
INTRODUCTION

The coelacanth Dobrogeria aegyssensis sp. nov.,

described herein, comes from the lower Spathian (Up-

per Olenekian, Lower Triassic) of the North Dobro-

gean Orogen. This orogen is a Cimmerian fold-and-

thrust belt, located in the foreland of the Alpine

Carpathian Orogen (e.g. Săndulescu 1995), and rep-

resents the westernmost segment of the Palaeotethyan

Cimmerian orogenic system (Text-fig. 1A; see Şengör

1984). The puzzling position of the North Dobrogean

Tethyan-type Triassic in the foreland of the Carpathian

Orogen can be hypothetically argued as the result of

the post-Triassic large scale horizontal displacements

of Tethyan terranes in close connection with the open-

ing of the West Black Sea basin (Grădinaru 1995,

2000, 2006). 

Triassic sedimentary rocks are present in all tec-

tonic units of the North Dobrogean Orogen, which is

a pile of north-easterly verging thrust-sheets or nappes

(Text-fig. 1A). The Triassic sedimentary rocks have the

largest development in the Tulcea Unit, with basinal fa-

cies in its western-inner part, and with a carbonate plat-

form in its mid-eastern part. The Triassic of the Tulcea

Unit is well-known for its richness in various groups

of Tethyan-type fossils (Kittl 1908; Simonescu 1913b;

Grădinaru 2000). 

In spite of over a century of studies of the Triassic

of the North Dobrogean Orogen, only a few marine ver-

tebrates have been found and described (Simionescu
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1913a), all of them from the Tulcea Unit. The fieldwork

carried out during the last decades in the region by one

of us (EG) resulted in the discovery of new vertebrate

material, which suggests much higher potential of the

unit for further vertebrate finds. The present paper re-

ports on the coelacanth fish from the lower Spathian

(Upper Olenekian, Lower Triassic).

The actinistians, or coelacanths, are sarcoptery-

gian fishes that first appeared in the fossil record in the

Early Devonian (Johanson et al. 2006). The clade

shows a relatively high morphological disparity in the

Devonian (Friedman and Coates 2006), then an evo-

lutionary conservatism until the present. The taxic di-

versity of the group was proportionally never high,

Text-fig. 1. A – Geological sketch map of the North Dobrogean Orogen: MU– Măcin Unit; CU – Consul Unit; NU – Niculițel Unit; TU – Tulcea Unit. Inset map shows

location of the North Dobrogean Orogen (after Grădinaru 2000, modified). Box shows the type locality. B - Geological map of the Tulcea Veche (Old Tulcea) Promon-

tory. 1 – Devonian (D); 2 & 3 – Lower Spathian (T1

sp

), terrigenous sequence (2), limestone and marly shale (3); 4 – Middle Triassic, Anisian (T

2an

), massive limestone 

with basalt intrusion (β). Inset with Google Earth image of the Tulcea Veche quarry, the arrow showing the fossil site of Dobrogeria aegyssensis gen. et sp. nov.



with the highest peak probably corresponding to a ra-

diation event following the Permo–Triassic mass ex-

tinction in the Early Triassic (Cloutier 1991; Forey

1998; Schultze 2004; Wen et al. 2013; Cavin et al.
2013). 

LOCALITY AND STRATIGRAPHIC DATA

The type locality of the newly described coela-

canth is in a long-abandoned quarry (Google Earth co-

ordinates: 45

0

11

l

28

ll 

N; 28

0

46

l

40

ll

E; elev. 18 m), located

on the Tulcea Veche (Old Tulcea) promontory (Text-fig.

1B, inset Google Earth image). The Variscan base-

ment, made up of Devonian quartzites and calcschists,

is disconformably overlain by Early Triassic sedimen-

tary rocks (Mirăuță 1966). The Triassic succession

(Text-fig. 1B, inset stratigraphic column) starts with

thick-bedded matrix-supported conglomerates with

quartz clasts and coarse-grained quartzose sandstones

grading upwards or interfingering with medium to

thick-bedded sandstones interbedded with reddish clay

shales. The fully marine deposition started with a car-

bonate sequence known as the Tulcea Veche Lime-

stone. The sequence is composed of thinly-bedded dark

greyish micritic limestones interbedded with dark

black, bituminous marly shales, with sporadic thin beds

of fine-grained bioclastic limestones. The absence of

trace fossils and the high content of organic matter in-

dicate an anoxic to dysoxic depositional environment

for the sequence. The first data on the fossil content and

the age of this carbonate sequence were given by

Simionescu (1908, 1911), who compared the sequence

to the “Werfener Schichten”. The early Spathian age of

the Tulcea Veche Limestone is well documented by a

newly collected ammonoid fauna including Tirolites
cassianus Hauer, T. haueri Mojsisovics, Dinarites ma-
homedanus Mojsisovics, and bivalves, such as Lepto-
chondria alberti (Goldfuss), Eumorphotis venetiana
(Hauer), and Crittendenia decidens (Bittner). In the

quarry, the early Spathian carbonate sequence is highly

tectonized by block faulting, accompanying the Galați-

Sf. Gheorghe fault. The coelacanth material described

herein was found as disarticulated bones, but not dis-

persed, in a block of limestone.

REPOSITORY

The material is housed in the Naturhistorisches

Museum Wien, Department of Geology and Paleon-

tology, to which it was donated by the second author

(EG) of the present paper.

Institutional abbreviations: NHMW, Naturhistorisches

Museum Wien, Austria.

MATERIAL AND METHODS

The studied material was chemically prepared by

dissolving the bone-bearing limestone block with 10

% diluted glacial acetic acid. When the acid dissolu-

tion was completed, the samples were gently rinsed

and the mud around the bones was carefully removed.

If necessary, the fragile or crushed bones were im-

pregnated with glue. This operation was repeated un-

til the bones were fully extracted from the hard rock.

The extracted bones are three-dimensionally pre-

served. If not damaged during the extraction or

crushed by rock deformation, the coelacanth material

is very well preserved, indicating that the

anoxic/dysoxic environment precluded the destruction

of the bone by scavengers. From the dissolved lime-

stone block, measuring 40 × 30 × 8 cm, more than 50

fully preserved bones were extracted, and many other

broken bones, including ribs, ray fragments, teeth

and scales were also recovered. Several ossifications

fit together and obviously belong to a single specimen,

together with other bones, whose sizes indicate that

they probably belong to the same specimen. However,

supernumerary ossifications such as a posterior pari-

etal, a quadrate and several angulars, generally smaller

in size than the ossifications referred to the main in-

dividual, indicate the occurrence of at least another in-

dividual, smaller in size and less complete. Ossifica-

tions belonging to the larger individual, identified as

such either because bones fit together or because bone

size are compatible, are catalogued under the number

NHMW 2013/0609 ranging from NHMW

2013/0609/0001 to NHMW 2013/0609/0035, and os-

sifications belonging to the smaller individual are

catalogued under the number NHMW 2013/0610,

ranging from NHMW 2013/0610/0001 to NHMW

2013/0610/0014. We cannot exclude the possibility

that some of the isolated ossifications, especially those

from the smaller individual, might belong to several

different individuals. The studied material is listed in

Appendix 1.

A parsimony analysis was run in PAUP* 4.0b10

(Swofford 2001) in order to explore the phylogenetic

relationships of Actinistia with the inclusion of the new

taxon. A heuristic search (using random addition se-

quence, replicate 100 times, 1 tree held at each itera-

tion, and tree bisection and reconnection branch swap-

ping) was carried out to try to avoid the tree ‘islands’

problem (Maddison 1991). 
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SYSTEMATIC PALAEONTOLOGY

Class Osteichthyes Huxley, 1880

Subclass Sarcopterygii Romer, 1955

Infraclass Actinistia Cope, 1871

Order Coelacanthiformes Huxley, 1861 sensu Forey,

1998

Family Incertae Sedis

Genus Dobrogeria gen. nov.

TYPE SPECIES: Dobrogeria aegyssensis sp. nov.

ETYMOLOGY: From Dobrogea, the Romanian

province situated between the lower Danube River

and the Black Sea.

DIAGNOSIS: As for the type species, by monotypy.

Dobrogeria aegyssensis sp. nov.

(Text-figs 2–15)

ETYMOLOGY: From Aegyssus, the ancient Greek

settlement once occupying the site of the city of Tul-

cea.

HOLOTYPE: NHMW 2013/0609, isolated skull ossi-

fications (posterior parietal, postparietal, prootic, ba-

sisphenoid, palatoquadrate, angular, splenial, gular

plates, branchial elements), which are referable to a

single individual.

TYPE HORIZON: Lower Spathian, beds with Tirolites
cassianus.

TYPE LOCALITY: Tulcea Veche (Old Tulcea)

promontory, Tulcea city, North Dobrogea (Romania).

OTHER MATERIAL: NHMW 2013/0610. Isolated

skull ossifications of smaller individuals found within

the same block of limestone as the holotype.

DIAGNOSIS: Coelacanthiform with a descending

process on the postparietal; anteriorly expanded lachry-

mojugal; skull roof flat and ornamented with tubercles;

posterior margin of the horizontal lamina of the pos-

terior parietal deeply notched and extending posteriorly

by a ca 25° inclined fan-shaped ventral process; post-

parietal shield approximately as long as wide and with

a deep posterior embayment to receive the ex-

trascapulars, which were not sutured to the skull roof;

gular plates broad, approximately three times longer

than wide; opercle right triangle in shape.

DESCRIPTION

Skull roof: Two right posterior parietals, forming

part of the skull roof of the parietonasal shield, are un-

doubtedly identified. The most complete (NHMW

2013/0609/0001, Text-figs 2 and 7) matches an isolated

basisphenoid found associated (Text-fig. 4), and prob-

ably belongs to the same individual. The posterior pari-

etal is formed by a horizontal ornamented lamina,

which was a part of the skull roof, and by the ventral

process. The horizontal lamina bears a coarse orna-

mentation consisting of radiating lines of tubercles.

The lateral and medial borders are approximately par-

allel. Although damaged, the anterior margin appears to

have tapered, but we cannot exclude that the anterior

margin was almost straight. Moreover, because an

overlap usually occurs between the anterior and poste-

rior parietals in coelacanths, the preserved margin may

not correspond to the visible margin on the articulated

skull roof. The posterior margin of the posterior pari-

etal forms a deep notch. Its other margins, extremely

thin and incompletely preserved in some of its portions,

indicate that interdigitated sutures were probably pres-

ent medially with the opposite parietal and laterally

with the supraorbitals. The ventral process of the pari-

etal, which was regarded as a separate ossification by

several authors (see Forey 1998, pp. 44–46 for a dis-

cussion), forms a fan-shaped smooth blade of bone

ventrally inclined at ca 25° from the horizontal lamina

and with a regular convex posterior border. The supra-

orbital sensory canal, partly preserved, is present along

the lateral margin of the horizontal lamina. It is pre-

served as a groove along some parts of its course and

as a bone-enclosed canal on other. This arrangement in-

dicates that the path of the sensory canal straddled the

suture between the parietal and the supraorbital series

as in other coelacanths except Miguashaia (Forey,

1998). A short canal, which opens medially to the sen-

sory canal at the limit between the horizontal lamina

and the ventral process, and extending on the ventral

process as a groove, accommodated the superficial

ophthalmic nerve. There are thus separate openings

for the sensory canal and for the ophthalmic nerve, con-

trary to Macropoma lewesiensis, for instance, in which

the nerve penetrates directly within the sensory canal

(Forey 1998, fig. 82). In Macropoma, moreover, the

ventral process is L-shaped in dorsal view (Forey 1998,

fig. 3.19), unlike the shape of the material described

herein. In Laugia groenlandica, the horizontal lamina

of the parietal is without ornamentation and the fora-

men for the superficial ophthalmic nerve opens ven-

trally to the opening of the sensory canal (Forey 1998,

fig. 3.8). In Spermatodus pustulosus, the posterior mar-



gin of the parietal is also dug by a notch, but the ven-

tral process differs in its roughly triangular shape and

in the occurrence of a strong ridge (Forey 1998, fig.

3.12).

A smaller right posterior parietal (NHMW

2013/0610/0001), with only the horizontal lamina pre-

served, shows tubercular ornamentation, whose pattern

differs from the larger posterior parietal by being not

arranged in lines. 

From the skull roof of the postparietal shield, one

right and one left postparietal, obviously belonging to

the same large individual (NHMW 2013/0609/0002

and NHMW 2013/0609/0003) are preserved, still su-

tured to their corresponding supratemporals (Text-figs

3 and 7). The external surface of the postparietal is or-

namented with granulation arranged in ridges radiat-

ing from the centre of ossification. The general shape

of the bone is proportionnally long, ca twice longer

than wide at its anterior part, and the bone broadens

slightly posteriorly. The posterolateral margin, which

sutures with the supratemporal, is slightly concave,

while the medial half of the posterior margin forms, to-
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Text-fig. 2. Photographs and semi-interpretative line drawings of the right posterior parietal of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov., NHMW 

2013/0609/0001 (holotype) in dorsal (A1), lateral (A2) and posterior (A3) views; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm

Text-fig. 3. Photographs and semi-interpretative line drawings of left half of the skull roof of the postparietal shield of the actinistian fish Dobrogeria aegyssensis gen. et

sp. nov., NHMW 2013/0609/0002  (holotype) in dorsal (A1), ventral (A2) and lateral (A3) views; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm



gether with the posteromedial margin of the supratem-

poral a regularly curved margin against which abutted

the extrascapulars. There is no trace of a sutural surface

along this margin, indicating that the extrascapulars

were probably free from the skull roof. The articulatory

facet for the intracranial joint of the skull roof, very

faint, is best observed in ventral view (Text-fig. 3 A2).

It is located almost in the mid-width of the anterior

margin. On the ventral side of the postparietal runs a

strong crest along the anterior third of the ossification,

which developed as the ventral process of the post-

parietal at about its mid-length. 

The ornamentation of the supratemporal is similar

to the ornamentation of the postparietal, making diffi-

cult the recognition of the suture between both ossifi-

cations. The supratemporal is lozenge-shaped (Text-

fig. 3). On its ventral side, a rectangular shallow

process located at the lateral corner of the bone marks

the insertion point for the opercular ligament. Medial

to the process the descending process of the supratem-

poral forms a shallow crest continuing the postparietal

crest (Text-fig. 3 A3). The ventral process of the post-

parietal and the ventral process of the supratemporal

match two corresponding processes present on an as-

sociated isolated prootic (see below). 

The otic sensory canal runs within the supratem-

poral and the postparietal. It divides within the former

to give off a medial small pore for the supratemporal

commissure, and a much larger pore for the lateral line

at the posterior corner of the supratemporal (Text-fig.

3 A1). In the postparietal, some laterally oriented pores

are visible along the lateral margin of the bone. The

canal opens anteriorly via a large rounded pore located

on the ventral side of the ossification. On the right and

left postparietals, a few pores are present medially to

the path of the otic canal at the anterior third of the

length of the bone, which suggests the presence of a

short medial branch of the otic sensory canal. A pore

is also visible dorsally, in a notch of the anterior mar-

gin of the bone. 

Compared with other coelacanths for which the

postparietal shield are known, our specimen shows a

general pattern more similar to Holophagus, Macrop-
oma and Latimeria (Forey 1998), because of the pres-

ence of descending processes on both the postparietal

and the supratemporal. Laugia is similar in its general

outline, but the ventral side of the postparietal bears

only a crest with no ventral process. 

The posterior margin of the posterior parietal and

the anterior margin of the postparietal have deep

notches indicating that the intracranial joint margin

was strongly interdigitate. 

Braincase: Isolated bones from both the ethmo-

sphenoid and parietonasal portions are preserved, most

of them belonging probably to the same specimen.

From the ethmosphenoid shield, only a well preserved

basisphenoid was recovered (NHMW 2013/0609/0004,

Text-figs 4 and 6). The sphenoid condyles are squarish

in shape in dorsal view and protrude more than in

Macropoma (Forey 1998). The antotic processes are

proportionally very large, more laterally expanded than

in Macropoma, and show a large overlapping surface

for the descending processes of the posterior parietals.

The processus connectens are elongated, with parallel

margins, and are in contact ventrally with the paras-

phenoid. The foramen for the profundus opens in the

bottom of the suprapterygoid fossa, and the foramen for

the oculomotor nerve opens anteromedially, not at the

same level on both sides of the ossification. Because of

the good state of preservation of the specimen, this

asymmetry is probably real and not caused by distor-

tion. There is no trace of a suprapterygoid process on

the neurocranium (Forey 1998, p. 193) and a basiptery-

goid process is absent. Basisphenoids are strongly os-

sified bones in actinistians, commonly preserved in

3D, and several studies have compared basisphenoids

between different taxa (Schaeffer and Gregory 1961;

Schaumberg 1978; Forey et al. 1985; Forey 1998).

The basisphenoid of Dobrogeria compares better with

the third morphological type as defined by Schaeffer

and Gregory (1961), i.e. basisphenoids with nearly rec-

tangular antotic processes and with an extensive over-

lap area for the ventral lamina of the posterior parietal

(the “pleurosphenoid” of Schaeffer and Gregory

(1961)). This type is found in Spermatodus, Moenkopia
and Latimeria. 

From the otoccipital portion of the neurocranium,

prootics, a basioccipital and catazygals are known. Both

prootics of a single individual are preserved (NHMW

2013/0609/0005 and NHMW 2013/0609/0006, Text-

figs 5 and 7). The otic shelf is short and its internal face

is crossed by an inclined groove to accommodate the

processus connectens of the basisphenoid. The dorsal

edge of the prootic passed into cartilage and the contact

with the skull roof was not complete. In between the

prootic, postparietal and supratemporal was a gap,

through which exited the otic ramus of the facial nerve

(Text-fig. 7). The overlap surface for the descending

process of the postparietal, or prefacial eminence, is pro-

portionally elongated and shows a perfect match with

the descending process of a postparietal described

above. The overlap surface for the descending process

of the supratemporal is small. The jugular canal is com-

pletely enclosed in bone, and opens posteriorly in an

elongated foramen. A small foramen pierces medially

the base of the prefacial eminence and extends as a
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Text-fig. 4. Photographs and semi-interpretative line drawings of basisphenoid of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov., NHMW 2013/0609/0004

(holotype) in dorsal (A1), anterior (A2), ventral (A3), lateral (A4) and posterior (A5) views; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm



canal which opens on the internal wall of the jugular

canal, probably for the palatine branch of the facial

nerve. The canal for the orbital artery opens in the bot-

tom of the jugular canal and exits anterolaterally, be-

neath the overlap with the supratemporal. The course of

the arteries and nerves differs from those in the la-

timeriids Latimeria, Macropoma (Forey 1998) and

mawsoniid (Cavin and Forey 2004), but this structure

appears to be quite variable among coelacanths (Dutel

et al. 2012). Posteriorly the prootic is inflated and forms

the wall of the saccular chamber. The posterior wing of

the prootic is elongated and bears an enlarged extrem-

LIONEL CAVIN AND EUGEN GRĂDINARU
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Text-fig. 5. Photographs and semi-interpretative line drawings of the right prootic of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov., NHMW

2013/0609/0005 (holotype) in lateral (A1), medial (A2), dorsal (A3) and anterior (A4) views; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm



ity with an interdigitated margin for the suture with the

basioccipital. Smaller prootics (NHMW 2013/0610/0008

and NHMW 2013/0610/0009) show a similar arrange-

ment to that in the large specimen, but the jugular canal

was probably not completely enclosed in bone.

An isolated small, approximately rectangular and

curved bone, is regarded as a basioccipital (NHMW

2013/0609/0007, Text-fig. 6A), and two squarish os-

sification, the smallest one with a slightly curved mar-

gin, are identified as anterior and a posterior catazy-

gals, respectively (NHMW 2013/0609/0008 and

NHMW 2013/0609/0009, Text-figs 6B and C).

A reconstruction of the neurocranium is presented

in Text-fig. 7.

Suspensorium: A pair of large quadrates, with their

associated pterygoids (NHMW 2013/0609/0011 and

NHMW 2013/0609/0012, Text-fig. 8), a small right

quadrate and pterygoid, and a small left isolated

quadrate (NHMW 2013/0610/0002 and NHMW

2013/0610/0003, repectively) are preserved. As usual

in coelacanths, the quadrate has a double condyle for

articulation with the lower jaw. 

The pterygoid (Text-fig. 8) possesses a large over-

lapping sutural zone with the quadrate. In a specimen

with both bones detached, strong ridges cover the over-

lapping zone for a better attachment between both os-

sifications. The lateral face of the pterygoid bears a very

strong curved ridge. Other coelacanths, such as La-
timeria, also possess such a strong ridge, which delimits

a cartilaginous plate on which several bundles of the ad-

ductor muscle insert (Millot and Anthony 1958; Dutel

et al. 2013). The medial face of the pterygoid is covered

with a shagreen of small teeth, except along a band fol-

lowing the contact with the quadrate. The ventral mar-

gin of the pterygoid is gently curved, and no process is

present contrary to most latimeriids (Dutel et al. 2012).

A pair of triangular bones is regarded as au-

topalatines (NHMW 2013/0609/0013, Text-fig. 9A).

The anterior extremity forms a spine and a crest runs

along the medial(?) face. 

A dentigerous elongated ossification is identified as a

probable right ectopterygoid (NHMW 2013/0609/0014,

Text-fig. 9B). The bone bears on its oral face an elon-

gated patch of teeth. A row of proportionally larger

teeth, posteriorly inclined, is present along one edge of

the patch and along half the length of another edge, but

no fangs are present. In between lie numerous small

pointed teeth. The aboral face bears a strong ridge

defining a groove into which the pterygoid presumably

fitted. 

The posterior extremity of a parasphenoid (NHMW

2013/0609/0010) perfectly fits the basisphenoid. It is

composed of a regularly curved thin sheet of bone

with an external (ventral) surface bearing faint ridges

and with paired dorsolateral areas with coarse ridges

suturing with the basisphenoid. The more anterior por-

tion of the bone is broken. 

Lower jaw: Both angulars of the large individual

(NHMW 2013/0609/0015 and NHMW 2013/0609/0016,

Text-fig. 10 A and B), and both of the small one (NHMW

EARLY TRIASSIC COELACANTH, NORTH DOBROGEA
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Text-fig. 6. Photographs of the basioccipital, NHMW 2013/0609/0007 (A), anterior anazygal, NHMW 2013/0609/0008 (B) and posterior anazygal, NHMW 2013/0609/0009

(C) of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov. (holotype) in dorsal (1) and ventral (2) views; Tulcea Veche Limestone, Lower Spathian, Tulcea. 

Scale bars: 20 mm



2013/0610/0004 and NHMW 2013/0610/0005, Text-

fig. 10C) are preserved. They show different outlines.

The angular of the large specimen is shallow with a low

coronoid expansion, and the ossification forms an open

angle with its ventral margin gently concave in its mid-

dle part. On the internal side a ridge runs along the

whole length of the bone. It is broader in the posterior

half of the ossification. The groove for the external

mandibular ramus of the VII nerve is present ventrally to

the ridge. Pores in the bottom of the groove accommo-

date lateral branches that supplied the neuromasts of

the mandibular sensory canal. The lateral face is orna-

mented with faint, anastomosed ridges and a few tuber-

cles linearly arranged. A few, five or possibly six, small

and elongated foramina for the mandibular sensory canal

are visible. The canal, enclosed in the angular, enters in

a rather high position on the posterior margin of the

bone, then runs along a line parallel to the ventral mar-

gin and exits almost in the mid-length of the anterior mar-

gin. An oral pit line is not visible in the large specimen
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Text-fig. 7. Reconstruction of the skull roof and braincase (without the anterior part) of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov. in dorsal (1) and 

lateral (2) views. The dorsal view has been reconstructed by mirroring the preserved bones. Scale bar: 20 mm



because of the state of preservation of the external sur-

face.

The angulars of the small individual are propor-

tionally deeper, more angled, and with a more devel-

oped coronoid expansion than on the large specimen.

On the internal side of the bone, the ridge is rounded

in section along its posterior portion and sharp in its an-

terior portion. The external face shows tiny tubercles

and faint ridges posteriorly. The mandibular sensory

canal enters the bone at the level of the internal ridge,

i.e. rather high, then opens via five elongated pores

very close to the ventral margin and exits anteriorly at

the level of a well-developed ridge at the anterior tip

of the bone. An oral pit line is visible in the smaller

specimen as a short groove located on the posterior

half of the ossification (Text-fig. 10C1).

A left splenial fits well in a notch of one of the large

angular (NHMW 2013/0609/0017, Text-fig. 11A). The

posterior extremity of the bone tapers to a spine. In the

middle of the ossification, both margins are parallel

and the bone turns ventrally and inwards and is slightly

enlarged at its anterior extremity. The pores of the

mandibular sensory canal open along the dorsal mar-

gins, and a single pore opens in the middle of the

symphysis. A larger pore, situated on the posterior

third of the dorsal margin of the ossification and which

opened exteriorly between the dentary and the splenial,

is the dentary sensory pore. The lateral surface of the

angular and splenial are rugose. A club-shaped bone

with an articular facet is presumably identified as an ar-

ticular (NHMW 2013/0609/0018, Text-fig. 11B), al-

though this interpretation remain uncertain. 

One complete and one incomplete gular, presumably

from the same large individual, are preserved (NHMW

2013/0609/0019 and NHMW 2013/0609/0020, Text-

fig. 12). They have an approximately triangular outline,
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Text-fig. 8. Photographs and semi-interpretative line drawings of the right quadrate and pterygoid of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov.,

NHMW 2013/0609/0011 (holotype) in lateral (A1), medial (A2), and posterior (A3) views; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm
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Text-fig. 10. Photographs and semi-interpretative line drawings of the left (A) and right (B and C) angulars at different growth stages of the actinistian fish Dobrogeria ae-
gyssensis gen. et sp. nov. (A and B, NHMW 2013/0609/0015 and NHMW 2013/0609/0016 (holotype); C, NHMW 2013/0610/0004) in lateral (1) and medial (2) views; 

Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm

Text-fig. 9. Photographs of the autopalatine (NHMW 2013/0609/0013, A) and right ectopterygoid (NHMW 2013/0609/0014, B) of the actinistian fish Dobrogeria 
aegyssensis gen. et sp. nov. (holotype), unknown views, except B2 in occlusal view; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm



with a regularly rounded anterior margin and a more ta-

pering posterior extremity. They are ca three times longer

than wide, making them proportionally wide and com-

parable to Megalocoelacanthus from the Turonian of

Mexico (Schultze et al. 2010; Hauser and Martill 2013).

In most other actinistians with preserved gular plates,
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Text-fig. 12. Photographs of right (A) and left (B) gulars of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov. (holotype: A, NHMW 2013/0609/0019 and B,

NHMW 2013/0609/0020), in internal (dorsal) (1) and ventral (2) views, anterior points to the bottom; Tulcea Veche Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm

Text-fig. 11. Photographs and semi-interpretative line drawings of left splenial (A) in lateral (1) and medial (2) views, and photographs of the articular (B) in un-

known views of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov. (holotype: A, NHMW 2013/0609/0017 and B, NHMW 2013/0609/0018); Tulcea Veche 

Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm



these are proportionally narrower (Hauser and Martill

2013). A ridge runs in across the middle width of the an-

terior part of the internal side, which is comparable to the

insertion point of the anterior and posterior ramus of the

intermandibular muscle observed by Dutel et al. (2012)

in Latimeria and Megalocoelacanthus.
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Text-fig. 13. Photographs and semi-interpretative line drawings of lachrymojugal (NHMW 2013/0609/0021, A), opercle (NHMW 2013/0609/0022, B) and subop-

ercle (NHMW 2013/0609/0023, C) of the actinistian fish Dobrogeria aegyssensis gen. et sp. nov. (holotype) in lateral (1) and medial (2) views; Tulcea Veche 

Limestone, Lower Spathian, Tulcea. Scale bars: 20 mm

Text-fig. 14. Branchial apparatus, NHMW 2013/0609/0024 – NHMW 2013/0609/0028 (holotype); Tulcea Veche Limestone, Lower Spathian, Tulcea. Views variable 

and uncertain. Scale bar: 20 mm



Cheek and opercular series: A poorly preserved

and incomplete ossification is identified as a right

lachrymojugal (NHMW 2013/0609/0021, Text-fig.

13A). The extremities are missing and the remaining

part is roughly rectangular, with a dorsal rounded

process tilted slightly posteriorly. The external face is

ornamented with longitudinal grooves, with a large

sensory pore posteriorly oriented, as well as several

smaller pores more anteriorly. The medial face,

strongly damaged, shows preserved areas with an or-

namentation forming an elongated reticulated pattern.

The anterior portion is expanded and angled. 

A left opercle (NHMW 2013/0609/0022, Text-fig.

13B) has a right triangle shape, the right angle being

formed by the anterodorsal corner. The dorsal and an-

terior margins are straight, and the posterior margin is

slightly rounded in its dorsal portion and straight in its

ventral portion. The external surface is ornamented

with dense tubercles in the central and dorsoposterior

area, and with faint radiating ridges in its anteroven-

tral area. The shape of the opercle of Dobrogeria is

reminiscent to the opercle of some Triassic coela-

canths, such as Laugia and Coelacanthus. An irregu-

larly shaped bone is identified as a subopercle be-

cause of its general outline, with a tapering extremity,

with its external surface ornamented with tubercles and

its absence of sensory canal and pit-line (NHMW

2013/0609/0023, Text-fig. 13C). 

Other thin plate-like bone fragments belong to the

cheek series, but they cannot be precisely identified

(postorbital, squamosal, preopercle). They bear a well-

developed tubercular ornamentation and the preserved

margins indicate that the ossifications were not sutured

to each other.

Hyoid and branchial arches: Branchial elements of

the large specimen (holotype) are present but not pre-

served in connection. A restoration of the branchial

arches with the preserved bones is presented in Text-

fig. 14, keeping in mind that the positions of some of

the elements are uncertain and that elements from sev-

eral individuals can be mixed up, although this latter

hypothesis is unlikely. Ceratohyals are stout ossifica-

tions, with a long and broad lateral process and an ex-

panded distal extremity. They are reminiscent of the

ceratohyal of Megalocoelacanthus (Dutel et al. 2012).

We reconstructed four pairs of broad ceratobranchials

(but a fifth pair was probably present), which are ex-

cavated by a deep groove for the branchial artery and

which are strongly curved in the distal third. A rod-like

ossification with an expanded extremity and two oth-

ers, which are triradiate, are regarded as epibranchial,

possibly the first and the second one respectively, but

these identifications should be regarded with caution.

The urohyal is poorly preserved, but it shows the typ-

ical bifid posterior extremity, with a V-shaped slit be-

tween both processes. On the dorsal surface, two ridges

run from the tip of the posterior processes and slightly

converge toward the centre of the bone. 

Pectoral girdle: A pair of large cleithra (NHMW

2013/0609/0029, Text-fig. 15), without their ventral

extremity, plus fragments of several smaller ones are

present. The dorsal extremity is rounded, but not en-

larged as in Ticinepomis (Cavin et al. 2013). The ver-

tical branch is slightly sigmoidal and a triangular

groove is dug on the posterior margin, at the level of

the enlargement of the bone. The groove accommo-

dated the extracleithrum. A splint-like bone with a

rounded margin and two sutural surfaces is an extra-

cleithrum, as confirmed by the shape of one of its ex-

tremities, which fits with the groove of the cleithrum

(NHMW 2013/0609/0031, Text-fig. 15).
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Text-fig. 15. Photographs of right cleithrum (NHMW 2013/0609/0029) and

extracleithrum (NHMW 2013/0609/0031–31) of the actinistian fish Do-
brogeria aegyssensis gen. et sp. nov. (holotype) in lateral view; Tulcea Veche 

Limestone, Lower Spathian, Tulcea. Scale bar: 20 mm



PHYLOGENETIC ANALYSIS

In order to explore the phylogenetic relationships

of Dobrogeria aegyssensis with other coelacanths, we

performed a cladistic analysis. The original datamatrix

is from Forey (1998), with modifications from subse-

quent works (see below). We added the terminal taxa

Swenzia, Hoplopterygius, Guizhoucoelacanthus, Par-
naibaia and Rebellatrix (Clément 2005; Friedman and

Coates 2006; Liu et al. 2006; Yabumoto 2008; Wen-

druff and Wilson 2012, respectively). We also included

Luopingcoelacanthus and Yunnancoelacanthus, two

taxa described by Wen et al. (2013). These authors

coded the presence of intertemporal bones in Luop-
ingcoelacanthus, state 1 for character 12, while the

bone located in the supposedly position of an in-

tertemporal in their fig. 3 is described and labelled as

a fragment of postorbital. Consequently, we coded

this character 0 for Luopingcoelacanthus. We added to

the original datamatrix the characters 109 (Friedman

and Coates 2006) and 110 (Dutel et al. 2012), with cor-

rections of coding from Clément (2005) and Brito et al.
(2010). Additional coding were made by Cavin et al.
(2013) for Ticinepomis and character corrections were

proposed by Wendruff (2013) for Piveteauia on the ba-

sis of previous descriptions. We added character states

for Euporosteus from Zhu et al. (2012). 

Guizhoucoelacanthus was described by Liu et al.
(2006) and its characters were coded by Geng et al.
(2009). We notice that several character codings for

Guizhoucoelacanthus, also used in Wen et al. (2013)

and in Cavin et al. (2013), were in discrepancy with the

description and the figures of Geng et al. (2009). Geng

et al. coded Guizhoucoelacanthus as having anterior

and posterior parietals of dissimilar size (char. 8) while

their description and figures clearly mentioned two

pairs of parietals of similar size. They mentioned the

occurrence of a quadratojugal (char. 33) while this

ossification is not described and figured. We also mod-

ified the original coding of character 32, absence or

presence of a subopercle, by including a question mark

because Geng et al. mentioned in the text that this bone

is ‘not preserved’, and character 43, position of the

postorbital relative to the intracranial joint, because

Geng et al.’s figure 2 clearly shows that the postorbital

spans the joint. We coded character 44, ‘infraorbital

canal in the postorbital with simple pore opening di-

rectly from the main canal’ (coded with a ‘?’ in Geng

et al.), because this character state is described in the

text.

Eventually, we reversed the definition by Forey of

the states of character 71 (‘processus connectens meet-

ing parasphenoid (0), failing to meet parasphenoid

(1)’) because we noticed that the coding for the taxa

were opposite to the definition. The resulting charac-

ter list is presented in Appendix 2.

The outgroups are those used by Forey (1998), i.e.

Mimia (Actinopterygii) and Porolepiformes. No details

are provided by Forey about the taxa used for coding

the porolepiform characters. This coding may not rep-

resent one single taxon, but character states observed

on several taxa. Ideally, terminal taxa should be

species, but they may represent supra-specific taxa

(genera for most of the terminal ingroup taxa compared

here), when taxic or methodological issues occur

(Forey 1998, p. 230). The resulting datamatrix is pre-

sented in Appendix 3.

The strict consensus tree of the 1668 most parsi-

monious trees (311 steps, CI=0.3826, RI=0.6784) is on

the whole weakly supported, with Bremer decay in-

dices of 1 for all the nodes (Text-fig. 16). It shows a

pattern mostly in accordance with recent phylogenetic

studies of Actinistia. The phylogenetic position of Do-
brogeria is as follows: Dobrogeria (Yunanncoelacan-
thus (Luopingcoelacanthus Latimerioidei)), with the

Latimerioidei defined as the least inclusive clade con-

taining Latimeria chalumnae and Mawsonia gigas
(Dutel et al. 2012). Dobrogeria and more derived ac-

tinistians share two unambiguous characters, – ‘pres-

ence of a postparietal descending process’ (char. 13, ci

= 0.5) and ‘an anteriorly expanded lachrymojugal’

(char. 35, ci = 0.5), plus two ambiguous characters

(char. 23 and 104). Yunnancoelacanthus and more de-

rived actinistians share a single unambiguous charac-

ter – ‘absence of a suboperculum’ (char. 32, ci = 0.250)

– and one ambiguous character (char. 59). Luoping-
coelacanthus and more derived actinistians share two

unambiguous characters, – ‘anterior and posterior pairs

of parietals similar in size’ (char. 8, ci = 0.167) and

‘hooked-shape dentary’ (char. 57, ci = 0.333), plus

two ambiguous characters (char. 10 and 51). The clade

Latimeriidae has the same content as in Dutel et al.
(2012) and Cavin et al. (2013), except that in the for-

mer study Garnbergia is located as the sister group of

latimerioids, while it is located as the sister-group of

all other latimeriids here. Libys and Megalocoelacan-
thus form a clade supported by the same unambiguous

(char. 23, 50, 68) and ambiguous (char. 2, 39, 49, 68,

70 and 89) characters as those found by Dutel et al.
(2012), plus the ambiguous character 99. Other La-

timeriid genera, including here Indocoelacanthus, are

placed in a polytomy. The node corresponding to the

Latimeriidae is supported by same ambiguous char-

acters (char. 3, 22, 30, 60 and 110) as those found by

Dutel et al. (2012). Differences with the latter analy-

sis is that characters 79 and 103 do not support this
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Text-fig. 16. Phylogenetic analysis based on 42 taxa and 110 characters. Strict consensus tree of the 1668 shortest trees (length 312; consistency index = 0.3826; 

retention index of 0.6784; Bremer decay indices for all nodes equal 1). Some major clade names are indicated



node in our study, while character 104 – ‘scale orna-

ment not differentiated’ – does support it. Characters

60 – ‘presence of a subopercular branch of the

mandibular sensory canal’ – and 110 – ‘ventral

swelling of the palatoquadrate’ are found exclusively

within the latimeriids (ci = 1). The content and rela-

tionships of the Mawsoniidae, including here the genus

Lualabea, are similar to those found by Dutel et al.
(2012), Wen et al. (2013) and Cavin et al. (2013). The

node corresponding to this family is supported by the

same unambiguous characters as those found by Du-

tel et al. (2012) (Char. 14, 56, 92), but in our study

character 104 does not support the node, while char-

acter 79 supports it.

The basalmost part of the cladogram, dealing with

the Palaeozoic taxa, is on the whole similar to the pat-

tern obtained in recent studies, in particular by Dutel

et al. (2012) and by Cavin et al. (2013). Most of the

genera are placed at successive nodes, with

Miguashaia as the sister-group of all other actinis-

tians. We found here Hadronector and Rebellatrix
forming a clade resolved in a trichotomy with Lochmo-
cercus and the more derived Actinistia. A single un-

ambiguous character support the sister-pair Hadronec-
tor and Rebellatrix, - ‘an anteriorly forked basal

support for D2’ (char. 102, ci = 0.5) - and two am-

biguous characters (char. 23 and 91). Another differ-

ence between the Dutel et al. (2012) and Cavin et al.
(2013) studies and the present one is that here Diplo-
cercides is not the sister genus of Euporosteus, but Eu-
porosteus is placed in a trichotomy with Holopterygius
and Allenypterus. This node is supported by two un-

ambiguous characters – ‘middle and posterior pit lines

within posterior half of postparietals’ (char. 25, ci =

0.29) and ‘ventral keel scales’ (char. 109, ci = 1) –, as

well as by eight ambiguous characters (char. 8, 29, 42,

48, 49, 50, 58 and 94). Polysteorhynchus, Caridosuc-
tor and Rhabdoderma are placed at successive nodes

in the present study, as in both papers quoted above.

Rhabdoderma is the sister taxon of all post-Palaeozoic

taxa, a pattern also found in most recent studies (Forey

1998; Schultze 2004; Clément 2005; Yabumoto 2008;

Geng et al. 2009; Dutel et al. 2012; Wen et al. 2013;

Cavin et al. 2013). Rhabdoderma and post-Palaeo-

zoic taxa form a node supported by one unambiguous

character, a ‘splenial without ornament’ (char. 64, ci =

0.333). The next node, which groups Sasseniidae

(Spermatodus and Sassenia) and more derived taxa is

supported by a unique unambiguous synapomorphy –

‘the angular with granular ornaments’ (char. 62, ci = 1)

– and by one unambiguous character with a single

parallel evolution in the clade defined above

(Holopterygius, Euporosteus, Allenypterus) – ‘cheek

bones separated from one another’ (char. 29; ci = 0.5).

Three ambiguous characters (char. 18, 101 and 105)

also support this node. The next node groups Laugiidae

and the more derived Actinistia. The Laugiidae com-

prises here three genera arranged as follows:

Piveteauia (Laugia Coccoderma). This family is sup-

ported by 4 unambiguous characters (char. 45, 48, 91,

100), one – ‘pelvic fins abdominal’ (char. 100, ci = 1)

– being unique among actinistia (Forey 1998). Three

ambiguous characters also support this node (char. 32,

96 and 108), one – ‘pelvic bones of each side fused in

midline’ (char. 108, ci = 1) – being also unique for this

node. The next node groups Coelacanthus with the

more derived Actinistia. It is supported by two unam-

biguous characters (char. 1 and 21), and 8 unambigu-

ous ones (char. 27, 70, 71, 76, 77, 78, 82 and 86), three

of them (char. 71, 82 and 86) being unique for this

clade (ci = 1).

Coelacanthus, Guizhoucoelacanthus and Whiteia
are placed at successive nodes in the consensus tree.

The node supporting Guizhoucoelacanthus and more

derived Actinistia is supported by 4 unambiguous

(char. 8, 36, 96 and 97) and 1 ambiguous (char. 53)

characters, and the node supporting Whiteia and more

derived Actinistia is supported by 2 unambiguous

(char. 15 and 98) and two ambiguous (char. 27 and 59)

characters. In some previous studies, these genera

show a similar phylogenetic pattern to the pattern

found here (Forey 1998; Clément 2005; Yabumoto

2008 in one of his analysis, with Guizhoucoelacanthus
absent in the three studies; Wen et al. 2013). In Geng

et al. (2009) and Dutel et al. (2012), Piveteauia,

Whiteia and Guizhoucoelacanthus are grouped to-

gether in a clade named ‘Whiteiidae’ by Geng et al.
(2009) (Axelia and Wimania are also included in this

clade in Dutel et al.’s analysis). In our analysis, Axelia
and Wimania form a clade as in Schultze (2004), but

in the latter study the clade also contains Coelacanthus
and Ticinepomis (the ‘Coelacanthidae’ according to

this author), which are located elsewhere here. The sis-

ter-group relationships of Axelia and Wimania is sup-

ported here by 1 unambiguous (char. 7, ci = 0.333) and

1 ambiguous (char. 31, ci = 0.333) characters. The

node formed by the clade (Axelia Wimania) and more

derived Actinistia is supported by a single unambigu-

ous character – ‘more than seven extrascapulars’ (char.

17, ci = 0.4) – and four ambiguous characters (char. 26,

48, 79 and 96). More derived Actinistia are resolved as

follows: Dobrogeria (Yunnancoelacanthus (Luoping-
coelacanthus Latimerioidei)). In Wen et al. (2013)

and Cavin et al. (2013), the relationships were as fol-

lows: (Luopingcoelacanthus (Yunnancoelacanthus La-

timerioidei)). 
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DISCUSSION

Other Triassic coelacanths regarded as valid taxa

by Forey (1998), but not included in the phyloge-

netic analysis conducted here, can be compared with

Dobrogeria. Moenkopia wellesi was described by

Schaeffer and Gregory (1961) on the basis of iso-

lated bones, in particular basisphenoids, from the

Early Anisian Moenkopi Formation in Arizona, USA.

The basisphenoid of Moenkopia differs from that of

Dobrogeria by a long dorsum sellae plus corpus dis-

tance, a narrow pituitary notch between the antotic

processes, a nearly rectangular antotic processes in

dorsal view (proportionally larger and rounder in Do-
brogeria). Both genera share rounded and prominent

sphenoid condyles. Osteopleurus, from the Upper

Triassic of the Newark Group, USA (Schaeffer 1941;

Shainin 1943), regarded as a synonym of Diplurus by

Forey (1998), and Alcoveria, from the Spanish

Muschelkalk (Forey 1998), are incompletely pre-

served taxa, which can be differentiated from Do-
brogeria by the shape of their opercles, among other

characters. Graphiurichthys, from the Late Triassic of

Raibl, Austria, can be separated by the skull bones or-

namented with narrow tubercles. Mylacanthus and

Scleracanthus, from the Early Triassic of Spitzbergen,

are closely related, or synonymous, to Axelia (Forey

1998), a genus which is located in a more basal posi-

tion in our phylogeny. Hainbergia and Heptanema,

from the Middle Triassic of Germany and Italy, re-

spectively, Sinocoelacanthus from the Early Triassic

of Guangxi, China, are too incompletely preserved to

be compared with Dobrogeria. 

On the basis of the phylogenetic analysis and on

comparisons with other taxa based on less complete

material, the taxon described here can confidently be

referred to a new genus and new species. However, it

cannot be assign to a family because this part of the

cladogram shows genera at successive nodes in the

consensus tree and show different patterns according

to analyses (Dutel et al. 2012; Wen et al. 2013; Cavin

et al. 2013; present study).

In our analysis, the Laugiidae contain the same

three genera as those considered by Forey, i.e.

Piveteauia (Coccoderma, Laugia). Recently Belem-
nocerca prolata was included in this family by Wen-

druff and Wilson (2013), but has not been included in

our cladistic analysis. Schultze (2004) included the

laugiids within the coelacanthiforms, but we prefer

here to retain the clade Coelacanthiformes as defined

by Forey, i.e. not containing the laugiids, because it is

based on a relatively well-supported node. In particu-

lar, we found in our analysis the neurocranial charac-

ters used by Forey in his diagnosis of coelacanthi-

forms, such as ‘supraoccipital present’ (char. 76, ci =

1), ‘vestibular fontanelle absent’ (char. 77, ci = 0.5),

‘buccohypophysial canal closed’ (char. 78, ci = 0.5),

‘prootic with a complex suture with the basioccipital’

(char. 82, ci=1), and ‘separate basioccipital’ (char. 86,

ci = 1). 

Rebellatrix divaricerca is an unusual fork-tailed

coelacanth from the Lower Triassic of Canada known

mostly by post-cranial characters (Wendruff and Wil-

son 2012). A cladistic analysis by Wendruff and Wil-

son (2012) resolved Rebellatrix as the sister-group of

Latimerioidei on the basis of a single shared charac-

ter, ‘expanded occipital neural aches’ (char. 91). In

our analysis, the position of Rebellatrix is very dif-

ferent, i.e. placed as the sister-genus of the Car-

boniferous Hadronector (see above for details). Al-

though this position is weakly supported, it suggests

an interesting concurrent hypothesis, i.e. that Rebel-
latrix is a representative of an old and basal lineage

of Actinistia. More material of Rebellatrix, including

cranial remains, are necessary for testing both hy-

potheses.

CONCLUSION

The actinistian material described here is well

preserved, but difficult to compare with most other

coelacanth taxa which are, for the most part, pre-

served as articulated specimens. However, the new

material possesses characters that support the as-

signment of these specimens to a new species and

new genus, Dobrogeria aegyssensis. This new coela-

canth increases the taxic diversity of the group in the

Early Triassic, which is the time interval with the

highest peak of diversity. The inclusion of Dobroge-
ria in a phylogenetic analysis of the actinistians in-

dicates that it is a non-latimerioid coelacanthiform.

The cladistic analysis recovered clades which are

found in most recent analyses, i.e. the Sasseniidae,

the Laugiidae, the Coelacanthiformes, the Latimeri-

oidei, the Mawsoniidae and the Latimeriidae. The re-

gions of the cladogram showing most variation with

respect to previous studies are basal coelacanthi-

forms (Coelacanthus, Guizhoucoelacanthus, Whiteia,

Axelia, Wimania, Dobrogeria, Yunnancoelacanthus,

Luopingcoelacanthus) and intrarelationships among

the latimeriids. Rebellatrix, from the Early Triassic of

Canada, is resolved here as the sister-genus of the

Carboniferous genus Hadronector, raising the possi-

bility that this genus is a representative of an old basal

lineage of Actinistia.
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Holotype, NHMW 2013/0609 (Big individual)

NHMW 2013/0609/0001 – right posterior parietal (1 item)

NHMW 2013/0609/0002 – left posterior parietal and

supratemporal (1 item)

NHMW 2013/0609/0003 – right posterior parietal and

supratemporal (1 item)

NHMW 2013/0609/0004 – basisphenoid (1 item)

NHMW 2013/0609/0005 – right prootic (1 item)

NHMW 2013/0609/0006 – left prootic (1 item)

NHMW 2013/0609/0007 – basioccipital (1 item)

NHMW 2013/0609/0008 – anterior anazygal (1 item)

NHMW 2013/0609/0009 – posterior anazygal (1 item)

NHMW 2013/0609/0010 – fragment of parasphenoid (1

item)

NHMW 2013/0609/0011 – right quadrate and pterygoid (1

item)

NHMW 2013/0609/0012 – left quadrate (1 item)

NHMW 2013/0609/0013 – autopalatine (1 item)

NHMW 2013/0609/0014 – left ectopterygoid (1 item)

NHMW 2013/0609/0015 – left angular (1 item)

NHMW 2013/0609/0016 – right angular (1 item)

NHMW 2013/0609/0017 – left splenial (1 item)

NHMW 2013/0609/0018 – articular (1 item)

NHMW 2013/0609/0019 – right gular (1 item)

NHMW 2013/0609/0020 – left gular (1 item)

NHMW 2013/0609/0021 – lachrymojugal (1 item)

NHMW 2013/0609/0022 – opercle (1 item)

NHMW 2013/0609/0023 – subopercle (1 item)

NHMW 2013/0609/0024 – right ceratohyal (1 item)

NHMW 2013/0609/0025 – left ceratohyal (1 item)

NHMW 2013/0609/0026 – ceratobranchial (8 items)

NHMW 2013/0609/0027 – epibranchial ? (4 items)

NHMW 2013/0609/0028 – urohyal (1 item)

NHMW 2013/0609/0029 – right cleithrum (1 item)

NHMW 2013/0609/0030 – left cleithrum (1 item)

NHMW 2013/0609/0031 – extracleithrum (1 item)

NHMW 2013/0609/0032 – right metapterygoid ? (1 item)

NHMW 2013/0609/0033 – indeterminate ossification of

braincase (2 items)

NHMW 2013/0609/0034 – indeterminate different ossifica-

tions (9 items)

NHMW 2013/0609/0035 – ribs, vertebrate elements and ray

fragments

NHMW 2013/0610 (Small individual)

NHMW 2013/0610/0001 – right posterior parietal (1 item)

NHMW 2013/0610/0002 – right quadrate and pterygoid 

(1 item)

NHMW 2013/0610/0003 – left quadrate (1 item)

NHMW 2013/0610/0004 – right angular (1 item)

NHMW 2013/0610/0005 – left angular (1 item)

NHMW 2013/0610/0006 – left supratemporal (1 item)

NHMW 2013/0610/0007 – left postparietal (pars) (1 item)

NHMW 2013/0610/0008 – right prootic (1 item)

NHMW 2013/0610/0009 – left prootic (1 item)

NHMW 2013/0610/0010 – right articular (1 item)

NHMW 2013/0610/0011 – left articular (1 item)

NHMW 2013/0610/0012 – cleithrum (1 item)

NHMW 2013/0610/0013 – ceratobranchial (1 item)

NHMW 2013/0619/0014 – indeterminate different ossifica-

tions (10 items)
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1. Intracranial joint margin: 

0. straight  

1. strongly interdigitate

2. Snout bones: 

0. lying free from one another  

1. consolidated  

3. Median rostral: 

0. single 

1. several median rostrals (internasals) 

4. Premaxillae: 

0. paired  

1. fragmented

5. Premaxilla: 

0. with dorsal lamina  

1. without dorsal lamina  

6. Anterior opening of the rostral organ con-

tained: 

0. within premaxilla 

1. within separated rostral ossicle 

7. Parietal: 

0. one pair 

1. two pairs

8. Anterior and posterior pairs of parietals: 

0. of similar size  

1. of dissimilar size  

9. Number of supraorbitals/tectals: 

0. fewer than eight  

1. more than 10  

10. Preorbital: 

0. absent  

1. present 

11. Parietal descending process: 

0. absent 

1. present 

12. Intertemporal: 

0. absent  

1. present  

13. Postparietal descending process: 

0. absent 

1. present 

14. Supratemporal descending process: 

0. absent 

1. present 

15. Extrascapulars: 

0. sutured with postparietals  

1. free  

16. Extrascapulars: 

0. behind level of neurocranium  

1. forming part of the skull roof 

17. Number of extrascapulars: 

0. three 

1. five 

2. more than seven

18. Posterior margin of the skull roof: 

0. straight 

1. embayed 

19. Supraorbital sensory canal: 

0. running through centre of ossification 

1. following sutural course 

20. Medial branch of otic canal: 

0. absent  

1. present 

21. Otic canal: 

0. joining supratemporal canal within lateral

extrascapular  

1. in supratemporal 

22. Anterior branches of supratemporal commis-

sure: 

0. absent 

1. present 

23. Supraorbital sensory canals opening through

bones: 

0. as single large pores  

1. bifurcating pores

2. many tiny pores 

3. a large, continuous groove crossed by

pillars 

24. Anterior pit line: 

0. absent 

1. present 

25. Middle and posterior pit lines: 

0. within posterior half of postparietals  

1. within anterior third 

26. Pit lines: 

0. marking postparietals  

1. not marking postparietals  

27. Parietals and postparietals: 

0. ornamented with enamel-capped ridges/

tubercles  

1. bones unornamented  

2. bones marked by coarse rugosities

28. Parietals and postparietals: 

0. without raised areas  

1. with raised areas  

29. Cheek bones : 

0. sutured to one another 

1. separated from one another

30. Spiracular (postspiracular): 

0. absent 

1. present 

31. Preoperculum: 

0. absent 

1. present 

32. Suboperculum: 

0. absent 

1. present 
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33. Quadratojugal: 

0. absent 

1. present 

34. Squamosal: 

0. limited to the mid-level of cheek

1. extending behind the postorbital to

reach the skull roof

35. Lachrymojugal: 

0. not expanded anteriorly 

1. expanded anteriorly 

36. Lachrymojugal: 

0. ending without anterior angle 

1. angled anteriorly 

37. Squamosal: 

0. large  

1. reduced to a narrow tube surrounding

the jugal sensory canal only

38. Preoperculum: 

0. large  

1. reduced to a narrow tube surrounding

the preopercular canal only

39. Preoperculum: 

0. undifferentiated 

1. developed as a posterior tube-like canal-

bearing portion and an anterior blade-

like portion 

40. Postorbital: 

0. simple, without anterodorsal excavation 

1. anterodorsal excavation in the postor-

bital 

41. Postorbital: 

0. without anterior process 

1. with anterior process  

42. Postorbital: 

0. large 

1. reduced to a narrow tube surrounding

the sensory canal only 

43. Postorbital: 

0. entirely behind the level of the intracra-

nial joint 

1. spanning the intracranial joint 

44. Infraorbital canal within the postorbital: 

0. with simple pores opening directly from

the main canal 

1. anterior and posterior branches with the

postorbital 

45. Infraorbital sensory canal: 

0. running through centre of postorbital 

1. running at the anterior margin of the

postorbital 

46. Jugal sensory canal: 

0. simple 

1. with prominent branches 

47. Jugal canal: 

0. running through centre of bone 

1. running along the ventral margin of the

squamosal

48. Pit lines: 

0. marking cheek bones 

1. failing to mark cheek bones

49. Ornaments upon cheek bones: 

0. absent  

1. tube

2. represented as a coarse superficial ru-

gosity 

50. Infraorbital, jugal and preopercular sensory

canals: 

0. opening through many tiny pores 

1. opening through a few large pores 

2. a large, continuous groove crossed by

pillars

51. Lachrymojugal: 

0. sutured to preorbital and lateral rostral  

1. lying in a sutural contact with the tec-

tal-supraorbital series

52. Sclerotic ossicles: 

0. absent 

1. present 

53. Retroarticular and articular: 

0. co-ossified  

1. separated  

54. Dentary teeth: 

0. fused to the dentary   

1. separated from dentary  

55. Number of anterior coronoids: 

0. 0 

1. 1 

2. 2

3. 3

4. 4

56. Coronoid: 

0. opposite to the posterior end of dentary

not modified  

1. modified 

57. Dentary: 

0. simple  

1. dentary hook-shaped 

58. Oral pit line: 

0. confined to angular 

1. oral pit line reaching forward to the den-

tary and/or the splenial 

59. Oral pit line: 

0. located at centre of ossification of an-

gular 

1. removed from centre of ossification

60. Subopercular branch of the mandibular sen-

sory canal: 

0. absent   

1. present  

61. Dentary sensory pore: 

0. absent  

1. present 

62. Ornaments: 

0. ridged  
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1. granular 

63. Dentary: 

0. with ornament

1. without ornament   

64. Splenial: 

0. with ornament 

1. without ornament 

65. Dentary: 

0. without prominent lateral swelling  

1. with swelling 

66. Principal coronoid: 

0. lying free  

1. sutured to angular  

67. Coronoid fangs: 

0. absent  

1. present 

68. Prearticular and/or coronoid teeth: 

0. pointed and smooth  

1. rounded and marked with fine striations

radiating from the crown  

2. pointed and marked with fine striations

69. Orbitosphenoid and basisphenoid regions: 

0. co-ossified 

1. separate  

70. Optic foramen: 

0. enclosed by basisphenoid extending for-

ward  

1. lying within separate interorbital ossifi-

cation or cartilage  

71. Processus connectens: 

0. failing to meet parasphenoid  

1. meeting parasphenoid  

72. Basipterygoid process: 

0. absent  

1. present 

73. Antotic process: 

0. not covered by parietal descending

process  

1. covered 

74. Temporal excavation: 

0. lined with bone  

1. not lined 

75. Otico-occipital: 

0. solid   

1. separated to prootic/opisthotic 

76. Supraoccipital: 

0. absent  

1. present 

77. Vestibular fontanelle: 

0. absent  

1. present 

78. Buccohypophysial canal: 

0. closed  

1. opening through parasphenoid  

79. Parasphenoid: 

0. without ascending laminae anteriorly  

1. with ascending laminae 

80. Suprapterygoid process: 

0. absent 

1. present 

81. Vomers: 

0. not meeting in the midline   

1. meeting medially 

82. Prootic: 

0. without complex suture with the ba-

sioccipital  

1. with a complex suture 

83. Superficial ophthalmic branch of anterodor-

sal lateral line nerve: 

0. not piercing antotic process  

1. piercing antotic process 

84. Process on braincase for articulation of in-

frabranchial 1: 

0. absent   

1. present 

85. Separate lateral ethmoids: 

0. absent 

1. present  

86. Separate basioccipital: 

0. absent  

1. present 

87. Dorsum sellae: 

0. small   

1. large and constricting entrance to cranial

cavity anterior to the intracranial joint 

88. Extracleithrum: 

0. absent  

1. present 

89. Anocleithrum: 

0. simple  

1. forked 

90. Posterior neural and haemal spines: 

0. abutting one another  

1. not abutting 

91. Occipital neural arches: 

0. not expanded  

1. expanded  

92. Ossified ribs: 

0. absent  

1. present 

93. Diphycercal tail: 

0. absent   

1. present 

94. Fin rays: 

0. more numerous than radials  

1. equal in number 

95. Fin ray: 

0. branched 

1. unbranched   

96. Fin rays in D1: 

0. > 10 

1. 8-9 

2. < 8 

97. Caudal lobes: 
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0. symmetrical  

1. asymmetrical  

98. D1: 

0. without denticles  

1. with denticles  

99. Paired fin rays: 

0. not expanded 

1. expanded 

100. Pelvics: 

0. abdominal   

1. thoracic 

101. Basal plate of D1: 

0. with smooth ventral margin   

1. emarginated and accommodating the

tips of adjacent neural spines 

102. D2 basal support: 

0. simple  

1. forked anteriorly 

103. Median fin rays: 

0. not expanded  

1. expanded 

104. Scale ornament: 

0. not differentiated  

1. differentiated  

105. Lateral line openings in scales: 

0. single   

1. multiple 

106. Scales: 

0. ornament of ridges or tubercles  

1. rugose 

107. Ossified bladder: 

0. absent   

1. present  

108. Pelvic bones of each side: 

0. remain separate   

1. fused in midline

109. Ventral keel scales: 

0. absent   

1. present 

110. Ventral swelling of the palatoquadrate: 

0. absent  

1. present 
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