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scombroid fishes (Scombroidei, Perciformes),
including billfishes, from the Cenozoic of
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ABSTRACT: We present an overview of all known fossil scombroid fishes (Scombroidei,
Perciformes) of the former USSR, many taxa of which are described in a language other than
Russian for the first time. Also new is the application of a cladistic framework for these taxa. For
each taxon, short taxonomic synopses with the most relevant characteristics (synapomorphies,
meristic counts) are presented in a form useful for future cladistic analysis. As an exception, we
present an extensive systematic description of the billfish †Hemingwaya sarissa Sytchevskaya &
Prokofiev, because we disagree with earlier interpretations. The ‘gempylid’ †Hemithyrsites maicopi-
cus Daniltshenko retains its generic name, which is considered the valid name of what is also known
as Promethichthys Gill. A new tribe, †Eocoelopomini, is erected to contain the genera †Eocoelopoma
Woodward, †Palaeothunnus Bannikov, and †Micrornatus Monsch. It is questioned whether species
previously described as belonging to Thunnus South should be classified in that genus. A new species
of tribe Scomberomorini, †Neocybium parvidentatum, is described from the Bartonian of W
Kazakhstan. A specimen of †Auxides (questionably Maastrichthian, Iran), also reported here,
possibly extends the radiation of †Auxides, and scombroids as a whole, further back in time. The
fossil record of the Blochiidae is probably extended downwards to the Thanetian.

KEY WORDS: fossil fishes, Palaeogene, Neogene, taxonomic revisions and synopses, Xiphioidea

The outcrops of the former USSR have long been known as a
rich source of fossil fishes (e.g. Bogachev 1933; Smirnov 1936;
Danil’chenko 1960; Bannikov 1993d), including taxa of
mackerel-like fishes (Teleostei, Perciformes, Scombroidei). The
most comprehensive published records of fossil scombroids
from these territories are Bannikov’s (1985) monograph of the
fossil Scombridae from the Soviet Union and Bannikov’s
(2010) overview of fossil acanthopterygians (not acantho-
morphs: Paracanthopterygii are excluded) from Russia and
adjacent countries. Even though many publications include
these taxa, they are poorly known. The majority of relevant
papers from the 1950s to 1990s were in poorly-available
journals, and written in Russian. Neither are some rare English
translations of those works (e.g. Danil’chenko 1967) well
distributed. Moreover, the past few decades have seen many
advances in scombroid systematics (Collette et al. 2001; Orrell
et al. 2006; Little et al. 2010), and most of this new knowledge
has not yet been applied to the Russian scombroids. Finally,
the information content of these older papers is not sufficient
for creating modern data matrices for cladistic analyses. The
present paper is part of a larger programme by one of us
(KAM), who is conducting an analysis of global scombroid
phylogeny; a preliminary version of which is in his Thesis
(Monsch 2000b).

The use for data of fossil taxa for biodiversity studies and
research into phylogenies of Recent taxa has been well sup-
ported (e.g. Donoghue et al. 1989; Upchurch & Hunn 2001;
Lieberman 2003). Data on fossil fishes from former Soviet
territories have been used in the context of palaeoecological
and palaeobiogeographical studies of a somewhat local
character (e.g. Bannikov 1993d, 2010; Popov et al. 2002), but
are certainly applicable on larger scales.

The aims of the present paper are two-fold. First, a com-
plete overview is presented of all fossil scombroids of the
former USSR. Secondly, by publishing the taxon accounts in
English in a widely-distributed journal, this information will be
available to a wide audience.

This paper is not just a translation of old literature. We
include taxonomic revisions and redescriptions where needed,
and incorporate data from newly-found specimens. Rather
than repeating the extensive original descriptions, only short
synopses, outlining (syn)apomorphies, autapomorphies, ple-
siomorphies that are essential for recognising the taxa, and the
most important meristic counts and measurements, are pre-
sented. However, in cases where previously published descrip-
tions are readily available, references are provided rather than
a repetition of the original. Because there is no new phylo-
genetic analysis in this paper, knowledge about apomorphies
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and other characters is necessarily drawn from previous
publications.

1. Geological setting

The principal localities of fossil scombroids from the former
USSR, including those mentioned in this section, are shown in
Figure 1.

The most ancient scombroids from the territories of the
former USSR are known from the Thanetian (terminal Pal-
aeocene) deposits of the Danata Svita in Turkmenistan (W
Kopet Dagh, locality at Uilya Kushlyuk). The fish-bearing
layer of the Danata Svita lies between the lower part (Thane-
tian) and middle part (Ypresian) of the Danata Svita. This
layer lacks microfossils, hence its age is somewhat question-
able. Usually (e.g. Danil’chenko 1968; Bannikov 1985) it is
regarded as late Palaeocene, although sometimes it is men-
tioned as early Eocene (e.g. Patterson 1993; Bannikov & Tyler
1995). Muzylev (1994) supposes that the fish-bearing layer of
the Danata Svita is synchronous with the upper Thanetian
sapropel of more western regions, corresponding to global late
Palaeocene anoxic events. Scombroids are well represented in
the upper Thanetian fish fauna of Turkmenistan; seven taxa
are described from there, in addition to the unidentified
possibly †blochiid (Bannikov 1993d, 2010; Bannikov & Parin
1997): the †euzaphlegid †Palimphyes palaeocenicus Danilt-
shenko, 1968 (when associated with the names of taxa, the
Latinised version of P. G. Danil’chenko’s name, in the
manner he himself preferred and spelled in his papers, is used.
In the literature references the more commonly cited western
spelling is given), †Argestichthys vysotzkyi Prokofiev, 2002
(‘‘Gempylidae’’), †Auxides turkmenicus (Daniltshenko, 1968),
†Eocoelopoma portentosum Bannikov, 1985, †Palaeothunnus
parvidentatus Bannikov, 1978, †Scomberomorus avitus
Bannikov, 1985 (Scombridae) and †Hemingwaya sarissa Sytch-
evskaya & Prokofiev, 2002 (†Hemingwayidae).

Early Eocene marine fishes are unknown from the territories
of the former USSR, whereas middle Eocene fishes are rela-
tively well represented in two fish assemblages. The older of
these is the assemblage of the Dabakhana Svita of Georgia
(locality in Tbilisi). This sedimentary-tuffaceous formation
approximately corresponds to the middle Lutetian of W

Europe (Stratigraficheskiy Slovar’ SSSR 1982). Mesopelagic
fishes predominate in the Dabakhana fish fauna, and four
scombroids – †Palimphyes pinnatus Daniltshenko, 1962 (†Eu-
zaphlegidae), †Anenchelum eocaenicum (Daniltshenko, 1962)
(Trichiuridae), †Auxides devius (Daniltshenko, 1962) (Scom-
bridae) and †Palaeorhynchus senectus Daniltshenko, 1962
(†Palaeorhynchidae) – are also described (Danil’chenko
1962).

Marine fishes of Bartonian age are more widespread in the
territories of the former USSR, from deposits of the Kuma
Horizon of the North Caucasus (the main locality is on the
bank of the river Pshekha) and the Shorym Svita of the
Mangyshlak peninsula (W Kazakhstan). The former locality
yields better preserved, mostly articulated fish skeletons,
whereas most fish remains in Mangyshlak are represented by
isolated bones and fragments. Scombroids of the Kuma Hori-
zon are as follows: †Palimphyes pshekhaensis Bannikov, 1993b
(†Euzaphlegidae); †Anenchelum paucivertebrale Bannikov &
Parin, 1995 (Trichiuridae); †‘Thunnus’ abchasicus Danilt-
shenko, 1951 (Scombridae); and †Palaeorhynchus parini
Bannikov, 1992 (Palaeorhynchidae). The scombrids †Scomb-
eromorus saevus Bannikov, 1982, †Neocybium parvidentatum
sp. nov., †Gymnosarda prisca Monsch, 2000a and Sarda sp.
(Bannikov 1985, 2010; Monsch 2000a) are recorded from the
Shorym Svita of Mangyshlak.

Priabonian marine fishes are poorly known from the terri-
tories of the former USSR. Scales and fragments of the large
elopid †Lyrolepis caucasica Romanovsky, 1886 and very rare
fragments identified as †‘Thunnus’ abchasicus are reported
from deposits of the Belaya Glina Horizon (Beloglinian re-
gional stage: Popov et al. 2002) in the North Caucasus.

According to Popov et al. (2002, p. S191), ‘‘In the Rupelian,
the depositional environments . . . in the Paratethys markedly
changed . . . This resulted in the formation of . . . water
stratification, impairment of gas exchange regime, hydrogen-
sulphide contamination, and accumulation of dark-coloured
clay sediments . . . (menilithic beds in the Carpathian area and
the Maykopian in the Caucasus–Kopet Dagh area of the
Paratethys)’’. Lower Maykopian deposits of the North Cauca-
sus (Pshekha Horizon or Pshekhian regional stage) can be
divided in two parts: lower (Planorbella Beds) and upper
(Aeoliscus Beds) (e.g. Danil’chenko 1960); fish fauna of the

Figure 1 Principal localities of fossil scombroids in the former USSR and Romania: 1 –a2Uilya-Kushlyuk;
2=western Ustyurt; 3=Mangyshlak; 4=Tbilisi; 5=river Pshekha; 6=river Sulak; 7=river Skumey-Don; 8=river
Gumista; 9=Akhali-Afoni; 10=river Kuban; 11=river Malyi Zelenchuk; 12=river Belaya; 13=river Sumgait;
14=Verkhovina Bystraya; 15=Ukkrainian Cis-Carpathians; 16=Piatra-Neamţ; 17=cape Tarkhan; 18=Vosko-
vaya Mount; 19=Shirvanskaya; 20=river Kurdzhips; 21=river Urup; 22=river Chyornaya; 23=river Ullu-Chai.
Conventional signs: a=upper Palaeocene, b=Eocene, c=Oligocene, d=lower-middle Miocene.
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Pshekha Horizon is known from many localities in the North
Caucasus, Abkhazia and Azerbaijan. Based on the compos-
ition of the Pshekha Horizon fish fauna, Sytchevskaya (in
Popov et al. 2002) recognised also sub-Planorbella Beds, and
divided the Planorbella Beds in two parts. Recent field obser-
vations in the outcrops could not confirm the possibility of
such a division. The diverse fish assemblage of the Pshekha
Horizon includes, among others, ten taxa of scombroids:
†Palimphyes chadumicus Daniltshenko, 1960 (†Euzaphlegi-
dae); †Anenchelum angustum (Daniltshenko, 1980); †A. glarisi-
anum de Blainville, 1818 (Trichiuridae); †Abadzekhia
tarletskovi Bannikov, 2005 (stem trichiuroid); †Auxides cer-
negurae (Ciobanu, 1970); †Sarda rara Bannikov, 1979a; Thun-
nus sp.; Thunnini inc. sed. sp. (Scombridae); †Palaeorhynchus
zitteli (Kramberger, 1879); and †Homorhynchus colei (Agassiz,
1844) (Bannikov & Parin 1997; Bannikov 2010). Most of the
specimens were collected in Planorbella Beds. In the
Menilithic–Krosno Series of the Polish Carpathians, six ich-
thyofaunistic zones (IPM) were distinguished by Jerzmańska &
Kotlarczyk (1981). The lowermost of these, IPM-1, is probably
correlated with the Pshekha Horizon of the Caucasus. Speci-
mens of †Anenchelum glarisianum, †Auxides cernegurae and
†Palaeorhynchus zitteli, which are now in the collections of
PIN were, perhaps, collected in deposits of this zone of the
Ukrainian Carpathians.

At the end of the Rupelian, the isolation of Paratethys
resulted in a change of the hydrological regime to brackish
water, and marine environments were restored in Eastern
Paratethys at the terminal Rupelian–early Chattian (Kalmy-
kian regional stage) (Popov et al. 2002). Chattian fishes of the
Caucasus are much less numerous and diverse, and these are
poorly studied. In the lower Kalmykian deposits of the Belaya
River (NW Caucasus) †Abadzekhia marinae Bannikov, 1985
(stem trichiuroid) and †Sarda remota Daniltshenko, 1980
(Scombridae) were recorded. One more scombrid, †Scomber
cubanicus Daniltshenko, 1960, and the palaeorhynchid
†Pseudotetrapturus luteus Daniltshenko, 1960 are described
from the upper Kalmykian or Karadzhalga (Karadialganian:
Popov et al. 2002) deposits of the Caucasus. Scombrids
†Scomber voiteştii Paucă, 1929b and †‘Thunnus’ secretus
Bannikov, 1979b were collected from the Chattian of the
Ukrainian Carpathians.

A relatively diverse marine fish assemblage is known from
the upper Maykopian (lower Burdigalian, zones NN2–NN3)
deposits of the Caucasus and Crimea. Among others, four taxa
of scombroids were described from there: †Hemithyrsites mai-
copicus Daniltshenko, 1960 (basal trichiuroid); Anenchelum
lednevi (Menner, 1949) (Trichiuridae); †Scomber gnarus
Bannikov, 1979a; and †Sarda memorabilis Daniltshenko, 1980
(Scombridae). Most specimens of early Miocene fishes were
collected at four localities: the Kerch peninsula (the Crimea),
Pshekha River (NW Caucasus), river Chyornaya, N Osetiya
(N Caucasus) and Islamdagh mount (Azerbaijan).

The Eastern Paratethys freshened at the end of the Burdi-
galian (Kozahurian: Popov et al. 2002), and marine environ-
ments were restored there in the Tarkhanian. The fish fauna is
known from the Spirialis clays (deepwater facies of the
Tarkhanian and Chokrakian, corresponding to the Langhian)
of the Caucasus and Crimea. Of the scombroids, only the
trichiurid †Lepidopus lateralis Daniltshenko, 1980 is recorded
from these deposits of the Apsheron Peninsula (Azerbaijan).

The presence of scombroids of the former USSR is not
confirmed from deposits younger than Chokrakian, except for
some fragments of Scomber Linnaeus, 1758 found in the lower
Sarmatian, or Volhynian (Serravallian), of the N Caucasus
(Carnevale et al. 2006).

2. Material and methods

2.1. Material
The vast bulk of the material is housed in PIN. Only a few type
specimens of certain species are kept elsewhere. Not all speci-
mens that have been diagnosed as scombroids are included in
the material studied for this paper. There are many fossil fishes
from the former USSR that have historically been interpreted
as scombroids, but which are problematic. These are men-
tioned below.

Bannikov (1993c) transfers †Isurichthys Woodward, 1901
from the scombroids to the stromateoid family Ariommidae
(Ariommatidae). †Isurichthys does not possess any diagnostic
apomorphies of scombrids: additional dorsal and anal finlets
(see e.g. Collette 1978), for example, are missing. The removal
of this genus from the family Scombridae is therefore justified.
Bannikov (1993c) noticed remarkable resemblances between
the Recent Ariomma Jordan & Snyder, 1904 and a fossil
specimen of †Isurichthys. These similarities are, among others,
the structure of the dorsal and anal fins and their pterygio-
phores, as well as the number of vertebrae. The caudal skeleton
of †Isurichthys seems to be more weakly consolidated than in
Ariomma (Baciu & Bannikov 2004). Recently, direct evidence
of the presence of a toothed pharyngeal sac in the oesophagus
of Isurichthys was discovered, which confirms a stromateoid
affinity of this genus (see Bannikov 2012 for more infor-
mation).

Nesov and co-authors describe several fish taxa from the
Palaeocene of Kazakhstan (Averianov et al. 1993) and the
Eocene of Uzbekistan (Udovichenko & Nesov 1987), based on
fragmentary material stored at CNIGR. We do not consider
their scombroid taxa for the following reasons. The species
†Scomberomorus akkumensis (Averianov et al. 1993) from the
Palaeocene locality Dzhilga (Kazakhstan) is not valid. Al-
though the authors studied fragments of the premaxilla and
dentary that perhaps indeed belong to Scomberomorus
Lacépède, 1802, Averianov et al. (1993) chose as the holotype
of †S. akkumensis the hypural plate of either a sardine or
thunnine. The new scombrid genus and species †Xenoscombri-
nus tripletodon from the same locality is based on jaw frag-
ments (Averianov et al. 1993). The present authors regard
‘horizontal’ tooth replacement in this taxon as unique among
teleosts. However, rostro-lateral movement of teeth is not
evident from the figures (Averianov et al. 1993, pl. 7, figs 1–3).
Therefore the main diagnostic feature of †Xenoscombrinus is
dubious. Finally, Udovichenko & Nesov (1987) described the
?blochiid †Cylindracanthus ianuaris from the middle Eocene of
Uzbekistan, based on fragments of rostral spines. Recently, the
genus †Cylindracanthus Leidy, 1856 was excluded from the
Blochiidae, and it may even not be a fish (Fierstine & Monsch
2002; Monsch 2005).

Bogachev (1933) described the scombrid †Scomber caucasi-
cus from the Sarmatian of Chechnya, based on a single
incomplete skeleton. The location of this specimen is unknown
and there are no Sarmatian scombrids in the collection of PIN,
except for few fragments of †Scomber aff. caucasicus (Carnev-
ale et al. 2006) from the Pshekha River.

Institutional abbreviations. AMRS: Abkhazian Museum of
Regional Studies, Sukhumi, Abkhazia; BMNH: Natural His-
tory Museum, London; BSP: Bayerische Staatssammlung für
Paläontologie und Historische Geologie, Munich; CNIGR:
Chernyshev Central Scientific Research Museum of Geological
Exploration, St Petersburg, Russia; GLAHM: University of
Glasgow, Hunterian Museum, Glasgow; HLMD: Hessischen
Landesmuseums, Darmstadt, Germany; MNHN: Muséum
National d’Histoire Naturelle, Paris; MSNPN: Museul de
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Sqtiinţe Naturale Piatra Neamţ, Romania; PIN: Russian Acad-
emy of Sciences, Borisyak Paleontological Institute, Moscow;
TM: Teylers Museum, Haarlem, The Netherlands; TMRS:
Transcarpathian Museum of Regional Studies, Uzhgorod,
Ukraine; USNM: National Museum of Natural History,
Smithsonian Institution, Washington DC; ZPalWr: Palaeon-
tological Collection of the Institute of Zoology, University of
Wrocław, Poland.

2.2. Methods
In this paper, the systematic palaeontology is based on the
most recently published complete cladistic study of scombroids
based on morphology (Carpenter et al. 1995) with a modified
classification of Recent and fossil billfish, which in turn is
based on Fierstine & Monsch (2002). Sphyraenids, regarded as
the most primitive scombroids by Johnson (1986), are excluded
from consideration (see also Bannikov 2010). Carpenter et al.
(1995) presented four cladograms that resulted from analyses
of their data matrix. One of these (their fig. 5) was concurrent
with the classification they proposed (their table 3). An impli-
cation of this classification was that the traditional division of
Gempylidae and Trichiuridae into two different groups was to
be abandoned: Trichiuridae are highly nested within a clade
that otherwise include the traditional Gempylidae (Carpenter
et al. 1995, fig. 5). The taxon comprising of ‘Gempylidae’ and
Trichiuridae is named Superfamily Trichiuroidea in the present
paper. The systematic palaeontology includes genera whose
phylogenetic position can only be assessed tentatively. Figure 2
is a simplified and modified version of Carpenter et al.’s (1995,
fig. 5) cladogram. The picture is modified by using the billfish
relationships of Fierstine & Monsch (2002) and by including
the fossil genera of that paper in their hypothesised places. In
the systematic palaeontology section, there are explanations
for why the fossils are provisionally placed where they are.
Two things should be noted at this point. First, to determine
the actual placing of the fossil taxa, a new cladistic analysis is
necessary. The present paper does not include such an analysis,
but this work is in progress. Fossils cannot be simply grafted
into an existing phylogenetic framework without further con-
sideration, since additional taxa may overthrow previously

established hypotheses (see e.g. Gauthier et al. 1988; Day 2003;
Arratia 2010). Hence, the phylogenetic relationships of the
extinct taxa are provisional and should still be tested. Sec-
ondly, the traditional classification of billfishes within scom-
broids, as maintained in this present paper, is highly uncertain.
Recent molecular studies point to a separation of suborder
Xiphioidei from the Scombroidei (e.g. Orrell et al. 2006; Smith
& Wheeler 2006; Li et al. 2009; Little et al. 2010). Gosline
(1968) already suggested this separation, and it is followed by
Bannikov (2010), albeit in a non-cladistic framework. To a
certain degree, these authors considered which morphological
apomorphies would support the relationships in their molecu-
lar trees (except Li et al. 2009). However, there is no recent
morphological study that tests either these relationships, or the
role of the characters that would support them. Because
systematic palaeontology can only be based on morphology,
the most recently published morphological trees form the
framework of this present paper, and in those hypotheses,
billfishes are part of the scombroids.

To define taxa in a cladistic framework, one needs to know
which character states are apomorphic or plesiomorphic. For
Recent taxa, we refer to the explanation of character states
used in Carpenter et al.’s (1995, table 1) data matrix. For
Xiphioidea, the apomorphies found in the xiphioid hypothesis
of Fierstine & Monsch (2002) are applied. For the clades
shown in Figure 2 that are formed by grafting in the fossils,
hypothetical apomorphies are provided in the present paper.
Other sources of phylogenetically relevant traits used are
Nakamura (1983, 1985) for billfishes; Russo (1983) and
Nakamura & Parin (1993) for ‘gempylids’; Nakamura & Parin
(1993) and Gago (1997, 1998) for trichiurids; and Collette
(1978) and Collette & Nauen (1983) for scombrids in general.
The systematic palaeontology section gives explanations of the
apomorphic and plesiomorphic nature of relevant characters.

Because of the cladistic framework, taxon diagnoses in this
present paper consist only of synapomorphies, through which
diagnosis equals taxonomic definition (Monsch 2003). Other
distinguishing characters that are plesiomorphic or whose
nature (apomorphic or plesiomorphic) is not known are men-
tioned separately (Other distinguishing characters).

Figure 2 Cladogram depicting the systematic framework of our classification, based on Carpenter et al. (1995)
(but with Sphyraenoidea in the outgroup), and Fierstine & Monsch (2002). ‘Gempylidae’ 1 contains Thyrsitoides
Fowler, 1929; Ruvettus Cocco, 1829; Epinnula Poey, 1854; Nesiarchus, Johnson, 1862; Thyrsitops Gill, 1862;
Promethichthys Gill, 1893; Nealotus Johnson, 1865 and Gempylus Cuvier, 1829. ‘Gempylidae’ 2 contains Rexea
Waite, 1911; Thyrsites Lesson, 1831; and Neoepinnula Matsubara & Iwai, 1958. ‘Gempylidae’ 3 contains
Tongaichthys Nakamura & Fujii, 1983 and Lepidocybium Gill, 1862.
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Traditionally, osteological terminology of scombroids is
mostly based on de Sylva (1955). There are some changes as a
result of recent work. ‘Predorsal bones’, for example, are
named supraneurals (Mabee 1988) in this paper. The space
between the neurocranium and the first neural spine is named
the preneural space, and the space between the first and second
neural spines is considered the first interneural space (see
Birdsong et al. 1988; Bannikov & Tyler 1995), rather than the
first and second interneural space, respectively.

The order in which the species are mentioned within their
genus in the systematic palaeontology section is according to
stratigraphic age, with the oldest species being described first.
In literature dealing with palaeontology and geology of areas
formerly of the USSR, the Soviet stratigraphic classification
and nomenclature, which contains subdivisions such as Hori-
zon and Svita, are still the norm. For a comparison between
Soviet and British stratigraphic conventions see Holland
(1983).

We do not provide complete lists of the studied specimens,
because in many cases, the hypodigm is very large (up to about
150 specimens for some taxa). Under the heading ‘Hypodigm’,
the total number of specimens and the institutions in which
they are deposited are listed. All specimens in the collection of
PIN are to be considered as ‘referred specimens’. Should
anyone require more precise details of the specimens, please
contact one of the present authors, AFB.

Some of the specimens that are part of the hypodigm lack
certain specific apomorphies. Despite that, the specimens in
question can still be assigned to certain species, based on the
age and geographic location of the sites from which they were
collected. There are clearly strict demarcations in the geo-
graphical and stratigraphic distribution of these taxa (see
Bannikov 1985, 2010).

In the synonymies and the descriptions below, Danil’chenko
(1960) is frequently referred to. An exact English translation of
that paper also exists (Danil’chenko 1967).

3. Systematic palaeontology

Suborder Scombroidei Bleeker, 1859
Superfamily Trichiuroidea Rafinesque-Schmaltz, 1810

Family †Euzaphlegidae Daniltshenko, 1960

Remarks. †Euzaphlegidae is a fossil family of primitive
scombroid fish. Its most recent diagnoses are given by Ban-
nikov (2008, 2010). Based on a preliminary cladistic analysis
that did not contain all members of this family, Monsch
(2000b) suspects that †euzaphlegids are a polyphyletic taxon
(see also Patterson 1993). For now, until robust cladistic data
are available, we tentatively follow previous taxonomies (e.g.
Danil’chenko 1960; Bannikov 1993b) that treat the family as
monophyletic. This paper contains hence no definition of
†Euzaphlegidae, nor a discussion of their monophyly, which
requires investigation. The †Euzaphlegidae are provisionally
placed as the most distal branch on the trichiuroid stem.
†Euzaphlegids are considered to be closely related to ‘gempy-
lids’ (David 1943). Monsch (2000b) mentions that in †Palim-
phyes Agassiz, 1844 (the only †euzaphlegid known from
Russian and adjacent territories) the dorsal pterygiophores
overlap strongly to form a chain-like structure, which is a
synapomorphy of trichiuroids (Johnson 1986; Gago 1997).
This feature is not easily found in fossils and hard to capture in
a photograph. Figures 3–16 are of taxa with this apomorphy;
Figures 17–46 are of those without. A chain-like structure of
somewhat overlapping pterygiophores is best seen in Figures 7
and 12 and, to a lesser degree in Figure 16. The plesiomorphic

state is best seen in Figures 38 and 41, where the pterygio-
phores are only loosely connected and not overlapping.

Subfamily †Dipterichthyinae Arambourg, 1967
Genus †Palimphyes Agassiz, 1844

Type species. †Palimphyes longus Agassiz, 1844 (=†Clupea
elongata de Blainville, 1818, p. 315).

Diagnosis. Lower jaw slightly protrudes upper jaw. Oper-
culum with caudal notch. Vertebrae 32–39 in number. Pectoral
fin long, often reaching up to second dorsal fin. Dorsal fins not
closely adjoined, separated by rayless pterygiophores. Dorsal
pterygiophores overlap strongly, forming chain-like structure.
Caudal skeleton (Fig. 3) contains two hypural plates: hypurals
1–2 and 3–4 (–5?), respectively, fused together (sometimes,
remnants of fusions between hypurals 1–2 and 3–4 still visible).
Two or, rarely, three epurals present. Second preural vertebra
with remarkably deformed neural spine, which is not elongated
and widened in the anterocaudal plane.

Remarks. Pharisat (1991, fig. 46) figures a reconstruction
of †P. elongatus (de Blainville, 1818), in which there are two
strongly adjoined dorsal fins. This configuration is not sup-
ported by specimens seen during the present study or before
(Bannikov 1993b).

†Palimphyes palaeocenicus Daniltshenko, 1968
(Fig. 3)

1968 †Palimphyes palaeocenicus Danil’chenko, p. 143, text-fig.
2, pl. 34, figs. 1, 2.

1980 †Palimphyes palaeocenicus Dan. Danil’chenko, p. 145.
1993 †Palimphyes palaeocenicus Dan. Patterson, p. 649 (name

only).
1997 †Palimphyes palaeocenicus Dan. Bannikov & Parin,

p. 134 (name only).
2000b †Palimphyes palaeocaenicus [sic] Dan. Monsch, p. 101,

fig. 7.14.
2010 †Palimphyes palaeocenicus Dan. Bannikov, p. 126, pl.

XIX, fig. 5.

Holotype. PIN 2179/83 (Fig. 3a, b).
Type locality. Uilya-Kushlyuk, Turkmenistan; upper Pal-

aeocene (Thanetian, Danata Svita).
Diagnosis. Vertebrae 32 (13+19) in number. Three epu-

rals. First dorsal fin consists of seven spines. First pterygoid of
first dorsal fin inserted in second interneural space. Three
rayless pterygiophores between dorsal fins. Second dorsal fin
with one spine and 15–16 rays. Anal fin with of two spines and
15 rays. Remnants of fusions between hypurals visible (Fig.
3b).

Hypodigm. Eleven specimens from the type locality (PIN).
Description. Maximum body depth ca. 26% of standard

length. Lower jaw length ca. 61% of head length. More details
in Danil’chenko 1980.

†Palimphyes pinnatus Daniltshenko, 1962
(Fig. 4)

1962 †Palimphyes pinnatus Danil’chenko, p. 119, fig. 8.
1980 †Palimphyes pinnatus Dan. Danil’chenko, p. 145.
1993d †Palimphyes pinnatus Dan. Bannikov, fig. 2C (name

only).
1997 †Palimphyes pinnatus Dan. Bannikov & Parin, p. 135

(name only).
2010 †Palimphyes pinnatus Dan. Bannikov, p. 126, text-fig. 70.

Holotype. PIN 1413/77.
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Type locality. Tbilisi, Georgia; middle Eocene (Lutetian,
Dabakhana Svita).

Diagnosis. 35–36 (13–14+21–22) Vertebrae. First dorsal
fin with 9–10 spines. Second dorsal fin with one spine and
14–15 rays, anal fin with two spines and 15–17 rays.

Hypodigm. Eight specimens from the type locality (PIN).
Description. Maximum body depth 18–22% of standard

length. Lower jaw length 53–56% of head length. More details
in Danil’chenko 1962, 1980.

Remarks. It cannot be assessed with certainty into which
interneural space the first dorsal pterygiophore is inserted
(possibly into the second). As in †P. palaeocenicus, the first
spine of the fin is situated above the fifth (sometimes above the
sixth) vertebra. Similarly, the number of rayless pterygio-

phores between the dorsal fins is difficult to assess, as there
may be two or three.

†Palimphyes pshekhaensis Bannikov, 1993b
(Figs 5–6)

1993d †Palimphyes sp. nov. Bannikov, fig. 3A (nomen nudum).
1993b †Palimphyes pshekhaensis Bannikov, p. 98, figs. 1, 2.
1997 †Palimphyes pshekhaensis Ban. Bannikov & Parin, p. 135

(name only).
2000b †Palimphyes pshekhaensis Ban. Monsch, p. 102, fig.

7.15.
2010 †Palimphyes pshekhaensis Ban. Bannikov, p. 127, pl. XX,

fig. 2, text-fig. 71.

Figure 3 †Palimphyes palaeocenicus, holotype, PIN 2179/83, Uilya-Kushlyuk, Turkmenistan; Thanetian: (a)
whole specimen, scale bar=10 mm; (b) line drawing of tail region, taken from rectangle in (a), scale bar=1 mm.
Abbreviations: 2D=second dorsal fin; AF=anal fin; afs=anal-fin spine; br=branchiostegal rays; CF=caudal fin;
CL=cleithrum; EPU=epural; hs=haemal spine; HYP=hypural; lep=lepidotrichium; ns=neural spine;
PCF=pectoral fin; PHP=parhypural; pter=pterygiophores; PU=preural vertebra; PP=pelvic plate; R=ribs;
SCC=scale covering; UN=uroneural; US=urostyle; VC=vertebral column.

Figure 4 †Palimphyes pinnatus, holotype, PIN 1413/77, Tbilisi, Georgia; Lutetian: (a) photograph of holotype;
(b) line drawing of Danil’chenko (1962, fig. 8) with added labels. Scale bar=10 mm. Abbreviations: 1D=first
dorsal fin; 2D=second dorsal fin; A=angular; AF=anal fin; afs=anal-fin spine; D=dentary; FR=frontal;
IOP=interopercular; PCF=pectoral fin; PLF=pelvic fin; PMX=premaxilla; PP=pelvic plate; PSP=parasphe-
noid; pter=pterygiophores; SCC=scale covering; SOC=supraoccipital crest; VC=vertebral column.
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Holotype. PIN 4425/12 (Fig. 5a).
Type locality. Left bank of river Pshekha, 1 km upstream

from Gorny Luch, Caucasus, Russia; upper middle Eocene
(Bartonian, Kuma horizon).

Diagnosis. Hyomandibular relatively strongly inclined
ventro-rostrad, compared to other species. Premaxilla has a
small fang (Fig. 6). Operculum ornamented with numerous
pits. 37 (16+21) vertebrae. First dorsal fin with 8–9 spines, its
first pterygiophore inserted into third interneural space. Three
rayless pterygiophore between first dorsal and second dorsal
fin, the latter consisting of one spine and 19–20 rays (20 in
Bannikov, 1993b). Anal fin with two spines and 20 rays.

Hypodigm. Thirty-eight specimens from the type locality
(PIN).

Description. Maximum body depth 21–24% of SL. Lower
jaw length 50–57% of head length. More details in Bannikov
(1993b), who mentions that the pectoral fin has R12 rays.
Current observations suggest a range between 13 and 20 rays
(the holotype, paratype and PIN 4425/73).

Remarks. The only other species known to possess a
premaxillary fang is †Palimphyes (=†Dipterichthys) leptosomus
(Arambourg, 1967) (see Bannikov, 1993b). In Bannikov
(1993d, fig. 3A) a specimen of †P. pshekhaensis (PIN 4425/7)
was pictured, but do note that the captions for figures 2 and 3
were reversed.

†Palimphyes chadumicus Daniltshenko, 1960
(Fig. 7)

1960 †Palimphyes chadumicus Danil’chenko, p. 137, text-fig.
27, pl. 13, figs. 3, 4.

1962 †Palimphyes chadumicus Dan. Dzhafarova, p. 49, fig. 4.
1964 †Palimphyes chadumicus Dan. Danil’chenko, pl. 7, fig. 5.
1980 †Palimphyes chadumicus Dan. Danil’chenko, p. 146, pl. 6,

fig. 1.
1980 †Palimphyes longirostratus Danil’chenko, p. 147, text-fig.

48, pl. 6, fig. 2.
1997 †Palimphyes chadumicus Dan. Bannikov & Parin, p. 137

(name only).
?1997 †Palimphyes longirostratus Dan. Bannikov & Parin,

p. 137 (name only).
2000b †Palimphyes chadumicus Dan. Monsch, p. 100, fig. 7.12.
2010 †Palimphyes chadumicus Dan. Bannikov, p. 127, pl. XX,

fig. 4.

Holotype. PIN 290/3.
Type locality. River Skumey-Don, N Osetiya, Russia;

lower Oligocene (Rupelian, Pshekha Horizon).
Diagnosis. Hyopmandibular strongly inclined ventro-

rostrad. First dorsal pterygiophore inserted in fourth interneu-
ral space (in other †Palimphyes, inserted in second or third).

Figure 5 †Palimphyes pshekhaensis, left bank of river Pshekha, N Caucasus, Russia; Bartonian: (a) two
counterparts of holotype, PIN 4425/12; (b) paratype, PIN 4425/7. Scale bars=10 mm. Abbreviations: 1D=first
dorsal fin; 2D=second dorsal fin; A=angular; AF=anal fin; af=anal-fin spine; CF=caudal fin; CH=ceratohyal;
CL=cleithrum; D=dentary; FR=frontal; HYP=hypural; IOP=interopercular; LETH=lateral ethmoid;
META=metapterygoid; MX=maxilla; OP=opercular; PCF=pectoral fin; PLF=pelvic fin; PMX=premaxilla;
POP=preopercular; PP=pelvic plate; PSP=parasphenoid; pter=pterygiophores; R=ribs; SC=scale covering;
VC=vertebral column.
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37–39 (15–17+21–22) Vertebrae. First dorsal fin with 8–10
spines. Second dorsal fin with one anterior spine and 17–20
rays, anal fin with two spines and 17–20 rays.

Hypodigm. Two specimens from the type locality, 111
from the river Belaya (N Caucasus, Russia), five from the
Pshekha River (N Caucasus), and one specimen from the
Gumista River in Abkhazia. All specimens are from the
Rupelian (Pshekha Horizon) and are in PIN.

Description. Maximum body depth 23–25% of standard
length. Lower jaw length 56–62% of head length. More details
in Danil’chenko (1960, 1967, 1980), who however gives erratic
meristic counts of vertebrae and unpaired fin elements. Correct

figures are given in the current diagnosis. It should also be
noted that the caudal fin has 30–34 lepidotrichia (without
distinction between procurrent and principal rays).

Remarks. Bannikov & Parin (1997) indicated that †Palim-
phyes longirostratus is in need of revision. In PIN there are
eight specimens of †‘P. longirostratus’ from the Rupelian of the
deposits in the banks of the Belaya river. Morphologically, †P.
longirostratus and †P. chadumicus hardly differ (if at all).
Danil’chenko (1980) indicated that †P. longirostratus has a
longer snout. A close look at the jaw apparatus of the holotype
(PIN 3363/14) shows that the anterior apices of the premaxilla
and the dentary have strange, bulbous deformations. These

Figure 6 †Palimphyes pshekhaensis, PIN 4425/74, detail of dentition with clarifying interperative tracing marks;
left bank of river Pshekha, N Caucasus, Russia; Bartonian. Abbreviations: ap=ascending process of premaxilla;
F=fang; MX=maxilla; PMX=premaxilla; ps=posterior shank of premaxilla; t=teeth.

Figure 7 †Palimphyes chadumicus, PIN 3363/136, transfer-prepared; River Belaya, N Caucasus, Russia;
Rupelian. Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; A=angular; AF=anal fin; afs=anal-fin
spine; BOC=basioccipital; CF=caudal fin; CL=cleithrum; D=dentary; dfs=dorsal-fin spine; EXOC=exoccipi-
tal; FR=frontal; HY=hyomandibular; HYP=hypural; LETH=lateral ethmoid; LL=lateral line; MX=maxilla;
OP=operculum; P=palatine; PCF=pectoral fin; PCL=postcleithrum; PLF=pelvic fin; PMX=premaxilla;
POP=preoperculum; PP=pelvic plate; PSP=parasphenoid; pter=pterygiophores; SUP=suboperculum;
VC=vertebral column.
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structures could be either a pathology or an artefact of
fossilisation. From this morphology, it follows that the jaws of
†‘P. longirostratus’ seem longer than they actually are and that
they in fact do not differ from those in †P. chadumicus. Hence,
†P. longirostratus is treated as a synonym of †P. chadumicus
(Bannikov 2010).

Trichiuroidea incertae sedis
Genus †Abadzekhia Bannikov, 1985

Type species. †Abadzekhia marinae Bannikov, 1985, p. 44,
by monotypy and original designation.

Diagnosis. Serial (meaning, all in premaxilla except an-
terior fangs) teeth slightly retrorse. One pair of premaxillary
fangs, 34–35 (16–17+18) vertebrae, Dorsal pterygiophores
overlap strongly to form a chain-like structure. Procurrent
spur absent.

Other distinguishing characters. Body entirely covered by
very thin scales. Lateral line with strong curvature near the
border of abdominal and caudal parts of the vertebral column.
5–7 dorsal, and 4–7 anal finlets.

Remarks. The relationships of Recent trichiuroids in Fig-
ure 2, are poorly resolved. In this paper, hence, ‘gempylids’

and †Abadzekhia are ‘classified’ under Trichiuroidea incertae
sedis.

†Abadzekhia is tentatively placed as the sister group of all
Recent forms. It has trichiuroid apomorphies, such as the large
anterior fang and the overlapping pterygiophores. It lacks
apomorphies of more modern taxa, such as a reduction in
number of finlets. †Abadzekhia is to be placed crownwards
with respect to †euzaphlegids. †Abadzekhia is considered part
of the ‘Gempylidae’ (Bannikov & Fedotov 1989; Bannikov
2005, 2010). Euzaphlegids lack typical ‘gempylid’ synapomor-
phies. Evidence for this placement comes from the fossil
record. †Abadzekhia is from the Oligocene, whereas the oldest
†Euzaphlegidae are from the late Palaeocene (Danil’chenko
1968, 1980). It should be stressed again that these phylogenetic
relationships are tentative.

At first description, Bannikov (1985) included †Abadzekhia
within the subfamily Scomberomorinae, family Scombridae.
Reasons for that placement are the presence of finlets, a
relatively deep body, and relatively few vertebrae. However,
Bannikov (1985) also suspected that †Abadzekhia (Fig. 8a–d) is
related to ‘gempylids’ or †euzaphlegids. Characters that fuelled
that suspicion are the non-hypurostegic tail (which is in fact a
symplesiomorphy), relatively extended soft dorsal- and anal

Figure 8 †Abadzekhia marinae, River Belaya in Abadzekhskaya village, N Caucasus, Russia; Chattian. Scale
bars=20 mm unless otherwise indicated: (a) generalised reconstruction, taken from Bannikov (2010), with a few
added labels (original figure without labels); (b) holotype, PIN 1413/81; (c) paratype, PIN 1413/83; (d) paratype,
PIN 1413/82; (e) interpretative sketch of detail of (d), showing the premaxillary fang, scale bar=10 mm.
Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; A=angular; AF=anal fin; afs=anal-fin spine;
CF=caudal fin; CL=cleithrum; COR=coracoid; D=dentary; ENTO=entopterygoid; F=fang; f=finlets;
FR=frontal; HY=hyomandibular; HYP=hypural; IS=interneural space; LETH=lateral ethmoid; LL=lateral
line; MX=maxilla; PCL=postcleithrum; PLF=pelvic fin; PMX=premaxilla; PS=preneural space; PSP=paras-
phenoid; pter=pterygiophore; PVF=pelvic fin; SC=scapula; R=ribs; VC=vertebral column.
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fins, and the presence of a premaxillary fang (Fig. 8). Bannikov
& Fedotov (1989) ascribe this genus to the ‘gempylids’. Besides
the presence of a fang, the affinity of †Abadzekhia with
trichiuroids seems to be confirmed by the following synapo-
morphies: strongly overlapping dorsal pterygiophore (see also
Gago 1998) and slightly retrorse serial teeth. Most (but not all)
‘gempylids’ possess finlets (Nakamura & Parin 1993). †Abadze-
khia’s scales seem to be larger than in any Recent trichiuroid,
a character state that is interpreted as plesiomorphic in this
paper.

†Abadzekhia tarletskovi Bannikov, 2005
(Fig. 9)

2005 †Abadzekhia tarletskovi Bannikov, p. 63, fig. 2.
2010 †Abadzekhia tarletskovi Ban. Bannikov, p. 129, pl. XX,

fig. 3, text-fig. 72.

Holotype. PIN 3363/167.
Type locality. River Pshekha, in Gorny Luch village, N

Caucasus, Russia; lower Oligocene (Rupelian, Pshekha Hori-
zon).

Diagnosis. Seven dorsal and anal finlets.
Other distinguishing characters. Second dorsal fin with one

spine and 12 rays. Anal fin with two spines and 13 rays.
Hypodigm. Holotype only.
Description. See Bannikov 2005.

†Abadzekhia marinae Bannikov, 1985
(Fig. 8)

1980 †Scombrosarda miatlica Bannikov, p. 45 (nomem nudum).
1985 †Abadzekhia marinae Bannikov, p. 44, text-figs. 17c, 21,

22, pl. 5, figs. 2, 3, pl. 6, fig. 1.
1989 †Abadzekhia marinae Ban. Bannikov & Fedotov, p. 88,

fig. 2.
1997 †Abadzekhia marinae Ban. Bannikov & Parin, p. 139

(name only).
1998 Scombroidei (? Gempylidae/? †Euzaphlegidae) indet.

Micklich 1998, pl. III, fig. 7.
2000b †Abadzekhia marinae Ban. Monsch, p. 98, fig. 7.11.
2005 †Abadzekhia marinae Ban. Bannikov, fig. 1.

2010 †Abadzekhia marinae Ban. Bannikov, p. 129, pl. XXI, fig.
1, text-fig. 73.

Holotype. PIN 1413/81 (Fig. 8b).
Type locality. River Belaya in Abadzekhskaya village, N

Caucasus, Russia; upper Oligocene (Chattian, Morozkina
Balka Horizon).

Diagnosis. Five dorsal and four anal finlets.
Other distinguishing characters. Second dorsal fin with one

spine and 13–14 rays. Anal fin with two spines and 15 soft rays.
Hypodigm. Five specimens from the type locality, and one

from Abkhazia (Akhali-Afoni), all in PIN.
Description. According to the most recent reconstruction

(Bannikov 2010, text-fig. 73) of this species, the first dorsal-fin
spine inserts into the second interneural space (see also Fig.
8a). Dorsal fin pterygiophores are enlarged and overlap each
other. This is interpreted in this paper as the modified configu-
ration of dorsal pterygiophores as seen in trichiuroids (Gago
1998). First dorsal fin with 16 or 17 spines. Pectoral fin with 14
lepidotrichia. More details in Bannikov (1985, 2010).

Remarks. Bannikov (2010) identified the caudal skeleton
fragment from the Rupelian of Frauenweiler (Baden-
Württemberg, Germany), classified as Scombroidei indet. by
Micklich (1998), as †Abadzekhia marinae. The specimen is
deposited in HLMD. A comparison with other specimens there
confirms its identity as †A. marinae (see Bannikov 2010). This
discovery extends the fossil record of this species back in time.

Genus Hemithyrsites Sauvage, 1873

Type species. †Acanthonotos armatus Sauvage, 1870, by
monotypy.

Diagnosis. Vomerine teeth missing in adults; vertebrae
33–35; pelvic fin reduced to a single spine, or missing; two pairs
of dorsal and anal finlets.

Other distinguishing characters. Anal fin with two anterior
spines, both connected to fin membrane (a free first anal-fin
spine, as seen among others in Rexea, a trichiuroid genus
similar to Hemithyrsites, is interpreted as an apomorphy).
Hypurals unfused. Scale covering complete.

Remarks. We use the name Hemithyrsites for what is
commonly called Promethichthys Gill, 1893. Palaeontologists

Figure 9 †Abadzekhia tartletskovi, holotype, PIN 3363/167, taken from Bannikov (2005), with added scale and
lettering; River Pshekha, N Caucasus, Russia; Rupelian. Abbreviations: 1D=first dorsal fin; 2D=second dorsal
fin; AF=anal fin; afs=anal-fin spine; CF=caudal fin; dfs=dorsal-fin spine; EPU=epural; f=finlets; hs=haemal
spine; HYP=hypural; LL=lateral line; P=parapophysis; PHP=parhypural; PU=preural vertebra; R=ribs;
VC=vertebral column.
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have noted that the Recent ‘Promethichthys’ is identical to the
fossil Hemithyrsites Sauvage, 1873 (Arambourg 1925;
Danil’chenko 1960, 1980; Bannikov & Parin 1997; Bannikov
2010). We feel that those who employed Hemithyrsites as a
valid name did so correctly, and yet Promethichthys has
remained widely used by neontologists (see 34 references from
the period 1952–1990 in Nakamura & Parin 1993, p. 41). At
first sight, however, it seems that the International Code of
Zoological Nomenclature (ICZN 1999) favours keeping the
junior synonym because of frequent recent usage. Neverthe-
less, for maintaining such junior synonyms as valid names, two
conditions should be met: (1) if a name has been employed by
at least ten different authors in no less than 25 different works
within the last 10–50 years, it should be maintained, despite
discoveries of older valid names (ICZN 1999, art. 23.9.1.2);
and (2) the senior synonym has not been used as a valid name
after 1899 (ICZN 1999, art. 23.9.1.1). Promethichthys certainly
meets the first condition, but Hemithyrsites does not meet the
second. Even though Hemithyrsites has been employed only a
few times recently (Danil’chenko 1960, 1980; Trelea et al. 1977;
Bannikov & Parin 1997; Carnevale 2006; Bannikov 2010), it
has been employed as a valid name after 1899. Hence, since
one of the conditions for maintaining the junior synonym is
not met, we propose to consider Hemithyrsites also as the valid
name for the only Recent ‘Promethichthys’, whose correct
name is then Hemithyrsites prometheus (Cuvier in Cuvier &
Valenciennes 1832). However, another, yet older name exists
for Hemithyrsites. Monsch (2000b) accepted Dicrotus Günther,
1860 as the valid name of the species, based on comparisons of
(type) material of Dicrotus and of Promethichthys. However,
except by Monsch (2000b), the name Dicrotus has not been
employed in the last 10–50 years. It has mostly been mentioned
as a questionable synonym of Promethichthys (see e.g. Naka-
mura & Parin 1993). Hence, the name Dicrotus is not consid-
ered valid for this genus.

It may seem extraordinary that the name for a fossil replaces
one for a Recent organism. However, there is nothing in the
Code for Nomenclature that forbids this. Although such an
occurrence is rare, similar cases are already known. We have
found four examples of ‘‘fossil’’ names replacing ‘‘extant’’
ones. The first concerns the extant pygmy hippopotamus,
which was first only known as Choeropsis Leidy, 1853. Coryn-
don (1977) considered this genus the same as the ‘‘extinct’’
Hexaprotodon Falconer & Cutley, 1836. Compagno (1984)
reclassified the Recent shark Dirrhizodon Klunzinger, 1871
under Hemipristis Agassiz, 1844, which until then was only
known for fossils. Another Recent shark is known under two
names: Scapanorhynchus Woodward, 1889 and Mitsukurina
Jordan, 1898. The older name was first given to a fossil.
Woodward (1899) already regarded Mitsukurina a junior syno-
nym of Scapanorhynchus. Lastly, the generic name Pristigenys
Agassiz, 1835 given to a fossil priacanthid fish, is usually
regarded as having priority over Pseudopriacanthus Bleeker,
1869. A history of its nomenclature is found in Taverne (1988).

†Hemithyrsites maicopicus Daniltshenko, 1960
(Fig. 10)

1960 †Hemithyrsites maicopicus Danil’chenko, p. 140, fig. 28,
pl. 13, fig. 1–2.

1964 †Hemithyrsites maicopicus Dan. Danil’chenko, pl. 10, fig.
7.

?1977 †Hemithyrsites maicopicus Dan. Trelea et al. 1977, p. 51,
pl. III, fig. 6, pl. IV, fig. 7.

1980 †Hemithyrsites maicopicus Dan. Danil’chenko, p. 149.
1997 †Hemithyrsites maicotext-figus Bannikov & Parin, 1997,

p. 140 (typ. err., name only).

2000b †Dicrotus maicopicus (Dan.) Monsch, p. 95, fig. 7.9.
2010 †Hemithyrsites maicopicus Dan. Bannikov, p. 130, pl.

XX, fig. 1.

Holotype. PIN 484/131 (part and counterpart, Fig. 10).
Type locality. Kurdzhips River, Adygea, N Caucasus,

Russia; lower Miocene (upper Maykopian, Aquitanian/
Burdigalian, see Popov et al. (1993b).

Diagnosis. Seventeen caudal vertebrae (up to 16 in the
Recent Hemithyrsites prometheus, see Nakamura & Parin
1993). Pelvic-fin spines of juvenile reduced in size (see
Remarks).

Other distinguishing characters. Sixteen precaudal ver-
tebrae (18–20 in H. prometheus, see Nakamura & Parin 1993).
First dorsal fin with 17 spines. Second dorsal fin with one spine
and 17–18 rays (I+17–20 in H. prometheus, see Nakamura &
Parin 1993).

Hypodigm. Holotype only.
Description. †Hemithyrsites maicopicus was described in

detail by Danil’chenko (1960, 1967, 1980). Corrections to
those descriptions and new observations are given in the
current diagnosis, under the other distinguishing characters
and in this section. Standard length 53 mm, total length
59 mm. Anal fin with two spines and 16 soft rays. Pterotic a
short winged structure. Caudal fin with 25 lepidotrichia,
including 17 principal rays. Pelvic-fin spine longer than pos-
terior process of pelvic plate. Proximal–middle radial and
distal radial of soft dorsal fin pterygiophores overlap exten-
sively; distal radial locks snugly on process of proximal–middle
radial.

Remarks. The known specimen of this species is a sub-
adult, judging by its size and comparatively large and serrated
pelfic-fin spines (Fig. 10b). In the smallest adult Hemithyrsites,
pelvic-fin spines are smaller and inconspicuous; in adults larger
than 400 mm standard length (the maximum known size is
1 m), a pelvic-fin spine is missing altogether (Nakamura &
Parin 1993). In juvenile specimens of H. prometheus, e.g.
BMNH 1953.12.31.5 (the type of Dicrotus armatus Günther,
1860; a juvenile specimen), of 58 mm fork length, the pelvic-fin
spine is as long as the maximum body depth and serrated. The
pelvic spines of juvenile ‘gempylids’ are large and serrated
(Collette et al. 1984; Johnson 1986). Although the holotype of
H. maicopicus is smaller than the type of D. armatus, the
pelvic-fin spines of the fossil are absolutely and relatively
smaller than in the Recent juvenile, which is interpreted as an
apomorphic further reduction in size. It is remarkable that in
the juvenile H. prometheus finlets are not yet developed,
whereas they can already be discerned in H. maicopicus.

Trelea et al. (1977) recorded P. maicopicus from the Oligo-
cene of Romania based on a single incomplete specimen
(posterior part of the skeleton) that in fact does not possess
all relevant apomorphies, and hence its identification is
doubtful.

Genus †Argestichthys Prokofiev, 2002

Type species. †Argestichthys vysotzkyi Prokofiev, 2002,
p. 230, by original designation and monotypy.

Diagnosis. Barbed serial teeth and large barbed fangs.
Supraoccipital crest reduced in size. Lateral line with two
close, almost completely parallel lines close to dorsal fins, one
of which originating from nape, another at level of the 11th
dorsal-fin spine. First pterygiophore of first dorsal fin in
preneural space. Haemal spine 1 widened (see Fig. 11), first
two pterygiophores of anal fin inserted anterior of haemal
spine 1 and apparently associated with ribs (see Fig. 11a).
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Other distinguishing characters. Body relatively deep and
short, sclerotics present, precaudal vertebrae about 15, caudal
vertebrae 20, operculum without spines, pelvic plate and pelvic
fin large, first anal-fin spine not reduced and/or dagger-shaped,
first anal-fin pterygiophore with single supernumerary spine,
body scale covering complete.

Remarks. The characters for diagnosing and differentiat-
ing the genus are taken from Prokofiev (2002), even though
our interpretations of which characters are diagnostic and
which only differentiate differ. Besides that, we do not believe
that †Argestichthys can be diagnosed by teeth that are ‘not
fixed’ in place. Loose teeth are likely to be an artefact of
fossilisation. This is the only known trichiuroid in which both
anterior fangs and serial teeth are barbed.

Prokofiev (2002) recognised that †Argestichthys shares syna-
pomorphies with Ruvettus and an apomorphic terminal clade
of trichiurids, while it simultaneously lacks key apomorphies
that define the family Trichiuridae. He ultimately hypothesised
that the genus is a primitive sister group to trichiurids. We can
only tentatively agree with this placement (Fig. 2). Considering
the mosaic of apomorphic and plesiomorphic characters, the
phylogenetic position of †Argestichthys cannot be inferred
with a great degree of confidence without a thorough phylo-
genetic analysis. A radiographed specimen of Ruvettus
(BMNH 1938.623.24) suggests that this genus displays a
variety in characters that Prokofiev (2002) was not familiar

with. Prokofiev considered that Ruvettus also has two anal-fin
pterygiophores inserted anterior of haemal spine 1. In our
radiographed specimen, only one pterygiophore is inserted
anterior of haemal spine 1, but not in an ‘abdominal position’
(Prokofiev 2002): the pterygiophore is loosely connected to
haemal spine 1. These considerations weaken the hypothesis
that †Argestichthys is closely related to Ruvettus.

†Argestichthys vysotzkyi Prokofiev, 2002
(Fig. 11)

2002 †Argestichthys vysotzkyi Prokofiev, p. 230, figs. 1–6.
2010 †Argestichthys vysotzkyi Prok. Bannikov, p. 128, pl. XIX,

fig. 2.

Holotype. PIN 4782/94.
Type locality. 2 km NE of Uilya-Kushlyuk, Turkmenistan;

upper Palaeocene (Thanetian, upper part of Danata Svita).
Diagnosis and other distinguishing characters. As for genus.
Hypodigm. The holotype and eleven specimens from the

type locality, in PIN.
Description. R14 Spines in first dorsal fin. Second dorsal

fin with 17 soft rays. Anal fin with two spines and 12 soft rays.
See also remarks for genus †Argestichthys above. More details
in Prokofiev (2002).

Figure 10 †Hemithyrsites maicopicus, holotype, PIN 484/131, part and counterpart; River Kurdzhips, N
Caucasus, Russia; Aquitanian/Burdigalian: (a) complete views of counterparts; (b) detail of counterpart with
snout pointing to right, proximal end of PVF at the right. Abbreviations: 1D=first dorsal fin; 2D=second dorsal
fin; A=angular; AF=anal fin; afs=anal-fin spine; CF=caudal fin; D=dentary; f=finlets; FR=frontal; HY=
hyomandibular; LETH=lateral ethmoid; MX=maxilla; PMX=premaxilla; POP=preoperculum; PP=pelvic
plate; PSP=parasphenoid; PVF=pelvic fin; Q=quadrate; R=ribs; VC=vertebral column.
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Family Trichiuridae Rafinesque-Schmaltz, 1810
Genus †Anenchelum de Blainville, 1818

Type species. †Anenchelum glarisianum de Blainville, 1818,
p. 314, by monotypy.

Diagnosis. Pelvic fin reduced to only a single spine (in
trichiurids there is an evolutionary trend of reduction of this
fin: there are species known with complete pelvic fins to species
with a vestigial, or with no fin; see Gago 1998).

Other distinguishing characters. 27–50 hard dorsal-fin
spines, caudal complex with caudal fin present (reduced in
some species), not every pterygiophore of soft part of dorsal fin
articulating with neural spines: some projecting loosely into
corresponding interneural space (some trichiurids with syna-
pomorphy in which every such pterygiophore articulating with
a neural spine, see Tucker 1956). 76–124 vertebrae. These are
plesiomorphies of trichiurids (see Nakamura & Parin 1993;
Gago 1998).

Remarks. Since Wettstein (1886) all authors treated †An-
enchelum as a junior synonym of Lepidopus (e.g. Woodward
1901; Danil’chenko 1960, 1962, 1980), until Bannikov &
Parin’s (1995) review of the defining characteristics of the

genus. From their study, it follows that †Anenchelum is a
separate taxon. They remarked that †Anenchelum is a primi-
tive member of the subfamily Aphanopinae, even though it
also shares characters with subfamily Lepidopinae, and some
of the characters that it shares with Lepidopus are admittedly
symplesiomorphies. However, based on the morphological
cladistic studies of Gago (1997, 1998), the traditional tripar-
tition of Trichiuridae into subfamilies Trichiurinae, Lepi-
dopinae and Aphanopinae is to be abandoned. The topology
of Gago’s cladograms is such that trichiurids cannot be
subdivided into strictly separated subfamilies. In Gago (1997,
1998), Aphanopus appeared as the sister taxon of all other
Recent trichiurids. †Anenchelum were also included in Mon-
sch’s (2000b) phylogenetic analysis, from which it follows
that †Anenchelum is the sister group of all other, fossil and
Recent, trichiurids. In Monsch’s (2000b) cladogram, the
trichiurids were arranged as follows: (†Anenchelum (Aphano-
pus (other trichiurids))), which confirms the hypothesis of
Bannikov & Parin (1995), in which †Anenchelum is an early
branch within Trichiuridae. Within the territories of the
former USSR, †Anenchelum is represented by the five species
described below.

Figure 11 †Argestichthys vysotzkyi, Uilya-Kushlyuk, Turkmenistan; Thanetian, taken from Prokofiev (2002)
with modified labelling (original also lacks scales): (a) reconstruction (based mostly on holotype PIN 4782/94 as
well as on paratypes PIN 4782/95, 96); (b) jaws of juvenile PIN 4782/97; (c) pelvic plate (based on holotype and
paratypes PIN 4782/95, 96); (d) angular and part of suspensorium (based on paratypes 4782/96, 97); (e) anterior
haemal spines and anal pterygiophores (based on paratypes PIN 4782/95, 98); (f) dorsal-fin pterygiophores and
spines (based on holotype). Abbreviations: 1hs=first haemal spine; A=angular; AF=anal fin; afs=anal-fin spine;
ap=ascending process of premaxilla; arp=articulatory process of premaxilla; br=branchiostegal ray; CD=
continuous dorsal fin; CL=cleithrum; COR=coracoid; cp=part of pelvic plate; D=dentary; dfs=dorsal-fin
spine; DR=distal radial of pterygiophore; ECTO=ectopterygiod; ENTO=entopterygoid; F=(anterior) fang;
LETH, lateral ethmoid; LL=lateral line; META=metapterygoid; MX=maxilla; NAS=nasal; OP=operculum;
PCL=postcleithrum; PLF=pelvic fin; PMR=proximal–middle radial of pterygiophore; PMX=premaxilla;
PP=pelvic plate; pp=posterior process of pelvic plate; PS=preneural space; PSP=parasphenoid; pter=pterygio-
phore; PTM=posttemporal; PVF=pelvic fin; Q=quadrate; R=ribs; RA=retroarticular; SC=sclerotic; SF=serial
fang; SOP=suboperculum; SY=symplectic; VC=vertebral column.
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†Anenchelum eocaenicum (Daniltshenko, 1962)
(Fig. 12)

1962 †Lepidopus eocaenicus Danil’chenko, p. 121, text-fig. 19.
1980 †Lepidopus eocaenicus Dan. Danil’chenko, p. 145.
1993d †Lepidopus eocaenicus Dan. Bannikov, p. 243 (name

only).
1995 †Anenchelum eocaenicum Dan. Bannikov & Parin, p. 184

(name only).
1997 †Anenchelum eocaenicum Dan. Bannikov & Parin, p. 135

(name only).
2000b Unknown, Monsch, p. 88 (name only).
2010 †Anenchelum eocaenicum Dan. Bannikov, p. 131, text-fig.

74.

Holotype. PIN 1413/78.
Type locality. Dabakhana Gorge, near Tbilisi, Georgia;

Dabakhana Svita, middle Eocene (Lutetian?).
Diagnosis. Fifty-four caudal vertebrae, which is a rela-

tively high number (from the fragmentary nature of the
material the total number of vertebrae cannot be assessed, nor
a minimum count be given).

Other distinguishing characters. Lower jaw articulation at
middle of orbit. Soft part of dorsal fin short: first soft dorsal-fin
ray projecting well into caudal part of vertebral column. First
dorsal-fin pterygiophore that is not connected to neural spine is
of first soft dorsal-fin ray (Bannikov & Parin 1995).

Hypodigm. Eight specimens from the type locality in the
collection of PIN.

Description. Head length 2·3 to 2·4 times greater than
body depth. More details in Danil’chenko (1962, 1980).

†Anenchelum paucivertebrale Bannikov & Parin, 1995
(Fig. 13)

1993d Lepidopus sp. Bannikov, p. 245, fig. 3B.

1995 †Anenchelum paucivertebrale Bannikov & Parin, p. 187,
figs. 1–3.

1997 †Anenchelum paucivertebrale B. & P. Bannikov & Parin,
p. 135 (name only).

2000b †Anenchelum paucivertebrale B. & P. Monsch, 2000b,
p. 90, fig. 7.5.

2010 †Anenchelum paucivertebrale B. & P. Bannikov, p. 132,
pl. XXI, fig. 3, text-fig. 75.

Holotype. PIN 4425/23.
Type locality. Left bank of the Pshekha River, 1 km from

Gorny Luch, SW Russia (N Caucasus); middle Eocene (Bar-
tonian, Kuma Horizon).

Diagnosis. 76 (31–32+44–45) vertebrae. Long soft dorsal
fin: first pterygiophore that is not connected to neural spine is
situated toward end of precaudal part of vertebral column
(Fig. 13a). In other species, first ‘irregular’ dorsal pterygio-
phore inserted in caudal part of vertebral column.

Other distinguishing characters. Articulation of the lower
jaw with quadrate under middle of orbit. Perhaps two anal-fin
spines (first anal-fin spine often reduced in trichiurids, see
Nakamura & Parin 1993). Presence of only large dagger-
shaped anal-fin spine, similar to a second unreduced anal-fin
spine (Fig. 13b) can be confirmed.

Hypodigm. Thirty-five specimens from the type locality, in
PIN.

Description. Anal fin with 35–36 soft rays. Head length
14–15% of standard length. More details in Bannikov & Parin
(1995). Based on new observations, it is difficult to state an
exact number of pectoral fin rays, although there seem to be
12. Soft part of dorsal fin with 44 rather than 43 rays.

†Anenchelum glarisianum de Blainville, 1818

1818 †Anenchelum glarisianum de Blainville, p. 314.

Figure 12 †Anenchelum eocaenicum, holotype, PIN 1413/78, part and counterpart; Dabakhana Gorge, near
Tbilisi, Georgia; Lutetian. Scale bars=5 mm. Abbreviations: A=angular; br=branchiostegal ray; D=dentary;
dfs=dorsal-fin spine; FR=frontal; IOP=interoperculum; LETH=lateral ethmoid; MX=maxilla; O=orbit;
OP=operculum; PLF=pelvic fin; PMX=premaxilla; PSP=parasphenoid; pter=pterygoid; Q=quadrate;
SOC=supraoccipital crest; SOP=suboperculum; V=vomer; VC=vertebral column.

266 KENNETH A. MONSCH AND ALEXANDRE F. BANNIKOV

https://doi.org/10.1017/S1755691011010085 Published online by Cambridge University Press

https://doi.org/10.1017/S1755691011010085


1834 †Anenchelum heteropleurum Agassiz, p. 132 (nomen
nudum).

1834 †Anenchelum glarisianum de Bl. Agassiz, p. 302 (name
only).

1834 †Anenchelum latum Agassiz, p. 302 (nomen nudum).
1834 †Anenchelum isopleurum Agassiz, p. 302 (nomen nudum).
1833–44 †Anenchelum glarisianum de Bl. Agassiz, p. 70, pl. 37,

figs. 1, 2.
1833–44 †Anenchelum isopleurum Agassiz, p. 71, pl. 37, fig. 3.
1833–44 †Anenchelum dorsale Agassiz, p. 72, pl. 37, fig. 4, pl.

37a, figs. 1, 2.
1833–44 †Anenchelum heteropleurum Agassiz, p. 73, pl. 37a,

fig. 3.
1833–44 †Anenchelum latum Agassiz, p. 74, pl. 36.
1847 †Anenchelum breviceps Giebel, p. 665.
1850 †Lepidopides leptospondylus Heckel, p. 240, pl. 22.
1850 †Lepidopides dubius Heckel, p. 241.
1850 †Lepidopides brevispondylus Heckel, p. 241, pl. 27.
1859 †Anenchelum glarisianum de Bl., vom Rath, p. 122, pl. 3,

fig. 5.
1859 †Anenchelum latum Ag. vom Rath, p. 122, pl. 3, fig. 6, pl.

4.
1859 †Anenchelum dorsale Ag. vom Rath, p. 122, pl. 3, fig. 8.
1859 †Anenchelum isopleurum Ag. vom Rath, p. 123.
1859 †Anenchelum heteropleurum Ag. vom Rath, p. 123.
1867 †Anenchelum latum Ag. Winkler, p. 633 (name only).
1867 †Anenchelum glarisianum de Bl. Winkler, p. 633 (name

only).
1867 †Anenchelum heteropleurum Ag. Winkler, p. 633 (name

only).
1867 †Anenchelum dorsale Ag. Winkler, p. 634 (name only).
1879 †Lepidopus dubius Heck. Kramberger, p. 55, Pl. 14.
1879 †Lepidopus carpathicus Kramberger, p. 57, Pl. 16, fig. 1.
1879 †Lepidopus leptospondylus Heck. Kramberger, p. 57.
1886 †Lepidopus glaronensis Wettstein, p. 42, pl. 5, figs 1, 3, 5,

9, 10; pl. 6, figs 1, 3, 5–8.
1901 †Lepidopus glarisianus (de Bl.) Woodward, p. 477.
1928 †Lepidopus glarisianus (de Bl.) Weiler, p. 32, pl. 2, fig. 5.
1929a †Lepidopus glarissianus [sic] (de Bl.) Paucă, p. 116.
non1929c Lepidopus caudatus (Euphr.) Paucă, p. 209.
non1930 Lepidopus caudatus (Euphr.) Paucă, p. 179.
1934 †Lepidopus glarisianus (de Bl.) Paucă, p. 615, pl. 3, fig. 3.

1934 †Lepidopus glarisianus (de Bl.) Théobald, p. 145, pl. 11,
fig. 3, pl. 14, fig. 2.

non1958 Lepidopus caudatus (Euphr.) Jerzmańska, p. 179.
1960 †Lepidopus glarisianus (de Bl.) Danil’chenko, p. 143 (pro

parte).
1968 †Lepidopus glarisianus (de Bl.) Jerzmańska, p. 463, text-

fig. 23, pl. 7.
1974 †Lepidopus dubius Heck. Pharisat, p. 45.
1980 Lepidopus Clerget, p. 12.
1980 †Lepidopus glarisianus (de Bl.) Danil’chenko, p. 150 (pro

parte).
1990 †Lepidopus glarissianus [sic] (de Bl.) Pharisat, p. 86.
1991 †Lepidopus glarisianus (de Bl.) Pharisat, p. 60, figs. 47, 49,

50.
1995 †Anenchelum glarisianum de Bl. Bannikov & Parin, p. 183

(name only).
2000b †Anenchelum glarisianum de Bl. Monsch, p. 88, fig. 7.4.
non2000b †Anenchelum glarisianum de Bl. Monsch, p. 89 (pro

parte=A. angustum Danil’chenko, 1980).
2002 †Anenchelum glarisianum de Bl. Z~abrowski, p. 37 (name

only).
2006 †Anenchelum glarisianum de Bl. Z~abrowski, p. 112 (name

only).
2010 †Anenchelum glarisianum de Bl. Bannikov, p. 133, pl.

XXII, fig. 1.

Lectotype. Woodward (1901) indicated the type as an
‘imperfect fish’, without further information. The lectotype is
the specimen figured in Scheuchzer (1708, pl. II).

Type locality. Engi, Canton Glarus, Switzerland; lower
Oligocene (Rupelian, Glarner Schiefer).

Diagnosis. Vertebrae 108–120 (35–40+73–80). Dorsal fin
with 98–104 rays, of which first ca. 40 spinous. Anal fin with
67–73 soft rays (of which the first ca. 45 are shortened and
barely visible, but the beginning of the anal fin can be observed
by its anterior spines).

Other distinguishing characters. Two anal-fin spines clearly
developed. Lower jaw articulation under middle of orbit.

Specimens. The hypodigm is too large and too scattered
around various institutions to be calculated exactly. The
majority of the specimens come from the type locality, at least
47 specimens of which are kept at BMNH (Woodward 1901;

Figure 13 †Anenchelum paucivertebrale, Pshekha River, 1 km from Gorny Luch, N Caucasus, Russia;
Bartonian: (a) part of holotype, PIN 4425/23, with arrow indicating first ‘irregular’ dorsal-fin pterygiophore; (b)
detail of paratype PIN 4425/24, showing the enlarged anal-fin spine; (c) counterpart of holotype. Abbreviations:
A=angular; AF=anal fin; afs=anal-fin spine; C=centrum; CF=caudal fin; D=dentary, DF=dorsal fin;
dfs=dorsal-fin spine; FR=frontal; hs=haemal spine; LETH=lateral ethmoid; ns=neural spine; PCF=pectoral
fin; PCL=postcleithrum; pfs=pelvic-fin spine; PP=pelvic plate; PSP=parasphenoid; pter=pterygoid;
PTM=posttemporal; R=ribs; SCL=supracleithrum; VC=vertebral column.
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Monsch 2000b) and 17 at TM (Winkler 1867). †Anenchelum
glarisianum is, however, also known from other Oligocene
territories, in, e.g., Poland – 92 specimens in ZPalWr
(Jerzmańska 1968; Z~abrowski 2002). From former Soviet
Union territories there are seven specimens, in PIN from
Rupelian sediments: five from Gumista, Abkhazia (Pshekha
Horizon), one from Lubizhnya and one from the Pistyn River,
both W Ukraine. These specimens were studied for this paper.

Description. Detailed descriptions of specimens of †A.
glarisianum from territories formerly of the USSR were given
by Danil’chenko (1960, 1967(in English), 1980). The most
recent, well-accessible, description is Pharisat (1991), who drew
heavily from Jerzmańska (1968). Additional and/or corrected
information, obtained from specimens in PIN, is given below.
Ventral margin of suboperculum convex. Pectoral fin with 11
rays. Caudal skeleton with two epurals. Hypurals 1–2 and 3–4
respectively fused together. About 30 caudal-fin rays, including
17 principal lepidotrichia. First dorsal pterygiophore inserted
in first interneural space. Head length 12–13% of standard
length.

Remarks. Pharisat (1991) reported a juvenile specimen
that possesses three anal-fin spines. This condition cannot be
confirmed from the specimens studied in PIN. A figure of †A.
glarisianus is not provided in this present paper, but there are
many pictures of this species available (see synonymy above).

†Anenchelum angustum (Daniltshenko, 1980)
(Fig. 14)

1933 †Lepidopus sp. ? ex gr. glarisianus (de Bl.) Bogachev,
p. 20, pl. 2, figs. 1–3, 5, 6.

1933 †Lepidopus leptospondylus (Heck.) Bogachev, p. 22, pl. 1,
fig. 1.

1933 †Lepidopus glarisianus (de Bl.) Bogachev, p. 23, pl. 2, fig.
7, 8.

1949 †Lepidopus leptospondylus (Heck.) Menner & Ryabinin,
p. 311, pl. 87, fig. 1.

1960 †Lepidopus glarisianus (de Bl.) Danil’chenko, p. 143,
text-fig. 29, pl. 14, figs. 1, 2.

1960 †Lepidopus glarisianus (de Bl.) Aslanova, p. 80, figs. 4, 5.
1964 †Lepidopus glarisianus (de Bl.) Danil’chenko, pl. 9, fig. 1.
1980 †Lepidopus glarisianus (de Bl.) Danil’chenko, p. 150 (pro

parte).
1980 †Lepidopus angustus Danil’chenko, p. 151, pl. 7, figs. 1, 2.
1988 †Lepidopus angustus Dan. Dzhafarova, p. 3, figs. 1, 2,

4–6.
1995 †Anenchelum angustum (Dan.) Bannikov & Parin, p. 184

(name only).
1997 †Anenchelum angustum (Dan.) Bannikov & Parin, p. 137

(name only).
non2000b †Anenchelum glarisianus (Dan.) Monsch, p. 89 (pro

parte).
2010 †Anenchelum angustum (Dan.) Bannikov, p. 132, pl. XXI,

fig. 4.

Holotype. PIN 1413/94 (Fig. 14a).
Type locality. River Belaya, N Caucasus, Russia; lower

Oligocene (Rupelian, Khadum deposits).
Diagnosis. Articulation of lower jaw with quadrate pos-

terior to middle of orbit. Vertebrae 116–121 (45–47+71–74).
Dorsal fin with of 46–48 anterior spines and 70–75 rays. Anal
fin with 65–67 rays.

Other distinguishing characters. Only one anal-fin spine
found. From our material it is not clear whether the species
possess a first reduced anal-fin spine.

Hypodigm. One hundred and forty-six specimens from the
type locality, 16 from the river Pshekha, N Caucasus, one from

the Morozkina Ravine (Krasnodar Region), one from the
Kuban River, N Caucasus, and one from the Apsheron
peninsula, Azerbaijan; lower Oligocene, Rupelian (Pshekha
Horizon). All specimens are in PIN.

Description. Head length 14–15% of standard length.
More details in Danil’chenko (1980).

Remarks. This species has repeatedly been confused with
†A. glarisianum (see synonymy list above). The species are
known from the same age and are very much alike, especially
in their vertebral count. There is, however, a differences in the
number of precaudal vertebrae (†A. glarisianus 35–40, †A.
angustum 45–47). Differences can be found furthermore in the
fin ray counts: †A. angustum has more numerous dorsal-fin
elements, because of higher counts of both spines and rays (see
diagnoses above). Besides that, specimens that can be attrib-
uted with certainty to either †A. glarisianus or †A. angustum
have been found in strictly separated, non-overlapping
territories.

†Anenchelum lednevi (Menner, 1949)
(Fig. 15)

non1914 †Lepidopus albyi (Sauvage, 1870) Lednev, p. 11, pl. 3,
fig. 10.

1933 †Lepidopus sp.? Bogachev, 1933, p. 22, pl. 2, fig. 4.
1949 †Lepidopus lednevi Menner, p. 359, pl. 81, fig. 1.
1995 †Anenchelum lednevi (Men.) Bannikov & Parin, p. 184

(name only).
1997 †Anenchelum lednevi (Men.) Bannikov & Parin, p. 140

(name only).
2010 †Anenchelum lednevi (Men.) Bannikov, p. 134, pl. XXI,

fig. 2.

Holotype. Location unknown. Original image reproduced
with our labels in Figure 15.

Type locality. Suburb of Baku, Apsheron peninsula, Azer-
baijan; lower Miocene (lower Burdigalian, Sakaraul Horizon).

Diagnosis. First pterygiophore of soft portion of dorsal fin
inserted into 5th–7th interneural space of caudal part of
vertebral column (i.e. further caudally inserted than in other
species). 99–100 (36–37+63) vertebrae. 43–44 Dorsal-fin
spines, number of dorsal-fin rays unknown.

Hypodigm. Besides the holotype, only two specimens are
known: one from Apsheron peninsula, Azerbaijan and one
from Voskovaya Mount in the Krasnodar Region of Russia,
from the same strata and age as the holotype. All specimens
are in PIN.

Description. Head length 12–13% of standard length.
More details in Lednev (1914, pl. 3, fig. 10).

Genus Lepidopus Goüan, 1770

Type species. Lepidopus gouanianus Lacépède, 1800
(=Trichiurus caudatus Euphrasen, 1788, p. 52), by subsequent
monotypy or subsequent designation.

Diagnosis. Large sagittal crest. 82–114 vertebrae. Dorsal
fin with 78–110 elements, of 7–10 flexible spines, remaining
elements are soft rays. 41–66 Anal-fin rays. Pelvic fin reduced
to one spine with one or two rays.

Other distinguishing characters. Caudal fin present, com-
paratively large eye near dorsal contour of head, posterior
margin of Suboperculum convex, two anal-fin spines.

†Lepidopus lateralis Daniltshenko, 1980
(Fig. 16)

1980 †Lepidopus lateralis Danil’chenko, p. 152, pl. 8, figs. 1, 2.
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Figure 14 †Anenchelum angustum, River Belaya, N Caucasus, Russia; Rupelian: (a) holotype, PIN 1413/94; (b)
PIN 1413/88. Both individuals pictured have been twisted during fossilisation. The anal fin in (a) is only visible
through its pterygiophores; the rays are depressed against the body. Abbreviations: 1hs=first haemal spine;
A=angular; AF=anal fin; br=branchiostegal rays; CD/DF=(continuous) dorsal fin; CF=caudal fin; D=
dentary; dfs=dorsal-fin spine; F=fang; LETH=lateral ethmoid; PCF=pectoral fin; PCL=postcleithrum;
PMX=premaxilla; POP=preoperculum; PSP=parasphenoid; R=ribs; VC=vertebral column.

Figure 15 †Anenchelum lednevi, holotype, Suburb of Baku, Apsheron peninsula, Azerbaijan; Burdigalian. Image
modified from Lednev (1914) with added lettering. The piece of matrix at the bottom is from the counterpart of
the same individual and is pictured upside-down. Arrows indicate first ‘irregular’ dorsal-fin pterygiophore.
Abbreviations: 1hs=first haemal spine; AF=anal fin; afs=anal-fin spine; CD/DF=(continuous) dorsal fin;
CF=caudal fin; CL=cleithrum; D=dentary; dfs=dorsal-fin spine; FR=frontal; LETH=lateral ethmoid;
PCF=pectoral fin; PMX=premaxilla; PSP=parasphenoid; R=ribs; VC=vertebral column.
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1995 †Lepidopus lateralis Dan. Bannikov & Parin, p. 184
(name only).

1997 †Lepidopus lateralis Dan. Bannikov & Parin, p. 142
(name only).

2010 †Lepidopus lateralis Dan. Bannikov, p. 134, pl. XXII, fig.
2.

Holotype. PIN 2181/65 (Fig. 16a).
Type locality. Sumgait River, Apsheron peninsula, Azer-

baijan; lower–middle Miocene (Tarkhanian–Chokrakian,
Langhian, Spirialis clays).

Diagnosis. About 114 (ca. 40+74) vertebrae. Dorsal fin
with ca. 110 elements (distinction between spines and soft rays
cannot be made). Anal fin with about 65 rays.

Other distinguishing characters. Second anal-fin spine well
developed and spiniform (Fig. 16b).

Hypodigm. Thirteen specimens from the type locality, in
PIN.

Description. Head length 2·1 times greater than body
depth. More details in Danil’chenko (1980).

Remarks. †L. lateralis is morphologically close to the
Recent Lepidopus caudatus (Euphrasen, 1788). They share
similar apomorphic character states such as the amount of
vertebrae and of elements of the unpaired fins. The only
difference is that in L. caudatus the second anal-fin spine is
reduced in size and plate-like or triangular.

The soft pelvic-fin rays are unknown. It is not known
whether the specimens have lost, or have never possessed them.
Normally, one or two soft pelvic fin rays are present in
Lepidopus (Nakamura & Parin 1993; Gago 1998).

The precaudal skeleton of the upper Miocene (Chelif Basin,
NE Algeria) †Lepidopus proargenteus Arambourg, 1927 is, as
far as can be seen, identical to that of †L. lateralis. However, as
in L. caudatus, the second anal-fin spine of †L. proargenteus is
reduced, and that species also has a different geological and
geographical provenance from †L. lateralis. Additional study
of †L. proargenteus is necessary to reveal whether it does differ
from L. caudatus.

Superfamily Scombroidea Rafinesque-Schmaltz, 1815

Remark. Superfamily Scombroidea as used in this paper is
based on Carpenter et al. (1995). A phylogenetic outline of this
taxon is given in Figure 2, in which can be seen that it is
paraphyletic, because the complete group Xiphioidea is ex-
cluded (this may point to the necessity to exclude billfish from
scombroids).

Family Scombridae Rafinesque-Schmaltz, 1815
Subfamily Scombrinae Rafinesque-Schmaltz, 1815

Tribe Scombrini Rafinesque-Schmaltz, 1815
Genus Auxides Jordan, 1919

Type species. †Thynnus propterygius Agassiz, 1835, p. 292,
by original designation.

Diagnosis. Small teeth, lachrymal slightly longer than or-
bit; 31 vertebrae; haemal spine 1 thickened and bent; two
hypural plates (hypurlas 1–2 on the one hand and 3–4 on the
other hand fused together).

Other distinguishing characters. Dorsal fins drawn closely
together; body covered by medium-sized scales; orbit partially
covered by sclertotics.

Remarks. Species of †Auxides from the former USSR are
generally known as †Scombrosarda Daniltshenko, 1962
(Danil’chenko 1962, 1980; Bannikov 1985). The type species
designated by Jordan (1919) for †Auxides was subsequently
attributed to †Scombrosarda (Bannikov & Sorbini 1984;
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Bannikov 1985). †Scombrosarda was eventually synonymised
with †Auxides by Monsch (2006). Three species of †Auxides
are known from the former Soviet territories.

Bannikov (1985, p. 75; 2010) synonymises †Tamesichthys
Casier, 1966 from the London Clay with †Auxides. However,
the holotype of †Tamesichthys (BMNH 41319) is not identical
to †Auxides; it lacks the characteristic curved crescent-shaped
preoperculum and has a deeper head. Monsch (2005) recog-
nises †Tamesichthys as a separate genus.

The phylogenetic position of †Auxides in relation to Recent
Scombrini (mackerels, genera Scomber and Rastrelliger Jordan
& Starks, 1908) is unresolved, even though it is thought that
the fossil genus is the primitive sister group of Recent scom-
brins (Monsch 2006).

†Auxides turkmenicus (Daniltshenko, 1968)
(Fig. 17)

1968 †Scombrosarda turkmenica Danil’chenko, p. 151, pl. 33,
fig. 3, text-fig. 16.

1980 †Scombrsarda turkmenica Dan. Danil’chenko, p. 152.
1984 †Scombrosarda turkmenica Dan. Bannikov & Sorbini,

p. 308, fig. 4.
1985 †Scombrosarda turkmenica Dan. Bannikov, p. 14, pl. 1,

figs. 1–3, text-figs. 2–4a.
1993 †Scombrosarda turkmenica Dan. Patterson, p. 650 (name

only).
1997 †Scombrosarda turkmenica Dan. Bannikov & Parin,

p. 134 (name only).
2000b †Scombrinus turkmenicus (Dan.) Monsch, p. 112, fig.

7.23 (pro parte).
non2000b †Scombrinus turkmenicus (Dan.) Monsch, p. 112

(pro parte=A. devius).
2010 †Auxides turkmenicus (Dan.) Bannikov, p. 136, pl. XXII,

fig. 3.

Holotype. PIN 2179/51 (part and counterpart, Fig. 17a–b).
Type locality. Uilya-Kushlyuk, Turkmenistan; upper Pal-

aeocene (Thanetian, lower part of Danata Svita).
Diagnosis. First dorsal fin with an estimated 13 spines,

second dorsal fin with one spine and 12–13 rays, anal fin with
two rigid spines and 11–12 rays. Six anal and dorsal finlets.

Other distinguishing characters. Haemal spine 1 only
weakly thickened and curved (Fig. 17c–d). First dorsal fin
originates above fifth vertebra. Pelvic fin just caudal of pecto-
ral fin (Fig. 17e).

Hypodigm. Thirty-eight specimens from the type locality,
in PIN.

Description. The latest detailed description is Bannikov
(1985). There, it is noted that first dorsal fin contains 13 rays.
Only specimen from which amount of spines in that fin can be
assessed with some confidence is the holotype. Although
seemingly having 13 spines, only 10 are clearly preserved. To
Bannikov’s (1985) description it can be added furthermore that
caudal fin contains 30 lepidotrichia, including 17 principal
rays. Head length 27–30% of standard length.

Remarks. Monsch (2000b) identified specimen BMNH
1898 from the middle Eocene of Iran as †A. turkmenicus. The
fossil is however more likely to be identified with †Auxides
devius (see below).

†Auxides devius (Daniltshenko, 1962)
(Figs 18–20)

1962 †Scombrosarda devia Danil’chenko, p. 122, fig. 10.
1980 †Scombrosarda devia Dan. Danil’chenko, p. 153.

1984 †Scombrosarda devia Dan. Bannikov & Sorbini, p. 316
(name only).

1985 †Scombrosarda devia Dan. Bannikov, p. 17, pl. 1, figs. 4,
5, text-fig. 5.

1997 †Scombrosarda devia Dan. Bannikov & Parin, p. 135
(name only).

2000b †Scombrinus devius (Dan.) Monsch, 2000b, p. 111, fig.
7.21.

non2000b †Scombrinus turkmenicus (Dan.) Monsch, p. 112
(pro parte).

2010 †Auxides devius (Dan.) Bannikov, p. 136, text-fig. 76.

Holotype. PIN 1413/79 (part and counterpart, Fig. 18).
Type locality. Tbilisi, Georgia; middle Eocene (Da-

bakhana Svita).
Diagnosis. Six dorsal and seven anal finlets. Haemal spine

1 strongly curved and thickened into sickle-like shape (Fig.
18c).

Other distinguishing characters. First dorsal fin originates
above sixth or seventh vertebra. First dorsal fin with 11–12
spines, second dorsal with one spine and 11 rays, anal fin with
two spine and 10 rays. Pelvic fin immediately below pectoral
fin.

Hypodigm. Only the holotype can be confidently assigned
to this species. One other specimen that may belong to this
species (see remarks).

Description. Head length 29–31% of standard length.
More details in Bannikov (1985).

Remarks. Monsch (2000b) identified a formerly undeter-
mined scombrid fossil, BMNH P18978 (Figs 19, 20) from Iran
as †‘Scombrinus turkmenicus’. However, the specimen rather
shares apomorphies with †A. devius. The fossil is from the
locality of Tang-e Kureh (Imam Hassan Limestone member,
Gurpi Formation). The Gurpi Formation is located in S Iran.
The Iranian specimen has six dorsal finlets and seven anal
finlets can be confidently assumed, even though only five anal
pterygiophores are preserved (Fig. 20a). However, the curva-
ture of the first haemal spine seems to be less than in the
holotype of †A. devius (Fig. 20b). This feature may have
arisen from poor preservation, but the trait in question is an
important specific character within this genus (Bannikov &
Sorbini 1984; Bannikov 1985). Based on existing material,
BMNH P18978 cannot be confidently assigned to †A. devius.
Interpretation of geological data, however, seems to reject the
identity of †Auxides devius. The Gurpi Formation has a
Maastrichtian age (Mohseni et al. 2011). †A. devius is from the
middle Eocene. Moreover, the oldest †Auxides, †A. turkmeni-
cus, is from the Thanethian, and scombroid radiation itself
starts during the Danian (Patterson 1993). It is possible that
the data on the collection label (on which the locality is
misspelled as ‘Tangi-Kora’) are wrong, and that BMNH
P18978 comes from the overlaying Pabdeh Formation. Pabdeh
sediments date from Thanetian to Chattian. It is however also
possible that the radiation of both scombroids and Auxides
started earlier than previously thought. Additional studies on
Iranian material and geology must resolve this.

†Auxides cernegurae (Ciobanu, 1970)
(Fig. 21)

1970 †Pinulothunnus cernegurae Ciobanu, p. 83, pl. 5, fig. 1.
1977 †Pinulothunnus cernegurae Ciob. Ciobanu, p. 125, pl. 46,

fig. 1.
1980 †Scombrosarda limata Danil’chenko, p. 154, pl. 18. fig. 1,

text-fig. 49.
1984 †Scombrosarda cernegurae (Ciob.) Bannikov & Sorbini,

p. 309, fig. 5.
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1985 †Scombrosarda cernegurae (Ciob.) Bannikov, p. 19, pl. 2,
fig. 1, text-figs. 6–9.

1997 †Scombrosarda cernegurae (Ciob.) Bannikov & Parin,
p. 138 (name only).

2000b †Scombrinus cernegurae (Ciob.) Monsch, p. 110, fig.
7.20.

2010 †Auxides cernegurae (Ciob.) Bannikov, p. 136, pl. XXII,
fig. 4.

Holotype. MSNPN 158.
Type locality. Cernegura, near Piatra Neamţ, Romania;

lower Oligocene (Rupelian, bituminous marls).
Diagnosis. Dorsal fins somewhat separated by distance of

more than half of orbit diameter. Haemal spine 1 expanded
and strongly bent into a sickle shape (some variety in this trait,
but in most specimens curvature strong and sickle-like shape

clear), with caudal hook. First dorsal fin with 10–11 spines.
Pelvic fin caudal of pectoral fin.

Other distinguishing characters. Second dorsal fin with one
spine and 11 rays. Five anal and dorsal finlets.

Hypodigm. The collection of MSNPN contains two speci-
mens from the lower Oligocene of Piatra Neamţ (Cernegura,
Pietricica). The collection in PIN contains 98 specimens from a
location 1 km from the village Abadzekhskaya at the Belaya
River; two from N Osetiya; one from the Pshekha River; one
from the river Malyi Zelenchuk, N Caucasus, Russia; three
from the right bank of the Gumista River in Abkhazia (all:
Pshekha Horizon, lower Oligocene: Rupelian); and one from
Delyatin, western Ukraine (Rupelian, lower Menilite Svita).

Description. The last detailed description was provided by
Bannikov (1985). To this description it can be added that the
hypurostegic caudal fin contains 30–40 rays, including 17

Figure 17 †Auxides turkmenicus, Uilya-Kushlyuk, Turkmenistan; Thanetian: holotype (a–c), PIN 2179/51 (part
and counterpart); (d) PIN 2179/53; (e) PIN 1762/89. Scale bars=10 mm. Abbreviations: 1D=first dorsal fin;
2D=second dorsal fin; 1hs=first haemal spine; 2hs=second haemal spine; A=angular; AF=anal fin; afs=anal-fin
spine; br=branchiostegal rays; C=centrum; CF=caudal fin; CL=cleithrum; D=dentary; f=finlets; HYP=hypu-
ral; LETH=lateral ethmoid; MX=maxilla; ns, neural spine; OP=operculum; PCF=pectoral fin; PCL=post-
cleithrum; PLF=pelvic fin; PMX=premaxilla; POP=preoperculum; PP=pelvic plate; PSP=parasphenoid;
pter=pterygiophore; PTM=posttemporal; R=ribs; SOP=suboperculum; VC=vertebral column.
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principal lepidotrichia. Head length is 31–33% standard
length. Scale covering slightly stronger around pectoral girdle,
giving false impression of Thunnus-like corselet (Fig. 21a). Two
transfer-prepared specimens, PIN 3363/138 (Fig. 21b–c) and
PIN 3363/139 (Fig. 21d–e) reveal many details of the cranial
region.

Genus Scomber Linnaeus, 1758

Type species. Scomber scombrus Linnaeus, 1758, p. 297, by
subsequent designation.

Diagnosis. Vomer and palatine toothed; lachyrmal larger
than diameter of orbit; thirty-one vertebrae; hypurals 1–2 and
3–4 respectively fused together; caudal fin hypurostegic; 5–6
pairs of finlets.

Other distinguishing characters. Thickened and curved
haemal spine 1 not modified as strongly as in †Auxides and
without caudal hook as in †A. cernegurae.

Remarks. Fossil forms are known from the Cenozoic of
Europe, N America and Iran (see David 1943; Arambourg
1967). The three known species from former Soviet territories
are described below. Bannikov (1985) included †Auxides and
†Thyrsion Jordan & Gilbert, 1920 in his synonymy of Scomber.
†Auxides was understood to be identical to Scomber based on
David (1943). †Thyrsion is, according to the Principle of the
First Reviser (ICZN 1999, art. 24), a junior synonym of
†Thyrsocles Jordan in Jordan & Gilbert, 1920. The revision
was carried out by Jordan (1921). The type specimen of
†Thyrsocles kriegeri (Jordan & Gilbert, 1919), possessing al-
most 50 vertebrae and lacking hypurostegy, is not morphologi-
cally close to Scomber (see Jordan & Gilbert 1919; David
1943). Specimens of †T. kriegeri studied by one of us (KAM)
confirm the differences between †Thyrsocles and Scomber.
USNM 10283, 11059 and USNM 10963 possess between more
than 43 and more than 48 vertebrae. The entry of †‘Thyrsion’
in the synonymy of a fossil species of ‘Pneumatophorus’ Jordan
& Gilbert, 1883 (=Scomber) in David (1943) concerns a
generic misidentification of a specimen that was previously
made by Jordan (1925).

With the naked eye, five pairs of finlets can be seen in living
Scomber. However, the fifth and sixth finlets are strongly
bound together by a membrane. Each of these finlets is
supported by a different pterygiophore (Nauen & Lauder
2000). A good overview of the taxonomic characters of
Scomber, which assisted in recognising apomorphies and ple-
siomorphies in this genus, is Matsui (1967).

†Scomber voitestii Paucă, 1929b
(Fig. 22)

1929a †Scomber oligocenicus Paucă, p. 117.
1929b †Scomber voiteştii Paucă, p. 121, fig. 1.
1929c †Scomber voiteştii Paucă. Paucă, p. 211 (established as

valid name, following ICZN, 1999, art. 24).
1933 †Scomber voiteştii Paucă. Weiler, p. 15, pl. 2, fig. 6,

text-figs 4, 5.
1934 †Scomber voiteştii Paucă. Paucă, p. 613, pl. 3, fig. 7,

text-fig. 14.
1942 †Scomber voiteştii Paucă. Böhm, p. 21, pl. 2, fig. 2.
1958 †Scomber voiteştii Paucă. Jonet, p. 53, pl. 6, fig. 5.
1960 †Scomber voiteştii Paucă. Danil’chenko, p. 152 (non pl.

22, fig. 1).
1968 †Scomber voiteştii Paucă. Jerzmańska, p. 466.
1980 †Scomber voiteştii Paucă. Danil’chenko, p. 160.
1985 †Scomber voitestii Paucă. Bannikov, p. 25, pl. 2, figs 2, 3,

text-fig. 10.
2000b †Scomber voitestii Paucă. Monsch, p. 107.
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2010 †Scomber voitestii Paucă. Bannikov, p. 137, pl. XXIII,
fig. 3.

Lectotype. Figure of specimen in Paucă (1929b, Fig. 1);
location of specimen unknown.

Type locality. Moţăeni-Dâmboviţa, Romania; Oligocene
(it is unfortunately not possible to give a stage-level strati-
graphic attribution), Pucioasa-Schichten.

Diagnosis. First and second dorsal fin separated by dis-
tance slightly longer than base of first dorsal. Fourteen pre-
caudal vertebrae. Haemal spine 1 comparatively strongly
thickened and curved (but not posteriorly hooked, see Weiler
1933, Text-fig. 4). Anal fin with 11–13 rays.

Other distinguishing characters. First dorsal fin with 12
pterygiophores, first eight of which bearing spines. Second
dorsal fin with one spine and 10–11 rays. Anal fin with two
small spines (Recent forms of this genus have only one).

Hypodigm. The collections of PIN contain three specimens
from Pasechnaya, Cis-Carpathians, Ukraine: Oligocene (Me-
nilite Svita); and one from Pietricica (near Piatra Neamţ),
Romania, upper Oligocene (Chattian, upper Dysodilic Shales).
There is one specimen in ZPalWr and an unknown number of
specimens in local institutions from the known distribution
area. The species is known from the Carpathians and Hungary
(Jerzmańska 1968). Its presence in the Caucasus (Danil’chenko
1960) is not confirmed (Bannikov 1985).

Description. Recent, well-accessible descriptions were
given by Jerzmańska (1968) and Danil’chenko (1967).

†Scomber cubanicus Daniltshenko, 1960
(Fig. 23a–b)

1960 †Scomber cubanicus Danil’chenko, p. 154, pl. 16, figs. 1,
2, text-fig. 31.

1964 †Scomber cubanicus Dan. Danil’chenko, pl. 11, fig. 6.
1980 †Scomber cubanicus Dan. Danil’chenko, p. 161.
1985 †Scomber cubanicus Dan. Bannikov, p. 27, pl. 2, figs. 4, 5,

text-fig. 11.
1997 †Scomber cubanicus Dan. Bannikov & Parin, p. 139

(name only).
2000b †Scomber cubanicus Dan. Monsch, p. 106, fig. 7.18.
2010 †Scomber cubanicus Dan. Bannikov, p. 138, pl. XXIII,

fig. 1.

Holotype. PIN 484/11 (two counterparts, Fig. 23b).
Type locality. Khadyzhensk town, Krasnodar Region, N

Caucasus, Russia; upper Oligocene (Chattian, Kalmyk or
Karadzhalga Horizon: Popov et al. 1993a, b).

Diagnosis. Space between dorsal fins slightly longer than
base of first dorsal fin. This fin has 16–17 pterygiophores, last
seven of which not bearing spines. Haemal spine 2 thicker than
first and almost sickle-shaped.

Other distinguishing characters. Fifteen precaudal ver-
tebrae. First dorsal fin with 9–10 spines. Second dorsal fin with
one spine and 9–10 rays. Anal fin with two small spines and
10–11 rays. Haemal spine 1 only slightly thickened and
curved.

Figure 19 cf. †Auxides devius, BMNH P18978, Tang-e-Kureh, Iran; Maastrichtian? The specimen is of poor
quality and the camera used for the photograph turned out to be damaged. Sketches of boxed areas shown in
Figure 20. Abbreviations: 2D=second dorsal fin; AF=anal fin; CF=caudal fin; R=ribs.

Figure 20 Sketches of fragments of cf. †Auxides devius, BMNH P18978, Tang-e Kureh, Iran; Maastrichtian? (a)
the preserved remains of dorsal and anal finlets; (b) detail of first caudal vertebra and the one preceding it.
Abbreviations: C=centrum; f=finlet; hs=haemal spine; ns=neural spine; P=parapophysis; pter=pterygiophore;
R=rib.
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Hypodigm. Besides the holotype, nine specimens from
Islamdagh mount at the Sumgait River, Azerbaijan; two
specimens from the river Dyubek-Chai, Daghestan, Russia. All
specimens are from the same stratigraphic provenance as the
holotype and are stored in PIN.

Description. Head length 27–28% of standard length.
More details in Danil’chenko (1967) and Bannikov (1985).
Some meristic counts are corrected in the diagnosis and other

distinguishing characters above. Furthermore we observed
that pectoral fin contains 15–17 lepidotrichia.

†Scomber gnarus Bannikov, 1979a
(Fig. 24a–c)

1933 Nemopteryx (?) sp. Bogachev, p. 28, pl. 3, fig. 1.
non1936 Scomber colias Gmelin. Smirnov, p. 64, pl. 7, fig. 34.

Figure 21 †Auxides cernegurae, River Belaya, N Caucasus, Russia; Rupelian: (a) PIN 3363/61, complete
specimen with visible pseudo-corselet; (b) and (c) PIN 3363/138 (transfer-prepared), with detail of skull roof in
(c); (d) and (e) PIN 3363/139 (transfer-prepared): (d) shows the dorsal view of a flattened skull, and (e) the ventral
view. Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; A=angular; AF=anal fin; afs=anal-fin spine;
ASPH=alisphenoid; BOC=basioccipital; br=branchiostegal rays; C=centrum; CF=caudal fin; CH=ceratohyal;
CL=cleithrum; D=dentary; d=depression in surface; EH=epihyal; EPI=epiotic; ETH=ethmoid; f=finlets;
FR=frontal; hsl=haemal spine I; HY=hyomandibular; HYP=hypural; IOP=interoperculum; L/LA=lachry-
mal; LETH=lateral ethmoid; META=metapterygoid; MX=maxillae; N=nasal; OP=operculum; PAL=pala-
tine; PAR=parietal; PCF=pectoral fin; PLF=pelvic fin; PMX=premaxilla; POP=preoperculum; PP=pelvic
plate; PROO=prootic; PSP=parasphenoid; PT=pterotic; Q=quadrate; R=ribs; S=sclerotic; SCC=scale cover-
ing; SOC=supraoccipital crest; SPH=sphenotic; VC=vertebral column.
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non1960 Scomber japonicus Houttuyn. Danil’chenko, p. 157,
pl. 12, fig. 2.

1979a †Scomber gnarus Bannikov, p. 100, fig. 2.
1980 †Scomber gnarus Ban. Danil’chenko, p. 161.
1985 †Scomber gnarus Ban. Bannikov, p. 29, pl. 2, fig. 6, pl. 3,

figs 1–3, text-figs 12–14.
1997 †Scomber gnarus Ban. Bannikov & Parin, p. 140 (name

only).
2000b †Scomber gnarus Ban. Monsch, p. 106, fig. 7.19.
2010 †Scomber gnarus Ban. Bannikov, p. 138, pl. XXIII, fig. 2.

Holotype. PIN 3363/27 (Fig. 24a).
Type locality. Shirvanskaya village, near river Pshekha, N

Caucasus, Russia; lower Miocene, upper Maykopian (lower
Burdigalian, Sakaraul Horizon, see Popov et al. 1993b).

Diagnosis. First dorsal fin with 11–12 spines followed by
8–10 empty pterygiophores. Fifteen precaudal vertebrae.

Other distinguishing characters. Dorsal fins closer together
than for any other member of this genus (this may be a
reversal): space between dorsal fins slightly less than length of
first dorsal. Second dorsal with one spine and 10–11 rays. Anal
fin with two spines and 10–11 rays. In many specimens first,
smaller spine missing, maybe as variable trait: one or two
anal-fin spines. More likely, first spine missing as artefact of
fossilisation. In specimens with two spines, first spine some-
what dissociated from rest of fin-(presumably an apomorphy).
Two anal-fin spines are a plesiomorphy.

Hypodigm. Thirty-eight specimens from the type locality,
ten from the banks of the river Chyornaya near Vladikavkaz,
N Osetiya, Russia; nine specimens from Islamdagh mount near
the Sumgait, Azerbaijan; 11 from the Kerch peninsula, Crimea

(Ukraine), two from the banks of the river Ullu-Chai, Dagh-
estan, Russia. All specimens are in PIN and are of the same
stratigraphic provenance as the holotype.

Description. To Bannikov’s (1985) detailed description can
be added that caudal fin contains 22–28 lepidotrichia,
including 17 principal rays. Head length 30–32% of standard
length.

†Scomber aff. caucasicus Bogachev, 1933
(Fig. 25)

1933 †Auxis caucasica Bogachev, p. 26, pl. 11, fig. 2.
2006 †Scomber aff. caucasicus Bog. Carnevale et al. p. 692.
2009 †Scomber aff. S. caucasicus Bog. Bannikov, p. 569 (name

only).
2010 †‘‘Scomber caucasicus’’ Bog. Bannikov, p. 139 (name

only).

Holotype. Whereabouts of holotype of †Auxis caucasica
are unknown, but figure of specimen exists (Bogachev 1933, pl.
11, fig. 2).

Type locality. The type locality of †A. caucasica is near
Grozny in Chechnya, Russia; middle Miocene (Sarmatian
s.l.).

Diagnosis. Synapomorphies of Scomber: small teeth on
premaxilla, operculum with concave indentation in hind mar-
gin.

Other distinguishing characters. First dorsal fin with 8–9
spines, first two haemal spines expanded medially and clearly
curved as a sickle (apomorphy).

Figure 22 †Scomber voiteştii, PIN 491/10, Pasechnaya, Predcarpathians, Ukraine; Rupelian. Part and counter-
part. Abbreviations: 1D=first dorsal fin; AF=anal fin; afs=anal-fin spine; C=centrum; CF=caudal fin; f=finlets;
hs=haemal spine; ns=neural spine; VC=vertebral column.

Figure 23 †Scomber cubanicus: (a) PIN 2180/11 (part and counterpart), Pirekishkyul’ village, Azerbaijan;
Chattian; (b) holotype (part and counterpart), PIN 484/11, Khadyzhensk town, Krasnodar Region, Russia;
Chattian. Scale bars=10 mm. Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; AF=anal fin;
afs=anal-fin spine; CF=caudal fin; D=dentary; F=frontal; f=finlets; hs=haemal spine; PCF=pectoral fin;
PLF=pelvic fin; PMX=premaxillae; POP=preoperculum; PP=pelvic plate; PSP=parasphenoid; pter=pterygio-
phores; R=ribs; VC=vertebral column.
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Hypodigm. Carnevale et al. (2006) tentatively assign
PIN 5073/119 as †Scomber caucasicus. The specimen was col-
lected near Tsurevsky village, left bank of the river Pshekha,
lower Sarmatian (Volhynian, Tsurevsky Formation).

Description. See Carnevale et al. (2006).
Remarks. Bannikov (1985) argued that the specimen that

Bogachev (1933) named †Auxis caucasica belongs to the genus
Scomber, although he did not inaugurate the combination
†Scomber caucasicus. PIN 5073/119 is similar to †S. caucausi-
cus, but is less complete than Bogachev’s holotype, hence its
identity is uncertain. It is not clear if the characteristic struc-
ture of the first two haemal spines of PIN 5073/119 also
appears in the holotype of †S. caucasicus. Carnevale et al.
(2006) tentatively assign the fossil to†S. caucausicus, because
its age and proximity to the type locality of that species match.

Tribe †Eocoelopomini trib. nov.

Diagnosis. Frontal with postero-superior fossae extending
to near middle of orbit. Frontals anterior of these fossae
thickened and ornamented with more or less coarse grooves
(Figs 26–27). About 40 vertebrae.

Type genus. †Eocoelopoma Woodward, 1901.
Remarks. This tribe includes three genera: †Eocoelopoma,

†Micrornatus Monsch, 2005 (which at its first published de-
scription is ‘classified’ under Scombroidei incertae familiae)
and †Palaeothunnus Bannikov, 1978. Bannikov (1978, 1985,
2010) diagnosed †Palaeothunnus as a member of the Thunni-
nae (i.e. Sardini+Thunnini sensu Carpenter et al. 1995) be-
cause it has a deep, fusiform body, a blunt angle between the
vertebral column and neural or haemal spines, small teeth and
a moderately high number of vertebrae (41 in †Palaeothunnus,
37–55 in Sardini and Thunnini). Bannikov (1985) hypothesised
that Recent Thunnini stem from †Palaeothunnus. However,
this fossil genus is in many regards more primitive than both
bonitos and tunnies. The hypurals of †Palaeothunnus are fused
in a similar way as in Scomber. †Palaeothunnus’ scales are
larger than in Scomber and the scales seem slightly enlarged in
the pectoral region, which resembles the squamation of †Aux-
ides. In its number of vertebrae and finlets, however, †Palae-
othunnus shows derived states for these characters relative to
Scomber. †Palaeothunnus has more vertebrae than Recent
Scombrini and could fit in that regard also within the tribe
Scomberomorini. Within that taxon, however, the fusion

Figure 24 †Scomber gnarus, River Pshekha, near Shirvanskaya village, N Caucasus, Russia; Burdigalian: (a)
holotypic counterpart, PIN 3363/2; (b) PIN 3363/43; (c) PIN 3363/47. Abbreviations: 1D=first dorsal fin;
2D=second dorsal fin; 1hs=first haemal spine; AF=anal fin; afs=anal-fin spine; CF=caudal fin; CL=cleithrum
D=dentary f=finlets; FR=frontal; LETH=lateral ethmoid; OP=operculum; PCF=pectoral fin; PELF/
PLF=pelvic fin; PMX=premaxilla; POP=preoperculum; PP=pelvic plate; pter=pterygiophores; R=ribs;
SOP=suboperculum; t=teeth; VC=vertebral column.
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between hypurals is stronger than in this fossil. †Eocoelopoma
has previously been classified as a member of the ‘Scombero-
morinae’ (Bannikov 1985, 2010). However, we now recognise
remarkable synapomorphies of †Eocoelopoma and †Palaeot-
hunnus in the skull roof (see above). These traits are evidence
of their common ancestry, despite noticeable differences be-
tween the two genera (see below). However, both genera seem
to possess a combination of characters that would place them
between more primitive scombrids and the Sardini+Thunnini
clade. In †Eocoelopoma, preural vertebrae 2–4 are abruptly
(but not as abruptly as in Thunnini) shortened, there are
remains of a bony caudal keel and the hypural plate has no
caudal notch. The remaining member of this tribe, †Microrna-
tus, was described in Monsch (2005). The new tribe is tenta-
tively placed as the primitive sister group of the
Sardini+Thunnini clade.

Genus †Eocoelopoma Woodward, 1901

Type species. †Eocoelopoma colei Woodward, 1901,
p. 470, by original designation.

Diagnosis. Anterior margin of vomer spatulate-shaped
(see picture of Eocoelopoma gigas Casier, 1966; Monsch 2005,
fig. 28) rather than concave, comparable to Scomberomorus
(see Collette & Russo 1985). First six caudal vertebrae with
small mid-lateral fossa. Nine to ten dorsal, and 7–8 anal finlets.
Hypural plate consisting of hypurals 1–4 (–5) and uroneural,
without caudal notch. Preural vertebrae 2–4 remarkably, but

not very abruptly, shortened compared to preceding ones.
Traces of weak bony caudal keel on sixth preural vertebra.

Other distinguishing characters. Vertebrae about 40 (18?–
20?+20). Pterygiophore of first dorsal fin inserted into fourth
interneural space. Teeth relatively large. Second dorsal fin with
12–13 rays (presence or absence of spines uncertain). Anal fin
with two spines and 9–10 rays.

Remarks. The most posterior vertebrae have thin lateral
carinae that appear somewhat damaged (Fig. 26b), suggesting
that there has been a bony caudal keel similar to, but smaller
than, those of Sardini (Fig. 28).

Only one species is known from the former USSR, which is
described below. Remaining species are from the London Clay
of England (Casier 1966; Monsch 2005).

†Eocoelopoma portentosum Bannikov, 1985
(Fig. 26)

1985 †Eocoelopoma portentosa Bannikov, p. 41, pl. 4, fig. 6, pl.
5, fig. 1, text-figs. 18–20a.

1997 †Eocoelopoma portentosa Ban. Bannikov & Parin, p. 134
(name only).

2000b †Eocoelopoma portentosa Ban. Monsch, p. 162, figs.
7.68, 7.69.

2005 †Eocoelopoma portentosa Ban. Monsch, p. 469 (name
only)

2006 †Eocoelopoma portentosum Ban. Monsch, p. 886 (name
only).

Figure 25 †Scomber aff. caucasicus, fragment, PIN 5073/119; River Pshekha, near Tsurevsky village, N
Caucasus, Russia; Serravalian. The curved second haemal spine is hard to see on this photograph. Abbreviations:
1D=first dorsal fin; AF=anal fin; C=centrum; hs1=first haemal spine; IOP=interoperculum; ns=neural spine;
POP, preoperculum; R=ribs.
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2010 †Eocoelopoma portentosum Ban. Bannikov, p. 141, pl.
XXIV, fig. 1, text-fig. 77.

Holotype. PIN 1762/85 (Fig. 26).
Type locality. Uilya-Kushlyuk, Turkmenistan; upper Pal-

aeocene (Thanetian, lower part of Danata Svita).
Diagnosis. Jaw articulation in a relatively posterior pos-

ition. Caudal end of retroarticular placed caudal of posterior

margin of orbit. Large ascending process on premaxilla, an-
terior margin of preoperculum relatively straight.

Hypodigm. Two specimens from the type locality, in
PIN.

Description. Estimated standard length about 500 mm.
Cranium of holotype 77 mm long. teeth slender, smooth,
elongate and sharply pointed and all about the same size
(w4 mm long). Lachrymal probably be shorter than length of

Figure 26 †Eocoelopoma portentosum, holotype, PIN 1762/85: (a) head region; (b) caudal region of axial
skeleton; Uilya-Kushlyuk, Turkmenistan; Thanetian. Scale bars=10 mm. Abbreviations: A=angular; AF=anal
fin; afs=anal-fin spine; C=centrum; CF=caudal fin; CK=caudal keel; D=dentary; ECTO=ectopterygoid;
EPU=epural; ETH=ethmoid; f=finlets; FR=frontal; hs=haemal spine; HY=hyomandibular; HYP=hypural;
L=lachrymal; LETH=lateral ethmoid; lf=lateral fossa; META=metapterygoid; mlf=mid-lateral fossa;
MX=maxilla; N=nasal; ns=neural spine; OP=operculum; PHP=parhypural; phps=parhypurapophysis;
PMX=premaxilla; POP=preoperculum; psf=postero-superior fossa; PT=pterotic; Q=quadrate; S=sclerotic;
SOC=m supraoccipital crest; sp=symphysial process of dentary; UN=uroneural.
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orbit (Fig. 26a) but apparently damaged. More details in
Bannikov (1985).

Remarks. This species is known as †Eocoelopoma porten-
tosa. Woodward (1901) apparently intended the gender of this
genus to be neutral, despite the feminine ending of the name,
considering his combination †Eocoelopoma curvatum Wood-
ward, 1901. Bannikov (2010) already adopts this gender.

†E. portentosum is so far the only species of its genus of which
the postcranial skeleton is known. The holotype consists of
several associated fragments. The anterior part consists of the
skull and a few precaudal vertebrae. The posterior fragment
contains the complete caudal section of the postcranial skeleton.
The middle section of the vertebral column is missing. Bannik-
ov’s (1985, text-fig. 18a) figure of †E. portentosum showed a
reconstructed individual with 38 vertebrae (including the uro-
style) and mentioned that the species has about 40 vertebrae.
The exact number of vertebrae is unknown, but we accept
Bannikov’s (1985) estimate of ca. 40 vertebrae.

Genus †Palaeothunnus Bannikov, 1978

Type species. †Palaeothunnus parvidentatus Bannikov,
1978, p. 48, by monotypy and original designation.

Diagnosis. Relatively small teeth (Fig. 27a, b). 41 (20+21)
vertebrae. Body covered by moderately-sized scales. Scales
slightly larger (Fig. 27a) in pectoral region (no corselet).
Neural and haemal spines under rather blunt angle with
vertebral column. Second dorsal fin with one rigid spine and
14–16 soft rays. Anal fin with two spines and 11–12 rays.
Pterygiophores with slight S-like curvature. Twelve dorsal and
10–11 anal finlets (most probably 11).

Other distinguishing characters. Short ascending process
on premaxilla (Fig. 27a, b). hypurals 1–2 and 3–4 (–5) respect-
ively fused together into two hypural plates (Fig. 27e). Median
lepidotrichia of caudal fin not widened. Uroneural not fused to
hypural plate. Number of epurals uncertain; only one observed
in poorly preserved caudal skeletons.

†Palaeothunnus parvidentatus Bannikov, 1978
(Fig. 27)

1978 †Palaeothunnus parvidentatus Bannikov, p. 80, figs. 1, 2.
1980 †Palaeothunnus parvidentatus Ban. Danil’chenko, p. 155,

text-fig. 50.
1985 †Palaeothunnus parvidentatus Ban. Bannikov, p. 48, pl. 5,

fig. 4, pl. 6, fig. 2, text-figs. 20b, 23.
1997 †Palaeothunnus parvidentatus Ban. Bannikov & Parin,

p. 134 (name only).
2000b †Palaeothunnus parvidentatus Ban. Monsch, p. 115, fig.

7.25.
2010 †Palaeothunnus parvidentatus Ban. Bannikov, p. 143, pl.

XXIV, fig. 2.

Holotype. PIN 3363/20 (Fig. 27a, b).
Type locality. Uilya-Kushlyuk, Turkmenistan; upper

Palaeocene (Thanetian, lower part of Danata Svita).
Diagnosis and other distinguishing characters. As for genus.
Hypodigm. Eleven specimens (mostly fragments) from the

type locality in PIN.
Description. First dorsal fin with 14–16 spines. Caudal fin

with 34 hypurostegic lepidotrichia, including 17 principal rays.
Pectoral fin with 15–17 (17–19 in Bannikov, 1985) rays. More
details in Bannikov (1978, 1985), our current generic diagnosis
and other distinguishing characters.

Tribe Sardini Starks, 1910

Remarks. According to Monod (1968), Sarda sarda has
only one epural. Currently, it is widely accepted that all Recent

scombrids have two epurals (e.g. Collette et al. 1984). How-
ever, following Monod, fossil Sardini are normally shown with
one epural (Bannikov 1985, fig. 25, where it is called stegural).
In Sardini, the neural spine of the second preural vertebrate is
strongly reduced and is loosely connected to a large first epural
(Collette & Chao 1975). In fossils, the border between this
reduced neural spine and the epural may be blurred, thus
giving the impression that the vertebra contains a long neural
spine and that there is only one epural.

Genus Gymnosarda Gill, 1862

Type species. Thynnus unicolor Rüppell, 1838, p. 40, by
monotypy and original designation.

Diagnosis. Hypural plate short, contains fused-in parhy-
pural. Posterior process of pelvic plate single and large.

Other distinguishing characters. Size of caudal notch in
hypural plate varies, sometimes notch is absent (see Monsch
2000a).

†Gymnosarda prisca Monsch, 2000a
(Fig. 29)

non1982 †Scomberomorus saevus Bann. Bannikov, p. 135 (pro
parte).

non1985 †Scomberomorus saevus Bann. Bannikov, p. 37, pl. 4,
fig. 5 (pro parte).

2000a †Gymnosarda prisca Monsch, p. 75, figs. 1A, B, 2A.
2000b †Gymnosarda prisca Monsch. Monsch, p. 122, fig. 7.31.
2005 †Gymnosarda prisca Monsch. Monsch, p. 455, fig. 9a, b.
2010 †Gymnosarda prisca Monsch. Bannikov, p. 145, text-fig.

78.

Holotype. BMNH P6485.
Type locality. Sheppey, England; lower Eocene (Ypresian,

London Clay).
Diagnosis. Hypural plate proportionally shorter than in

other, fossil and Recent, species of Gymnosarda. In the holo-
type, the length of the plate without the urostyle fits 2·3 times
into its height. In a specimen of Gymnosarda unicolor (Rüppell,
1838) that Monsch (2000b) uses for comparison (BMNH
1934.3.31), this ratio is 2·1.

Other distinguishing characters. Hypural plate large with
large caudal notch (small or absent in other species).

Description. See Monsch (2000b).
Hypodigm. Besides the holotype, there is one more speci-

men, which is from the Mangyshlak peninsula, Kazakhstan
(Monsch 2000a mistakenly stated that the specimen originates
from Turkmenistan), from the middle Eocene (Bartonian,
Shorym Svita) in PIN (Fig. 29).

Remarks. The two identical hypural plates that form the
hypodigm are from remote areas of different geological prov-
enances. Thus, it is possible that new specimens could disprove
the validity of the species. We are, however, confident of the
generic classification of these fossils. The taxonomic characters
of caudal skeletons are valuable, provide excellent diagnostic
characters for genera and have proven their value in determi-
ning scombroid phylogenetic relationships (see e.g. Uyeno &
Fujii 1975; Carpenter et al. 1995; Monsch 2000a).

Genus Sarda Cuvier, 1829

Type species. Scomber sarda Bloch, 1793, p. 44, by mono-
typy and tautonymy.

Diagnosis. The vomerine teeth reduced in size and number
or absent. 38–55 vertebrae (including fossil forms; the smallest
amount of vertebrae in Recent forms reported is 42: see
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Figure 27 †Palaeothunnus parvidentatus, Uilya-Kushlyuk, Turkmenistan; Thanetian: (a) and (b) holotype,
PIN 3363/20: (a) overview, boxed area enlarged in Fig. b; (b) detail of jaws and teeth. (c) and (d) cranium,
PIN 3363/22: (c) right side; (d) left side. (e) tail region, PIN 3363/21. Scale bars=10 mm. Abbreviations: 1D=first
dorsal fin; 2D=second dorsal fin; AF=anal fin; afs=anal-fin spine; ap=ascending process of premaxilla;
BOC=basioccipital; C=centrum; CF=caudal fin; CH=ceratohyal; D=dentary; dfs=dorsal-fin spine;
ENDO=endopterygoid; EPI=epiotic; EPU=epural; EXOC=exoccipital; FR=frontal; HH=hypohyal; hs=hae-
mal spines; HY=hyomandibular; HYP=hypural; META=metapterygoid; MX=maxilla; ns=neural spines;
OP=operculum; PAL=palatine; PAR=parietal; PHP=parhypural; PMX=premaxilla; psf=postero-superior
fossa; PSP=parasphenoid; PT/PTO=pterotic; R=ribs; SCC=scale covering; SOC=supraoccipital crest;
SPH=sphenotic; t=teeth; UN=uroneural; V=vomer; VC=vertebral column.
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Collette & Chao 1975). Two cephalic intermuscular bones.
Swim bladder absent. First dorsal fin with 15–23 spines. Bony
caudal keel comparatively wide (Figs 28, 30a–b) and the
hypural plate without caudal notch (Fig. 31).

Other distinguishing characters. No bony plates on tongue.
Dentary and premaxilla with comparatively large and conical
teeth. Opercular bones not elongated. Parhypural autogenous.

†Sarda rara Bannikov, 1979a
(Fig. 30)

non1960 †Thunnus abchasicus Dan. Danil’chenko, p. 149 (pro
parte), pl. 16, fig. 3.

1979a †Sarda rara Bannikov, p. 98, fig. 1.
1985 †Sarda rara Ban. Bannikov, p. 52, pl. 6, figs 3, 4, text-figs

24, 25a.
1997 †Sarda rara Ban. Bannikov & Parin, p. 138 (name only).
2000b †Sarda rara Ban. Monsch, p. 128, fig. 7.37.
2010 †Sarda rara Ban. Bannikov, p. 144, pl. XXV, fig. 2.

Holotype. PIN 3363/18 (Fig. 30c).
Type locality. Belaya River near Abadzekhskaya village,

N Caucasus, Russia; lower Oligocene (Rupelian, Pshekha
Horizon).

Diagnosis. 40–41 (21–22+19) vertebrae. Second dorsal fin
with one spine followed by 14–15 rays. Pectoral fin with 28
lepidotrichia.

Other distinguishing characters. First dorsal fin with 16
rays. Anal fin with two spines and 12 rays. 7–8 dorsal finlets.
Only seven anal finlets can be confirmed, unlikely to be more,

because difference in number between dorsal and anal finlets
normally at most one.

Hypodigm. Six specimens from the type locality, one from
N Ossetia, and one from the Pshekha River, all from Cauca-
sian Russia, of the same stratigraphic provenance as the
holotype, in PIN.

Description. Maximum body depth 25–27% of standard
length. Head length 30–33% of standard length. Caudal fin
deeply forked. More details in Bannikov (1979a, 1985).

†Sarda remota Daniltshenko, 1980
(Fig. 32)

non1960 †Scomber voitesii Paucă. Danil’chenko, p. 152 (pro
parte), pl. 22, fig. 1.

1980 †Sarda remota Danil’chenko, p. 158, pl. 18, fig. 3, text-fig.
51.

1985 †Sarda remota Dan. Bannikov, p. 55, pl. 7, figs. 1–3,
text-figs. 26, 27.

1997 †Sarda remota Dan. Bannikov & Parin, p. 139 (name
only).

2000b †Sarda remota Dan. Monsch, p. 129, fig. 7.38.
2010 †Sarda remota Dan. Bannikov, p. 144, pl. XXIV, fig. 3.

Holotype. PIN 1413/45 (Fig. 32a).
Type locality. Belaya River at Abadzekhskaya settlement,

N Caucasus, Russia; upper Oligocene (Chattian, Kalmyk
Horizon).

Diagnosis. 41–42 (22–23+19) vertebrae.

Figure 28 Sketch of caudalmost part of axial skeleton of Sarda sarda Bloch, 1793, based on USNM 26953.
Abbreviations: C=centrum; CK=caudal keel; EPU=epurals; HYP=hypural; ns=neural spine; phps=parhypu-
rapophysis.

Figure 29 †Gymnosarda prisca, PIN 1877/4; Mangyshlak peninsula, Kazakhstan; Ypresian. Modified from
Monsch (2000a). Abbreviations: HYP=hypural; n=caudal notch; PHP=parhypural; phps=parhypurapophysis;
UN=uroneural; US=urostyle.
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Other distinguishing characters. First dorsal fin with 15–16
spines, Second dorsal fin with one spine and 11–12 rays. Anal
fin with two rigid spines and 12–13 soft rays. Eight dorsal and
7–8 anal finlets. Pectoral fin with 27 rays.

Hypodigm. Three specimens from the type locality, one
from the bank of the river Belaya, near the mouth of the River
Fyuntv (the holotype and PIN 3363/89, Fig. 32b), and one
from the bank of the river Gumista, Abkhazia, all from the
same stratigraphic provenance as the holotype, in PIN.

Description. Maximum body depth 20–23% of standard
length. Head length 25–28% of standard length. More details
in Danil’chenko (1980) and Bannikov (1985).

†Sarda memorabilis Daniltshenko, 1980
(Figs 31, 33)

1980 †Sarda memorabilis Danil’chenko, p. 159, pl. 18, fig. 4.
1985 †Sarda memorabilis Dan. Bannikov, p. 58, pl. 7, fig. 4, pl.

8, fig. 1, text-figs. 25b, 28.
1997 †Sarda memorabilis Dan. Bannikov & Parin, p. 140

(name only).
2000b †Sarda memorabilis Dan. Monsch, p. 128, fig. 7.36.
2010 †Sarda memorabilis Dan. Bannikov, p. 145, pl. XXV, fig. 1.

Holotype. PIN 3363/91 (Fig. 33).
Type locality. Islamdagh Mount at the river Sumgait,

Azerbaijan; lower Miocene, upper Maykopian (lower Burdi-
galian, Sakaraul Horizon).

Diagnosis. Vertebrae 39–40 (21+18–19) in number.
Other distinguishing characters. First dorsal fin with 15–16

spines, second dorsal fin with one spine and 12–13 rays, anal
fin with two spines and 11–12 rays. Eight or nine dorsal and
seven anal finlets. Pectoral fin with 16–18 lepidotrichia.

Hypodigm. Four specimens from the type locality, three
from the bank of the river Chyornaya, N Ossetia, N Caucasus,
Russia; five specimens from Cape Tarkhan, the Crimea,
Ukraine; one from the river Urup near the village Otradnaya,
and two from near Shirvanskaya settlement, all from the same
stratigraphic provenance as the holotype, in PIN.

Description. Maximum body depth 22–25% of standard
length. Head length 32–35% of standard length. Caudal fin
deeply forked, with 27 or 32 rays, including 17 principal rays
(counted in two specimens). More details in Danil’chenko
(1980) and Bannikov (1985).

Remarks. The collection number of the specimen
figured by Bannikov (2010: pl. XXV, fig. 1) is PIN 3974/13
rather than PIN 3974/10, as erroneously indicated in the figure
caption.

Figure 30 †Sarda rara, N Caucasus, Russia; Rupelian: (a) PIN 483/2, N Ossetia; (b) ventral view of specimen in
(a), showing protruding vestiges of lateral caudal keel; (c) holotype, PIN 3363/18, river Belaya, Adygea. Scale
bars=10 mm. Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; AF=anal fin; afs=anal-fin spine;
CF=caudal fin; CK=caudal keel; D=dentary; F=frontal; f=finlets; hs1=first haemal spine; HYP=hypural;
LETH=lateral ethmoid; ns=neural spine; OP=operculum; PCF=pectoral fin; PMX=premaxilla; POP=
preoperculum; PSP=parasphenoid; R=ribs; SUP=suboperculum; VC=vertebral column.
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Tribe Thunnini Starks, 1910
Genus Thunnus South, 1845

Type species. Scomber thynnus Linnaeus, 1758, p. 297, by
being a replacement name.

Diagnosis. Body deep and fusiform. Small teeth. Fron-
toparietal fenestra and pineal window present. First vertebra
completely sutured to skull. Preural vertebrae 2–3 strongly
shortened. Recent species with 39 vertebrae. Fossil species
possibly of Thunnus have less or more vertebrae (see below).
First dorsal fin with 11–14 spines, second dorsal fin with 12–16
rays. 7–10 finlets both above and below. Pectoral fin with
30–36 rays.

Other distinguishing characters. Posterior process of pelvic
plate single and short. Dorsal fins close to one another. Body
covered by minute scales behind anterior corselet of larger
scales.

Remarks. The following two fossil species are provision-
ally attributed to the genus Thunnus because they possess
some, but not all, diagnostic features of that genus. If these
species belong to Thunnus, then it can be concluded that
(certain) extinct species possessed spines in the second dorsal
and anal fin (see species accounts below), a trait that has
disappeared in Recent species. This would imply as well that
within this genus there is a crown group, and that these fossil
species are outside of it.

†‘Thunnus’ abchasicus Daniltshenko, 1951

1951 †Thunnus abchazicus Danil’chenko, p. 881, text-fig. 1.
1960 †Thunnus abchasicus Dan. Danil’chenko, p. 149, pl. 16,

fig. 4, text-fig. 4 (excl., pl. 16, fig. 3).

1964 †Thunnus abchasicus Dan. Danil’chenko, pl. 11, fig. 4.
non1978 †Thunnus abchasicus Dan. Ciobanu, p. 190, pl. 2, fig.

3.
1980 †Thunnus abchasicus Dan. Danil’chenko, p. 156.
1985 †Thunnus abchasicus Dan. Bannikov, p. 61, text-fig. 29.
1997 †Thunnus abchasicus Dan. Bannikov & Parin, p. 135

(name only).
2010 †Thunnus abchasicus Dan. Bannikov, p. 146, pl. XXV,

fig. 5.

Holotype. AMRS 167–168.
Type locality. Gumista River near Sukhumi, Abkhazia;

middle Eocene, (Kuma Horizon).
Diagnosis. 40–41 (18+22–23) vertebrae. Pelvic fin anterior

of pectoral.
Other distinguishing characters. First dorsal fin with 11–12

spines, second dorsal fin with one spine and 12–13 rays, anal fin
with two spines and 11–12 rays. Nine or ten dorsal, and seven or
eight anal finlets. Pectoral fin with 33–36 lepidotrichia.

Hypodigm. In PIN, besides the holotype, six fragmentary
specimens from the river Pshekha, N Caucasus; middle Eo-
cene, Kuma Horizon.

Description. Maximum body depth 31–32% of standard
length. Head length 28–30% of standard length. More details
in Danil’chenko (1960) and Bannikov (1985).

†‘Thunnus’ secretus Bannikov, 1979b

1979b †Thunnus secretus Bannikov, p. 103, text-fig. 4.
1985 †Thunnus secretus Ban. Bannikov, p. 63, pl. 8, fig. 4,

text-fig. 30.

Figure 31 †Sarda memorabilis, PIN 3363/92, caudal complex, River Urup, N Caucasus, Russia; Burdigalian.
The dorsal part is damaged, so the exact location of the incompletely fused-in fifth hypural cannot be assessed.
Abbreviations: EPU=eppural; HYP=hypural; PHP=parhypural; phps=parhypurapophysis; UN=uroneural;
US=urostyle.
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2010 †Thunnus secretus Ban. Bannikov, p. 147, pl. XXV,
fig. 3.

Holotype. TMRS P-75.
Type locality. Verkhovina Bystraya village, Transcar-

pathians, W Ukraine; upper Oligocene, Krosno Series.

Figure 32 †Sarda remota, River Belaya, N Caucasus, Russia; Chattian: (a) holotype, PIN 1413/45; (b)
PIN 3363/89. Scale bars=20 mm. Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; AF=anal fin;
afs=anal-fin spine; C=centrum; CF=caudal fin; CL=cleithrum; f=fangs; FR=frontal; hs=haemal spine;
LETH=lateral ethmoid; MX=maxilla; ns=neural spine; PCF=pectoral fin; PLF=pelvic fin; PMX=premaxilla;
PP=pelvic plate; R=ribs; SCC=scale covering; VC=vertebral column.

Figure 33 †Sarda memorabilis, holotype, PIN 3363/91, Islamdagh Mount at the river Sumgait, Azerbaijan;
Burdigalian. Abbreviations: 1D=first dorsal fin; 2D=second dorsal fin; A=angular; AF=anal fin; br=branchi-
ostegal rays; CF=caudal fin; CH=ceratohyal; CL=cleithrum; D=dentary; f=finlets; FR=frontal; HY=hyoman-
dibular; LETH=lateral ethmoid; MX=maxilla; PCF=pectoral fin; PLF=pelvic fin; PMX=premaxilla;
PP=pelvic plate; PSP=parasphenoid; R=ribs.
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Diagnosis. 36–37 (17–18+19) vertebrae. Pelvic fin slightly
anterior of pectoral fin.

Other distinguishing characters. First dorsal fin with 12–13
spines, second dorsal fin with one spine and 10–11 rays, anal
fin with two spines and 12–13 rays. 7–8 dorsal, and seven anal
finlets.

Hypodigm. Besides the holotype, one specimen from the
type locality in the collection of the Uzhgorod University.

Description. Maximum body depth 28–30% of standard
length. Head length 27–28% of standard length. More details
in Bannikov (1979b, 1985).

†Incertae sedis sp.
(Fig. 34)

1985 Thunninae †gen. indet. Bannikov, p. 66, pl. 8, fig. 5.
1991 †Glyptorhynchus sp. Pharisat, p. 71, text-fig. 61.
1997 Thunninae †gen. indet. Bannikov & Parin, p. 138 (name

only).
2000b Thunnini †gen et sp. indet. Monsch, p. 136, fig. 7.42.
2010 Thunninae †gen. indet. Bannikov, p. 147 (name only).

Diagnosis. Preural vertebrae 2–3 abruptly shortened.
Hypodigm. Two specimens from the river Belaya near

Abadzekhskaya settlement, N Caucasus, Russia; lower Oligo-
cene, Rupelian (Pshekha Horizon), in PIN (Fig. 34). A similar
fragment was described by Pharisat (1991) from the Rupelian
of France (Froidefontaine) as †Glyptorhynchus sp.

Description. Only last few vertebrae with caudal complex
found. Anterior of caudal complex, centrum hourglass-shaped,
medially constricted, clearly longer than deep. Second and
third preural vertebrae disc-shaped, clearly deeper than long.
Two autogenous epurals, of which the first reduced in size.
Second epural similar in size to neural spine of third preural
vertebra. Hypural plate with hypurals 1–5 fused together,
without caudal notch, plate diamond-shaped with wavy distal
outline (see Fig. 34). Parhypural small, autogenous, seemingly
without parhypurapophysis.

Remarks. Thunninae sensu Bannikov (1985, 2010) include
tribes Sardini and Thunnini. However, only in Thunnini is the
shortening of preural vertebrae as abrupt as in these speci-
mens. If these are tunas, they are unusual representants: the
caudal skeleton is stiffened less than in other Thunnini, and no
other thunnin lacks a parhypurapophysis on the parhypural.
The hypural plate itself is remarkably small and its caudal
outline is much more wavy than in other Thunnini. There is no
known relative to which these fossils can be compared and

hence, in the absence of better material, it seems best to not
assign them to any genus or species for now. Bannikov (1985)
describes ‘Thunninae indet’. on the basis of one specimen,
PIN 3363/96. Based on its unusual shape for an adult, it could
be thought that the fossil represents a juvenile specimen.
However, in juvenile tunnies of similar sizes, the elements are
not as strongly fused together as in this enigmatic fossil and the
distal outline of the hypural plate is rather even (Potthoff

1975). Besides that, the subsequent discovery of an almost
identical, similarly bizarre specimen (PIN 3363/165) makes it
reasonable to assume that these caudal skeletons are complete
and well preserved.

Tribe Scomberomorini Starks, 1910
Genus Scomberomorus Lacépède, 1802

Type species. Scomberomorus plumieri Lacépède, 1802
(=Scomber regalis Bloch, 1793, p. 38), by monotypy.

Diagnosis. Anterior margin of vomer spatulate rather than
concave. Laterally compressed teeth. 40–56 vertebrae (includ-
ing fossil forms, see below), first dorsal fin with 12–22 spines,
second dorsal fin with 15–25 rays. Body covered by minute
scales.

Other distinguishing characters. 6–11 dorsal and 5–12 anal
finlets Three paired, fleshy lateral keels near caudal fin. Ver-
tebrae without mid-lateral fossae. Straight pterygiophores
(which distinguishes them from †Palaeothunnus, which have
curved ones).

†Scomberomorus avitus Bannikov, 1985
(Fig. 35)

1985 †Scomberomorus avitus Bannikov, p. 35, pl. 3, fig. 4; pl. 4,
fig. 1, text-fig. 15.

1997 †Scomberomorus avitus Ban. Bannikov & Parin, 1997,
p. 134 (name only).

2000b †Scomberomorus avitus Ban. Monsch, p. 117, fig. 7.26.
2010 †Scomberomorus avitus Ban. Bannikov, p. 140, pl. XXIII,

fig. 4.

Holotype. PIN 1762/86 (Fig. 35a).
Type locality. Uilya-Kushlyuk, Turkmenistan; upper Pal-

aeocene (Thanetian, lower part of Danata Svita).
Diagnosis. The lower jaw seemingly slightly protrudes

beyond the upper jaw (Fig. 35a). Moderately long ascending
process on premaxilla.

Figure 34 Thunnini †incertae sedis, river Belaya near Abadzekhskaya settlement, N Caucasus, Russia;
Rupelian: (a) PIN 3363/96; (b) PIN 3363/165. Scale bars=10 mm. Abbreviations: EPU=epural; hs=haemal
spine; HYP=hypural; ns=neural spine; PHP=parhypural; PU=preural vertebra; US=urostyle.
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Other distinguishing characters. Total number of vertebrae
estimated at ca. 40, making this species the one with the least
vertebrae of its genus (compare with Collette & Russo, 1985).
Dentary with about 15 teeth. Anal fin with 13 rays. Four finlets
preserved (Fig. 35b). Obliterated hind part of the axial skeleton
contained probably not more than two additional finlets.

Hypodigm. Four fragmentary specimens from the type
locality, in PIN.

Description. Adding to diagnosis and other characters:
length of holotypic mandible 91 mm. More details in Bannikov
(1985).

†Scomberomorus saevus Bannikov, 1982
(Fig. 36)

1982 †Scomberomorus saevus Bannikov, p. 143, fig. 1.
1985 †Scomberomorus saevus Ban. Bannikov, p. 37, pl. 4, figs.

2, 4 (excl. fig. 5), text-fig. 16 (excl. text-fig. 17d, e).
1997 †Scomberomorus saevus Ban. Bannikov & Parin, p. 135

(name only).
2000b †Scomberomorus saevus Ban. Monsch, p. 117, fig. 7.27.
2010 †Scomberomorus saevus Ban. Bannikov, p. 140, pl.

XXIII, fig. 5.

Holotype. PIN 1877/8 (Fig. 36a, b).
Type locality. Karagiye Depression, Mangyshlak penin-

sula, Kazakhstan; middle Eocene (Bartonian, Shorym Svita).
Diagnosis. 26–29 teeth in premaxilla, estimated fork length

2800 mm (by extrapolation from the largest remains, in com-
parison with ratios observed in Recent species in Collette &
Russo 1985 – this would make S. saevus the largest species
known).

Other distinguishing characters. Angle between ascending
process and posterior shank of premaxilla about 35(
(character probably does not convey phylogenetic signal, see
Collette & Russo 1985). Jaw apparatus more robust than in
other known species, but teeth are relatively smaller and more
conical than in Recent Scomberomorus.

Hypodigm. Forty-five cranial fragments (e.g. prootic, Fig.
36c) and >100 vertebrae (mostly isolated) from the type
locality, in PIN (see also remarks).

Description. Length of holotypic premaxilla 238 mm.
More detailed descriptions in Bannikov (1982, 1985).

Remarks. The Recent Scomberomorus lineolatus (Cuvier,
1829), which has a premaxilla with a similarly sharp anterior
angle, has a maximum fork length of only 800 mm, Collette &
Russo 1985. The original hypodigm of †S. saevus (Bannikov

Figure 35 †Scomberomorus avitus, Uilya–Kushlyuk, Turkmenistan; Thanetian: (a) holotype, PIN 1762/86; (b)
paratype, PIN 1762/87. Abbreviations: AF=anal fin; ap=ascending process of premaxilla; C=centrum; D=den-
tary; f=finlet; hs=haemal spine; ns=neural spine; PMX=premaxilla; ps=posterior shank of premaxilla; R=ribs;
t=teeth; VC=vertebral column.
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1982) includes eight hypural plates that were included because
of their superficial similarity to Scomberomorus and one an-
other. These specimens require re-identification. Monsch
(2000a) studied two of these plates; one of which (PIN 1877/4)
was placed in the hypodigm of †Gymnosarda prisca and
another (PIN 1877/2) was ‘identified’ as an unknown scom-
brid. Here, the latter is tentatively assigned to a new species of
†Neocybium (see below). The collection number of the series of
specimens, previously catalogued as PIN 1878, is now cor-
rected to PIN 1877 (Bannikov 2010).

Genus †Neocybium Leriche, 1908

Type species. Neocybium rostratum Leriche, 1908, p. 379,
by monotypy.

Diagnosis. Palatine toothed. Jaw teeth small, tightly
packed, moderately compressed laterally. About 50 vertebrae.

Vertebrae 30–40, each with lateral fossae, along subsequent
vertebrae clearly decreasing in size to eventually disappear
(Leriche 1910). Parhypural and uroneural fused to hypural
plate.

Other distinguishing characters. Uniserial teeth (†Palaeo-
cybium Monsch, 2005, classified in Scomberomorini cf our
taxonomy, is the only member of its tribe with a double tooth
row).

†Neocybium parvidentatum sp. nov.
(Fig. 37)

1985 †Neocybium sp. Bannikov, p. 40, pl. 4, fig. 3.
non 1985 †Scomberomorus saevus Ban. Bannikov, text-fig. 17d,

e.
1997 †Neocybium sp. Bannikov & Parin, p. 135 (name only).
2000a Scomberomorini indet. Monsch, fig. 2B.

Figure 36 †Scomberomorus saevus, Mangyshlak peninsula, Kazakhstan; Ypresian: (a) and (b) holotype, right
premaxilla, PIN 1877/8: (a) labial view, (b) lingual view; (c) fragment of right prootic (posterior end on the right),
PIN 1877/9. Scale bars=10 mm. Abbreviations: ap=ascending process of premaxilla; fcn=foramina for cranial
nerves; ps=posterior shank of premaxilla; sac=recess for sacculus; sch=recess for horizontal semicircular canal;
scva=recess for anterior vertical semicircular canal; t=teeth.
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2000b Scomberomorinae indet. Monsch, p. 122, fig. 7.32b.
2000b cf. Acanthocybium Monsch, p. 136, fig. 7.43
2000b Acanthocybiinae gen. et sp. indet. Monsch, p. 140.
2010 †Neocybium sp. Bannikov, p. 141 (name only).

Etymology. After the Latin parvus (small) and dens
(tooth).

Holotype. PIN 1877/5 (Fig. 37), right premaxilla.
Type locality. Mangyshlak peninsula, W Kazakhstan;

middle Eocene (Bartonian, Shorym Svita).
Diagnosis. Teeth smaller than in other known species and

somewhat blunt-tipped (similar to dentition of Acanthocy-
bium). At least 50 teeth in premaxilla.

Hypodigm. The holotype and perhaps the hypural plate
PIN 1877/2 from the west border of Ustyurt plateau, Kazakh-
stan; same age as the holotype.

Description. First description in Bannikov (1985). Length
of holotypic premaxilla 84 mm. Ascending process forming
45% of whole premaxilla. Length of hypural plate PIN 1877/2
39 mm, depth 67 mm. Hypural plate large with distinct caudal
notch.

Remarks. This species differs from the mid-Oligocene Bel-
gian †Neocybium rostratum Leriche, 1908 due to relatively
smaller teeth. The hypural plate PIN 1878/2 shares apomor-
phic characters with those of †N. rostratum (see Leriche 1910),
therefore it is tentatively assigned to the hypodigm of the new
species.

Superfamily Xiphioidea Rafinesque-Schmaltz, 1810
Family Palaeorhynchidae Günther, 1880

Remarks. All members of this family possess a remarkably
enlarged and downturned maxillary flange, which has been
noted before in species descriptions (see Bannikov 1992, 1993a,
Fierstine 2006). Another remarkable palaeorhynchid synapo-
morphy is the continuous soft dorsal fin, which can be divided
into two sections: an anterior one of longer ceratotrichia and a
posterior one of shorter, more tightly packed rays. Where the
rays are poorly preserved, one can discern the sections by the
pterygiophores of the fin. In the anterior section, each ray is
borne by a fan-shaped pterygiophore that possesses three
radiating ridges: one extending along the trunk margin and
two protruding proximally (see Fig. 38a). The pterygiophores
of the caudal section appear to be simple wedge-like structures
tapered away from the axial skeleton (Fig. 38b; see also
Woodward 1901; Bannikov 1992, 1993a). Except for the most
anterior and most posterior vertebrae, the neural and haemal
spines bear a caudal ovoid-shaped plate.

Genus† Palaeorhynchus de Blainville, 1818

Type species. †Palaeorhynchum glarisianum de Blainville,
1818, p. 314, by monotypy.

Diagnosis. Upper and lower jaw of approximately equal
length. Vertebrae, except for a few in the caudal peduncle,

Figure 37 †Neocybium parvidentatum, holotype PIN 1877/5 (right premaxilla in labial view), Mangyshlak
peninsula, Kazakhstan; Bartonian. Abbreviations: ap=ascending process; ps=posterior shank; t=teeth.

Figure 38 Apomorphies of †Palaeorhynchidae: (a) sketch of †Palaeorhynchus zorzini (Italy, Ypresian), showing
the morphology of the dorsal-fin pterygiophores and neural spines just caudal of the midpoint of the vertebral
column (vertebrae 31–34), modified after H.L. Fierstine’s original sketch in Fierstine et al. (2008); (b) morphology
of vertebral spines and caudalmost anal-fin pterygiophores of †Homorhynchus colei in PIN 3363/166; River
Belaya, N Caucasus, Russia; Rupelian. Abbreviations: C=centrum; dfr=dorsal-fin ray; hs=haemal spine;
HYP=hypural; ns=neural spines; PHP=parhypural; pter=pterygiophores; US=urostyle.
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elongated and medially constricted, and thus similar to those
of Recent billfish such as Tetrapturus Rafinesque-Schmaltz,
1810. Vertebrae of caudal peduncle somewhat shortened.
Neural and haemal spines associated with pterygiophores of
posterior section of dorsal and anal fin respectively, lamellar
and trapezium-shaped with narrow side originating from cen-
trum. Ceratotrichia of dorsal and anal fin relatively long
(longer than maximum body depth). Pelvic fin proportionally
longer than in other xiphioids, where it is twice as short as
distance between its base and origin of anal fin.

Other distinguishing characters. Upper and lower jaws
almost straight, not curved at tips. 53–61 (?62) vertebrae.
Anterior dorsal-fin elements about as numerous as vertebrae.
Scales large.

Remarks. Contrary to other scombroids, the plesiomor-
phic condition in Xiphoidea seems to be numerous vertebrae,
with an evolutionary trend of reduction (Monsch 2000b). This
is because Recent xiphioids have few (24–26) vertebrae. Only
fossil forms have many more. †Hemingwaya has 39 vertebrae
(see below). Among fossil genera, only †Blochius has as few
vertebrae (24) as a Recent billfish (Fierstine & Monsch 2002).

†Palaeorhynchus senectus Daniltshenko, 1962
(Fig. 39)

1962 †Palaeorhynchus senectus Danil’chenko, p. 123, fig. 11.
1980 †Palaeorhynchus senectus Dan. Danil’chenko, p. 162.
1997 †Palaeorhynchus senectus Dan. Bannikov & Parin, p. 135

(name only).
2000b †Palaeorhynchini gen. et sp. indet. Monsch, p. 157, fig.

7.63.
2010 †Palaeorhynchus senectus Dan. Bannikov, p. 148, text-fig.

79.

Holotype. PIN 1413/80 (Fig. 39).
Type locality. Tbilisi, Georgia; middle Eocene (Lutetian?,

Dabakhana Svita).
Diagnosis. Deep head: depth equal to 31% of length.
Hypodigm. Five specimens from the type locality.
Description. Preorbital distance 61–62% of head length.

More details in Danil’chenko (1962).
Remarks. The teeth in the figure of Danil’chenko (1962,

fig. 11) are larger than in other billfish. Because of this, one

could suppose this to be a juvenile individual of an unidenti-
fiable palaeorhynchid. The size of the teeth in that figure is
however exaggerated; on the actual specimens (Fig. 39) they
are hardly visible. The anterior process in the neural and
haemal spine seems bifurcated in some places. It is neither
clear whether this condition persists throughout the whole
vertebral column, nor (due to the preservation of most palaeo-
rhynchid specimens) whether this trait is found in other
species.

†Palaeorhynchus parini Bannikov, 1992
(Fig. 40)

1992 †Palaeorhynchus parini Bannikov, p. 28, figs. 1–3 (trans-
lation: Bannikov, 1993a, p. 51).

1997 †Palaeorhynchus parini Ban. Bannikov & Parin, p. 135
(name only).

2000b †Palaeorhynchus parini Ban. Monsch, p. 156, fig. 7.61.
2002 †Palaeorhynchus parini Ban. Fierstine & Monsch, p. 128

(name only).
2010 †Palaeorhynchus parini Ban. Bannikov, p. 148, pl. XXVI,

fig. 1, text-fig. 80.

Holotype. PIN 4425/13.
Type locality. Left bank of the river Pshekha, 1 km up-

stream of Gorny Luch village, N Caucasus, Russia; middle
Eocene (Bartonian, Kuma Horizon).

Diagnosis. 58–60 vertebrae, of which 35–37 caudal. Dorsal
fin with 50 (–51?)+17 rays and anal fin with 30+28 rays.

Other distinguishing characters. Body elongated: maxi-
mum depth fits 11–13 times into standard length. Head depth
21–25% of its length. Anal fin originating under third or fourth
before last precaudal vertebra. Nine anal pterygiophores an-
terior to first haemal spine.

Hypodigm. Twenty-six specimens from the type locality in
PIN.

Description. Detailed description in Bannikov (1993a).
Preorbital distance 65–69% of head length. Caudal fin fork-
shaped rather than semilunate, despite enlarged and widely
spaced median lepidotrichia. In largest specimens, neural and
haemal spines become more expanded rostro-caudad than in
smaller ones, resembling those of istiophorids and †Heming-
waya (see below).

Figure 39 †Palaeorhynchus senectus, holotype (with interpretative clarifying tracing marks), PIN 1413/80,
Tbilisi, Georgia; Lutetian? Abbreviations: 1D=first dorsal fin; A=angular; br=branchiostegal rays; CH=
ceratohyal; D=dentary; ENTO=entopterygoid; FR=frontal; HY=hyomandibular; LETH=lateral ethmoid;
META=metapterygoid; mxf=maxillary flange; OP=operculum; PMX=premaxilla; pter=pterygiophores;
Q=quadrate; VC=vertebral column.
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†Palaeorhynchus zitteli (Kramberger, 1879)
(Fig. 41)

1879 †Hemirhynchus zitteli Kramberger, p. 59, pl. 15, fig. 1.
1886 †Palaeorhynchus zitteli (Kramb.) Wettstein, p. 72.
1888 †Palaeorhynchus zitteli (Kramb.) von Zittel, p. 301, fig.

312.
1901 †Palaeorhynchus zitteli (Kramb.) Woodward, 1901,

p. 487.
1909 †Hemirhynchus zitteli Kramb. Rychlicki, p. 755.
1923 †Palaeorhynchus zitteli (Kramb.) Broili & Schlosser,

p. 148, fig. 255.
1929c †Palaeorhynchus cf. zitteli (Kramb.) Paucă, p. 209.
1934 †Palaeorhynchus cf. zitteli (Kramb.) Paucă, p. 617, pl. 3,

fig. 4, text-fig. 18.
1960 †Palaeorhynchus zitteli (Kramb.) Danil’chenko, p. 159,

pl. 15, fig. 1.
1965 †Palaeorhynchus zitteli (Kramb.) Temnyuk, p. 1077 (fig-

ure only).
1987 †Palaeorhynchus zitteli (Kramb.) Schultz, fig. 5, tab. 3

(name only).
1997 †Palaeorhynchus zitteli (Kramb.) Bannikov & Parin,

p. 138 (name only).
2000b †Palaeorhynchini gen. et sp. indet. Monsch, p. 158.
2010 †Palaeorhynchus zitteli (Kramb.) Bannikov, p. 148, pl.

XXV, fig. 4.

Lectotype. A specimen in BSP (not seen).
Type locality. Rajcza, Polish Galicia; lower Oligocene

(Rupelian).
Diagnosis. Maximum body depth 11–12 times into stan-

dard length. Anal fin originating under 5–7th before last
precaudal vertebra. Up to 15 anal pterygiophores anterior of
first haemal spine.

Other distinguishing characters. 58–61 (?62) vertebrae, of
which 33–35 caudal. Head shallow: depth 23–26% of length.
Pelvic fin with about five lepidotrichia.

Hypodigm. PIN contains 43 specimens from the river
Belaya (N Caucasus), five from the river Gumista (Abkhazia)
and one from the Ukrainian Carpathians (Rupelian). Besides
these and the holotype, the total hypodigm is difficult to assess.
Specimens are recorded from the Polish part of Galicia and
Romania (Schultz 1987; Bannikov 1993a).

Description. Preorbital distance is 64–68% head length. A
well-accessible description of former USSR specimens is in
Danil’chenko (1967).

Genus †Homorhynchus van Beneden, 1873

Type species. †Homorhynchus bruxelliensis van Beneden,
1873, p. 207, by monotypy.

Diagnosis. Lower jaw not elongated, much shorter than
rostrum. Two pterygiophoresperinterneural spaces in anterior
part of dorsal fin. Ceratotrichia of dorsal and anal fin relatively
short (shorter than maximum body depth). Pelvic fin with two
lepidotrichia.

Other distinguishing characters. 53–55 (25–26+28–29) ver-
tebrae. Pelvic fin short.

†Homorhynchus colei (Agassiz, 1844)
(Fig. 42)

?1833–44 †Palaeorhynchum egertoni Agassiz, p. 80, pl. 34a, fig.
1.

1833–44 †Palaeorhynchum colei Agassiz, p. 85, pl. 32, fig. 1.
1833–44 †Palaeorhynchum microspondylum Agassiz, p. 85, pl.

34a, fig. 2.
1867 †Palaeorphynchum [sic] sp. de Glarus. Winkler, p. 632.
1886 †Hemirhynchus colei (Ag.) Wettstein, p. 78.
1901 †Hemirhynchus colei (Ag.) Woodward, p. 488.
1958 †Hemirhynchus colei Ag. van Regteren Altena, p. 370, fig.

1.
1960 †Homorhynchus colei (Ag.) Danil’chenko, p. 161, pl. 15,

fig. 2.
1964 †Homorhynchus colei (Ag.) Danil’chenko, pl. 9, fig. 2.
non1977 †Palaeorhynchus longirostris Ag. Ciobanu, 1977,

p. 121, pl. 42, fig. 1.
1980 †Homorhynchus colei (Ag.) Danil’chenko, p. 164, pl. 6,

fig. 3.
1987 †Homorhynchus colei (Ag.) Schultz, p. 118 (name only).
1997 †Homorhynchus colei (Ag.) Bannikov & Parin, p. 138

(name only).
2000b †Homorhynchus colei Ag. Monsch, p. 153, fig. 7.59.
2002 †Homorhynchus colei (Ag.) Fierstine & Monsch, p. 128

(name only).
2010 †Homorhynchus colei (Ag.) Bannikov, p. 149, pl. XXVI,

fig. 2.

Lectotype. BMNH P4122.
Type locality. Engi, Canton Glarus, Switzerland; lower

Oligocene (Rupelian, Glarner Schiefers).
Diagnosis. As for genus (despite that two other species are

known from older sediments, †H. colei seems to be morpho-
logically more primitive than those).

Other distinguishing characters. Skull shallow: depth about
two thirds of maximum body depth (Woodward 1901). 54–55
(26+28–29) vertebrae (25+28 in Danil’chenko 1960).

Hypodigm. The total hypodigm is difficult to assess. Here
follows an overview of what is known. TM has one (Van
Regteren Altena 1958) and BMNH seven (Woodward 1901)
specimens from the type locality; MSNPN has one specimen
(Ciobanu 1977) from the Rupelian of Piatra Neamţ, Romania.

Figure 40 †Palaeorhynchus parini, PIN 4425/89, anterior portion of skeleton, left bank of the river Pshekha,
near Gorny Luch village, N Caucasus, Russia; Bartonian. Abbreviations: A=angular; br=branchiostegal rays;
CH=ceratohyal; D=dentary; DF=(continuous) dorsal fin; FR=frontal; LETH=lateral ethmoid; MX=maxilla;
PCF=pectoral fin; PELF=pelvic fin; PMX=premaxilla; PP=pelvic plate; R=rib; VC=vertebral column.
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The specimens of the former USSR in PIN are from the
Rupelian (Pshekha Horizon): 36 from the river Belaya and two
from the river Pshekha, N Caucasus, Russia; and one from the
river Gumista in Abkhazia.

Description. A detailed description was given by
Danil’chenko (1967). Additional information and/or correc-
tions to that description are given below. Lachrymal shorter
than diameter of orbit. Hypurostegic caudal fin with widened
and more widely spaced medial lepidotrichia (despite this,
caudal fin forked rather than semilunate) and a total of 31
lepidotrichia (including 17 principal rays). Dorsal fin with
101–108 rays, of which posterior section covers ca. 20 rays. Of
the 57–59 (32–33+25–26) rays of the anal fin, about five are
anterior of first haemal spine.

Genus †Pseudotetrapturus Daniltshenko, 1960

Type species. †Pseudotetrapturus luteus Daniltshenko,
1960, p. 162, by monotypy and original designation.

Diagnosis. Lower jaw elongated, almost as long as upper;
both jaws curved at tips. Dorsal fin originating above posterior
border of orbit and is deeper than body. Pelvic fin with four
lepidotrichia, without spine.

Other distinguishing characters. 45–50 vertebrae, scales
large (Danil’chenko, 1960).

Remarks. Bannikov (2010) proposed that the upper Oligo-
cene †Aglyptorhynchus maxillaris Fierstine, 2001 from Oregon
(USA) may belong to †Pseudotetrapturus.

†Pseudotetrapturus luteus Daniltshenko, 1960
(Fig. 43)

1960 †Pseudotetrapturus luteus Danil’chenko, p. 162, pl. 23,
figs. 1, 2.

1964 †Pseudotetrapturus luteus Danil’chenko, pl. 9, fig. 1.
1980 †Pseudotetrapturus luteus Dan. Danil’chenko, p. 164, pl.

7, fig. 3.
1987 †Pseudotetrapturus luteus Dan. Schultz, p. 132, figs. 3, 5.

Figure 41 †Palaeorhynchus zittelli, River Belaya, N Caucasus, Russia; Rupelian: (a) PIN 3363/177 (transfer-
prepared); (b) PIN 1413/49. Abbreviations: A=angular; AF=anal fin; br=branchiostegal rays; CH=ceratohyal;
CL=cleithrum; D=dentary; DF=(continuous) dorsal fin; FR=frontal; hs1=first haemal spine; IOP=interoper-
culum; LETH=lateral ethmoid; MX=maxilla; OP=operculum; PCF=pectoral fin; PELF=pelvic fin; PMX=
premaxilla; POP=preoperculum; PP=pelvic plate; PSP=parasphenoid; PTO=pterotic; R=ribs; SOP=
suboperculum; VC=vertebral column.
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1993 †Pseudotetrapturus luteus Dan. Patterson, p. 634 (name
only).

1997 †Pseudotetrapturus luteus Dan. Bannikov & Parin, p. 138
(name only).

2000b †Pseudotetrapturus luteus Dan. Monsch, p. 156, fig.
7.62.

2002 †Pseudotetrapturus luteus Dan. Fierstine & Monsch,
p. 128 (name only).

2010 †Pseudotetrapturus luteus Dan. Bannikov, p. 150, pl.
XXVI, fig. 3.

Holotype. PIN 1413/50 (Fig. 43).
Type locality. River Sulak, Daghestan, N Caucasus,

Russia; upper Oligocene (Chattian, Maykop series).
Diagnosis and other distinguishing characters. As for genus.
Hypodigm. Two specimens from the type locality and one

from the Chattian of the river Gumista, Abkhazia.
Description. Detailed description by Danil’chenko (1960),

who reported that neurapophyses have flattened processes.
This means that neural (and, as can be observed haemal)
spines have enlarged plate-like extensions. This is a synapo-
morphy of Palaeorhynchidae (see Fig. 38a). The following

additional observations regarding the rostrum have been
made. Bill is deeper than wide in cross-section, its dorsal
surface arched with shallow longitudinal grooves. Ventral
surface rather flat. Anterior part of rostrum with two lateral
patches of small villiform teeth. Unclear whether these two
patches fuse caudad into one, stay separate or disappear. At
least one central canal present, but other details of internal
anatomy obscured. Abkhazian specimen in public exhibition
of PIN with pelvic plate on which remains of pelvic fin
preserved.

Remarks. Danil’chenko’s (1960) observations about the
total length (4 m) of the holotype, its squamation and vertebral
count are from his field notes. The holotype was a fairly
complete specimen, which was unfortunately heavily damaged
by robbers who invaded the area of fieldwork (P. G.
Danil’chenko pers. comm. 1979).

Family †Hemingwayidae Sytchevskaya & Prokofiev, 2002
Genus †Hemingwaya Sytchevskaya & Prokofiev, 2002

Type species. †Hemingwaya sarissa Sytchevskaya &
Prokofiev, 2002, p. 229, by monotypy and original designation.

Figure 42 †Homorhynchus colei, River Belaya, N Caucasus, Russia; Rupelian, transfer prepared: (a) PIN 3363/
135; (b) PIN 3363/134. Abbreviations: A=angular; AF=anal fin; br=branchiostegal rays; CF=caudal fin;
D=dentary; DF=dorsal fin; FR=frontal; hs1=first haemal spine; LETH=lateral ethmoid; MX=maxilla;
PELF=pelvic fin; PMX=premaxilla; POP=preoperculum; PP=pelvic plate; PSP=parasphenoid; R=ribs;
S=sclerotic; VC=vertebral column.

Figure 43 †Pseudotetrapturus luteus, holotype, PIN 1413/50, River Sulak, NE Caucasus, Russia; Chattian.
Abbreviations: C=centrum; D=dentary FR=frontal; LETH=lateral ethmoid; MX=maxilla; PMX=premaxilla;
PN=prenasal; POP=preoperculum; VC=vertebral column.
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Diagnosis. The lower jaw elongated, about as long as
rostrum. Skull roof ornamented with crests and pits. Pelfic fin
absent. Two dorsal and two anal fins. First dorsal with about
32, first anal with about 26 lepidotrichia. About 39 (16+23?)
vertebrae. Neural and haemal spine widened and leaf-shaped.
Postorbital section of head and body covered with six longitu-
dinal rows of thick, mostly hexagonal, scutes.

Other distinguishing characters. Jaws with multiple rows of
small villiform teeth. Caudal skeleton primitive for xiphioid:
built as in Scombrini.

Remarks. The phylogenetic hypothesis of Sytchevskaya &
Prokofiev (2002), that Hemingwayidae and Istiophoridae form
a monophyletic clade, based on the remarkable synapomorphy
of foliarly shaped neural and haemal spines, seems best for
now.

†Hemingwaya sarissa Sytchevskaya & Prokofiev, 2002
(Figs 44, 45)

2002 †Hemingwaya sarissa Sytchevskaya & Prokofiev, p. 229,
figs. 1–4.

2004 †Hemingwaya sarissa Sytch. & Prok. Prokofiev, p. 125,
figs. 1–2.

2010 †Hemingwaya sarissa Sytch. & Prok. Bannikov, p. 152,
pl. XXVI, fig. 4.

Holotype. PIN 4782/81 (Fig. 44a, b).
Type locality. Near Uilya-Kushlyuk, Turkmenistan; upper

Palaeocene (Thanetian, Danata Svita).
Diagnosis and other distinguishing characters. As for genus.
Hypodigm. Thirteen skeletal fragments from the type

locality in PIN.
Description. The original description (Sytchevskaya &

Prokofiev 2002) differs so much from our own observations,
that, contrary to the treatment of other species in this paper,
we provide a detailed description. Except where indicated
otherwise, current observations agree with either the original
description of Prokofiev (2004), who in part revises Sytchevs-
kaya & Prokofiev (2002). Prokofiev’s (2004) paper came after
personal communications between us and Sytchevskaya and
Prokofiev about †Hemingwaya in 2003. Prokofiev’s (2004)
re-interpretations still differ from our observations.

It is not known how Sytchevskaya & Prokofiev did age
estimation (apparently by using vertebrae). Age supposedly
‘‘. . . varies within four-six years’’ according to Sytchevskaya &
Prokofiev (2002, p. 228). Bony structure of fossils, however,
confirms specimens as fully developed individuals. Fork length
estimated at 0·3–0·4 m. Body elongated and shallow (Fig. 45);
head length without rostrum 1·25 times greater than maximum
body depth. Trunk relatively abruptly tapering caudad at
caudal peduncle. Both lower and upper jaws elongated, about

Figure 44 †Hemingwaya sarissa, holotype, PIN 4782/81, Uilya Kushlyuk, Turkmenistan; Thanetian: (a) photo
of holotype; (b) line drawing of caudal skeleton. Prokofiev’s (2004) later reconstruction of the tail region
corresponds more to our findings, although not entirely (see text for details). Abbreviations: 1AF=first anal fin;
2AF=second anal fin; 1D=first dorsal fin; 2D=second dorsal fin; CF=caudal fin; hpu2=haemal spine of second
preural vertebra; hs=haemal spine; HYP=hypural; npu2=neural spine of second preural vertebra; ns=neural
spine; PHP=parhypural; phps=parhypurapophysis; PU2=second preural vertebra; UN=uroneural; US=uro-
style; SCU=scute; VC=vertebral column. Plain labels indicate how we identify these elements; those in quotation
marks indicate how Sytchevskaya and Prokofiev (2002) identified elements, in cases where their and our
interpretations differ.

Figure 45 †Hemingwaya sarissa, Uilya Kushlyuk, Turkmenistan; Thanetian. Reconstruction, based on Fi-
erstine’s (2006) drawing from his review of fossil billfish, with added lettering and a corrected amount of ribs,
scale approximates 50 mm. Abbreviations: 1AF=first anal fin; 2AF=second anal fin; 1D=first dorsal fin;
2D=second dorsal fin; A=angular; CF=caudal fin; CL=cleithrum; COR=coracoid; D=dentary; FR=frontal;
hs=haemal spine; LETH=lateral ethmoid; MX=maxilla; N=nasal; ns=neural spine; OP=operculum;
PCF=pectoral fin; PCL=postcleithrum; PMX=premaxilla; POP=preoperculum; R=rib; S=sclerotics; SCL=
supracleithrum; SUP=suboperculum; VC=vertebral column.
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equal in length (lower jaw slightly shorter), robust proximally,
gradually tapering and sharp-pointed. Jaws about twice as
long as distance from anterior margin of orbit to posterior
margin of opercular apparatus. Both upper and lower jaws
with multiple rows of small villiform teeth. Rostrum consisting
of maxilla, premaxilla and nasal. Presence or absence of
prenasal uncertain. Orbit bordered anteriorly by lateral
ethmoid (interpreted by Sytchevskaya & Prokofiev 2002 as
lachrymal). Frontal ornamented by series of low longitudinal
crests and minute pits (also found on parietal). Supraoccipital
crest hardly developed. Prerotic spine seemingly short. Except
for suboperculum, opercular apparatus well preserved, similar
to that of istiophorids. Gill arches partially discernible, but
presence of gill rakers uncertain. Number of branchiotegal
rays uncertain. Sytchevskaya & Prokofiev state that there are
probably seven, but we have been unable to estimate even a
minimum count. Posttemporal not preserved, besides that, the
pectoral girdle almost completely intact, similar to that of
scombrids (see e.g. Collette & Russo 1985). Small pectoral fin
with about 15 lepidotrichia. Pelvic plate and fin absent.
Vertebrae moderately long, shortened in caudal peduncle and
medially slightly constricted. Massive prezygapophyses, but
postzygapophyses not seen – may be undeveloped. First few
vertebrae in precaudal section of vertebral column and those of
the caudal peduncle with slightly expanded, lancet-like neural
and haemal spine. Remaining vertebrae with further modified
vertebral spines: strongly expanded, lamellar and leaf-shaped,
abruptly tapering dorso-posteriad, similar to neural; and hae-
mal spine in istiophorids and largest specimens of palaeo-
rhynchids (†Palaeorhynchus parini and †Pseudotetrapturus
luteus). Total number of vertebrae uncertain, but we estimate
39 (about 40 cf. Sytchevskaya & Prokofiev 2002, who interpret
urostyle as urostyle and preual vertebra 1 fused together, see
below). No less than 16 vertebrae are precaudal (estimated
through observation of poorly-visible ribs, the posteriormost
of which is associated with the 16th vertebra in PIN 4782/89).
Prokofiev (2004) asserted that the most posterior rib is between
the 15th and 20th vertebrae. Lateral crests on preural ver-
tebrae, noticed by Prokofiev (2004), not found. Caudal skel-
eton consisting of two hypural plates formed by fusion of
hypurals 1–2 and 3–4 respectively, and autogenous, long
urostyle (a trait of billfish) with massive uroneural fused to it.
Large free parypural present, in which parhypurapophysis
damaged (Fig. 44b). According to Prokofiev (2004), parhypu-
ral fused to urostyle. Hypurals 1–2 and 3–4 completely fused
within the small plates, only shallow grooves present where
Prokofiev (2004) observes sutures between supposedly not
completely fused hypurals 1–2 and 3–4 respectively (Fig. 44b).
Rod-like element, interpreted by Prokofiev & Sytchevskaya
(2002) as narrow third hypural not found. Shallow groove is
present in place of rod (Fig. 44b). Prokofiev (2004) considers
‘rod’ a split-off part of a larger hypural 3. Hypural 5 not found
(this region obscured by hypurostegic caudal-fin rays in holo-
type). Unclear whether it developed, is missing, or fused to
hypurals 3–4. ‘Urostylar process’ of Prokofiev (2004) refers to
the uroneural. Prokofiev’s (2004) ‘hypural crest’ (Sytchevskaya
& Prokofiev’s, 2002 uroneural), is an extended base of a
caudal-fin ray (Fig. 44b). Articulation of caudal skeleton with
preceding preural vertebra normal, anterior margin of the
hypural complex not convex and hinged on an extremely
shortened free urostyle that is fused to the first preural vertebra
(really urotyle and parhypural together) (Sytchevskaya &
Prokofiev 2002). Bases of caudal-fin rays cover much of
hypurals and obscure epurals. Caudal fin large and forked with
33 slightly widened median lepidotrichia, of which 17 procur-
rent. Two distinct dorsal fins and two distinct anal fins, as in
Recent billfish, unlike †Palaeorhynchus (with both dorsal and

anal fins are continuous and divided in two sections). First
pterygiophore of first dorsal fin inserted in preneural space,
above orbit. First complete dorsal-fin ray visible behind orbit,
meaning, at border of skull and first vertebra. First dorsal fin
extending caudad to border between eighth and ninth preural
vertebra, which would be between 31st and 32nd vertebra
counted from anterior. For both first dorsal and anal fin,
seemingly one pterygiophore inserted near each border be-
tween two vertebrae. Based on the above, first dorsal fin with
estimated 32 rays (possibly more). First ray of first anal fin
inserted below seventh vertebra, almost immediately followed
by second anal-fin ray, at the border between 7th and 8th
vertebra. Each following pterygiophore inserted at border
between subsequent vertebrae. First anal fin extending caudad
to border between the 31st and 32nd vertebra. From this,
estimated 26 first anal-fin rays. Both first dorsal and anal fins
deep. Dorsal-fin rays 1·2 (Most anterior) – 2·5 (towards cau-
dalmost end of fin) times longer than maximum body depth.
Anal fin with similar shape, but longest ray (towards caudal-
most end) only 1·5 times longer than maximum body depth.
Both second dorsal and anal fins are much shallower and
shorter than first dorsal and anal fins. Rays are closer together,
but preservation of this region in specimens available insuffi-
cient to count them. Both second dorsal and anal fins reaching
up to beginning of caudal peduncle.

Body covered by thick, large (most of them 1 mm in
diameter) scutes rather than scales (Fig. 44a). Most of these
more or less hexagonal, but on caudal peduncle becoming
square. Scutes relatively deep: six longitudinal rows seemingly
covering entire side of body.

Remarks. Sytchevskaya & Prokofiev (2002) interpret the
lateral ethmoid as the lachrymal, based on presence of
branched canals. However, branched canals are not found by
us, only a few exterior foramina characteristic for lateral
ethmoids. Sytchevskaya & Prokofiev suppose that in billfishes
the lachyrmal completely covers the lateral ethmoid, stating
that in Gregory & Conrad (1937) the lateral ethmoid and
lachrymal were mixed up. However, Gregory & Conrad (1937,
fig. 7), picturing a skull of Scomber with a lachrymal and
lateral ethmoid (‘parethmoid’) correctly indicated, proved their
insight is correct. The lachrymal is one of the circumorbital (or
suborbital) bones. These do occur in Recent xiphioids and
were separately mentioned by Gregory & Conrad (1937),
although not included in their figures of billfish skulls (see also
Nakamura 1983, 1985 on billfish lachrymals). Sytchevskaya &
Prokofiev (2002) compare †Hemingwaya to †Homorhynchus, in
which they also wrongly consider its lateral ethmoid to be a
lachyrmal. While Sytchevskaya & Prokofiev asserted that
†Blochius also possesses a lachrymal, Fierstine & Monsch
(2002) showed that in this genus this is a relatively small bone
that laterally flanks the lateral ethmoid, partially covering it.
Real lachrymals (probably small, fragile bones that were
damaged in the process of fossilisation) are not preserved in
specimens of †H. sarissa. Sytchevskaya & Prokofiev (2002)
mistakenly took the point of insertion of the first anal fin (at
the 7th vertebra) as the start of the caudal section of the
backbone, thus claiming that this fish had a very short
precaudal vertebral column, implying too little space for
internal organs. In Recent as well as in fossil billfish (see also
†Palaeorhynchidae as described herein) the anal fin is inserted
quite some distance anterior to the first caudal vertebra. That
the first anal fin is inserted this much anterior of the first
caudal vertebra is, however, a remarkable apomorphy of
†Hemingwaya (also noted by Prokofiev 2004). Sytchevskaya &
Prokofiev (2002) described an unusual morphology of the
transition between the last vertebra and the hypural complex.
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Such a connection does not occur in any known fish. Nor-
mally, the hypural complex articulates loosely with the preced-
ing vertebra, with a cartilaginous connection between the two.
There are no grounds for assuming the presence of a hinge
joint (extensively discussed by Sytchevskaya & Prokofiev)
inside the caudal skeleton of †Hemingwaya, which is built quite
in the same manner as in the scombrine scombrids. Even
though the hinge joint was not mentioned in a later paper on
this species, a reconstruction of the caudal skeleton therein
(Prokofiev 2004, fig. 2) suggested that the author supposed
such a joint to be present.

Family †Blochiidae? Bleeker, 1859
†Incertae sedis sp.

(Fig. 46)

1993d ?†Blochiidae gen. et sp. indet. Bannikov, p. 242 (name
only).

1997 †Blochiidae (?) gen. et sp. indet. Bannikov & Parin, p. 134
(name only).

2002 ?†Blochiidae indet. Sytchevskaya & Prokofiev, p. 227
(name only).

Diagnosis. Rostrum present, vertebral column and dorsal
fin very close to one another.

Material. One specimen from Uilya-Kushlyuk, Turkmeni-
stan; upper Palaeocene (Thanetian, Danata Svita), in PIN.

Description. Poorly preserved fragment of individual
about 40 mm in total length. Anterior part of rostrum not
preserved. Number of branchiostegal rays difficult to assess,
but there are certainly six. Vertebral column preserved until
10th vertebra. Vertebrae medially constricted, hourglass-
shaped, more than four times longer than deep. First 15
dorsal-fin spines preserved, longest clearly deeper than head
depth. Pterygiophores and neural spines hardly visible. Pecto-
ral fin with 22 lepidotrichia.

Remarks. The specimen is too poorly preserved for a
detailed analysis and description. Fierstine & Monsch (2002)
showed that in †Blochius Volta, 1796, the dorsal fin is close to
the vertebral column because of the short neural spines and
pterygiophores. The †‘Blochiidae’ as they are often understood
(Schultz 1987), comprise a few genera, of which now only

†Blochius is accepted as belonging to the family (Fierstine &
Monsch 2002; Fierstine 2006). While †Blochiidae sensu Schultz
(1987) originate in the Cretaceous, †Blochius is restricted to the
Monte Bolca locality (basal Lutetian, following Aubry’s (1983)
dating of the NP14 zone, or terminal Ypresian following
Papazzoni & Trevisani (2006)) of Italy. The fossil specimen
under consideration would stretch the fossil record of blochiids
considerably back in time.
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1, 67–90.
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Plyn a Nafta 26, 63–74.

Johnson, G. D. 1986. Scombroid phylogeny: an alternative hypothesis.
Bulletin of Marine Science 39, 1–41.

Johnson, J. Y. 1862. Descriptions of some new genera and species of
fishes obtained at Madeira. Proceedings of the Zoological Society
of London 1862, 343–437.

Johnson, J. Y. 1865. Description of new genus of trichiuroid fishes
obtained at Madeira, with remarks on the genus Dicrotus,
Günther, and on some allied genera of Trichiuridae. Proceedings
of the Zoological Society of London 1865, 434–37.

Jonet, S. 1958. Contribution à l’étude des schistes disodyliques Oli-
gocènes de Roumainie: Faune ichthyologique de Homoraciú District
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Paucă, M. 1934. Die fossile Fauna und Flora aus dem Oligozän von
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SCOMBROID FISHES (WITH BILLFISHES) FROM THE CENOZOIC OF THE FORMER USSR 299

https://doi.org/10.1017/S1755691011010085 Published online by Cambridge University Press

https://doi.org/10.1017/S1755691011010085
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Cuba, acompañadas de sumarios Latinos y extractos en Francés,
Vol. 1. La Habana: Imprenta de la Viuda de Barcina.

Popov, S. V., Akhmetiev, M. A., Zaporozhets, N. I., Voronina, A. A.
& Stolyarov A. S. 1993a. Evolution of eastern Paratethys in the
Late Eocene-Early Miocene. Stratigraphy and Geological Corre-
lation 1 (6), 10–39. [Translated from Stratigrafiya. Geologiches-
kaya Korrelyatsiya.]

Popov, S. V., Voronina, A. A. & Goncharova, I. A. 1993b.
Stratigrafiya i dvustvorchatye mollyuski oligotsena-nizhnego mi-
otsena Vostochnogo Paratetisa. Trudy Paleontologicheskogo Insti-
tuta 256, 1–208.

Popov, S. V., Akhmetiev, M. A., Burgova, E. M., Lopatin, A. V.,
Amitrov, O. V., Andreyeva-Grigorovich, A. S., Zaporozhets, N.
I., Zherikhin, V. V., Krasheninnikov, V. A., Nikolaeva, I. A.,
Sytchevskaya, E. K. & Shcherba, I. G. 2002. Biogeography of the
northern Peri-Tethys from the Upper Eocene to the Lower
Miocene. Part 2. Early Oligocene. Paleontological Journal 36
(supp. 3), S185–S259.

Potthoff, T. 1975. Development and structure of the caudal complex,
the vertebral column and the pterygiophores in the blackfin tuna
(Thunnus atlanticus), Scombridae. Bulletin of Marine Science 25,
205–31.

Prokofiev, A. M. 2002. A new genus of cutlassfish from the Upper
Paleocene of Turkmenistan (Scombroidei: Trichiuroidea).
Zoosystematica Rossica 11 (1), 229–33.

Prokofiev, A. M. 2004. Caudal skeleton of the enigmatic Upper
Paleocene xiphioid fish Hemingwaya sarissa Sytchevskaya &
Prokofiev, 2002: a new interpretation, with some emendations to
the diagnosis of the family (Teleostei: Xiphioidea: Hemingwayi-
dae). Zoosystematica Rossica 13 (1), 125–27.

Rafinesque-Schmaltz, C. S. 1810. Caratteri di Alcuni Novi Generi e
Nuove Specie di Animali (Principalmente di Pesci). Palermo.

Rafinesque-Schmaltz, C. S. 1815. Analyse de la Nature, ou Tableau de
l’Univers et de Corps Organisées. Palermo.

Romanovsky, G. D. 1886. O novom rode iskopayemoy ryby s
Kavkaza. Zapiski Vserossiyskogo Mineralogicheskogo Obsh-
chestva 22, 304–06.
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