A new Oligocene relative of the Caproidae (Teleostei:
Acanthopterygii) from the Outer Carpathians, Poland
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The osteology of Caprosimilis carpathicus gen. et sp. nov., from the Early Oligocene Menilite beds of the Outer
Carpathians, Poland, is described. This taxon possesses a unique combination of features that supports its recognition as
a new genus of the superorder Acanthopterygii. It is characterized by: deep body, posterior part of frontals ornamented
with curving ridges and spines, eight branchiostegal rays, 24 vertebrae (10 abdominal), ossified ribs present on 4" to 10"
abdominal vertebrae, nine spines and 21 soft rays in dorsal fin, four spines and 18 soft rays in anal fin, three anal-fin
pterygiophores in first interhaemal space (between haemal spines of first and second caudal vertebrae), three supernu-
merary spines on first radial of anal fin. Caprosimilis carpathicus gen. et sp. nov. is compared with extant genera of
Caproidae (Antigonia and Capros), Zeiformes (Cyttus and Oreosoma) and Tetraodontiformes (Parahollardia), and with
the Early Eocene genera Protozeus, Acanthonemus and Zorzinichthys to access its phylogenetic position. A phylogen-
etic analysis indicates that C. carpathicus gen. et sp. nov. is a close relative of the Caproidae. * Key words: Caprosimilis
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The earliest boarfishes (Caproidae) are known from the
Early Eocene and are represented by a well-preserved ske-
leton of Eoantigonia (Sorbini 1983, Sorbini & Bottura
1988, Baciu et al. 2005b; for age see Medizza 1975, Papaz-
zoni & Trevisani 2006) and an otolith of Antigonia taxon
(Nolf & Tyler 2006). In the Oligocene-Miocene, caproids
comprise three genera: Antigonia, Capros, and Proantigo-
nia (Baciu et al. 2005b), of which the former two are ex-
tant. In the Early Eocene there are four extinct genera clo-
sely related to caproids: Acanthonemus (Blainville 1818,
Blot 1969), Sorbiniperca (Tyler 1998), Sorbinicapros
(Bannikov & Tyler 1999), and Zorzinichthys (Tyler &
Bannikov 2002).

We describe Caprosimilis carpathicus gen. et sp. nov.
from the Lower Oligocene Menilite beds of the Outer
Carpathians, of the superorder Acanthopterygii, as a close
relative to caproids. To access its phylogenetic position, we
compare Caprosimilis with the following taxa: the Early
Eocene Protozeus (Bonde & Tyler in Tyler et al. 2000;
Baciu et al. 2005c¢, pp. 124-126; illustrated Bonde 1987,
p- 39; Bonde et al. 2008, p. 98); two Recent genera of zei-
forms, Cyttus and Oreosoma; the Recent tetraodontiform
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Parahollardia; the Recent caproids Antigonia and Capros;
and the Early Eocene Acanthonemus and Zorzinichthys.
Acanthopterygii, or spiny-rayed fishes, are a large group,
with more than 250 families (Nelson 2006). There is still
disagreement about relationstips of caproids, tetraodonti-
forms, zeiforms, and their close relatives that are known
only from fossils, such as Acanthonemus, Sorbiniperca,
Sorbinicapros and Zorzinichthys. In the morphological
analysis by Rosen (1984) caproids, tetraodontiforms, and
zeiforms formed a clade, with caproids as the sister-group
to tetraodontiforms and zeiforms. In two comprehensive
morphological studies of acanthopterygians (Stiassny &
Moore 1992, Johnson & Patterson 1993), caproids and
tetraodontiforms were placed within the Percomorpha,
while zeiforms were considered as more basal
Acanthopterygii.

Tyler et al. (2003) presented a comprehensive phylo-
genetic analysis based on morphological characters of the
interrelationships of extant caproids, zeiforms, and
tetraodontiforms. Tyler et al. (2003) found support for a
clade of those three taxons in three of their four analyses,
but it was not supported in the other. Tyler & Santini
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Figure 1. Location of Jamna Dolna site, where Caprosimilis
carpathicus gen. et sp. nov. was collected (adopted from Kotlarczyk et al.
2006).

(2005) expanded this analysis by including extinct genera
of zeiforms and their presumed close relatives of Creta-
ceous to Eocene age. Tyler & Santini (2005) in the majority
rule consensus analysis confirmed the presence of a clade
formed by Caproidae, Tetraodontiformes, and Zeiformes;
this being the zeomorph clade. Caproids were represented
by the two extant genera Capros and Antigonia and the
Eocene genus Eoantigonia (in Tyler & Santini 2005 as
Antigonia veronensis, in the process of being referred by
Baciu et al. 2005b to Eoantigonia gen. nov.). Tetraodonti-
formes were represented by the extant Parahollardia
(Triacanthodidae) and Pseudotriacanthus (Triacanthidae),
the two most basal extant clades of the order. The
Zeiformes in Tyler et al. (2003) were represented by 16 ex-
tant genera. Six families of Zeiformes were recognized as a
monophyletic group in this analysis. Among them Cyttus
(Cyttidae) was the most primitive taxon as a sistergroup to
the other five families. The family Oreosomatidae was the
second most primitive taxon as a sistergroup to the remain-
ing four families (Tyler et al. 2003, p. 35). In an alternative
analysis by Tyler & Santini (2005, fig. 9; strict consensus
of two equally parsimonious trees from reduced data set of
25 fossil and extant taxa after exclusion of most
non-zeiform taxa), that included fossil taxa, Cyttidae and
Oreosomatidae formed a sistergroup to the four other fami-
lies of zeiforms. The genus Protozeus (Early Eocene, Den-
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mark) was indicated as a primitive zeiform by Tyler ef al.
(2000) and Tyler & Santini (2005). We herein compared
Caprosimilis carpathicus gen. et sp. nov. with Cyttus and
Oreosoma, assuming they represent the most primitive of
the living zeiforms.

In Tyler & Santini (2005), Parahollardia (Tetraodonti-
formes) was recognized as the sistergroup of zeiforms,
whereas caproids were the sistergroup of tetraodontiforms
plus zeiforms. Zorzinichthys annae Tyler & Bannikov
2002, Sorbiniperca scheuchzeri Tyler 1998, and Sor-
binicapros sorbiniorum Bannikov & Tyler 1999 (all Early
Eocene, ca 50 Ma, Monte Bolca) formed a clade of the two
extinct families, the Sorbinipercidae and Zorzinichthyidae
(see Tyler & Santini 2005, p. 166). This clade was consid-
ered as a sistergroup to the tetraodontiforms. The genus
Acanthonemus (Early Eocene, Monte Bolca), which Ban-
nikov (1991) referred to the new family Acanthonemidae,
was in an outgroup position to the Caproidae, and in a
sistergroup position to the clade formed by Caproidae,
Tetraodontiformes, and Zeiformes (Tyler & Santini 2005,
p- 166).

Some molecular analyses, based on full mitochondrial
genomes, or a combination of mitochondrial and nuclear
genes, place zeiforms as the sistergroup to gadiforms as
one of the most basal lineages of Acanthomorpha, while
tetraodontiforms and caproids are fairly closely related to
one another, or are even sistergroups within Percomorpha
(Chen et al. 2003, Miya et al. 2003, Dettai & Lecointre
2008, Li et al. 2009, Grande et al. 2013, Near et al. 2013).
Position of caproids within Percomorpha is still not clear in
such analyses, neither in the morphological analyses (see
Wiley & Johnson 2010). Absence of clade formed by
Caproidae, Tetraodontiformes, and Zeiformes in molecu-
lar analyses can indicate that morphological characters
supposed as synapomorphies by Tyler et al. (2003) are in
stead evidence of convergence. First of those is neural
spine closely applied to skull. Grande et al. (2013) pro-
posed as potential synapomorphy “association of first neu-
ral arch and spine with neurocranium” for Gadiformes,
Stylephorus and Zeiformes. Second convergence is first
pterygiophore of the spiny dorsal fin, inserted in the first
interneural space, i.e. between the first and second neural
spines, or into what would be the preneural space if the first
neural arch and spine were not plastered onto the skull, and
often slanted forward. Third convergence is the anterior
end of epihyal is distinctly less deep than the adjacent part
of the ceratohyal. At present, our morphology-based analy-
sis cannot be compared to the results of the molecular anal-
yses because for many taxa present in the latter we do not
have applicable morphological data for our data set. Con-
versely, several of our taxa are absent in the molecular
analyses. We believe that there is a need for a more com-
prehensive morphological analysis that would include ex-
tant and extinct Gadiformes and Perciformes that appear to
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be close relatives of caproids, tetraodontiforms and
zeiforms. Such analysis should hopefully allow to test for
congruence among morphological and molecular analyses.
Although molecular analyses show that caproids are not
closely related to zeiforms in our opinion morphological
comparisons of the new species with zeiforms, caproids
and tetraodontiforms are significant, because those taxa
have high level of similarity in body shape, osteological
morphology and meristic characters.

Geological setting

The specimen described herein was recovered from an
outcrop of the Early Oligocene Menilite beds (also refer-
red to as Menilite formation) in the Skole Nappe (Silesian
Unit) of Outer (Flysch) Carpathians (Fig. 1). The outcrop
is located 20 km south-west of Przemysl, southern Po-
land, in the area of the former village of Jamna Dolna, ca 8
km southeast of Bircza, about 1 km south of a bridge over
the river Wiar at Trdjca, in the upper part of the escarp-
ment of the river Jamninka (right tributary of the river
Wiar). It is an exposure approximately 70 m long and 7 m
high. The locality has been known since 1953 (Jerzman-
ska 1968, Jerzmanska & Kotlarczyk 1968, J,c and Jpg in
Kotlarczyk et al. 2006).

The Menilite beds are more than 70 m thick in this area,
and their upper boundary is tectonical in the region of
Jamna Dolna-Eodzinka. Generally in this area of the Outer
Carpathians their upper boundary is of Early Miocene age
(Kotlarczyk et al. 2006). The specimen of Caprosimilis
carpathicus gen. et sp. nov. comes from a 31.0 = 1.0 Ma
(Kotlarczyk et al. 2006) shales belonging to the lower part
of the Menilite beds, the Rudawka Tractionite member,
lithological unit F-G (Fig. 2) of Jerzmanska & Kotlarczyk
(1968), ichthyofaunal zone IPM2 (Glossanodon musceli
and Palaeogadus simonescui, Kotlarczyk et al. 2006, p. 66,
tab. 26) above ichthyofaunal subzone IPM2-T.qyp. (Tra-
chinus event).

The Menilite beds are renowned for their richness of
fossils, of epi- and mesopelagic as well as some
benthopelagic and neritic fishes (Kotlarczyk et al. 2006,
Bienkowska-Wasiluk 2010). The lithological units F and G
yielded well-preserved teleost fishes of the families
Clupeidae, Argentinidae, Merlucciidae, Trichiuridae, and
Scombridae (Kotlarczyk et al. 2006). Clupeids and scom-
brids are epipelagic fishes, merlucciids and trichiurids live
in deep parts of the pelagic zone and also above continental
slopes or submarine ridges and benthicly below the conti-
nental shelf.

Shales with Caprosimilis carpathicus gen. et sp. nov.
were deposited in the Carpathian Basin of the Paratethys.
They are the result of pelagic sedimentation in the basin
that was associated with distal turbidites.
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Figure 2. Position of Caprosimilis carpathicus gen. et sp. nov. in the
lithologic column of the Menilite beds at Jamna Dolna correlated with the
lithostratigraphy, ichthyofaunal, and calcareous nannoplankton zones
(adopted from Kotlarczyk et al. 2006).

Preservation of the holotype

The specimen of Caprosimilis carpathicus gen. et sp. nov. is
preserved as a nearly complete skeleton as imprint in left and
right part. We use the term “right part” when the imprint
contain mainly the morphology of the right side of the fish.

The preservation as lateral imprints of both the right
and left opercle and preopercle is very good, but the other
bones that were originally between them are not preserved,
such as the branchial arches. It is a different situation with
the lower jaw, because the lateral and the medial faces of
the right lower jaw are observed on the two parts, and of the
left lower jaw only the ventral edge is seen. This indicates
that the sediment squeezed between the two jaw halves is
still preserved in the left plate below the imprint of the
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medial face of the right lower jaw. Clearly, no other bones
are preserved in this thin layer of sediment (but it could
have been the case for part of the tongue). It also means that
by preparing through the presently exposed imprint and re-
moving the sediment, then the entire lateral face of the left
lower jaw could be exposed.

Materials and methods

The single holotypic specimen is in the collection of the
Muzeum Geologiczne im. Stanistawa J6zefa Thugutta at
the Faculty of Geology, University of Warsaw
(MWGUW). The specimen was studied using a stereomic-
roscope with an attached camera lucida drawing arm. The
specimen required remains of bones and matrix to be remo-
ved before examination in order to investigate the shapes of
bones in the skull and the presence or absence of external
fin elements. This was achieved using scalpel and brush.

Comparative material examined. — Capros aper (Linnaeus,
1758), Recent, Zoological Museum, University of Copen-
hagen, Denmark. Antigonia capros Lowe, 1843, Recent,
National Museum of Natural History, New York and
Washington D.C. Protozeus kuehnei Bonde & Tyler in
Tyler et al., 2000, Early Eocene, DK 217, Geological Mu-
seum, University of Copenhagen, Denmark. Eoantigonia
veronensis (Sorbini, 1983), Early Eocene, T.924, Museo
Civico di Storia Naturale di Verona (MCSNV), Italy. Zor-
zinichthys annae Tyler & Bannikov, 2002, Early Eocene,
T.289, 1.G.24486, MCSNV, Italy. Acanthonemus subau-
reus (Blainville, 1818), Early Eocene, T.147, T.148,
T.305, T.987/988, VD.108-109, T.446, 1.G.23690 and
1.G.129658/129659, MCSNV, Italy.

Anatomical abbreviations. — aop — articulation of the oper-
cle with hyomandibula; br — branchiostegal rays; bs — ba-
sisphenoid; chy — anterior ceratohyal (distal); cl — cleith-
rum; co — coracoid; cr — crest; d — dentary; da —
dermarticular; dsp — dermosphenotic; ecp — ectopterygoid;
ehy — “epihyal” — posterior ceratohyal; en — epineural;
eoc —exoccipital; ep —epural; ept — endopterygoid; ex — ex-
trascapular; fr — frontal; hhy — hypohyal; hp — hypural;
hpu — haemal spine of preural vertebra; hy — hyomandi-
bula; ih — interhaemal space; in — interneural space; i0 —in-
fraorbital; 1. —left; Ifp —lateral flanges of pelvis; la — lachry-
mal — first infraorbital; leth — lateral ethmoid;
meth — mesethmoid; m.p. — median pore; mpt — metaptery-
goid; mx — maxilla; na — nasal; nsp — neural spine;
op —opercle; pa — parietal; pcl — postcleithrum; ph — parhy-
pural; pl — palatinum; pmx — premaxilla; po — prootic;
pop — preopercle; ppp — postpelvic process; pr — procurrent
caudal ray; ps — parasphenoid; pt — posttemporal; pto — pte-
rotic; pts — pterosphenoid; pu — preural centrum/vertebra;
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P — pectoral fin; q — quadrate; r — principal caudal ray;
r. — right; ra — retroarticular; sc — scapula; s.c. — sensory canal;
scl — supracleithrum; soc — supraoccipital; sop — subopercle;
Sp — spine; ssp — supernumerary spine; st — supratemporal;
sy —symplectic; u —ural centrum; uhy — urohyal; un — uroneu-
ral; us — urostyle; v — vertebra; Vsp — ventral fin spine.

Supporting information. — Additional Supporting Informa-
tion may be found in the online version of this article.

Systematic palaeontology

Subdivision Teleostei sensu Patterson & Rosen, 1977
Superorder Acanthopterygii Greenwood et al. 1966
Series, order and family incertae sedis

Genus Caprosimilis gen. nov.

Type species. — Caprosimilis carpathicus sp. nov., only
known species, Menilite beds, Early Oligocene, Outer Car-
pathians, Poland.

Etymology. — After the Latin similis and genus Capros La-
cépéde, because the fish in general looks similar to species
of this genus.

Diagnosis. — As for the species.

Caprosimilis carpathicus sp. nov.
Figures 3-9

Holotype. — MWGUW ZI1/57/013/a and b, left and right
part, nearly complete fish of 16.6 mm standard length (SL).

Type locality and horizon. — Jamna Dolna 2 locality, Outer
Carpathians, Poland, Rupelian, Early Oligocene, NP23
calcareous nannoplankton Biozone, IPM 2 ichthyofaunal
zone, Rudawka Tractionite Member of the Menilite beds
(Kotlarczyk et al. 2006).

Etymology. — After the geographic mountain range, the
Carpathians.

Diagnosis. — Body deep, posterior part of frontals orna-
mented with curving ridges and spines, eight branchioste-
gal rays, 24 vertebrae (10 abdominal), 6™ interneural space
is vacant, ossified ribs present on 4" to 10" abdominal ver-
tebrae, nine spines and 21 soft rays in dorsal fin, four spines
and 18 or more soft rays in anal fin, three anal-fin pterygi-
ophores in the first interhaemal space (between the haemal
spines of the first and second caudal vertebrae), three su-
pernumerary spines on first radial of anal fin, hypurals 1-3
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free and separate from the urostylar centrum, hypural 4
a separate plate, more dorsally positioned hypurals not fu-
sed to the urostylar centrum.

Measurements. — SL (standard length) = 16.6 mm, length
of caudal vertebral column (including caudal fin skeleton)
= 7 mm, length of abdominal vertebral column = 4 mm,
maximum body depth = 9 mm, head length = ca 6.5 mm
(jaws protruded 7.5 mm), head depth = 7.5 mm, braincase
length (basioccipital to nasal/ethmoid) = 6 mm, braincase
height (supraoccipital to parasphenoid) = 4 mm, orbit dia-
meter = 3 mm, snout length maximum extended = 3 mm
(relaxed ca 2 mm).

Description. — In the description we indicate in sqare
brackets [ ] the coding of morphological characters used in
subsequent phylogenetic analysis. The numbers of the cha-
racters (Appendix 1) are in general the same as in Tyler et
al. (2003) and Tyler & Santini (2005).

Skull. — The first neural arch and spine are closely applied
to the skull [40-1], specifically to the exoccipital. The sup-
raoccipital crest is triangular, high (1 mm), and long
(ca 2 mm), with a strong ridge near its anterior border; it
extends anteriorly to a vertical line through the posterior
part of the orbit. The frontal has a few small spines of sup-
raocular serrations over the orbit [6-0]. The posterior part
of the frontals are ornamented with curving ridges and spi-
nes (Fig. 7). The smooth bone posterior to this ornamented
part of the frontals we assume to be the parietal [1-0]. The
sensory canal is evident, with a wide median pore above
the middle of the orbit, and widening towards the rostral
end of the frontal. The nasals are subrectangular to ovaloid,
with fine growth lines and the sensory canal oriented verti-
cally. The sensory canal can be followed posteriorly along
the lateral edge of the pterotic. The delimitation of the pte-
rotic, the dermoshenotic, and the pterosphenoid cannot
be determined, but we presume that the dermospenotic is
fused with the sphenotic [11-1].

Posterior to the parietal on the left part (Figs 3, 4) is the
vertical mark of a bone that could be either the supra-
temporal, the dorsal branch of the posttemporal, or a single
extrascapular (see Tyler et al. 2003, figs 17, 18, 40, 60, 61).
On the right part (Figs 5, 6), the imprint shows a different
pattern; posterior to the parietal there is the oblique mark of
a bone that could be either the dorsal branch of the
posttemporal or the supracleithrum.

The lateral ethmoid has a strong, convex, latero-poste-
rior edge and a ventro-medial process. The posterior part of
the mesethmoid borders the antero-dorsal part of the orbit.
The parasphenoid as exposed in the lower part of the orbit
is straight. The basisphenoid is not of reduced size, but it is
uncertain whether it is moderate to long [2-07?].

The lachrymal is large and high [8-0], with three to four

very strong ventral spines and with the strong dorsal pro-
cess meeting the lateral ethmoid. Infraorbitals 2-4 are rela-
tively slender [10-0] and have no serrations. The exact
limit between the individual infraorbitals is indistinct.
Infraorbital 3 has a strong dorsal edge, probably indicating
the presence of a subocular shelf. The most postero-dorsal
infraorbital cannot be seen. There are four infraorbitals
(presuming the unexposed 5" is not subdivided) between
the lachrymal and dermosphenotic [9-1]. A dorsal and lat-
eral overhanging edge is indicated on the lachrymal and
infraorbitals 2-3 and indicates the course of the sensory ca-
nal — at the front of the lachrymal there are perhaps one or
two pores evident (left part). There are no “honeycomb
structures” present on the lachrymal, infraorbitals, skull
and opercle [5-0].

The palate is in part invisible. The jaw articulation is
below the anterior margin of the orbit (below the lateral
ethmoid). The quadrate is triangular, with an angle of
85 degrees at the jaw articulation. The right part shows the
anterior, vertical part of the quadrate as smooth bone, and
the posterior part with a more irregular surface as formed
by more cancellous, endoskeletal bone. The postquadrate
process and symplectic border the preopercle. The
symplectic ascends to and perhaps overlaps an area of ir-
regular surface that we assume is endoskeletal bone of the
metapterygoid of uncertain shape. It does not contact the
quadrate, so although we can not estimate its size, we code
it as [19-1]. The lower part of the ectopterygoid is narrow,
triangular, and bends slightly forward; the anterior process
of this bone is partly invisible. Small parts of the palatine
are present as a smooth surface between the tips of the
spines of lachrymal and as the distinct, subcylindrical pala-
tal process touching the maxilla (left part). There is no trace
of either palatal or ectopterygoid teeth [16-1?, 17-17]. The
palatal articulation with the cranium is not visible [18-7].
The endopterygoid is large but of uncertain shape.

The jaws are exposed as fully protruded. The maxilla
on the right part is exposed in a vertical position and has a
rounded head. This head has a semi-circular, dorsal part.
There is a deep imprint of a process situated between the
head and the flat main shaft. It is clear that the flat part of
the maxillary head and the mentioned process are articulat-
ing with the articular process of the premaxilla. The distal
end of the maxilla is invisible because of the strong imprint
of the dentary, but in a small area where the dentary imprint
is destroyed, the distal region of the maxilla has a sharp,
straight, lateral ridge near its ventral edge. The medial sur-
face of the left maxilla can partly be seen along the ventral
edge of the right maxilla. The medial side of the left
premacxilla is well exposed on the right part. The ascending
process of the premaxilla is more than 2 mm high. It is im-
possible to determine if there is a postmaxillary process
[13-7?]. There are tiny teeth in a band along the inside of the
edge of left premaxilla (visible on right part). The distal
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Figure 3. Caprosimilis carpathicus gen. et sp. nov., holotype, right part, MWGUW ZI/57/013/a.

end of the alveolar process is probably simple [14-0], it
does not form a pair of lobes nor is it deeply bifurcated ven-
trally. The base of the articular process of the left
premacxilla is invisible (in this region only the right maxilla
is visible). If the mouth were closed, the ascending pro-
cesses would probably reach no more than 1/5 into the orbit
[15-0]. The size of the mouth is large, the alveolar process
is alittle longer than the depth of the lateral ethmoid [12-0].

The lower jaws are triangular, exposed as the medial and
lateral faces of the right lower jaw and the ventral edge of the
left lower jaw. The dentary has a few small, pointed teeth; its
dorsal edge is sinusoidal. The dentary probably makes up
less than one half of the lower jaw, but the boundary of it and
the dermarticular (angulo-articular) at the ventral edge can-
not be determined. On the ventral edge and near the dentary
symphysis are two small spines [22-2]. The anterior spine is
visible on the right part on the right dentary; the posterior
spine is visible on the left part on the left dentary.

The dermarticular is triangular, probably a little lower
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than the dentary and forming a little more than one half of
the jaw. The retroarticular process is prominent and deep,
with a posterior spike situated at the posteroventral corner.
Its boundary with the dermarticular is probably indicated
by a deep fissure between the bones (visible on the right
part) showing as a rather large retroarticular.

As preserved, the upper and lower jaws are fully pro-
truded, with the ascending processes of the premaxillaries
extended in front of the ethmoid region. They may may
have had asliding articulation along rostal cartilages on top
of the low ethmo-vomer complex (barely visible). The
lower jaw as preserved is horizontal, but if closed the
mouth would have swung upwards nearly 45 degrees.

Most of the hyoid arch is preserved, but none of the
branchial arches are exposed. The hyomandibula on the
right part seems to have a slightly divided head articulating
under the pterotic edge. It has a strong lateral ridge along
the preopercle. There is a weak indication of a short
ventro-rostrally directed process at the posterior edge of
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Figure 4. Caprosimilis carpathicus gen. et sp. nov., holotype, right part, MWGUW Z1/57/013/a, camera lucida drawing with explanations/interpreta-

tions (for anatomical abbreviations see Materials and methods).

the orbit (not reaching the palate). We cannot determine
where the hyomandibula meets the metapterygoid. The
symplectic is long, strong, and slightly bent along the
flange of the preopercle, and a ventral flange is absent
[20-0]. Part of the tongue is exposed below the preopercle
on both parts (Fig. 8), and the left side is shifted a slightly
more ventrally than is the right side. A small part of the tri-
angular posterior ceratohyal (called “epihyal” by Tyler et
al. 2003 and Tyler & Santini 2005) is seen above the poste-
rior branchiostegals (on left part). The anterior ceratohyals
appear to articulate with two hypohyal elements anteriorly,
both with a sharp “corner” or process in front. The articula-
tion between the two ceratohyals does not appear to have
any indications of prominent bony interdigitating struts
[36-0], and the two bones may be of equal depth [37-07].
The ceratohyals seem to be rather slim and a little narrower
in their middle regions, and without foramina or grooves
indicated [33-3]. The ventral edge of the anterior cerato-
hyal is smooth [35-1]. The branchiostegal rays are placed
along the ventral side of both ceratohyals [34-0], and there

appear to be eight in two groups [103-0; visible on both
parts], apparently 3+5 as preserved on the left ceratohyals.
The two anteriormost branchiostegals seen on both plates
(Fig. 8) are from the anterior, right ceratohyal. Some
branchiostegals are represented only by their heads, some
are covered by the neighbours, but there is no possibility
that there is less than seven. A straight line structure in be-
tween the two groups of branchiostegals does not look like
a branchiostegal ray and could be the ventral edge of the
urohyal. The brown colour of the shale near the
brachiostegals and the probable ventral edge of the urohyal
allow us to suppose that the urohyal is large [38-17?]. This,
however, could be a trace of a straight interopercle (see
Zehren 1987, fig. 7).

The opercle is high and narrow (ca 3.5 x 1.5 mm), with
a vertical anterior edge; probably the dorsal part of the pos-
terior edge of the opercle is parallel to this and without any
traces of spines (no spines seem to disturb the imprint of
the cleithrum). There are irregular, almost horizontal lines
marking the upper part of the opercle (visible on the left
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Figure 5. Caprosimilis carpathicus gen. et sp. nov., holotype, left part, MWGUW Z1/57/013/b, ammonium dusted.

part) which could be ridges that might end in small spines
(which were not preserved because of the imprint by the
cleithrum). Most of these linear markings on the upper part
of the opercle are difficult to explain, but perhaps some
could have been made by dorsal parts of the otherwise in-
visible branchial arches. The articularion of the opercle
with the hyomandibula is situated slightly above the
midline of the orbit.

Part of the subopercle is visible near the opercle, but the
interopercle, that should be near the ventral edge of the
opercle, is unvisible. On the right part there is a short dis-
tance between the anterior edge of the opercle and the pos-
terior edge of the preopercle.

The vertical and horizontal brances of the preopercle
(well preserved on both parts) meet at about a 90 degree an-
gle, with the two branches of almost equal length, nearly
4 mm. The strong imprints of the anterior and dorsal edges
delimit the tube or the overhang for the sensory canals, and
that of the ventral branch has at least ten small spines on its
ventral edge, but the position of pores cannot be deter-
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mined. Both branches are rather slim, and at the angle be-
tween them there is a broad flange boardering the
symplectic and metapterygoid. The vertical branch has
short, well-separated posterior spines, with four along the
lower half. Two distinct spines are at the angle between
branches at the postero-ventral side. Short spines are evi-
dent along the ventral edge of the horizontal branch; there
are probably more than five such spines. All of these spines
are supported by low ridges on the bones.

Vertebral column. — There are 24 vertebrae [93-0]: 10 ab-
dominal [94-1] and 14 caudal, including the terminal
pul+u complex. The two to three anterior centra are shorter
antero-posteriorly than the following abdominal centra.
The first vertebra seems to have its neural arch and spine
firmly attached to the occipitals [40-1], and there is no free
portion of the neural spine separated from the skull [42-0].
The neural spines of the second to sixth vertebrae are in-
clined backwards; the spine of the seventh vertebra is nearly
vertical; the spine of the eighth vertebra is vertical; and
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Figure 6. Caprosimilis carpathicus gen. et sp. nov., holotype, left part, MWGUW ZI/57/013/b, camera lucida drawing with interpretation (for anatomi-

cal abbreviations see Materials and methods).

those of the ninth and tenth are inclined slightly forward
[44-1]. The ribs are slim and rather short and are present on
the 4™ to 10" vertebrae [ this meets the definition of 47-0,
but we prefer to give it the new state 47-6, ossified ribs on
all of the abdominal vertebra except for the first three], the
posterior ribs are short and very slim, measuring nearly
half of the depth of the abdominal cavity. The three poste-
riormost ribs (on the 8" to 10" vertebrae) are attached to
prominent parapophyses, and there seem to be small pa-
rapophyses on the 6" and 7" vertebra. All parapophyses are
situated at the anterior edge of their centra. The posterior-
most two parapophyses, which are the largest, are closed
medially to form a haemal arch with a strong median spine
[46-0]. The bases of the ribs on the 7" and 8" vertebra are
so strong that it is difficult to determine if these have simi-
lar spines. All the neural arches appear to be high and atta-
ched to their neighbours by strong zygapophyses. The cau-
dal peduncle probably contains four vertebra [95-17],
but the posterior rays of the dorsal and anal fin are poorly
preserved.

Each of the ten anterior dorsal proximal radials (ptery-
giophores) of the dorsal fin are oriented into an abdominal
interneural space, except for one [99-1]. The 6™ interneural
space is vacant [58-inapplicable]. The first radial is situ-

ated between the paired halves of the neural spines of the 1%
and 2" abdominal vertebrae. The remaining neural spines
show no signs of being divided into two halfs. The 12" and
16" interneural spaces contain three radials, the 13"-15"
and 17"-18"™ interneural spaces contain two radials.

The epineurals (formerly “epipleurals”; see Patterson
& Johnson 1995) are thin, horizontally situated on all of the
ribs [48-0], and absent on the first three vertebrae. The
centra in the transitional zone between the abdominal and
caudal region are the largest, and tend to be slightly higher
than long. The more posterior caudal vertebrae are slightly
longer than high. All of the caudal vertebrae have slim neu-
ral arches and spines, and small articulation zygapophyses
at the level of the end of the centra. The two anterior neural
spines are nearly vertical, and the second and third are
slightly diverging, with the second interneural space being
the first with three radials (we count radials in interhaemal
and interneural spaces when the proximal end is in this
space). The remaining neural and haemal spines are in-
clined backwards. The first haemal spine is very strong,
straight, nearly vertical,and has the first proximal radial
(pterygiophore) of the anal fin along its anterior edge. In
the prehaemal space there is one radial [69-2]. The first
interhaemal space contains three radials [70-3], the second
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Figure 7. Caprosimilis carpathicus gen. et sp. nov. Caprozeus
carpaticus gen. et sp. nov., holotype, right part, MWGUW Z1/57/013/a.
Detail of skull roof showing ornamentation, ammonium dusted.

contains two radials [71-1;], with the number of radials in
front of the haemal spine of third caudal vertebra being six
[72-3]. The 4", 6, and 8" interhaemal spaces contain two
radials; the 5" and 7™ spaces contain three radials.

Caudal fin support. — The anterior support for the caudal
fin (Fig. 9) is provided by the third preural centrum
(22th vertebra), which has long neural and haemal arches
[39-1]. The neural spine of the second preural vertebra is
short [49-1]. The neural and haemal arches of the third pre-
ural centrum (and those further anterior) are fused to their
centra, while this is less certain for the haemal spine of se-
cond preural vertebra. The parhypural is strong, with a hy-
purapophysis [50-0], and it embraces the urostylar (first
preural +ural) centrum [52-0]. There are three large epurals
[51-0], best seen on the right part. Hypurals 1-3 are free
and separate from the urostylar centrum. There is a sepa-
rate plate of hypural 4 and the more dorsal hypurals are not
fused to the urostylar centrum (degree of fusion of hypurals
does not correspond to any state of character 53).

There are two uroneurals (the second is very thin)
[54-0]. The extended anterior end of the first uroneural is
stegural-like [55-0]. Posterior to the neural spine of the sec-
ond preural vertebra and in front of the anterior margin of
the first uroneural is a strong, triangular structure that as-
cends antero-dorsally (visible on both parts). It is probably
a large zygapophysis like in Capros, and to some degree
also in Antigonia (Rosen 1984) There is no extra ossicle of
the haemal spine of the second preural centrum [56-0].

Median fins. — The caudal fin is not particularly well pre-
served; its rays are pressed together and their distal parts
where branching would be present are missing. The pro-
current rays are slightly misplaced and a few could be mis-
sing. Ventrally there is one small procurrent ray turned
downwards. We assume that the ray just dorsal to this, of
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which only the strong base is preserved, is the large ven-
tralmost principal ray. There are seven more rays in the
ventral lobe up to the region between hypurals 2 and 3.
There are two small dorsal procurrent rays. We consider
the ray just ventral to these as the dorsalmost unbranched
pricipal ray, and thus there are eight dorsal principal rays.
Therefore, there are 16 principal rays, without any of the
branching parts preserved [96-0; could perhaps be 15 prin-
cipal rays, 96-1], and three procurrent rays [97-3; perhaps
4 rays, 97-4].

The dorsal fin has nine spines [98-5] and 21 soft rays.
The third spine is the longest, supported by the large first
radial, and in front of the third spine there are two much
smaller supernumerary spines [107-0]; the anteriormost
spine is tiny. There is some indication of a median “han-
dle-shaped” structure on the radial with a hole below it, and
completely surrounded by the broad basis of the tiny first
spine. This might be a “ring-link” articulation like in
caproids, where the bases of the anterior spines have
anterio-posterior tubular cavities through which such “han-
dles” course. The type of articulation is more difficult to
determine at the subsequent larger spines because their
bases are so broad and close together. The proximal
postero-lateral spikes on the three anterior spines probably
indicate a locking mechanism between these three spines
[57-3]. The first dorsal proximal radial (pterygiophore) has
a distal forward pointing spike; the radial slants backwards
and is situated in the first interneural space [60-1] where it
contacts the skull [61-1]. There are three radials in front of
the neural spine of the fourth abdominal vertebra [59-2].
The distal radials are very difficult to see; there is only a lit-
tle space for them, so presumably they were at least re-
duced [62-17] in size.

There are 21 soft dorsal rays, preserved only proxi-
mally, and it is impossible to determine if they were
branched [73-?]. The soft dorsal-fin base ends above the
level of the middle of the 4™ preural centrum, just in front
of the 5™ neural preural spine and slightly behind the
anal-fin base. There is no predorsal (supraneural) in front
of the dorsal fin [64-0].

All of the proximal radials (pterygiophores) of the
spines and of the 2-3 anteriormost soft rays have large an-
terior and posterior flanges making them more or less sym-
metrical and rather broad, though decreasing in size poste-
riorly in the series. The radials of the majority of the soft
rays are slim rods without flanges, and we presume that
they are symmetrical [63-0]. The same applies for the radi-
als of the soft anal fin. The lack of flanges could be a juve-
nile feature.

The anal fin has four spines [100-4]; the first is tiny, the
second is the largest [68-0 is the best coding match, but this
is relatively meaningless when there is a tiny 1*' spine, so
therefore we do not utilize coding for this condition]. The
third spine is slightly smaller, and the fourth spine is slim.
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Figure 8. Caprosimilis carpathicus gen. et sp. nov., holotype. Branchiostegals and preopercle with spine pattern. * A — right part, MWGUW
Z1/57/013/a, ammonium dusted. ¢ B — left part, MWGUW ZI/57/013/b, ammonium dusted. ¢ C —right part, camera lucida drawing. * D — left part, camera
lucida drawing. For anatomical abbreviations see Materials and methods.

ep3?
ep1-2 un1/un2

Figure 9. Caprosimilis carpathicus gen. et sp. nov., holotype, right part, MWGUW ZI/57/013/a. Caudal region and fin. * A — ammonium dusted,
B — camera lucida drawing (for anatomical abbreviations see Materials and methods).

The fourth spine is as preserved near to the ventral margin
of body, displaced from its radial. The homologies between
the anal spines could possibly be that the A II-IV of C.
carpathicus gen. et sp. nov. is homologous with the A I-I1I
of zeiforms and caproids. Caprosimilis carpathicus gen. et

sp. nov. has three supernumerary anal spines on the first ra-
dial. A locking mechanism may be present between the first
and second spine [66-1], and possibly also present between
the second and third spines. The best indication of a lock-
ing mechanism is the strong proximal dorso-lateral spike on
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the second spine. There is no fusion between the first small
spine and the large radial [67-0], although the articulation
seems very close. The 1% proximal radial (pterygiophore)
is long, strong, and expanded near its ventral margin, and it
covers most of the front edge of the haemal spine. The anal
fin has 18 soft rays, which are preserved only proximally
and thus it is not possible to determine if they are branched
[73-7]. The anal fin as preserved terminates below the level
of the middle of the 5™ preural vertebra, just behind the
haemal spine of the 6™ preural vertebra. There may be a
dissociated short ray or radial situated just behind the
haemal spine of the 6™ preural vertebra and below the mid-
dle of the 4™ preural vertebra, so 1-2 rays may be dis-
placed, and the true number could be about 20 rays.

Pectoral girdles and fins. — The pectoral fins are almost in-
visible, with only a few thin rays indicated between and
crossing near the proximal ends of the postcleithra. The
cleithrum is large, sinusoid, and bending, with a broad late-
ral flange ventrally and a large, rounded posterior flange
dorsally, with evident growth-lines. There is no posterior
process on the cleithrum above the articulation with the
postcleithrum [79-0]. It is difficult to determine where the
bone ends above the flange, but there seems to be about one
mm of a slim process. On right side, the upper part of the
cleithrum meets a slim lancet-shaped and nearly vertical
bone with a tube running its entire length. This is in posi-
tion as a supracleithrum.

The postcleithrum is single [75-1], long, and slim, with
no trace of a flat, separate, dorsal element, and with no
flanges [76-0]. It reaches the ventral margin of the body be-
tween the anal fin origin and the pelvic fin base.

The coracoid (visible on both parts) shape is unclear, al-
though the postero-dorsal process is visible. Above this the
area below the postcleithrum is the scapula, possibly with a
foramen weakly indicated at the border to the coracoid (on
the right part). No radials can be distinguished.

Pelvic girdle and fins. — The position of the pelvic-fin base
is below and slightly behind the pectoral-fin base [81-2].
The pelvic fin has a large, strong spine [82-0] reaching be-
yond the anal fin spines, and five soft rays (visible in left
and right fin), so it has six elements [102-3] of which the
distal ends are not preserved (the right fin has a broken
spine). Two of the rays are spread out and turned, and thus
expose the broad flanges near their bases [83-2], none of
which seem to have any serrations [84-0].

The pelvis is visible from both its ventral and dorsal
sides because it is turned 90 degrees. Excluding the
postpelvic process, it is ca 2 mm long, and it only overlaps
the cleithrum slightly. The two postpelvic processes are
preserved (visible on the right part as a deep imprint) with
their bases close to the midline. The postpelvic processes
are rather broad and probably short to moderately long
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[86-07]. The pelvis is very wide, about 1.3 mm at the poste-
rior margin, but it is most likely that the two rather broad
lateral flanges were turned much more downward, perhaps
nearly vertical, as in Capros. Deep fissures of the dorsal
and lateral flanges of the pelvis are evident.

The two halves of the pelvis seem partially fused along
most of the midline [85-3], with just a small open slit at the
posterior end, where there are indistinct traces of small
posterior medial processes, but little overlapping [85-1, so
we code it as 85-1+3]. The pelvis is oriented at an angle
about of 45 degrees.

Scales. — The scales can be observed in the pre-anal field of
the ventral region of the body, and they probably covered
all of the body but not the head. In the postero-dorsal region
of the body there seems to be a light brown coloration be-
tween the radials, indicating some squamation; the pattern
in both areas, though not very clear, seems to show small
roundish scales. The scales are scarcely overlapping and
are about 1/5 mm in diameter. There seems to be a thin
spike in the middle of each scale, and such tiny spines are
seen all over the body. There are neither buckler-like scales
[88-0] nor scute-like scales [89-0], nor modified scales
along bases of the anal and dorsal fins [90-17]. At least the
latter, but perhaps all, of these scale characters could be due
to a juvenile condition and very small size, at which the
specimen might not have yet developed such dermal struc-
tures.

There is no sign of hyperosteosis in any bones or scales
[91-0], but none could be expected at this size of specimen.
There is no sign of extended prejuvenile stage with late os-
sification and cone-like scales.

Remarks. — The specimen is very small (less than 17 mm
SL), but well ossified. Probably it was an individual at an
early adult stage. The same is true of the only known speci-
mens of Archaeozeus and Protozeus, which do, however,
in the shape of their braincases show clear sign of being ju-
veniles.

Tyler & Santini (2005) noted that all the earliest and
most primitive forms of caproids, tetraodontiforms, and
zeiforms are individuals of less than 6 cm SL, and all are
much smaller than their extant relatives. Tyler et al. (2003)
and Tyler & Santini (2005) suggested that paedomorphic
processes were important in the early evolution of all three
groups. We suggest that a simpler hypothesis is that the last
common ancestor of the zeomorphs was already a very
small species.

Phylogenetic analysis

The phylogenic analysis of zeiforms by Tyler et al. (2003)
used 103 morphological characters, and Tyler & Santini
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Figure 10. Phylogenetic scheme of the ten genera analysed manually with their fossil record.

(2005) used the same list and included fossil taxa, as well
as adding four new characters. We found it possible to code
C. carpathicus gen. et sp. nov. for 67 of the 107 character
states utilized by Tyler & Santini (2005), and we add one
new character in our analysis.

We compared C. carpathicus gen. et sp. nov. to extant
Capros aper and Antigonia capros (Caproidae); Para-
hollardia lineata (Tetraodontiformes); Cyttus novaeze-
landiae, C. australis, C. traverse, Oreosoma atlanticum
(Zeiformes) and to three extinct genera: Protozeus
kuehnei, Acanthonemus subaureus, Zorzinichthys annae.
For those species we used the coding of character states
from Tyler & Santini (2005), except that we improved the
coding of a few states of Profozeus and one state of
Antigonia (see Appendix 2). We did not compare to Early
Eocene Eoantigonia veronensis (see Sorbini 1983, Sorbini
& Bottura 1988, Baciu et al. 2005b) because it is the sister
taxon to Antigonia (see Tyler & Santini 2005) and we did
not use the Oligocene Capros caprosoides, C. longi-
spinatus, C. rhenanus (see Baciu et al. 2005b) and the Mio-
cene C. arambourgi (see Baciu et al. 2005a) because they
are sufficiently similar to the extant Capros aper to be ac-
commodated in the same genus. We did not compare the

new species to Archaeozeus because its anal fin region is
missing and it lacks the pelvis, pelvic fin, and most of the
soft dorsal fin. We have not included in the phylogenetic
analysis Cretaceous Cretazeus rinaldii (Tyler et al. 2000)
referred to zeiforms by Tyler & Santini (2005), nor Plecto-
cretacicus clarae (Sorbini 1979) and Cretatriacanthus
guidottii (Tyler & Sorbini 1996) related as primitive
sistergroup to tetraodontiforms by Tyler & Santini (2005),
because many of their morphological characters are un-
known; P. clarae is the earliest (ca 95 Ma) representative
of zeomorphs sensu lato. We did not compare to
Microcapros libanicus from Cretaceous, because we do
not believe it is a caproid as it was indicated by Zehren
(1987, unpublished MS), Bannikov (1991), Patterson
(1993) and Tyler et al. (2003).

We selected Naso unicornis (Perciformes, Acan-
thuridae) as the single outgroup with the full data set
(Fig. 11, Appendix 2A, B), following the results of the
phylogenetic analysis by Tyler & Santini (2005).

We constructed a matrix of ten genera and 85 charac-
ters (Appendix 2). All characters were treated as unordered
and unweighted. Characters states that could not be deter-
mined from the fossils because of inadequate preservation
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Figure 11. Estimated consensus tree of the ten genera.

are coded as unknown, and indicated in the data matrix by a
question mark. We show some characters states (Appendix 2)
that were determined with question mark (i.e. 1?), but in
the phylogentic analysis they were treated as unknown. We
analysed the matrix manually searching for synapo-
morphies that could characterize monophyletic groups and
with TNT v. 1.1 (Goloboff et al. 2008), using the estimated
consensus algorithm with simple addition sequence and
TBR (tree bisection—reconnection) branch-swapping op-
tions.

The full list of anatomical features are given in Appen-
dix 1, and the distribution of the stages among the taxa ana-
lysed are given in Appendix 2A, B.

Results of the phylogenetic analysis

Among the 85 characters analyzed manually, we selected
those that uniquely characterize monophyletic groups on
the phylogenetic model of the zeomorph clade proposed by
Tyler & Santini (2005). The topology of our phylogenetic
model (Fig. 10) in general is similar to the majority consen-
sus tree in Tyler & Santini (2005). The only difference is
that we did not find any synapomorphy for Zorzinichthys
and Parahollardia, but we did find support for the clade
formed by C. carpathicus gen. et sp. nov., Acanthonemus,
caproids, and Zorzinichthys (Fig. 10). Caprosimilis car-
pathicus gen. et sp. nov., appears as the sister-group to cap-
roids (Capros and Antigonia).

The monophyletic groups in the manually constructed
tree can then be characterized as follows (see Fig. 10).
Cyttus and Oreosoma have three synapomorphies: the pal-
atine is usually orientated distinctly obliquely to the body
axis and has a single, pivotal, articulation with the lateral
ethmoid, resulting in considerable mobility [18]; the
ceratohyal has prominent notches for the heads of some of
the branchiostegal rays in the anterior group [35]; and
uroneurals are absent [54]. Zeiformes (Protozeus, Cyttus,
and Oreosoma) have seven synapomorphies: ossified
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epineurals present only on a few of the anterior abdominal
vertebrae [48], parhypural articulation with the proximal
end to the urostylar centrum is slightly removed from and
not embracing the centrum [52]; total number of vertebrae
31 to 42 [93]; number of abdominal vertebrae 11 to 14 [94];
number of principal caudal-fin rays 13 [96]; total number
of pelvic-fin elements 7 [102]; number of branchiostegal
rays seven — 3+4 [103]; Zeiformes plus tetraodontiformes
(Protozeus, Cyttus, Oreosoma, and Parahollardia) have
three synapomorphies: ossified ribs present only on the last
few abdominal vertebrae or absent [47]; stegural (sensu
Rosen 1984) absent [55]; number of groups of vacant
interneural spaces (when two or more spaces are vacant)
two to four [58]. Caproids (Antigonia and Capros) have
three synapomorphies: number of anal-fin pterygiophores
in the second interhaemal space (between the haemal
spines of the second and third caudal vertebrae) three to
four [71]; extrascapular are two tubular bones, not closely
held to the skull, except at larger specimen sizes or three
more or less tubular bones [80]; serrations of pelvic-fin
rays are present on crests on the anterior or upper and/or the
lower posterior surfaces of several rays [84]. C. car-
pathicus gen. et sp. nov. and caproids have one
synapomorphy: number of anal-fin pterygiophores in the
first interhaemal space (between the haemal spines of the
first and second caudal vertebrae) is three to five [70].
C. carpathicus gen. et sp. nov., Acanthonemus, caproids,
and Zorzinichthys have two synapomorphies: ossified ribs
present on all of the abdominal vertebrae except the first,
first two or first three [47]; length of the neural spine of sec-
ond preural centrum — absent to short [49]. All analysed
zeomorphs have one synapomorphy: first vertebra, associ-
ation of the neural arch and spine with the skull — the neural
arch and spine are closely applied to the skull, primarily to
the exoccipitals or the neural arch and base of the spine are
closely applied to the skull, but most of the spine is free
from the skull [40].

The phylogenetic analysis using an estimated consen-
sus algorithm produced a single tree (Fig. 11, Appendix 3),
with a total length of 167, a consistency index (CI) of
0.731, and a retention index (RI) of 0.559. The sister-group
relationship between C. carpathicus gen. et sp. nov. and
Capros is supported. The topology of the estimate consen-
sus tree (Fig. 11) in general is similar to the majority con-
sensus tree in Tyler & Santini (2005). A suprising differ-
ence is that Antigonia does not form a clade with Capros
but, rather, is the sister-group to Zorzinichthys, Para-
hollardia, and zeiforms. Osteological studies (Rosen 1984,
Tyler et al. 2003, Tyler & Santini 2005) and some molecu-
lar analyses recognized Capros and Antigonia as sister
groups, while other molecular analyses placed them far
from each other (Li er al. 2009, Near et al. 2013).
A zeiform clade (Protozeus, Cyttus, Oreosoma) is sup-
ported by eight synapomorphies. The sister-group relation-
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ship between Zorzinichthys and Parahollardia is suppor-
ted by five synapomorphies and the sister-group
relationship between this group and zeiforms is supported
by three synapomorphies. Synapomorphies for Zorzin-
ichthys and Parahollardia are: (1) absence of supraocular
serrations on frontal; (2) absence of postmaxillary process;
(3) the neural spines of all (or all but the first few) of the ab-
dominal vertebrae are orientated posterodorsally; (4) anal-
fin pterygiophores, number anterior to the haemal spine of
the third caudal vertebra is three; (5) postcleithrum, num-
ber of separate bony elements is two. The first, second, and
fifth characters are present also in Acanthonemus, and the
third is present in Capros.

The manually constructed tree corresponds well to the
fossil record (Fig. 10). Acanthonemus and Zorzinichthys
are known from Monte Bolca deposits that are dated as the
Early Eocene, ca 50 Ma (Medizza 1975, Papazzoni &
Trevisani 2006). Capros is known from the Early
Oligocene (ca 33.9 Ma) to Recent (Baciu et al. 2005b, Nolf
& Tyler 2006, Kotlarczyk et al. 2006). Antigonia is known
from the late Early and Middle Eocene (ca 50 Ma),
Oligocene—Miocene (ca 33.9-5.3 Ma) and Recent (Sorbini
& Bottura 1988, Radwanska 1992, Baciu et al. 2005b,
Kotlarczyk et al. 2006, Nolf & Tyler 2006). The so-called
“Antigonia”, the very first Danish “Danekra” fossil
(Bonde & Christiansen 1991, Bonde et al. 2008), from
Stolleklint Clay, the earliest Eocene, ca 55.7-55.5 Ma (see
Gradstein er al. 2004, as it is equivalent to the
Paleocene-Eocene Temperature Maximum, just underly-
ing the mo-clay diatomite of Fur Formation, Lower
Ypresian, in North Jutland, Denmark) may not be a close
relative of Antigonia, due to some anatomical details de-
spite its superficial resemblance.

Parahollardia, Oreosoma, and Cyttus are Recent taxa.
Protozeus and another primitive zeiform, Archaeozeus ska-
molensis, are from Mo-clay (Fur Formation — see Bonde
1987, 1997; Bonde et al. 2008, 2011). The age of the Fur
Fm. is the earliest Lower Eocene, about 55.5-54 Ma, and
both species are from the lower half of the formation, about
55 Ma as stated correctly by Tyler et al. (2000, p. 12), but
incorrectly as 58-59 Ma by Tyler et al. (2003), Tyler &
Santini (2005) and Baciu et al. (2005c).

In the tree produced by the estimated consensus
algoritm, the relationship of zeiforms, Zorzinichthys, and
Parahollardia is the same as in majority rule consensus
tree presented by Tyler & Santini (2005).

The most important result of our analysis is that
C. carpathicus gen. et sp. nov. appears to form a clade with
Capros or to form a sister-group relationship with the clade
formed by Capros and Antigonia.

Secondly, our analysis indicates that two syna-
pomorphies can support a clade formed by C. carpathicus
gen. et sp. nov., Acanthonemus, caproids, and Zor-
zinichthys.

Comparison

Caprosimilis carpathicus gen. et sp. nov. differs from ex-
tant (Capros aper and Antigonia capros) and extinct (Lo-
wer Eocene Eoantigonia veronensis, Lower Oligocene
Capros caprosoides, C. rhenanus, Proantigonia cosmo-
vici, Upper Oligocene Capros longispinatus and Upper
Miocene Capros arambourgi, Proantigonia dagestanica,
P. octacantha, P. radobojana) Caproidae (see Tyler et al.
2003; Baciu et al. 2005a, b; Tyler & Santini 2005). Diffe-
rences are as follows (contrasting characters are given in
parentheses): number of vertebrae 24 (versus 21-23), and
number of branchiostegal rays eight (versus six), number
of anal-fin spines four (versus three), number of principal
caudal-fin rays 16 (versus 12 or 14). It differs also from
Proantigonia by having two supernumerary dorsal-fin spi-
nes (versus one), no spinules on soft dorsal- and anal rays
(versus soft dorsal- and anal spines bear spinules). Capro-
similis carpathicus gen. et sp. nov. differs from Antigonia
additionally as follows: ceratohyal without foramen, angle
between anterodorsal margin of supraoccipital and top of
rear brain case less than 90 degrees. It differs also from Eo-
antiginia by absence of a single, large, strong tooth direc-
ted anteriorly and curved in premaxilla and dentary; basal
region of shaft of first dorsal-fin pterygiophore between
first and second neural spines, angle between anterodorsal
margin of supraoccipital and top of rear brain case less than
90 degrees. It has the anterior angle of the supraoccipital
crest on the vertical line through the posterior edge of the
orbit like C. arambourgi, C. caprosoides, C. rhenanus,
C. longispinatus, and P. cosmovici. Caprosimilis carpathi-
cus gen. et sp. nov. has three measurements similar to Cap-
ros arambourgi (head length in standard length, maximum
body depth in standard length, head length of body depth).
Although it resembles extinct caproids such as Proantigo-
nia cosmovici, Capros caprosoides and C. rhenanus in
body proportions it differs from them, however, in measure-
ments (see Table 1). It shares head length in standard length
with Proantigonia cosmovici, maximum body depth in
standard length with Proantigonia radobojana and C. rhe-
nanus, head length in body depth with P. radobojana.

The mouth region of Caprosimilis carpathicus gen. et
sp. nov. is very similar to that of Capros (Zehren, unpub-
lished MS) and most caproids (Baciu et al. 2005b), but
with a broader (more primitive) distal maxilla like that in
Antigonia and most zeiforms (Zehren 1987, Swidnicki
1988, Tyler et al. 2003). It also has a premaxilla with pro-
portions that are not extremely high and narrow, like that in
Capros. The morphology of the first uroneural of C. car-
pathicus gen. et sp. nov. is stegural-like, similar to that of
the Recent Capros aper, but C. aper has variation of this
(see Tyler et al. 2003; coding [55-0/1]).

The large zygapophysis on the preural-ural vertebra of
Caprosimilis carpathicus gen. et sp. nov. resembles the
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Table 1. Comparison of osteology and measurements of Caprosimilis carpathicus gen. et sp. nov. and Oligocene-Miocene caproids.

Position of the

Numer of anterior angle of the Horizontal

vertebrae ng Head  Maximum  Head -

(number of ) . Supraoccip ital crest . Vacant length in body depth  length d@metgr

. Anal fin Dorsal fin  inrelation to the inter-neural L of orbit Age
abdominal . . standard in standard of body
vertical line through  space of standard
+ caudal h . £ length length depth lencth i
vertebrae) the posterior f:dge o ength [in %]
the orbit

Caprosimilis o4 Lower
carpathicus gen. 1V, 20 IX, 21  On the line 6th 2.55 1.8 0.72 18 .
et sp. nov (10+14) Oligocene
Capros 22 On the line th Upper
arambourgi (10+12) IIT, 19-20  IX, 20-21 or slightly anterior 6 22-26 1820 06-08 - Miocene
Capros 22 On the line th th Lower
caprosoides (10+12) 1L, 18-19 1X, 18-19 slightly anterior 6 or7 21-23 22228 1.0-13 B Oligocene
Capros 23 On the line th th Lower
rhenanus (10+13) 1T, 20-22 IX,21-22 or slightly posterior or7 2.2-24 1822 08-10 - Oligocene
Capros 22 On the line th th Upper
longispinatus (10+12) 1L, 20 %25 o slightly anterior Sior6 2325 15-16 0.65 15 Oligocene
Proantigonia 23 1L2021 VIL20 On the line 7" 24255 2022 08208 1516 OV
cosmovici (10+13) Oligocene
Proantigonia 23 . th th Upper
dagestanica (10+13) 111, 20 VIIL, 19  Anterior 6" and 9 2.6 2.3 0.88 12 Miocene
Proantigonia 21 . th Upper
ociacantha (10+11) III, 16-17 VIII, 16,17 Anterior 6 2.0-2.2 2024  1.0-1.1 - Miocene
Proantigonia 22 . th Upper
radobojana (10+12) I, 19-21 IX, 19-21 Anterior 6 1.9-24 1.7-27  0.7-13 14-17 Miocene
Eoantigonia 22 ML21  IX.22 Onthe line 6" 28 11 0.4 - Lower
veronensis (10+12) Eocene

morphology of that of C. aper and Antigonia capros
(Rosen 1984), rather than the antero-dorsal morphology of
this vertebra in zeiforms (see Tyler et al. 2003).
Caprosimilis carpathicus gen. et sp. nov. has three super-
numerary spines (the first is tiny) on the first radial of the
anal fin, while zeiforms and caproids have only two. Proba-
bly the pattern with a small anterior anal spine is plesio-
morph and found in many higher acanthopterygians.

The pelvis was oriented at an angle of 45 degrees or less
in C. carpathicus gen. et sp. nov., as in Capros (Zehren, un-
published MS) and other caproids (Baciu ef al. 2005a, b),
including, the very deep-bodied Antigonia (Starks 1902,
Zehren 1987, Swidnicki 1988). A similar orientation is
present in the moderately deep-bodied zeiform Zenopsis
(Zeidae, Baciu et al. 2005c). The rather deep-bodied Pro-
tozeus also has such a low-angled orientation of the pelvis
(see Bonde 1987, Tyler et al. 2000, Bonde et al. 2008). In
most of the deep-bodied zeiforms (see Tyler et al. 2003)
and in the oldest known zeiform, Cretazeus (Tyler et al.
2000), the position of the pelvis is nearly vertical.

Caprosimilis carpathicus gen. et sp. nov. shares many
osteological characters and some measurements with
Lower Oligocene Proantigonia cosmovici, Capros capro-
soides and C. rhenanus. We consider it is close relative of
those taxa.

There are no Early Cretaceous well-preserved skele-
tons of possible ancestors or relatives of zeomorphs, such
as gadiforms or percomorphs. Spenocephalids from the

476

Late Cretaceous such as Xenyllion (see Steward 1996,
Newbrey et al. 2013) could be considered as ancestral
forms. Only some perciforms are known in the latest Creta-
ceous (see Sorbini & Bannikov 1991, Patterson 1993,
Arratia et al. 2004), but they seem not to be closely related
with C. carpathicus gen. et sp. nov.

Grande et al. (2013) proposed morphological charac-
ters that unite the clade consisting of zeiforms + Style-
phorus + gadiforms. One character, first neural arch and
spine associated with neurocranium is present in C. car-
pathicus gen. et sp. nov. and is also present in Antigonia,
Acanthonemus, Eoantiginia, Proantigonia, extant and ex-
tinct species of Capros. Three characters: loss of the
haemal arch of preural centrum 1, fusion of hypurals 1
and 2, lack of an autogenous first uroneural are absent in
C. carpathicus gen. et sp. nov. It has the haemal arch
(parhypural) articulating with preural centrum 1 + ural
centrum 1, not fused hypurals 1 and 2 and autogenous first
and second uroneural. Three characters: gadoid notch, single
hyomandibular condyle, fusion of upper hypurals with each
other and with ural centrum 2 are not possible to determine on
our specimen. Grande et al. (2013) proposed also morpholog-
ical characters that unite Zeiformes. First proximal dorsal ra-
dial contacting first neural arch and spine is present in
C. carpathicus gen. et sp. nov. A reduced metapterygoid
probably is present. Loss of wide separation of exoccipital
facets, unbranched dorsal and anal rays, unbranched pectoral
rays are not possible to determine on our specimen.
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Conclusions

The phylogenetic analysis of morphological characters shows
that C. carpathicus gen. et sp. nov. forms a clade with Capros
or is in a sister-group relationship with the clade formed by
Capros and Antigonia. Our analysis indicates that two syna-
pomorphies can support a clade formed by C. carpathicus
gen. et sp. nov., Acanthonemus, caproids, and Zorzinichthys.
Caprosimilis carpathicus gen. et sp. nov. is a close relative of
Lower Oligocene Proantigonia cosmovici, Capros caprosoi-
des and C. rhenanus known from Paratethys.
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