generic attribution for these 
remains throughout this manuscript. Hypsocormus tenui-
rostris, from the Middle Jurassic of the UK, has been recov-
ered as the sister group to Orthocormus + Protosphyraena 
in phylogenetic analyses (Friedman 2012), and anatom-
ically is most similar to Orthocormus (Lambers 1992). 
However, because this fragmentary taxon does not form 
a sister-group to Orthocormus, we refer to it with open 
nomenclature as Orthocormus? tenuirostris following the 
syntax proposed by Bengtson (1988). Hypsocormus leedsi, 
also from the Middle Jurassic of the UK, is very fragmen-
tary (Woodward 1895), and its generic affinities cannot be 
assessed. Thus, throughout this manuscript, we use the ge-
neric epithet Hypsocormus to refer exclusively to the type 
species, Hypsocormus insignis.
Hypsocormus macrodon.—According to the description of 
the holotype (Wagner 1863) and measurements thereof sub-
sequently published by Heineke (1906), in Hypsocormus 
macrodon the dorsal fin was positioned mid-way between 
the pelvic and anal fins. The holotype of H. macrodon 
has been lost (Mainwaring 1978; Arratia and Schultze 
2013), and the dorsal fin in material referred to this species 
originates posterior to the anal fin (e.g., Lambers 1992). 
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Fig. 1. Nusplingen and other localities of fossiliferous Late Jurassic Plat-
ten kalks in SW Germany (modified from Fürsich et al. 2007 based on 
Schweigert 2007).
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Skeletons referred to H. macrodon are often twisted around 
the long axis, and it is possible that Wagner (1863) misin-
terpreted the dorsal and anal fins for taphonomic reasons. 
However, without even a photo or drawing of the holotype 
available, H. macrodon in modern usage may differ from 
H. mac rodon as originally envisioned. We consider H. mac-
rodon to be a nomen dubium, and erect a new species to 
include the material currently referred to “H. macrodon”. 
We consider the specimen NHMUK PV P 6011 (Fig. 2) to 
be a suitable holotype, as this specimen has been widely 
discussed, figured, and included in phylogenetic analyses 
as an example of “H. macrodon” (e.g., Woodward 1895; 
Heineke 1906; Lambers 1992; Friedman 2012; Liston et al. 
2019).

A second taxonomic issue affecting “Hypsocormus mac-
rodon” (modern usage) is that of referral to the genus Hypso-
cormus. There are few morphological features uniting ma-
terial referred to H. macrodon with H. insignis, with the 
diagnosis for Hypsocormus proposed by Woodward (1895) 
applying almost exclusively to the type species (Lambers 
1992). This has been subsequently supported by phyloge-

netic analysis, in which the two species fail to form a mono-
phyletic group (Friedman 2012). Thus, we consider the re-
ferral of “H. macrodon” to Hypsocormus as improbable, and 
erect a new genus.

Systematic palaeontology
Actinopterygii sensu Goodrich 1930
Pachycormiformes Berg, 1937
Pachycormidae Woodward, 1895
Genus Simocormus nov.
ZooBank LSID: urn:lsid:zoobank.org:act:3A5ADFC0-37A2-4A8A-
9981-D59499A8D8F5
Type species: Simocormus macrolepidotus sp. nov.; see below.
Etymology: From Greek simo, snub-nosed, in reference to the profile 
of the rostrodermethmoid in lateral view and cormus, tree-trunk, here 
used to indicate affinities to Pachycormidae.

Diagnosis.—As for the type and only known species.

Fig. 2. Pachycormid fish Simocormus macrolepidotus gen. et sp. nov. (holotype NHMUK PV P 6011) from the Late Jurassic of Solnhofen, Bavaria, 
Germany. Overview (A1), detail of skull and pectoral fins illustrating the prominent ridged ornamentation on suborbital 2 (A2). © The Trustees of the 
Natural History Museum, London, photographer A. McArdle, used with permission. 
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Simocormus macrolepidotus sp. nov.
Figs. 2, 3.
1894 Hypsocormus Wagner, 1863; Woodward 1894: 511.
1895 Hypsocormus macrodon (Wagner, 1863); Woodward 1895: 305.
1992 Hypsocormus macrodon (Wagner, 1863); Lambers 1992: 262: 

fig. 17.
2012 “Hypsocormus” macrodon (Wagner, 1863); Friedman 2012: 

947–948, fig. 2.
2019 Hypsocormus Wagner, 1893; Liston et al. 2019: 6.
ZooBank LSID: urn:lsid:zoobank.org:act: 3D8F19DE-D08E-4B30-
AF7B-BB7CBE2E5EE1
Etymology: From Greek macrolepidotus, large scales; present in a 1:1 
ratio with the axial elements.
Holotype: NHMUK PV P 6011, an articulated fish preserving the skull 
in ventrolateral view (Fig. 2).
Type locality: Germany, Bavaria.
Type horizon: Late Jurassic.

Material.—Abundant referred material is present in col-
lections around the world (see Table 2 for some examples), 
including SMNS 96988/4 (described below). Simocormus 
macrolepidotus gen. et sp. nov. comprises material previ-
ously referred to Hypsocormus macrodon.
Diagnosis (modified from Woodward 1895 and Wagner 
1863).— Large fish with an elongate body shape, up to 
1.5 m in length, with skull approximately 20% SL; snout 
short and obtuse, with large rostrodermethmoidal teeth di-
rected almost verti cally; second suborbital (so2) element 
much larger than the first suborbital (so1), and ornamented 
with prominent radiating ridges; external bones, scales, and 
fin rays ornamented with tubercles; scales present in a 1:1 
ratio with the axial skeleton; small dorsal fin originating 
posterior to the anal fin; caudal fin with strong development 
of lepidotrichial segmentation.

Description (SMNS 96988/4 from Nusplingen, Fig. 3A1).
—General appearance: SMNS 96988/4 (Fig. 3A1) 
consists of a skull preserved in right ventrolateral view, 
pectoral girdles and left pectoral fin. The specimen as 
preserved measures 28 cm long and 33 cm deep. The skull 
length (anteriormost point of rostrodermethmoid to 
posteriormost point of the opercle) is 21 cm, 
corresponding to a fish of ~105 cm SL.

Skull roof and snout: The rostrodermethmoid forms the 
antero dorsal border of the mouth. It does not project anterior 
to the mandibular symphysis (Fig. 3A1–A3). As preserved 
in lateral view, the rostrodermethmoid bears a single large, 
procumbent tooth (“tusk” or “fang”), with an apicobasal  
height of 12.2 mm. Posterior to the fang, the rostrodermeth-
moid bears some small teeth (ca. 1.5 mm apicobasal 
height). The anterior rostrodermethmoid is ornamented 
with tuber-cles. While sensory pits are present, poor 
preservation and complex ornamentation prevent tracing 
the course of the sensory canal.

The premaxilla is approximately oval in shape and taper-
ing anteriorly to form a process parallel to the oral margin. 
It is a short, narrow, dentigerous bone articulating with the 
rostrodermethmoid anteriorly and the maxilla posteriorly 
(Fig. 3A1–A3). Its lateral surface is ornamented with 
tuber-cles, which gradually grade into larger denticles and 
small teeth ventrally. The premaxilla supported at 
minimum two moderately large teeth. The more posterior 
of these has an apicobasal height of 4.4 mm, the 
anteriormost appears to have been larger.

The maxilla is elongate and narrow (dentigerous edge = 
82 mm, max. depth = 9 mm), gently bowed with a slightly 
concave dentigerous margin. The external surface of the 
maxilla is ornamented with tubercles, which gradually grade 
into larger denticles and small teeth ventrally (Fig. 3A3). The Table 2. Comparative Late Jurassic pachycormid material examined. All localities are in Bavaria, Germany. Age correlations for localities from 

Schweigert (2007). “–” age or exact locality unknown.

Specimen Taxon Locality Age
JME SOS 3571a/b Orthocormus cornutus Weitzel, 1930 Birkhof early Tithonian
JME SOS 3460 Orthocormus cornutus Weitzel, 1930 Blumenberg early Tithonian
JME 2181 a/b Orthocormus cornutus? Weitzel, 1930 Schernfeld early Tithonian
JME-Scha 2418 Orthocormus teyleri? Lambers, 1988 Schamhaupten latest Kimmeridgian
BSPG AS VI 4 a/b Hypsocormus insignis (holotype) – –
JME SOS 3557 Hypsocormus insignis Wagner, 1860 Obereichstätt early Tithonian
JME SOS 3915 Hypsocormus insignis Wagner, 1860 – –
MB.f.1547 Hypsocormus insignis Wagner, 1860 Solnhofen early Tithonian
SMNS 56650 Hypsocormus insignis Wagner, 1860 Solnhofen region early Tithonian
JME SOS 3574 Simocormus macrolepidotus gen. et sp. nov. Breitenhill late Kimmeridgian
JME SOS 3394a/b Simocormus macrolepidotus gen. et sp. nov. Wintershof early Tithonian
MB.f.1539 Simocormus macrolepidotus gen. et sp. nov. Solnhofen early Tithonian
BSPG AS VII 1089 Sauropsis longimanus (holotype) Agassiz, 1833 “Eichstätt” –
JME 3046 Sauropsis longimanus? Agassiz, 1833 Blumenberg early Tithonian
JME SOS 03459a/b Sauropsis depressus Eastman, 1914 Blumenberg early Tithonian
BSPG 1964 XXIII 525 Sauropsis depressus Eastman, 1914 Schernfeld early Tithonian
BSPG 1977 XI 1 Sauropsis depressus Eastman, 1914 ?Eichstätt –
BSPG 1964 XXIII Sauropsis depressus Eastman, 1914 Schernfeld early Tithonian
BSPG 1956.I.361 Pseudoasthenocormus retrodorsalis (Eastman, 1914) Langenaltheim early Tithonian
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larger maxillary teeth are located lingual to these denticles. 
The maxillary teeth are largest at approximately the mid-
point of the element, but are in general 2–3 mm in apicobasal 
height. The marginal dentition extends the entire length of 
the maxilla. Some larger teeth (up to 9 mm in apicobasal 
height) are scattered between the maxilla and dentary, but it 
is unclear whether these originate from the dentary or a more 
medially positioned element. The posterodorsal maxilla is 
overlapped by the supramaxilla.

The supramaxilla is relatively large (38 mm long and 
14 mm deep at its posterior end), overlapping the posterior 
maxilla and ventral edge of so2 (Fig. 3A1, A2). The supra-
maxilla is roughly triangular in shape, and ornamented with 
tubercles, which are best developed on its anteroventral edge.

The antorbital is situated posterior to the rostrodermeth-
moid, dorsal to the premaxilla, and overlies a bone of un-
certain identity. The antorbital is not well preserved, but its 
clearest characteristic is a posterodorsally directed process 
with a series of dorsally oriented grooves extending along 
its anterior edge (Fig. 3A1–A3).

It is likely that some fragments posterodorsal to the ros-
trodermethmoid and anterior to the dermosphenotic cor-
respond to the nasal; however, these are poorly preserved. 
The dermosphenotic forms at minimum the posterodorsal 
edge of the orbit. Its lateral edge is dorsally convex, curving 
ventrally. Sensory pits are present in the dermosphenotic at 
the posterodorsal corner of the orbit.

The right side of the skull roof is preserved, consisting 
of the frontal, parietal, and dermopterotic (Fig. 3A1, A2, A4). 
It is crushed anteriorly, medial to the dermosphenotic, but 
was at least 107.1 mm in length (anterior rostrodermethmoid 
to posterior end of ornamented surface of the parietal, mea-
sured along the midline) and 25.6 mm in posterior width 
(excluding the lateral articular facet for so1). The skull roof 
is covered with tubercular ornamentation (Fig. 3A4). The 
supraorbital sensory canal extends from the medial dermo-
sphenotic posteriorly through the lateral dermopterotic, par-
allel to the edge of the skull roof. The lateral dermopterotic 
forms an unornamented facet, this one edged laterally with 
a feathered bone structure (Fig. 3A4). The facet is inter-
preted as the articular facet for so1, and is oriented antero-
posteriorly and is roughly straight. The frontal and parietal 
appear to have contacted their antimeres via a straight su-
ture. A mediolaterally oriented linear feature in the orna-
mentation bordered by ridges, parallel to the posterior edge 
of the parietal, presumably corresponds to a sensory canal. 
Posteriorly, the dermopterotic, with a small medial contribu-
tion from the parietal, forms a large, unornamented concave 
flange interpreted as the articular facet for the posttemporal.

A small sagittal eminence was present, extending as far 
forward as the dermosphenotics. The frontals and parietals 
appear to be primarily involved, although comparative de-
velopment of this eminence is difficult to evaluate because 
the specimen is quite flat. Based on the morphology of the 
posterior parietals (not thickened or divergent), the temporal 

boss is unlikely to have projected over the parietal region 
(Gouiric-Cavalli and Cione 2015).

Posteroventral to the dermopterotic is an oval fragment 
of very thin bone traversed by a prominent sensory canal 
(Fig. 3A1, A2, A4), interpreted as a fragment of the presu-
pracleithrum.

An element preserved anterior to the mandible is possi-
bly a vomer based on position and approximate shape. The 
visible part of the tooth preserved overlying this bone is not 
ankylosed to it, and it is unclear if the tooth and bone were 
originally associated.

The sclerotic ring has been displaced dorsally, and is 
partially overlying the skull roof (Fig. 3A1, A2). It is well 
ossified. The external surface of the ring is convex. Around 
the edge of the aperture, the bone of the sclerotic ring is 
weakly ornamented with a similar roughened- to tubercular 
texture as the other cranial elements. Away from the aper-
ture, the external surface of the ring is smooth.

Cheek and opercular series: The posterolateral surface 
of the skull is dominated by a greatly enlarged so2 (Fig. 3A1, 
A2). so1 is not preserved; however, it was certainly much 
smaller than so2. Both the right and the left suborbitals 
are preserved in external view; that on the right has been 
displaced ventral to the skull. so2 is roughly triangular in 
shape, with a concave ventral edge and a convex posterior 
edge. The posterior third of the ventral edge is more strongly 
deflected ventrally, and a small facet on the ventral edge im-
mediately anterior to this deflection point would have been 
overlapped by the supramaxilla. The anteriormost corner 
of the suborbital has been invaded by sensory canals, sug-
gesting that the ventralmost infraorbital may be fused to the 
suborbital. The suborbital has a roughened ornamentation, 
becoming more noticeably tubercular towards the ventral 
edge. However, the most obvious aspect of the ornamenta-
tion are five ridges, beginning at approximately 1/3 of the 
length of the suborbital and extending to the posterior edge. 
A single long, narrow infraorbital is preserved between the 
braincase and skull roof (Fig. 3A1, A2).

The preopercle (Fig. 3A1, A2) is preserved at the postero-
ventral edge of the subopercle. The dorsal ramus has been 
displaced internal to the suborbital, and is visible only in 
the deformation of the latter. The preopercle broadens ven-
trally, and is exposed externally near the opercle-subopercle 
contact, curving anteriorly to the angular. It is ornamented 
with tubercles, and carries the preopercular sensory canal. 
No interopercle is preserved. The opercle (Fig. 3A1, A2) is 
a large bone (68 mm deep, ventral edge 45 mm long), much 
larger than the subopercle. Its posterior dorsal edge is bro-
ken; however, based on preserved growth lines it is clear 
that the dorsal edge was narrower than the ventral edge. The 
opercle-subopercle suture is oriented anteroposteriorly, and 
slightly dorsally. The opercle is ornamented with tubercles. 
The subopercle (Fig. 3A1, A2) is small and quadrangular 
in external view (externally exposed portion 23 mm deep, 
48 mm long). The externally exposed portion is ornamented 
with tubercles. The dorsal edge underlies the opercle, and is 
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Fig. 3. Pachycormid fish Simocormus macrolepidotus gen. et sp. nov. (SMNS 96988/4) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. 
Specimen in ventrolateral view (A1). Explanatory drawing of skull (A2). Close-up of jaws, showing ornamentation, dentition, and distribution of denticles 
external to the main tooth row on both the maxilla and dentary (A3). Skull roof and posterior braincase, asterisk indicates foramina of uncertain identity in 
the prootic (A4). Pectoral fin and girdle, scapulocoracoid outlined to better distinguish the poorly ossified endochondral component from the matrix (A5). 
Arrows indicate the expanded posterior hemilepidotrchia. Abbreviations: ao, antorbital; an, angular; ar, articular; bo, basi-exoccipital; bsp, basisphenoid; 
bsr, branchiostegal rays; cl, cleithrum; cl(f), facet on the internal cleithrum for articulation with the endochondral pectoral girdle; de, dentary; dpt, der-
mopterotic; dpcl, dorsal postcleithrum; dspo, dermosphenotic; f, frontal; gu, gular; hyo, hyomandibula; io, infraorbital; le, lateral ethmoid; mc, mandibular 
canal; mx, maxilla; hlt1, dorsal and ventral first hemilepidotrichia; op, opercle; pa, parietal; par, prearticular; pcl, postcleithra; pm, premaxilla; pop, pre-
opercle; pr, posterior pectoral radial; pro, prootic; prpt, propterygium; psc, presupracleithrum; pts, pterosphenoid; qu, quadrate; r2, second pectoral radial; 
rdme, rostrodermethmoid; sa, surangular; sc, sensory canal; scl, supracleithrum; sco, scapulocoracoid; scr, sclerotic ring; smx, supramaxilla; so2, second 
suborbital + fused infraorbital; sop, subopercle; spo, sphenotic. 
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anteriorly drawn up into a dorsal process. The subopercle 
contacts the preopercle anteriorly.

The gular is situated between the lower jaw rami. 
Preservation of this element is quite poor and little can be 
said regarding its morphology, however ornamentation at 
the anterior end is coarsely tubercular.

Numerous branchiostegal rays are present between the 
gular and the subopercle. This region is poorly preserved 
and is covered by a hash of bone fragments, scales, teeth, and 
pharyngeal denticles. The outward-facing surface of each 
branchiostegal ray is divided into a smooth posterior surface 
that is overlapped by the succeeding ray, and an ornamented 
anterior surface covered by a roughened- to tubercular orna-
mentation. The ornamented portion of each branchiostegal 
ray is a wide as the smooth portion, indicating that an indi-
vidual ray had relatively limited external exposure.

Endocranium: The endocranium is preserved as disar-
ticulated elements anterodorsal to the suborbital. The lateral 
ethmoid is robust, with a thinner dorsal process and an an-
teroposteriorly expanded base (Fig. 3A3). A ventral depres-
sion separates the anterior and posterior edges. A posterior el-
ement may represent a fragment of the anterior basisphenoid.

The basisphenoid is situated posterior to the ethmoid 
region. It has a complex morphology, with an anterior dor-
sal projection making up part of the interorbital septum 
(Fig. 3A3), a posterior dorsal lamina, and a posterolateral 
projection. The dorsal edge of the interorbital projection is 
thickened and curves laterally. The posterior edge of this 
interorbital process forms a semi-circular notch, part of the 
foramen for the optic nerve (II). At the midpoint of the in-
terorbital projection anterior to the foramen is a prominent 
tubercle. Ventral to the foramen for cranial nerve II, the 
basisphenoid forms a lateral projection. The posterior dorsal 
lamina of the basisphenoid extends further dorsally than the 
interorbital projection, and contacts the pterosphenoid. The 
posterolateral projection lies on top of the dorsal lamina, 
and may represent the anterior edge of the myodome that 
has been displaced due to crushing.

The pterosphenoid articulates anteriorly with the pos-
terior lamina of the basisphenoid. Its posterior surface is 
concave, and the posterior edge is thickened. Ventrally, the 
pterosphenoid forms the dorsal edge the foramen for the 
oculomotor nerve (III). A roughened ridge extends dorsal 
to the foramen. Posterodorsal to the pterosphenoid, a small 
fragment of the sphenotic projects ventral to the dermosphe-
notic. The dermal and endochondral portions are unfused, 
and are clearly separated by matrix. The prootic is preserved 
anteromedial to the hyomandibula (Fig. 3A4). The lateral 
surface is concave, traversed by two ridges. Anteriorly, the 
element is pierced by several foramina, however, the influ-
ence of lateral compression on the shape precludes more 
detailed interpretations.

The basi-exoccipital is preserved in condylar view 
(Fig. 3A4), partially overlain by the presupracleithrum. 
There are two condyles, consisting of oval facets lacking 
perichondral lining and separated by a groove, proportion-

ately much larger than those described in Pachycormus 
(Mainwaring 1978).

Branchial arch: Only a portion of the dorsal end of the 
right hyomandibula is exposed. The articular end is convex. 
The right quadrate is preserved in medial view, slightly 
displaced from the glenoid (Fig. 3A1, A2). Its articular end 
is well-developed and anteroposteriorly elongate, directed 
anteroventrally and forming two articular facets delineated 
by a groove on the medial surface. There is a constriction 
separating the articular end of the quadrate from the fan-
shaped dorsal portion, characterized by a well-developed 
posterior notch. A prominent tubercle is positioned at this 
point on the anterior half of the quadrate. Anterior to the 
scapulocoracoid, a semicircular bony plate-like element and 
an additional endochondral element are preserved; their 
identity is unclear but they may belong to the visceral arch.

Mandible: The lower jaw consists of three elements in ex-
ternal view: the angular, surangular, and dentary (Fig. 3A1, 
A2). In overall shape, the mandible is robust and relatively 
deep, deflected slightly dorsally at its anterior end. It mea-
sures 146 mm in anteroposterior length. The dentary makes 
the largest contribution to the external surface of the man-
dible. The dentary is thickened along its dorsal edge, and is 
ornamented with striations postero-dorsally and tubercles 
over most of its surface (Fig. 3A3). These become more pro-
nounced towards the dentigerous margin and at the symph-
yseal end. The tubercles at the dentigerous margin lingually 
grade gradually into an external field of small teeth. Whether 
the larger lingually placed teeth are borne on the dentary 
itself is unclear. A posterodorsally-anteroventrally angled 
suture separates the posterior dentary from the angular and 
surangular (Fig. 3A1, A2). However, the suture between the 
latter two elements is largely obscured. The mandibular ca-
nal does not extend parallel to the ventral edge of the lower 
jaw but is roughly oriented from the posterior ventral corner 
of the lower jaw towards the symphysis. The posterior and 
ventral edges of the mandible form a ~60° angle, such that 
the glenoid is directed posterodorsally.

Some details of the left mandible are visible in medial 
view. The articular is exposed on the posterior end, and the 
glenoid surface is preserved. Two facets are visible, sepa-
rated by a slight change in angle: an anteromedial facet, and 
a posterolateral facet. These correspond to the two facets 
of the quadrate. At the posterior end of the glenoid, the 
articular forms a small process. The dorsal portion of the 
prearticular is also exposed, but has been slightly posteri-
orly displaced. A posterior process of the prearticular forms 
the anteromedial edge of the glenoid.

Dentition: The teeth are conical, with relatively blunt 
acrodin caps (Fig. 3A3). The cap enameloid is smooth, but 
the collar enameloid bears well-developed apicobasal ridges. 
Most of the marginal teeth are slightly curved lingually. At 
least four size classes of teeth are present on the marginal 
jaw elements.

Numerous pharyngeal denticles are preserved. These are 
tiny, slender structures, much more acutely pointed than the 
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teeth. As far as can be determined, an acrodin cap is also 
present.

Pectoral girdle: The right supracleithrum has been ven-
trally displaced (Fig. 3A1, A2). It is a large, flat bone, with 
a striated texture along its anterior edge and with granular 
ornamentation posteriorly. The anterior end is broken.

Both cleithra are exposed, the right in external view 
and the left in internal view. The cleithra are robust, with 
a well-developed slender ascending posterior process that 
broadens ventrally. In external view, a short, slender me-
dially directed ventral ridge is visible anterior to the sca-
pulocoracoid facet. The anterior edge of this ridge forms a 
concave lamina of bone. The external ventral portion of the 
cleithrum is covered by reticular ornamentation. In inter-
nal view, the ascending posterior process forms a ridge on 
the internal surface of the cleithrum, extending to a facet 
for articulation with the scapulocoracoid (Fig. 3A5). This 
facet is strongly ossified, forming a well-defined cup. The 
dorsal edge of the ventral cleithrum is convex in internal 
view, but recessed relative to the dorsal process. Anterior 
to the scapulocoracoid facet is a second anterior ridge, bor-
dered ventrally by a concavity. Several postcleithra remain 
in articulation with the left cleithrum, and are exposed in 
medial view (Fig. 3A1, A2). These include two small dorsal 
postcleithra, as well as a much larger ventral postcleithrum.

The left scapulocoracoid is preserved in anterior view, 
slightly displaced from articulation with the cleithrum 
(Fig. 3A1, A2, A5). Although most of the surfaces are weakly 
ossified, the internal surface of the upper muscular canal is 
well-ossified, as is a posterior facet in articulation with the 
second radial. A convex facet is present for articulation with 
the propterygium, separated by a groove from the second 
radial facet. The right scapulocoracoid is exposed in exter-
nal view.

The propterygium and anteriormost fin ray are fused. 
The propterygium is proximodistally short, and has a con-
cave surface anteriorly for articulation with the endochon-
dral girdle (Fig. 3A5). The posterior end consists of a convex 
bulbous extension spanning lepidotrichia 2–4. Lateral to 
the concave surface, the opening of the propterygial canal 
is visible. Both the right and left second pectoral radials are 
preserved; these are somewhat oval in shape, and are prox-
imally thickened. An extremely elongated, spindle-shaped 
posterior radial is visible on the left side, overlapped by 
scales and lepidotrichia.

The left pectoral fin is slightly disrupted around its 
edges, but consists of a minimum of 28 lepidotrichia. The 
fin is gladiform in overall morphology (sensu Liston et al. 
2019), with a broad base and a narrow tip, and is long in 
proportion to the skull (preserved length = 16 cm, proximal 
base = minimum 5 cm). Each fin ray is ornamented with 
grooves and tubercles (Fig. 3A5), and becomes flattened 
and broadened distally. The distal half of the anteriormost 
ray is ornamented with a series of small ridges, similar to 
some specimens of Pachycormus (Wenz 1967). However, 
unlike in Pachycormus no separate fringing fulcra are ob-

served. The posterior fin rays are segmented distally. The 
fin is composed of two distinct regions: an anterior region, 
with relatively narrow rays, and a small posterior region, 
in which the lepidotrichia branch asymmetrically with a 
narrow anterior ramus and a wide posterior ramus, causing 
the posterior edge of the fin to be deflected (Fig. 3A5). The 
longest rays are found along the anterior fin.

Squamation: Fragmentary scales are preserved in the 
area around the pectoral fin and between the mandibular 
rami. These show a roughened, tuberculated surface.
Remarks.—SMNS 96988/4 is referable to Pachycormi dae 
based on the presence of a toothed rostrodermethmoid sep-
arating the premaxillae, a supramaxilla posterodorsal to the 
maxilla, a large, plate-like posteriorly expanded suborbital, 
and a pectoral fin with reduced lepidotrichial segmenta-
tion and asymmetrical branching of fin rays (Mainwaring 
1978; Lambers 1992; Liston 2008). Based on the robust 
mandible and dentition, in particular the presence of large 
paramedial teeth on the rostrodermethmoid, SMNS 96988/4 
is most consistent with the clade of pachycormids contain-
ing Hypsocormus and macrocarnivorous forms, and likely 
also Sauropsis and Pseudoasthenocormus (Liston 2008; 
Friedman et al. 2010).

SMNS 96988/4 differs from Orthocormus spp., Ortho-
cormus? tenuirostris, and Protosphyraena in the absence of 
both an edentulous projection of the rostrodermethmoid an-
terior to the mandibular symphysis and laterally compressed 
teeth, and from Pseudoasthenocormus in the absence of an 
overbite. In addition, the rostrodermethmoid is not dorsally 
flattened in SMNS 96988/4, and the skull roof forms a 
steep angle with the horizontal, unlike in the aforemen-
tioned genera (Mainwaring 1978). Thus, SMNS 96988/4 
is most consistent with the genera Sauropsis, Simocormus, 
and Hypsocormus.

Hypsocormus historically comprises two species from 
the Late Jurassic of Germany, H. insignis and “H. macro-
don” (= Simocormus macrolepidotus) (Table 1). Hypso cor-
mus leedsi, from the Middle Jurassic of the UK, is very 
fragmentary, making meaningful comparisons with SMNS 
96988/4 difficult (Mainwaring 1978, Lambers 1992). Neither 
Hypsocormus insignis nor Simocormus macrolepidotus gen. 
et sp. nov. are well described. H. insignis is a fusiform fish, 
with cranial elements ornamented with sparse and fine gran-
ulations, which are better developed on the dentary and max-
illa, and pectoral fin rays lacking segmentation (Woodward 
1895). Although it has been described as having smooth 
scales, personal observation (SNSB-JME SOS 3557) sug-
gests that the scales near the dorsal midline are small and 
have a finely granulated ornamentation. Simocormus mac-
rolepidotus, in contrast, is an elongate fish with a posteri-
orly placed dorsal fin, larger than but otherwise similar in 
morphology to Sauropsis depressus (see below). The well- 
developed longitudinal ridges ornamenting so2 appear to be 
unique to Simocormus macrolepidotus (Woodward 1895).

Sauropsis comprises three species from the Late Jurassic 
of Germany, Sauropsis longimanus, Sauropsis depressus, 
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and Sauropsis curtus (Eastman 1914), of which Sauropsis 
depressus is relatively abundant. Fragmentary material re-
ferred to Sauropsis has also been identified from the Late 
Jurassic of Cuba (Sauropsis woodwardi; Gregory 1923), and 
in addition, two Early Jurassic species have been described 
(Sauropsis veruinalis and Sauropsis latus; White 1925). 
As with Hypsocormus, all species of Sauropsis are poorly 
known and the genus is in need of revision. The three Late 
Jurassic Bavarian species are all relatively small (<50 cm 
SL). Sauropsis longimanus and Sauropsis curtus can be 
differentiated from SMNS 96988/4 by the extensive exter-
nal exposure of the preopercle in lateral view, as well as the 
very high, narrow opercle (see e.g., Lambers 1992: fig. 14). 
Sauropsis depressus is more problematic, as it shares many 
characteristics with Simocormus macrolepidotus gen. et sp. 
nov. (e.g., elongate body shape, posteriorly placed dorsal fin, 
large scales, large supramaxilla, relative size, shape, and or-
namentation of the opercle and subopercle, segmentation of 
distal pectoral lepidotrichia). However, it appears to lack the 
pattern of radiating ridges on the suborbital characteristic of 
Simocormus macrolepidotus.

When compared to all other Late Jurassic pachycor-
mids from Germany, SMNS 96988/4 is most consistent with 
Simocormus macrolepidotus gen. et sp. nov., with no obser-
vations contradicting referral to this taxon. In addition to the 
characteristics discussed above, the two share large body 
size and flattened, expanded posterior lepidotrichia.
Stratigraphic and geographic range.—Kimmeridgian–Titho-
nian, Bavaria and Baden-Württemberg, Germany.

Genus Hypsocormus Wagner, 1863
Type species: Hypsocormus insignis (Wagner, 1860), Late Jurassic, 
Bavaria, Germany (Figs. 4A1, 5B1).

Diagnosis (modified from Woodward 1895).—Fusiform fish, 
head small (25% SL) and length of skull less than depth of 
trunk, snout short and obtuse, so2 greatly enlarged at the 
expense of so1, opercle much larger than subopercle, robust 
dentition, teeth round to slightly oval in cross-section, ossifi-
cations in notochordal sheath absent, dorsal fin base opposite- 
to completely anterior to the anterior edge of the anal fin, leaf-
like fringing fulcra on leading edge of caudal fin, pectoral fin 
gladiform, pelvic fins small and closer to pectoral fins than to 
anal fin, scales in a 2:1 ratio with axial segments, scaly caudal 
apparatus consisting of L-shaped scales present.
Remarks.—Under this strict definition, species previously 
included in Hypsocormus (H. macrodon and H. tenuiros-
tris) are excluded; see taxonomic nomenclature section for 
details.

Hypsocormus posterodorsalis sp. nov.
Figs. 4B, 5A, 6–8.

Etymology: From Latin posterodorsalis, posterior on the back; in refer-
ence to the position of the dorsal fin opposite the anal.
Holotype: GPIT/OS/00836, a complete fish skeleton in right lateral 
view.

Type locality: Nusplingen, Baden-Württemberg, Germany.
Type horizon: Nusplingen Lithographic Limestone, Upper Jurassic, 
upper Kimmeridgian, Hybonoticeras beckeri Zone, Lithacoceras ul-
mense Subzone (Schweigert 1998).

Material.— Holotype only.
Diagnosis.—As per genus, with the following unique com-
bination of features: Elongate-fusiform body shape with the 
ratio of maximum body depth to standard length approxi-
mately 23% (less elongate than Simocormus macrolepidotus 
gen. et sp. nov. [~15%], less deep-bodied than H. insignis 
[~30%]), prominent temporal boss projecting onto the parietal 
region, maxilla with smooth to slightly granular ornamenta-
tion (promi nent tubercles in Simocormus macrolepidotus, 
H. insignis referred material), dentary with robust, acutely 
pointed teeth, supraneurals absent immediately posterior to 
the skull (unlike all other pachycormids), pelvic fin lepidotri-
chia half the length of pectoral lepidotrichia, pelvic plate with 
expanded posterior process and narrow, elongate anterior 
process (as in Simocormus macrolepidotus, Orthocormus), 
dorsal fin opposite anal fin (unlike Simocormus macrolepi-
dotus, Orthocormus, Pseudo asthenocormus, H. insignis), 
anterior hypural plate offset from anteroventral edge and 
with prominent lateral foramen and hypural process (similar 
to Simocormus macrolepidotus).
Description.—General appearance: GPIT/OS/00836 (Fig. 
4B1) consists of a mid-sized pachycormid fish (SL = 690 mm) 
preserved in right-lateral view. The skull has been slightly 
disrupted (Fig. 5A1, A2), and the scale covering on the right 
lateral side is absent, however the fish is largely articulated.

Cranium: The skull bones are for the most part very dif-
ficult to interpret. The rostrodermethmoid and premaxilla 
appear to be missing. The maxilla is a robust, mediolaterally 
thickened element with a broad, flat dorsal surface, bearing 
small teeth along its ventral margin. It becomes mediolat-
erally compressed posteriorly. The dentigerous margin is 
straight. The external surface of the maxilla is roughened 
in places, but lacks tubercular ornamentation (Fig. 5A5). A 
small anterior region of the dorsal skull roof is preserved in 
external view anterior to the orbit. It bears granular to tuber-
cular ornamentation, and appears to carry a sensory canal, 
determined based on the presence of pores, suggesting pos-
sible identification as part of the anterior frontal and nasal. 
Otherwise, the dorsal dermatocranium has been rotated to 
the left, such that none of the bones of the skull roof are pre-
served in external view.

A prominent temporal boss is present (Fig. 5A1, A2, 
A7), and projects anteriorly over the parietal region. It 
consists primarily of the enlarged posttemporal posteriorly 
and the small, anteromedially positioned ?extrascapular. 
Ornamentation on the external surface of both elements 
is strongly tuberculated. The ventrolateral surface of both 
bones is concave and smooth. The posttemporal bears a 
robust descending process for articulation with the brain-
case; its dorsal (external) portion transmits the sensory 
canal.
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The braincase is preserved in lateral view (Fig. 5A3, A4). 
It is anvil-shaped in overall form. The large basi-exoccip-
ital makes up the posteroventral portion of the braincase. 
Ventrally, the basi-exoccipital is underlain by the parasphe-
noid, while its anterodorsal edge forms a thickened ridge, 
articulating with the intercalary and opisthotic. The inter-
calar is small and rounded, with a lumpy external surface. 
Its suture with the opisthotic is not clear, either anteriorly or 
ventrally. Ventrally, a projection of the intercalar towards 
the basi-exoccipital forms what we interpret as the pos-
terior edge of the vagus foramen. A discrepancy with the 
state described in both Orthocormus and Pachycormus 
exists, in which the basi-exoccipital is excluded from the 
vagus foramen in lateral view by a process of the interca-
lar (Pachycormus; Mainwaring 1978) or a process of the 
opisthotic with a small contribution from the intercalar 
(Orthocormus; Rayner 1948). Such a process may have been 
present, but could have been obscured during crushing. 

However, in either case, the dorsal edge of the vagus fora-
men appears to have been formed entirely by the intercalar 
in GPIT/OS/00836, unlike in the other taxa.

Anterior to the intercalar is a much larger element that 
has been interpreted as an opisthotic (Holmgren and Stensiö 
1936). The opisthotic is dorsoventrally high. Its dorsal edge 
is semicircular and forms the facet for the hyomandibula; the 
dorsolateral surface is weakly concave. Towards the anterior 
end of the dorsolateral surface is a small foramen not reported 
in other pachycormids but matching in size and position the 
foramen for the supratemporal branch of the glossopharyn-
geal nerve (IX) reported in “Aspidorhynchus” (Rayner 1948; 
note that this specimen is not consistent Aspidorhynchus 
and may actually be a caturid according to Patterson 1975); 
a foramen for the supratemporal branch of the glossopha-
ryngeal has not been identified in Pachycormus. Unlike in 
“Aspidorhynchus” in which the foramen is dorsally directed, 
in GPIT/OS/00836 it is posteriorly directed. The ventral half 

Fig. 4. Pachycormid fish Hypsocormus Wagner, 1863 from the Late Jurassic of Germany. A. Hypsocormus insignis (Wagner, 1860) (holotype SNSB-BSPG 
AS VI 4a, mirrored), Bavaria, Germany. B. Hypsocormus posterodorsalis sp. nov. (holotype GPIT/OS/00836), Nusplingen, Germany. Arrows indicate 
anterior insertion of median fins.
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Fig. 5. Pachycormid fish Hypsocormus Wagner, 1863 from the Late Jurassic of Germany. A. Hypsocormus posterodorsalis sp. nov. (GPIT/OS/00836) 
from the Kimmeridgian of Nusplingen. Skull preserved in right lateral view, photograph (A1), explanatory drawing (A2). Braincase in lateral view, 
photograph (A3), explanatory drawing (A4). Anterior skull in ventrolateral view showing the maxillary dentition and the absence of strong tubercular 
ornamentation on the lateral surface of the maxilla (A5). Posterior dentary teeth, white arrows indicate posterior two tooth positions showing twinning 
of tooth germ, black arrows indicate small teeth external to main dentary tooth row (A6). Temporal boss in lateral view (A7). B. Hypsocormus insignis 
(Wagner, 1860) (holotype SNSB-BSPG AS VI 4a), dentition in lingual view showing apicobasal ridges (anterior to the left). Abbreviations: an, angular; 
bo, basi-exoccipital; cl, cleithrum; de, dentary; dpcl, dorsal postcleithrum; dpl, dermopalatine; ecp, ectopterygoid; enp, entopterygoid; fica, foramen for 
the internal carotid artery; ex, ?extrascapular; f.VII?, foramina potentially transmitting the facial nerve; fstIX, foramen for the supratemporal branch of 
the glossopharyngeal nerve; fsX, foramen for a subsidiary branch of the vagus nerve; hyo, hyomandibula; ic, intercalar; jg, jugular groove; mx, maxilla; 
oca, occipital arch; oo, opisthotic; op, opercle; op.hyo, opercular process of the hyomandibula; ps, parasphenoid; pt, posttemporal; sc, sensory canal; scl, 
supracleithrum; sco, scapulocoracoid; vf, vestibular fontanelle; vpcl, ventral postcleithrum; X, formen for the vagus nerve. 
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of the opisthotic in GPIT/OS/00836 is separated from the 
ventral half by a ridge, which forms part of the dorsal edge 
of the jugular groove. A small foramen just anterior to the in-
tercalar and above the suture with the basi-exoccipital is in-
terpreted as the foramen for a subsidiary branch of the vagus 
nerve (X), as in Pachycormus (Mainwaring 1978). Both the 
foramen for the main and subsidiary branches of the vagus 
nerve lie in a groove that broadens into a deep concavity on 
the ventrolateral opisthotic. This fossa is confluent with the 
jugular groove, which becomes much broader in its posterior 
portion. Sutures in the anterodorsal braincase are difficult to 
see, in part due to fragments of the overlying hyomandibula. 
In overall shape, a relatively poorly developed subtemporal 
fossa is present immediately anterior to the dorsal opisthotic, 
separated from the jugular groove by a ridge. The jugular 
groove itself runs the length of the braincase, narrowest at its 
anterior point and becoming broader in the region of the ves-
tibular fontanelle. Dorsal to the jugular canal, two additional 
foramina of uncertain identity are present within the prootic, 
the larger of which may correspond to the foramen for the 
facial nerve (VII). A foramen in a similar location was illus-
trated in the braincase reconstruction of Orthocormus pre-
sented by Holmgren and Stensiö (1936), but was not labeled.

The parasphenoid underlies the braincase, and is pre-
served in lateral view in articulation. The ascending process 
of the parasphenoid is obscured by the overlying hyoman-
dibula. The foramen for the internal carotid artery lies pos-
terior to the ascending process, as in Pachycormus (Rayner 
1948; Mainwaring 1978), at approximately the same level as 
the jugular canal.

The right lower jaw is preserved in lateral view. Postero-
dorsally, a small surangular is present. The angular is rela-
tively small, and weakly ornamented with ridges and tuber-
cles posteriorly; anteriorly it is smooth. The majority of the 
lateral lower jaw consists of the dentary. The dentigerous 
margin is straight, curving dorsally only at its anteriormost 
end. A small groove is present ventral to the region pre-
sumably occupied by the premaxilla, suggesting a slightly 
larger tooth in this region. A row of small teeth is present 
external to the robust dentary tooth row (Fig. 5A6). The 
dentary teeth are large and conical, with acrodin caps and 
a round cross-section. The largest teeth are present in the 
mid-dentary region, becoming slightly smaller anteriorly. 
The posteriormost two tooth positions are smaller than more 
anterior positions, and are each made up of two small teeth, 
closely spaced and curving towards each other. Based on 
spacing and morphology, these are probably twinned (i.e., 
developed from a single tooth germ) (Fig. 5A6).

The palatal elements are very difficult to interpret. 
The right hyomandibula appears to be covering the an-
terior braincase as well as parts of the palate; the bones 
are so tightly compacted as to be difficult to differentiate 
(Fig. 5A1, A2). The left ectopterygoid and a dermopalatine 
are preserved internal to and covered by the hyomandibula. 
Posteriorly, these palatal elements are very difficult to dis-
tinguish from the overlying element, however at the anterior 

end they are fully exposed. The anterior end of the ectopter-
ygoid is pointed, with the point overlapping the dermopal-
atine. A medial shelf is present. Anterior and ventral to the 
ectopterygoid and hyomandibula is a fragment interpreted 
as the entopterygoid. Its position overlapping the hyoman-
dibula suggests that it originates from the right-hand side of 
the skull. It is relatively deformed, and nothing can be added 
with regard to its morphology.

The left hyomandibula is present, rotated forward and 
overlying the lateral braincase and palate, but is extremely 
poorly preserved. It is a long element with a “waisted” shape 
and a well-developed opercular process. The proximal artic-
ular surface in lateral view is straight, rather than semicir-
cular. At the distal end, the hyomandibula is mediolaterally 
thickened, especially along the anterior edge, forming a 
well-developed facet for articulation with the symplectic; 
the latter element is not preserved.

Branchial elements are visible in the space between the 
anterior skull and the operculum; no associated denticles 
are present.

The opercle is preserved posterior to the branchial ele-
ments. It is narrow dorsally, with an anteroventral to anteri-
orly oriented facet for articulation with one or both suborbit-
als and/or preopercle. The anterior edge of the opercle forms 
a 150° angle, dividing the dorsal third from the ventral 
portion. The posterior and ventral extent of the opercle is 
difficult to assess. The dorsalmost subopercle is preserved 
in articulation with the opercle, but is ventrally incomplete 
and posteriorly damaged; only the anterodorsal process can 
be unambiguously recognized.

Postcranial axial skeleton: Approximately 105 neural 
arches are present anterior to the caudal fin. The dorsal fin 
inserts around segment 57, and the anal fin is approximately 
opposite. The vertebral column is aspondylous along its en-
tire length. In the anterior abdominal region, paired neural 
arches and thin, elongated paired neural spines are pres-
ent. Near the anterior insertion of the dorsal fin, the neural 
spines develop thin bony laminae anterior and posterior 
to the spine immediately dorsal to the arch. The antimeric 
neural spines are fused from this point posteriorly. At a 
point approximately opposite the pelvic girdle, sigmoidal 
supraneurals appear. The supraneurals insert between every 
two dorsal fin pterygiophores. Supraneurals persist until 
halfway along the base of the dorsal fin, at which point they 
cease to ossify.

In the abdominal region, well-ossified ribs are present. 
These are slender and elongate, with a small cup-like expan-
sion proximally. Small, circular endochondral ossifications 
are irregularly present and are interpreted as basiventrals. 
Approximately halfway along the abdominal region, the 
proximal end of the ribs becomes enlarged and flattened, as 
if the ribs had fused with these basiventrals. At the segment 
corresponding to the anterior insertion of the dorsal fin, un-
paired median haemal spines appear. Posterior to the mid-
point of the anal fin, the haemal spines gradually become 



442 ACTA PALAEONTOLOGICA POLONICA 65 (3), 2020

oriented increasingly parallel to the vertebral column, as do 
the neural spines.

Median fins (Fig. 6): The dorsal fin is supported by 27 
slender, elongate pterygiophores, the anteriormost of which 
are laterally expanded distally, forming a broad base for 
the lepidotrichia (Fig. 6). The posteriormost element is an-

teroposteriorly expanded and ventrally bifurcating; based 
on comparisons with Pachycormus, this is most likely a 
compound element consisting of the posteriormost two 
pterygiophores, making the total number of dorsal ptery-
giophores 29. The dorsal fin lepidotrichia are segmented. 
Although the anterior rays are incomplete, the longest pre-

Fig. 6. Pachycormid fish Hypsocormus posterodorsalis sp. nov. (GPIT/OS/00836) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. Unpaired 
fins: dorsal (A1), anal (A2), caudal (A3), arrows indicate L-shaped scales of the scaly caudal apparatus. Magnified view of scales of scaly caudal apparatus 
(A4). Caudal fin endoskeleton (photograph A5, explanatory drawing A6). Caudal fin, dorsal lobe, fringing fulcra (A7), arrows indicate the distal tips of the 
procurrent rays. Abbreviations: da, neural arches; ep, “epural”; hyp, hypural plate; pu2, 3, preural haemal arches; sc, scute; un4, “uroneural” 4. 
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served fin rays are less than twice the length of the pterygio-
phores. Branching cannot be assessed due to preservation.

The anal fin base appears to have been slightly poste-
riorly displaced. It inserts approximately opposite- to at 
maximum a few segments posterior to the dorsal fin base. 
Twenty-nine anal pterygiophores are preserved in articula-
tion (Fig. 6A2), and at least 13 more are scattered posterior 
to the fin, suggesting that the count was far higher. The an-
teriormost pterygiophore is more robust than the more pos-
terior elements, and is extremely elongate, extending along 
most of the posterior edge of the abdominal cavity. The 
anal fin pterygiophores are similar in morphology to the 
dorsal pterygiophores. The anal fin lepidotrichia were seg-
mented, with the robust lepidotrichia concentrated anteri-
orly. Posteriorly, the lepidotrichia become very delicate, and 
extend posteriorly beyond the articulated pterygiophores. 
The anal fin appears to be deepest anteriorly, and decreases 
in height rapidly posteriorly (falcate morphology).

The caudal fin is well preserved, but the distal tip of 
the dorsal lobe is missing, and the elements have been dis-
sociated laterally (Fig. 6A3). This dissociation makes the 
number of lepidotrichia difficult to assess. The caudal 
fin is deeply forked, with an angle of approximately 110° 
formed between the lobes. The proximal lepidotrichia are 
unsegmented, but distally are divided into short segments. 
Fringing fulcra are of type B (Arratia 2009), in which small 
fringing fulcra are intercalated between the distal lepido-
trichia along the leading edge of the fin; this is true in both 
the dorsal and ventral lobes (Fig. 6A7). A series of long, un-
paired but deeply forked basal fulcra is present in the dorsal 
lobe; this character could not be assessed for the ventral lobe 
but appears probable based on the lack of segmentation of 
the anterior fin elements. The basal fulcra are much shorter 
than the depth of the caudal fin.

The caudal fin endoskeleton as preserved consists of at 
least five free thickened and robust unpaired preural haemal 
arches (Fig. 6A5, A6). The dorsal surface of the preural hae-
mal arches is saddle-shaped and anteroposteriorly short. In 
preurals 3–6, the proximal end is laterally expanded, and the 
spines taper distally. The anterior surface is concave, with 
two lateral ridges running the length of the spine. Preurals 
5–6 have an additional extremely thin, anterolaterally di-
rected lamina slightly distal to the proximal end. Preural 2 is 
proximally laterally constricted ventral to the saddle-shaped 
dorsal surface. A prominent lip and anterior articular facet 
are present, analogous to the haemal process. Dorsal to 
preural 2 is an element interpreted as “uroneural 4” (sensu 
Arratia and Lambers 1996). Posterodorsal to this element, 
a single elongated dorsal element, interpreted as an epural, 
is preserved. This identification is based on the observation 
that this element is a median element, and quite thin postero-
distally, but with a prominent lateral expansion involving the 
anterior and proximal portions. The hypural plate consists of 
a broad, fan-shaped posterior plate and an anterior “neck”. 
The neck bears a large lateral foramen, indicating that the 
hypural plate is formed by both the parhypural and hypurals 

(as per Arratia and Lambers 1996) (Fig. 6A5, A6). The ante-
rior dorsal hypural plate is unfortunately poorly preserved, 
but forms a clear anterior projection corresponding to the 
hypural process (Arratia and Lambers 1996). A notch on the 
posteroventral surface of the hypural plate may delimit the 
parhypural; the total number of elements making up the plate 
is uncertain. The hypural plate is ornamented with radiating 
grooves for articulation of the lepidotrichia. An additional 
groove, leading to a notch on the anteroventral edge of the 
plate, may correspond to the path of a branch of the caudal 
artery (Arratia and Lambers 1996).

Pectoral girdle and fin: The right cleithrum is largely 
covered by the opercle, which is deformed over it. The right 
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Fig. 7. Pachycormid fish Hypsocormus posterodorsalis sp. nov. (GPIT/
OS/00836) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. 
Pelvic plates and lepidotrichia in internal view (photograph A1, explana-
tory drawing A2).
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supracleithrum appears to remain in articulation, also under 
the opercle. The left supracleithrum is displaced postero-
medial to the right temporal boss. The dorsal process of the 
cleithrum is narrow, but a posterior expansion is present, 
making the element broader and more angular posteriorly 

than anteriorly. The glenoid is oriented posteroventrally, 
and is very poorly defined. Anterior to the glenoid, the 
cleithrum has a medial expansion, and anteriorly forms a 
concave bony lamina. At least two postcleithra are present.

The right endochondral pectoral girdle is exposed in 
lateroventral view, and appears to be broken. We consider 
the anterior piece to be the slender anterior process of the 
scapulocoracoid, and the posterior fragment to represent 
the main body of the element. The posterior element is 
large, three-dimensionally complex, and shows relatively 
weak endochondral ossification. The anterior edge bears a 
well-developed notch, potentially representing the posterior 
edge of the coracoid canal. Two short, broad radials are pre-
served posterior to the scapulocoracoid, and two elongate, 
distally flaring radials are present, one mixed with the pec-
toral lepidotrichia and the second posterodorsally displaced. 
A small subcircular element posterior to the scapulocora-
coid is interpreted as a displaced distal radial. The pecto-
ral lepidotrichia are robust and elongate, with a grooved 
ornamentation. No evidence of segmentation of pectoral 
lepidotrichia is observed.

Pelvic girdle and fin: The pelvic girdle, consisting of two 
robust pelvic plates, is exposed in dorsal view (Fig. 7). Each 
pelvic plate is formed by a medially expanded posterior 
lamina and an elongate anterior process, and is grooved in 
dorsal view. The pelvic fin lepidotrichia are robust, curved 
and unsegmented, located closer to the pectoral fins than to 
the anal fin.

Squamation: The scales are relatively robust, and appear 
to have been roughly rectangular in shape. They measure ca. 
3 mm along the anteroposterior axis, and appear to have a 
2:1 relationship with vertebral elements. A scaly caudal ap-
paratus (sensu Arratia and Schultze 2013) was present, but 
has been displaced anteroventrally. The scales of the caudal 
apparatus are L-shaped, narrow and rounded ventrally and 
becoming flattened and expanded posteriorly (Fig. 6A3, A4). 
There is also evidence for at least one mid-dorsal scute im-
mediately anterior to the caudal fin (Fig. 6A3, A5, A6).

Paleobiology (Fig. 8): Many of the ribs show irregularly 
distributed small swellings along their lengths (Fig. 8A2). 
These types of swellings could be interpreted as hyperosto-
sis, an idiopathic condition to which many lesions in the fish 
axial skeleton are referred, with these lesions usually occur-
ring predictably in certain regions of the skeleton in a given 
species (usually the neural and haemal spines or pterygio-
phores, but also occasionally ribs; reviewed by Witten and 
Hall 2015). Hyperostosis has not previously been described 
in pachycormids, and hyperostotic lesions are usually much 
larger than those observed in GPIT/OS/00836. The alterna-
tive is that the lesions are calluses resulting from traumatic 
injury to the ribs. Pathologies affecting the actinopterygian 
axial skeleton are rarely reported, as the probability of sur-
viving such an injury is considered relatively low. However, 
callus development has been described in the neural and hae-
mal spines of farmed cod, and in the ribs of sculpin (Horton 
and Summers 2009; Fjelldal et al. 2018), and is superficially 
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Fig. 8. Pachycormid fish Hypsocormus posterodorsalis sp. nov. (GPIT/
OS/00836) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. 
Overview of abdominal region (A1). Ribs with swellings interpreted as 
showing callus development (indicated by arrows) (A2). Small teleoste-
ans in gastrointestinal cavity, with certain identifiable elements outlined to 
increase contrast (A3). Abbreviations. lj, prey mandible; op, prey opercle; 
pec, Hypsocormus pectoral lepidotrichia; pel, Hypsocormus pelvic plate; 
pop, prey preopercle; sk1+2, prey skulls.
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similar to the lesions observed in GPIT/OS/00836. We in-
terpret the lesions on the ribs in GPIT/OS/00836 as calluses 
resulting from traumatic injury to the abdominal region.

GPIT/OS/00836 has at least two small teleosteans as gas-
tric contents (Fig. 8A3), indicating a piscivorous diet.
Remarks.—GPIT/OS/00836 has relatively large pelvic fins, 
positioned closer to the pectoral fins than to the anal fins, 
and a robust pelvic plate with an expanded posterior plate 
and a slender anterior process, character states only docu-
mented in Simocormus macrolepidotus gen. et sp. nov. and 
Orthocormus among the toothed pachycormids (Lambers 
1992). However, the scales in GPIT/OS/00836 are much 
larger and more heavily ossified than those of Orthocormus 
but smaller than those of Simocormus macrolepidotus, the 
dorsal fin is only slightly anterior to and largely overlap-
ping with the anal fin base, and the posterior and ventral 
edges of the lower jaw form a right angle, all differing 
from Orthocormus and Simocormus macrolepidotus, but 
consistent with Hypsocormus insignis. At 69 cm SL, GPIT/
OS/00836 is similar in size to H. insignis; the relative head 
length (at least 22% SL) and prominent temporal boss are 
equally consistent with the latter species. Distally expanded 
median fin pterygiophores and presence of scaly caudal ap-
paratus have been used to diagnose Orthocormus (Arratia 
and Schultze 2013), but appear to be more widely distributed 
within the family, including in H. insignis (see discussion).

GPIT/OS/00836 differs from Hypsocormus insignis in 
several details. The supraneurals do not begin immediately 
posterior to the skull and the pelvic plate is robust with an 
expanded posterior plate and a slender anterior process in 
GPIT/OS/00836 but not in H. insignis (Lambers 1992); how-
ever, both of these characters may be artefactual: a robust 
pelvic plate may be taphonomically obscured by phosphati-
zation of soft tissues in the Bavarian material of H. insignis, 
and the anterior supraneurals may be lost or scattered in 
GPIT/OS/00836. GPIT/OS/00836 also differs from material 
referred to H. insignis in the lack of tubercular ornamen-
tation on the maxilla; however, this character cannot be 
observed in the holotype of H. insignis. The most substan-
tive difference exists in the morphology of the caudal endo-
skeleton in GPIT/OS/00836. In particular the shape of the 
anteroventral hypural plate and the presence of a foramen 
in the lateral hypural plate indicate that the parhypural is 
fused to the hypural plate in GPIT/OS/00836 but not in 
material referred to H. insignis (Arratia and Lambers 1996). 
This cannot be evaluated in the H. insignis holotype. A 
hypural plate consisting of both the parhypural and hypu-
rals is also observed in Simocormus macrolepidotus gen. 
et sp. nov. (SNSB-JME SOS 3574b), as well as in some spe-
cies of Protosphyraena (Arratia and Lambers 1996). GPIT/
OS/00836 differs from the H. insignis holotype (SNSB-
BSPG AS VI 4 a/b) in the extensive overlap of the dorsal 
and anal fin bases in GPIT/OS/00836, whereas the dorsal fin 
is almost entirely anterior to the anal fin in SNSB-BSPG AS 
VI 4 a/b (Fig. 4), and in the prominent apicobasal ridging of 
the tooth bases in SNSB-BSPG AS VI 4 a/b, but not GPIT/

OS/00836 in which the tooth bases are smooth (Fig. 5A6, 
B1). Given these differences, we refer GPIT/OS/00836 to 
Hypsocormus posterodorsalis sp. nov.
Stratigraphic and geographic range.—Type locality and 
horizon only.

Genus Orthocormus Weitzel, 1930
Type species: Orthocormus cornutus Weitzel, 1930.

Orthocormus sp.
Material.—GPIT/OS/1302, skull and anteriormost postcra-
nium in right lateral view, from the Late Jurassic of Nus-
plingen, Germany.
Description.—General appearance: This skull (GPIT/OS/ 
1302), from a large fish (SL estimated at ~1.1 m), was partially 
figured by Quenstedt (1856–1857: pl. 97: 12, 1885: fig. 105) as 
Strobilodus giganteus and was later redescribed by Heineke 
(1906) as Hypsocormus macrodon following Wagner (1863). 
Lambers (1992) was unable to locate the material, but referred 
it to Pseudoasthenocormus retrodorsalis based on Heineke’s 
description and photograph. We located the specimen in the 
collections of the GPIT (Fig. 9), and re-evaluated its morphol-
ogy and affinities. Our description emphasizes details not 
adequately discussed by Heineke (1906).

The rostrodermethmoid forms two distinct processes in 
lateral view, separated by the antorbital: a dorsomedial por-
tion, and a ventrolateral portion, forming a ~55° angle, mak-
ing the rostrodermethmoid relatively deep rather than acutely 
pointed (Fig. 9A1). Anteriorly, the rostrodermethmoid forms 
an edentulous presymphyseal rostrum, which is flattened 
dorsally, and ventrally is offset from the oral margin. The 
dorsomedial rostrodermethmoid is strongly ornamented with 
tubercles. In lateral view, a large paramedial tooth is visible 
near the ventrolateral edge of the rostrodermethmoid.

The maxilla and suborbital fragment are as described by 
Heineke (1906). The premaxilla has been displaced, and is 
preserved ventral and medial to the maxilla. It is elongated 
in morphology with tubercular lateral ornamentation. The 
premaxilla bears two mid-sized posterior teeth and smaller 
anterior teeth.

The antorbital is anteroposteriorly elongate, situated be-
tween the dorsomedial and ventrolateral rami of the ros-
trodermethmoid anteriorly, and more posteriorly between 
the premaxilla and nasal (Figs. 9, 10A6). The posterior 
edge contacts the lateral ethmoid. The antorbital lacks pro-
nounced ornamentation.

The nasal is positioned lateral to the dorsomedial ros-
trodermethmoid on the skull roof. Posteromedially, it artic-
ulates with the frontal. The anterodorsal edge of the orbit 
is damaged and the dermosphenotic is not preserved, so it 
is unclear whether the nasal was excluded from the edge of 
the orbit.

The posterior parietal is tented upwards to form the ante-
rior portion of the temporal boss. The posterior edges of the 
parietals are greatly thickened and laterally divergent, indi-
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cating a well-developed temporal boss (Gouiric-Cavalli and 
Cione 2015), represented by several dermal bone fragments 
posterior to the parietals.

The braincase is not well-preserved, but some details can 
be discussed (Fig. 10A1, A2). The lateral ethmoid is highly 
asymmetrical along its anteroposterior axis, with the dorsal 
process strongly inclined posteriorly and expanded, forming 
a posteriorly elongate articulation with the ventral surface of 
the skull roof. The sphenotic is present anteriorly, largely cov-
ered by the dermal skull. Slightly more detail can be added 
regarding the posterior braincase. The parasphenoid remains 
in articulation, underlying the basi-exoccipital. The latter 
bears a prominent posterior semicircular extension that may 
represent the fusion of a posteroventral arch element. The 
intercalar is small and externally concave, positioned postero-
ventral to the opisthotic (Fig. 10A1, A2). Ventrally, the interca-
lar forms the dorsal edge of the vagus canal. The element or 
fragment ventral to the intercalar is of uncertain identity. The 
opisthotic itself is relatively poorly preserved. It is divided 
into dorsal and ventral portions, separated by a ridge.

The anterior edge of the quadrate forms an obtuse angle 
(ca. 110°), and its lateral surface bears a prominent median 
spine (Fig. 9). An overlying element is interpreted as an 
anteriorly displaced symplectic. The symplectic is approx-
imately rectangular, with a weakly concave ventral edge. 
The lateral surface is grooved, and the anterior end is thick-
ened and convex. The hyomandibula is slightly anteriorly 
inclined, forming a ~50° angle with the long axis of the 
lower jaw. A large opercular process is present.

The dentary, angular, and surangular form the lateral 
lower jaw (Fig. 9). The angular is high posteriorly, and ante-
riorly elongated, forming a slightly concave suture with the 
dentary. The surangular is very small, restricted to the pos-
terodorsal corner of the lower jaw. The mandibular sensory 

canal is positioned close to the ventral edge of the lower jaw, 
and only begins to curve dorsally near the anterior tip. The 
dentary bears the remnants of a large procumbent and later-
ally compressed tooth on its anterior edge, followed poste-
riorly by four to five very small teeth (Fig. 10A3); the other 
dentary teeth are moderate in size. The anterior dentary 
bears a groove on its lateral surface, extending from the oral 
margin ventrally. An inflated coronoid bearing a large tooth 
is present medial to the reduced dentary teeth (Fig. 10A3). 
The teeth, including the procumbent and paramedial fangs, 
are laterally compressed, and are oval in cross-section.

The vertebral column is aspondylous; however, neural 
arches and ribs are ossified. The scales, while not well pre-
served, are relatively large: up to 4 mm in diameter, and 
appear to lack ganoine. The size of the scales relative to the 
vertebral column is difficult to assess, but is estimated at 2:1.

The first pectoral ray is more strongly ornamented and 
shorter than the successive rays, and is tightly fused to the 
second ray, forming a compound element (Fig. 10A4, A5). 
Comparison of the right fin in dorsal view and the left fin 
in ventral view indicates strong asymmetry in the develop-
ment of the compound ray (1+2), with ornamentation being 
much better developed on the dorsal surface (Fig. 10A4), 
and the first dorsal hemilepidotrichium being much broader 
than the first ventral hemilepidotrichium (Fig. 10A5). These 
observations suggest that the first “ray” is probably an un-
paired, asymmetrical bony splint (see e.g., Arratia 2008: 
fig. 28) rather than a lepidotrichium, and the compound ray 
is formed by the fusion of the splint to the hemilepidotrichia 
of the first lepidotrichium.
Remarks.—GPIT/OS/1302 is a pachycormid based on 
the presence of a toothed rostrodermethmoid separating 
the premaxillae (Liston 2008). The robust mandible and 
dentition, in particular the presence of large, paramedial 

Fig. 9. Pachycormid fish Orthocormus sp. (GPIT/OS/1302) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. Overview (photograph A1, explan-
atory drawing A2). Abbreviations: an, angular; ao, antorbital; bo, basi-exoccipital; bsr, branchiostegal rays; cl, cleithrum; co, coronoid; da+ns, neural arch 
+ spine; de, dentary; dpl, dermopalatines 1 + 2; hyo, hyomandibula; ic, intercalar; le, lateral ethmoid; mc, mandibular canal; mx, maxilla; na, nasal; pe, 
pre-ethmoid; pec (r/l), right and left pectoral lepidotrichia; oo, opisthotic; ps, parasphenoid; qu, quadrate; r2, second pectoral radial; rdme, rostrodermeth-
moid; ri, ribs, sa, surangular; sco, scapulocoracoid; spo, sphenotic; sy, symplectic; tb, temporal boss. 
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teeth on the rostrodermethmoid, suggest GPIT/OS/1302 is 
most consistent with the clade of pachycormids containing 
Hypsocormus, Simocormus, and macrocarnivorous forms, 
and likely also Sauropsis and Pseudoasthenocormus (Liston 
2008; Friedman et al. 2010).

GPIT/OS/1302 differs from Hypsocormus, Simocormus, 
and Sauropsis in the presence of an edentulous projection of 
the rostrodermethmoid anterior to the mandibular symphy-
sis. Lambers (1992) suggested the referral of this specimen 
to Pseudoasthenocormus based on the presymphyseal exten-
sion of the rostrodermethmoid, large angle formed between 
the upper jaw and the dorsal skull roof, and relatively slender 
fin rays. However, re-evaluation of the material indicates that 
there are many inconsistencies with Pseudoasthenocormus. 
Specifically, GPIT/OS/1302 differs from P. retrodorsalis in 
that (i) the anterior rostrodermethmoid is edentulous; (ii) the 
premaxilla is elongated relative to its depth; (iii) the antor-
bital portion of the dermatocranium is as long as the postor-

bital segment; (iv) the hyomandibula is much less steeply 
inclined; (v) the mandible and mandibular dentition is much 
more robust and the teeth are laterally compressed; (vi) the 
angular is reduced in lateral view relative to the dentary; (vii) 
mandibular ornamentation is much less prominent; (viii) the 
first pectoral fin ray is shorter than more posterior rays, 
with distinctive ornamentation, and is fused to the ante-
rior surface of the second ray; (ix) the pectoral fin rays are 
more robust; and (x) the scales are smaller than those of 
Pseudoasthenocormus. Based on these differences, GPIT/
OS/1302 is inconsistent with Pseudoasthenocormus.

The only Late Jurassic genus with an edentulous pre-
symphyseal projection of the rostrodermethmoid, as in 
GPIT/OS/1302, is Orthocormus. In addition to this charac-
ter, GPIT/OS/1302 shares the elongate premaxilla, long an-
torbital region, laterally compressed teeth, robust mandible 
and robust and fused pectoral fin rays with Orthocormus 
(see Lambers 1988). Orthocormus? tenuirostris, from the 
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Fig. 10. Pachycormid fish Orthocormus sp. (GPIT/OS/1302) from the Kimmeridgian 
(Jurassic) of Nusplin gen, Germany. Braincase in lateral view (photograph A1, explana-
tory drawing A2). Anterior dentary and inflated coronoid (A3), arrows indicate the “di-
astema” formed by tiny teeth along the lateral margin of the dentary, found only in the 
region lateral to the coronoids. Anterior pectoral fin lepidotrichia in ventral (A4) and 
dorsal (A5) views; lepidotrichia are numbered anterior to posterior; the white arrows 
indicate the first point of fusion between fin rays 1 and 2, the black arrows indicate the 
suture between the two rays. Rostro dermethmoid in anterolateral view (A6), arrow indi-
cates the notch separating the edentulous rostrum from the portion of the bone forming 
the oral margin. Abbreviations: bo, basi-exoccipital; hy, hyomandibula; ic, intercalar; oo, 
opisthotic; op.hy, opercular process of the hyomandibula; ps, parasphenoid; spo, sphe-
notic; x, vagus foramen. 
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Callovian of the UK, also has a pronounced edentulous 
rostrum, but numerous osteological differences separate it 
from GPIT/OS/1302, including the shape of the premaxilla 
and the tubercular ornamentation completely covering the 
lateral surface of the lower jaw (Woodward 1895).

Orthocormus currently contains three named Late 
Jurassic species: O. cornutus, O. teyleri, and O. roeperi (see 
Table 1). O. roeperi and O. teyleri are both relatively small 
fishes (<55 cm SL), whereas O. cornutus is much larger 
(~1.1 m SL); the ontogenetic status of material referred to 
the two smaller species is unknown. The species are differ-
entiated primarily based on dentition and postcranial mer-
istics. In addition, O. roeperi differs from the two other 
species in lacking an anterior projection of the temporal 
boss (Arratia and Schultze 2013), and thus is inconsistent 
with GPIT/OS/1302. However, GPIT/OS/1302 cannot easily 
be referred to either of the other species, as both O. teyleri 
and O. cornutus have minute scales in a 4:1 ratio with the 
axial skeleton, whereas the scales in GPIT/OS/1302 appear 
to be considerably larger. Thus, while GPIT/OS/1302 shares 
several key apomorphies with Orthocormus spp., we cannot 
assign this specimen to species.

A braincase referred to Orthocormus sp., NRM P425, 
differs from GPIT/OS/1302 in a few respects (Holmgren and 
Stensiö 1936; Rayner 1948). The braincase of GPIT/OS/1302 
is proportionately much deeper, a feature possibly exacer-
bated by lateral compression. However, the position of the va-
gus foramen ventral to the intercalar is not shared with NRM 
P425. The opisthotic bears a notch in GPIT/OS/1302 in a 
similar position to the vagus foramen in NRM P425, but pres-
ervation is insufficient to assess whether this is a depression, 
foramen, or damage. The more posterior foramen ventral 
to the intercalar is absent from NRM P425 (Holmgren and 
Stensiö 1936; Rayner 1948). GPIT/OS/1302 and Orthocormus 
sp. share the shape of the braincase in lateral view (recon-
struction of Rayner 1948), in which the sphenotic and poste-
rior edge of the braincase are roughly parallel, the posterior 
edge of the braincase is straight with convex projections, 
rather than concave, and projects posteriorly substantially 
beyond the posterior edge of the dorsal skull roof.

The braincases of both GPIT/OS/00836 (Hypsocormus 
posterodorsalis sp. nov.) and GPIT/OS/1302 (Orthocormus 
sp.) are preserved in a similar way, permitting direct com-
parisons between the posterior braincases of these two 
genera. Both show the unexpected position of the vagus 
foramen ventral to the intercalar, unlike in other published 
descriptions. The state of preservation of both of these cra-
nia raises the possibility that the interpretation presented 
here may be incorrect. Both also share a well-developed 
opisthotic, larger than the intercalar, as do other described 
pachycormid braincases (Rayner 1948; Mainwaring 1978). 
The two differ in some specific details: the braincase of 
GPIT/OS/1302 projects posteriorly further beyond the pos-
terior edge of the dermatocranium, and lacks the concave 
posterior edge of the basi-exoccipital seen in H. postero-
dorsalis. The suture between the intercalar and opisthotic 

is essentially vertically oriented in Orthocormus (GPIT/
OS/1302, Rayner 1948), whereas in H. posterodorsalis it is 
strongly posterodorsally-anteroventrally inclined. The sig-
nificance of these observations across genera requires less 
crushed material.

Pachycormidae gen. et sp. indet.
Material.—GPIT/OS/1301 (Fig. 11), a caudal fin fragment 
figured by Quenstedt (1856–1857: pl. 100: 6); GPIT/OS/1303, 
a partial skull consisting of both lower jaw rami and some 
poorly preserved cranial and visceral arch elements; both 
from the Late Jurassic of Nusplingen, Germany.
Description.—GPIT/OS/1301 is rather large fragment, ca. 
9.5 cm in preserved length. The lepidotrichia are thin and 
the segments are relatively elongated, slightly expanded at 
the proximal and distal ends. The fin rays bifurcate dis-
tally. The anterior edge of the fin is damaged, making the 
morphology of the fringing fulcra impossible to determine. 
The posterior lepidotrichia are posteriorly curved and very 
slender. Based on the height to length of the fragment, it 
originates from a high aspect-ratio fin.

GPIT/OS/1303 (Fig. 12) was described by Heineke 
(1906), but only a single element, the “suboperculum”, was 
figured. This element is in fact the articulated remains of 
the left so1 and so2. The right suborbitals are also present, 

20 mm

Fig. 11. Caudal fin fragment of an unidentified pachycormid fish (GPIT/
OS/1301) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. 
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but are not as well preserved. so2 is dorsally concave, and 
so1 is ventrally narrow, expanding dorsally and roughly 
triangular (Fig. 12A3). so2 is greatly enlarged and the an-
teriormost end of which is invaded by a sensory canal (Fig. 
12A3). The presence of the sensory canal suggests that the 
ventralmost infraorbital is fused with the anterior end of 
so2. A small facet is present on the ventral edge of so2 for 
articulation with the supramaxilla. The surface of so2 is or-
namented with tubercles, which are better- developed close 
to the ventral edge. Ventral to the suture with so1, the lateral 
surface of so2 is ornamented short lines radiating from its 
posterior margin, partially preserved as impressions on the 
matrix. These suggest a ridged ornamentation, more weakly 
developed than that of Simocormus macrolepidotus gen. et 
sp. nov. (Figs. 2, 3A1, A2).

The lower jaws are 117 mm (right) and 120 mm (left) in 
length, indicating a fish of around 75 cm SL. The lateral sur-
face of the dentary is smooth; the angular shows light tuber-
cular ornamentation. The angular-dentary suture is clearly 
visible on the right. The mandibular sensory canal is visible, 
forming a 90° angle within the angular, continuing anteri-
orly parallel to the ventral edge of the angular and trending 
gradually dorsally once it enters the dentary.

The sharply pointed teeth appear to be conical in cross- 
section, and the cap enameloid is smooth. The collar enam-
eloid is covered in fine striations (Fig. 12A4). Two dentary 
tooth rows are present, a tiny external row and a larger 
internal row. The dentary teeth in the larger tooth row are 
relatively small, but the anterior dentary bears two enlarged 
teeth, the anteriormost of which is procumbent.

Fig. 12. Fragmentary skull attributed to Pachycormidae gen. et sp. indet. (GPIT/OS/1303) from the Kimmeridgian (Jurassic) of Nusplingen, Germany. 
Overview with mandibles and suborbitals in external view (photograph A1, explanatory drawing A2). Left first and second suborbitals in external view 
(A3). Anterior teeth of the right dentary (A4), note the procumbency of the mesial tooth, as well as the smooth apical and striated collar enameloid. 
Abbreviations: an, angular; ch, ceratohyal; de, dentary; hh, hypohyal; mc, mandibular canal; so1/so2, first and second suborbitals + fused infraorbital. 
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The right anterior ceratohyal is preserved medial to the 
right mandibular ramus; the left is preserved under the left 
ramus and is only visible due to damage to the external 
surface of the latter. The left hypohyal with a foramen for 
the afferent hyoid artery remains in articulation with the 
corresponding anterior ceratohyal (Fig. 12A1, A2).
Remarks.—GPIT/OS/1301 is not amenable to synapo mor-
phy- based diagnosis, its large size, long, slender lepidotri-
chial segments, and the inferred high aspect-ratio shape of 
the fin are most consistent with Pachycormidae among the 
fishes reported from the Late Jurassic plattenkalks. Many of 
the filter-feeding pachycormids, including Asthenocormus, 
have unsegmented caudal fin rays (Liston et al. 2013); how-
ever, lepidotrichial segmentation of the type observed in 
GPIT/OS/1301 is widely distributed among the toothed 
pachy cormids.

GPIT/OS/1303 is referable to Pachycormidae based on the 
size, shape and arrangement of the suborbital elements (see 
argumentation in Lambers 1992). The well-developed man-
dibular dentition and procumbent dentary tooth place GPIT/
OS/1303 within the toothed pachycormid clade. Generic re-
ferral is not possible due to the fragmentary nature of the 
specimen; however, the conical cross-section of the den-
tary teeth suggests that this specimen cannot be attributed 
to Orthocormus. The ridged ornamentation of so2 is shared 
with Simocormus macrolepidotus gen. et sp. nov. (Woodward 
1895; Lambers 1992), but is more weakly developed in GPIT/
OS/1303. The small size, open sutures between the mandib-
ular elements, and possibly also the lack of ornamentation on 
the lower jaw suggest that, despite the relatively large esti-
mated size, GPIT/OS/1303 might represent a juvenile.

Discussion
New anatomical information
Partly due to limitations of existing descriptions, this re-
vision of the Nusplingen pachycormid material produced 
some new morphological observations broadly relevant for 
the interpretation of pachycormid anatomy.

Suborbitals.—Two large, plate-like and posteriorly expan-
ded suborbitals are diagnostic for Pachycormidae (Lam bers 
1992). Invasion of the anterior end of so2 by sensory canals 
has not previously been documented in the clade, but here 
was observed in two individuals, both from Nusplingen 
(Figs. 3A1, A2, 12A3). The presence of the sensory canal 
in so2 suggests that it is most likely a compound element, 
fused with the posteroventralmost infraorbital (so2 + in-
fraorbital) in these specimens. Whether this fusion is di-
agnostic of Simocormus macrolepidotus gen. et sp. nov., 
however, or whether it is more widely distributed within 
Pachycormidae is uncertain, since although it has not been 
previously reported the course of the infraorbital sensory 
canal is rarely mentioned.

Scale size in Pachycormidae.—One of the diagnostic char-
acteristics of Pachycormidae is the small size of the scales, 
with mineralized scales lost entirely in the filter feeding taxa 
(Lambers 1992; Friedman 2012). However, there is exten-
sive variation in absolute scale size, with Orthocormus and 
Sauropsis said to have particularly small scales (Lambers 
1992). In order to control for body size differences between 
taxa, we standardize scale size relative to the vertebral col-
umn and myomeres (Fig. 13). One scale per axial segment 

Fig. 13. Variation in relative scale size in Pachycormidae from the Late Juras-
sic of Germany. A. Simocormus macrolepidotus gen. et sp. nov. (SNSB- JME 
SOS 3574), “large” scales. B. Sauropsis longimanus  Agassiz, 1833 (SNSB-
BSPG AS VII 1089), “small” scales. C. Orthocormus cornutus? (SNSB-
JME 2181), “very small” scales. White arrows frame five axial segments; 
black arrows frame five vertical scale rows. Anterior is to the left. 
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is present in the flank region of Euthynotus, Simocormus 
macrolepidotus gen. et sp. nov. (Fig. 13A), Sauropsis de-
pressus, and Pseudoasthenocormus retrodorsalis. While 
these scales may be very shallow, their length is the char-
acteristic of interest. Flank scales present in a 2:1 ratio with 
vertebral elements (or myomeres when preserved) occur 
in Pachycormus, Saurostomus, Hypsocormus insignis, and 
Sauropsis longimanus (Fig. 13B). Orthocormus cornutus 
and O. teyleri have extremely reduced scales (4:1 ratio with 
vertebral elements; Fig. 13C).

Based on the topology of Friedman (2012), the primitive 
condition for Pachycormidae is one scale row per axial seg-
ment, but the number of scale rows per axial segment has in-
creased multiple times independently, resulting in repeated 
reductions in scale length. The first increase occurred at 
the node separating Euthynotus from all other pachycor-
mids (1:1 → 2:1). In the filter-feeding clade, scales were 
eventually lost entirely (2:1 → 0:1), whereas in the toothed 
clade at least one reversal occurred on the branch leading 
to Simocormus macrolepidotus gen. et sp. nov. (2:1 → 1:1), 
with further reduction in relative scale length in the lineage 
leading to Orthocormus (2:1 → 4:1).

A second character related to scale reduction and po-
tentially to locomotion in pachycormids is the loss of the 
ganoine layer on the body scales. Ganoine is absent in 
Pachycormus based on histological study (Meunier and 
Brito 2004), and was noted as present only in Hypsocormus 
insignis and Simocormus macrolepidotus gen. et sp. nov. 
among the Late Jurassic pachycormid species (Schultze 
1966). The relationship of histology to scale size is intrigu-
ing; however, we could not assess the presence of ganoine 
based on macroscopic examination.

Scaly caudal apparatus.—The scaly caudal apparatus, a 
series of highly modified scales projecting laterally at the 
base of the caudal lepidotrichia, was first described by 
Arratia and Schultze (2013) in Orthocormus roeperi. Similar 
scales can be observed in situ in Orthocormus cornutus? 
(SNSB-JME 2181), Hypsocormus insignis (SNSB-JME SOS 
3557, MB.f.1547, SMNS 56650), H. posterodorsalis sp. nov. 
(Fig. 6A3, A4), and as impressions on the matrix in Sauropsis 
longimanus (SNSB-BSPG AS VII 1089). A scaly caudal 
apparatus, if present at all in Pachycormus and Sauropsis 
depressus, appears to be somewhat different in structure 
(Arratia and Schultze 2013).

The scaly caudal apparatus is closely correlated with 
the presence of a robust, elongated dorsal scute preceding 
the caudal fin (sensu Arratia and Schultze 2013). This scute 
was only noted in taxa in which the scaly caudal apparatus 
was well-developed (i.e., Orthocormus spp., Hypsocormus 
insignis, H. posterodorsalis sp. nov. (Fig. 6A3, A5, A6), and 
Sauropsis longimanus). Whether the presence of this scute 
is related to the same selective pressures leading to a well- 
developed scaly caudal apparatus (and thus was conver-
gently developed in these taxa), phylogenetic relatedness, or 
chance of preservation is at present unclear.

Fusion of propterygium and anterior lepidotrichia.—
SMNS 96988/4 shows fusion of the propterygium to the an-
terior lepidotrichia. The propterygium has been described, 
figured, and scored as fused to the anterior lepidotrichia in 
large specimens of Pachycormus, Hypsocormus insig nis, 
Orthocormus? tenuirostris, Orthocormus sp., and Proto-
sphyraena (Woodward 1895; Loomis 1900; Jessen 1972; 
Friedman et al. 2010; EM personal observation). This char-
acter has previously been cited as a teleostean synapomor-
phy shared by pachycormids (Patterson 1977; Friedman et 
al. 2010). However, some authors describe the propteryg-
ium as unfused to the lepidotrichia in Pachycormus and 
O.? tenuirostris (Arratia and Lambers 1996; Arratia and 
Schultze 2013), creating confusion in the literature. The 
basis for this difference in observation is unclear, but may 
centre around whether the anterior elements in the pectoral 
fin are treated as fin rays or basal fulcra (Arratia 2008). 
In the case of SMNS 96988/4, the element fused to the 
propterygium is identified as a ventral hemilepidotrichium; 
the dorsal hemilepidotrichium may also be fused to the 
propterygium but this is uncertain. Whether convergent or 
homologous with the teleostean condition, it seems likely 
that some degree of fusion of the propterygium and ante-
rior lepidotrichia or compound anterior ray is widely dis-
tributed within the toothed pachycormids, at least in large 
individuals. In conjunction with the fusion of the lepido-
trichia to a bony splint along the leading edge of the fin to 
form a compound ray (e.g., GPIT/OS/1302, Fig. 10A4, A5), 
fusion of the lepidotrichia and propterygium would have 
functioned to strengthen and stabilize the anterior edge of 
the pectoral fin.

Assessment of pachycormid diversity 
from the Nusplingen locality
Although pachycormid remains are very uncommon at 
the Nusplingen locality, diversity is relatively high, with 
at least three taxa present. These genera (Orthocormus, 
Hypsocormus, and Simocormus gen. nov.) are also present in 
presumed sympatry in the Late Jurassic Bavarian Plattenkalk 
basins to the East. The oldest record of Orthocormus can 
tentatively be considered to be O.? tenuirostris, from the 
Callovian (Middle Jurassic) of the UK. By the Late Jurassic, 
Orthocormus was widely distributed across Europe, includ-
ing Cerin (France), southern Germany, and as far North as 
Poland (Lambers 1988; Arratia and Schultze 2013; Tybo-
rowski 2017). Hypsocormus is both less distinctive based 
on fragmentary remains, and has historically been used as 
a catchall genus. Both of these factors make tracing its geo-
graphic and stratigraphic range highly problematical. The 
oldest confirmed occurrences of both Hypsocormus insignis 
and Simocormus macrolepidotus are from the south German 
Plattenkalks, with no diagnostic material having been re-
ported from elsewhere.

Piscivory is widely assumed for toothed pachycor-
mids (Gouiric-Cavalli and Cione 2015); however, evidence 
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thereof is relatively sparse. Piscivory has been confirmed 
for Hyposcormus insignis from the Late Jurassic of Bavaria 
based on gut contents; small teleosteans appear to have 
be more common as prey items, possibly due to relative 
abundance (Viohl 1990). In addition to informing diversity, 
the gastrointestinal contents noted here for GPIT/OS/00836 
con firm piscivorous feeding in H. posterodorsalis sp. nov. 
(Fig. 8A2), suggesting that this dietary preference for Hypso-
cormus can be extended back into the Kimmeridgian, and 
may be typical of the genus.

Hypsocormus is characterized by closely spaced teeth, 
relatively homogenous in size, whereas Orthocormus spp. 
has anterior caniniform dentary teeth, followed by a block 
of small teeth, and then additional large teeth in the pos-
terior part of the dentary (e.g., Tyborowski 2017: fig. 6; 
note that the coronoid fang has been erroneously labeled as 
associated with the dentary). The latter pattern is termed 
back-fanged macrodont, and has been hypothesized to be re-
lated to the post-capture processing of prey which are large 
in proportion to the gape (Mihalitis and Bellwood 2019). 
These two divergent patterns of dentition hint at potential 
differences in prey preference between these two pelagic 
predators.

Conclusions
Three genera referable to Pachycormidae are present in the 
Kimmeridgian sediments of Nusplingen, in southern Ger-
many: Orthocormus, Simocormus gen. nov., and Hypso cor-
mus. The latter is represented by a specimen distinct enough 
to merit the erection of a new species, Hypsocormus postero-
dorsalis sp. nov., so far known only from Nusplingen. All 
three genera are members of the toothed clade of pachycor-
mids, and indeed, Hypsocormus is represented by a specimen 
containing small teleosteans as gastric contents. Although 
moderately diverse, pachycormid fishes are uncommon 
finds from Nusplingen, and thus are unlikely to have con-
stituted a major part of the resident fauna, potentially having 
been occasional visitors to the lagoon. Improved understand-
ing of the anatomy of this clade is crucial in reconstructing 
the interrelationships of Pachycormidae, and will be critical 
in rigorously assessing rates of morphological evolution in 
these pelagic fishes.
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