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A new clupeid fish from the upper Miocene of Greece:  
A possible Hilsa relative from the Mediterranean
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Kevrekidis, C., Arratia, G., Bacharidis, N., and Reichenbacher, B. 2021. A new clupeid fish from the upper Miocene of 
Greece: A possible Hilsa relative from the Mediterranean. Acta Palaeontologica Polonica 66 (3): 605–621. 

Much remains to be learned about the past diversity and evolutionary history of the Clupeidae (herrings, shads and 
allies), owing to the frequently subtle differences between modern taxa and the moderate preservational quality of some 
fossils. In this study, new clupeid fossils are described from a new locality from the upper Miocene of the Serres Basin, 
Northern Greece. The fossils are well-preserved articulated skeletons, exhibiting features such as a small size (<150 mm 
in standard length), slender body, two pairs of bullae, at least six parietal–postparietal striae, two supramaxillae, five 
branchiostegal rays, 10 supraneurals, 40–42 vertebrae, eight or nine pelvic fin rays, 17 rays in the dorsal and 16–19 rays 
in the anal fin, last two fin rays of the anal fin not elongate, and belly fully scuted. The new fossils cannot be attributed to 
any modern genus, though they most closely resemble the monotypic genus Hilsa, which today inhabits the Indo-Western 
Pacific. Detailed comparisons with all fossil clupeid taxa from the Cenozoic indicate that the new fossils constitute a 
new species, which is tentatively attributed to the fossil genus Pseudohilsa, as Pseudohilsa nikosi Kevrekidis, Arratia, 
and Reichenbacher sp. nov. Clupeids reportedly similar to the modern-day tropical Hilsa have been previously described 
from the Pliocene of the Black Sea and the middle Miocene of the Caspian Sea. This is, however, the first time that a 
possible fossil Hilsa relative has been described from the Mediterranean.
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Introduction
The teleost cohort Otomorpha comprises almost a third of all 
living fish species (Fricke et al. 2021). They are divided into 
the Clupeomorpha (e.g., anchovies and herrings, >400 mod-
ern species) and Ostariophysi (>10 000 modern species), plus 
the deep-sea Alepocephaliformes (ca. 140 modern species) 
(Betancur-R. et al. 2017; Arratia 2018; Straube et al. 2018; 
Fricke et al. 2021). Both fossil and extant representatives 
of the Ostariophysi have attracted considerable scientific 
attention regarding their diversity, biogeographic history 
and evolution (Briggs 2005; Chen et al. 2013; Nelson et al. 
2016; Betancur-R. et al. 2017; Arratia 2018). In contrast, the 
Clupeomorpha has received less attention, and as research 
from the 2000’s showed, there is still much to be learned 

by studying their morphology (e.g., Di Dario 2002, 2009; 
Di Dario and De Pinna 2006). The Clupeomorpha includes 
the extinct Ellimmichthyiformes and the Clupeiformes, the 
latter including fossil as well as living representatives (e.g., 
Grande 1985; Murray and Wilson 2013; Nelson et al. 2016). 
The largest family within the Clupeiformes, in terms of spe-
cies, is the Clupeidae (Fricke et al. 2021).

The fishes of the family Clupeidae (e.g., herrings, sardi-
nes, shads and menhadens) are some of the most intensely 
commercially exploited fishes worldwide (FAO 2020). Clu-
peids, which comprise almost 200 species (Fricke et al. 2021) 
and are distributed globally, are medium-sized fishes, usu-
ally in the 150–250 mm length range (e.g., Whitehead 1985). 
The majority of clupeids are coastal pelagic fishes, form-
ing schools and feeding on plankton (e.g., Whitehead 1985; 
Nelson et al. 2016). Their tolerance to low salinities allows 
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several species to be anadromous and about 10% of all spe-
cies are predominantly freshwater forms (Nelson et al. 2016). 
Some features that characterize, but are not limited to, this 
family (see “Systematic discussion to the level of family” 
below) are: an otophysic connection, which links the swim-
bladder to the inner ear, forming one or two pairs of bullae in 
the neurocranium; the presence of one or more scutes along 
the ventral midline; single unpaired fins with soft rays, the 
dorsal fin located approximately at the middle of the body; 
near or complete lack of a lateral line on the body and the 
possession of two elongate postcleithra (e.g., Grande 1985).

Little is known about the evolutionary history of clupe-
ids, even though dozens of fossil species have been described 
to date (e.g., Grande 1985, Jerzmańska 1991; Murray et al. 
2005; Baykina 2013; Marramà and Carnevale 2015, 2016, 
2018; Baykina and Schwarzhans 2017a, b; Kovalchuk et al. 
2020). There are several reasons for this apparent antithesis; 
clupeids are not only numerous, many are also morpholog-
ically similar to each other (Whitehead 1985). As a result, 
quite often few characters are available to differentiate be-
tween modern taxa. Additionally, several fossil clupeid taxa 
have been described based on poorly preserved fossils whose 
anatomical details are not discernible (Grande 1985).

In this paper, new clupeid fossil material is described 
from the new site “Aidonochori A”, from the upper Miocene 

deposits of the Serres Basin, northern Greece. The fos-
sils from this site are mostly preserved as complete and 
well-preserved skeletons, exhibiting many details of their 
anatomy. The main goals of this study are (i) to describe 
these new fossil specimens and (ii) to examine their rela-
tionships with other modern and fossil clupeids.
Institutional abbreviations.—LGPUT, Laboratory and 
Museum of Geology and Palaeontology of the Aristotle 
University of Thessaloniki.
Other abbreviations.—HL, head length; SL, standard 
length; pu, preural centrum.
Nomenclatural acts.—This publication, and the nomencla-
tural act it contains, are registered in ZooBank: urn:lsid:zoo-
bank.org:act:B658C5B4-585A-4F1B-BD2A-CB269E8F5 
EEB

Geographic and geological setting
The Serres Basin (Fig. 1A) in northern Greece, which is part 
of the broader Struma-Serres Basin in Bulgaria and Greece, 
has a NW-SE direction and is drained by the Strymonas River 
(Struma in Bulgarian). In its lower reaches, the Strymonas 

Fig. 1. Location of the Serres Basin in northern Greece (B). Detailed view (A), showing location of the fossiliferous locality “Aidonochori A”. Images 
from https://www.google.de/maps, 2020TerraMetrics, Kartendaten; Google, Mapa GIsrael. 
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River is joined by the Angitis River and flows into the 
Northern Aegean Sea (Fig. 1B). The Serres Basin is located 
within the Serbo-Macedonian Massif and is filled with ca. 
2000 to 3000-m thick, middle–upper Miocene to Quaternary 
sediments (Psilovikos and Karistineos 1986; Karistineos and 
Ioakim 1989; Zagorchev 2007; Tranos 2011). The Neo gene 
deposits of the Strymonas–Serres Basin contain marine, ter-
restrial and brackish sediments (Psilovikos and Karistineos 
1986; Syrides 1995, 1998; Ioa kim et al. 2005). Because of the 
complex paleogeographical history and uncertainties with 
regards to dating, the stratigraphy and paleoecology of the 
Serres Basin are matters of ongoing research (Syrides 1995, 
2000; Ioakim et al. 2005; Pimpirev and Beratis 2010).

The fossil-bearing locality “Aidonochori A” (40°50’29” N, 
23°43’12” E) lies close to the village of Aidonochori and is 
situated at the southwest margin of the Serres Basin, at 
the foothills of the Kerdilio Mountain. The fossils have 
been found in several superimposed layers within a 0.5-m 
thick silty, mica-containing marl. The fossiliferous marl is 
exposed on two outcrops, which cross each other; one is a 
roadcut and the second is the slope of a gorge. The fossils 
were collected in 1997 by the private researcher and col-
lector Nikos Bacharidis. Only fossils of clupeid fishes have 
been recovered so far from this locality. A study of the stra-
tigraphy and age of the locality is pending, but according to 
George Syrides (School of Geology, Aristotle University of 
Thessaloniki, Thessaloniki, Greece) the geological context 
of the area indicates an upper Miocene age (George Syrides 
2020, personal communication).

Material and methods
The studied material is part of the collection of the Laboratory 
and Museum of Geology and Palaeontology of the Aristotle 
University of Thessaloniki (LGPUT). A total of five fossil 
individuals were examined from the “Aidonochori A” local-
ity. The specimen LGPUT ADS 003 is on the same slab as 
LGPUT ADS 002 and consists of an isolated neurocranium, 
seen in ventral view. Four specimens (LGPUT ADS 001, 
002, 004, and 005) are preserved as complete or partial 
skeletons in anatomical connection. These skeletons were 
split in half during sampling, roughly along the midline. 
The slab which bears (mostly) the left side of the fish’s body 
was recovered in each case, except for LGPUT ADS 005 for 
which both slabs, left and right, are available.

The specimens were prepared with fine carbide needles 
(0.17–0.5 mm in diameter) and consolidated with the acrylic 
resin Paraloid B-72. Microscopic observations were per-
formed with a stereomicroscope Leica M165 C connected 
to a digital camera Leica M170 HD. Measurements were 
taken with digital sliding callipers and rounded to the nearest 
0.1 mm.

For anatomical comparisons, the osteological descrip-
tions and drawings of Phillips (1942), Grande (1985), Sato 
(1994), Segura and Díaz de Astarloa (2004), and Di Dario 

(2009) were used. Regarding the bones of the skull roof, 
we follow the terminology for the actinopterygians based 
on morphological (Schultze 2008 and references therein) 
and genetic evidence (Teng et al. 2019). In these studies, the 
“frontal” bone of the traditional terminology was found to 
be homologous to the parietal, and the “parietal” bone to the 
postparietal. To facilitate comparison with the traditional 
terminology, the corresponding terms are given in parenthe-
ses both in the text and in the figures.

The terminology for fins and different fin rays follows 
that in Arratia (2008), whereas Arratia (1997), Schultze and 
Arratia (2013), Wiley et al. (2015), and Cumplido et al. (2020) 
were used for the terminology of caudal endoskeletal struc-
tures. Fin-ray counts include all rays, except for the two last 
rays of the dorsal and anal fins, which are each supported by 
a single pterygiophore and therefore were counted as one. 
The principal caudal rays are the segmented and branched 
rays plus one segmented but unbranched ray for the upper 
and lower lobes; the rest of the caudal fin rays are the procur-
rent rays (sensu Arratia 2008).

The caudal vertebrae were identified by the presence of a 
closed haemal arch and ventrally projecting haemapophyses. 
Vertebra counts include the last terminal centrum (= preural 
vertebra 1), which is fused to the pleurostyle. Preural verte-
brae are those whose neural and/or haemal spines are asso-
ciated with caudal fin rays. The polyural terminology is fol-
lowed regarding the numbering of the ural centra; it reflects 
a one-to-one relationship between the number of ural centra 
and hypurals (Schultze and Arratia 2013); for example, hypu-
ral 2 is fused to ural centrum 2, not to ural centrum 1, as in 
the terminology used in older literature.

Systematic palaeontology
Class Actinopteri Cope, 1871
Superorder Clupeomorpha Greenwood, Rosen, 
Weitzman, and Myers, 1966
Order Clupeiformes Bleeker, 1859
Suborder Clupeoidei Bleeker, 1859
Family Clupeidae Cuvier, 1816
Genus Pseudohilsa Menner, 1949
Type species: Pseudohilsa brevicauda Menner, 1949; middle Miocene 
of Absheron Peninsula, Azerbaijan.

Pseudohilsa nikosi Kevrekidis, Arratia, and 
Reichenbacher sp. nov.
Figs. 2–6, Tables 1, 2.
Etymology: Named in honor of Nikos Bacharidis, the private research-
er, fossil collector and visual artist who discovered the locality and 
collected the material presented here, in recognition of his longstanding 
contribution to the development of palaeontology in Greece.
Type material: Holotype LGPUT ADS 001. Paratypes LGPUT ADS 
002–005, all from the type locality.
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Type locality: Site “Aidonochori A” (40°50’ 29” N, 23°43’ 12” E) next 
to the village Aidonochori near Serres, Central Macedonia, Greece.
Type horizon: Upper Miocene.

Material.—Type material only.
Diagnosis.—Distinguished from the only other species in 
Pseudohilsa, P. brevicauda (Lednev, 1914), by the posses-
sion of more dorsal fin rays (17 vs. 10–13 in P. brevicauda), 
a smaller eye (ca. 25% of HL vs. ca. 33%) and the insertion 
of the pelvic fin under the anterior half of the dorsal fin’s 
base (vs. the posterior half).

Distinguished from all other extant and fossil clupeid 
species by the following combination of features: relatively 
small size (up to ca. 150 mm) with maximum depth at dorsal 
fin origin 24–33% SL; HL ca. 32% of SL; two pairs of bul-
lae; at least six striae on the parietal and postparietal bones 
(= frontoparietal striae in older literature, see description 
below); mouth terminal; two supramaxillae; lower jaw artic-
ulation at about middle of orbit; five branchiostegal rays; 10 
supraneurals; 40–42 vertebrae; ratio of pleural ribs to total 
vertebrae 0.57–0.6; pectoral fin with 15 rays; pelvic fin with 
eight or nine rays; anal fin with 16–19 rays; two epurals; 
transverse row with ca. 40 scales, no dorsal scutes; strong 
ventral scutes (four at gular region, 11 or 12 prepelvic asso-
ciated with ribs, 10 or 11 postpelvic).
Description.—Slender-bodied fish, with a triangular head 
(Fig. 2). The dorsal outline is almost straight and the ventral 
outline is convex. In the following sections, the emphasis is 
placed on features or bones which are clearly discernible; 
structures that are badly preserved are noted as such or 
omitted from the description.

Neurocranium: The neurocranium is approximately tri-
angular in lateral and ventral view. Some bones, particularly 
those behind the orbit, are crushed and their precise borders 
are difficult to discern. The basioccipital and first vertebra 
are preserved in anatomical connection. The small supraoc-
cipital forms the posterodorsal angle of the neurocranium. 
Anteriorly to that is the postparietal (see Schultze 2008 and 
Teng et al. 2019; termed “parietal” in the traditional litera-
ture), which is separated by the oval temporal foramen from 
the parietal bone (see Schultze 2008 and Teng et al. 2019; 
termed “frontal” in the traditional literature). The temporal 
foramen seems not to be overlain by any flange. The parietals 
are large and have an almost straight to slightly convex profile 
in lateral view (Fig. 3A). Posteriorly, on their dorsal surface, 
they are ornamented with more than six prominent and retic-
ulate striae, best seen in the specimen LGPUT ADS 005 (Fig. 
3B). The parietals connect anteriorly with the mesethmoid 
and ventrally to the latter is the vomer, which appears tooth-
less. Posteriorly to the vomer is the straight and slender paras-
phenoid. The parasphenoid projects at about the lower third of 
the orbit and apparently lacks teeth. It can be discerned that 
the orbit is limited anterodorsally by the parietal bones and 
lateral ethmoids, and posterodorsally by the parietal bones 
and sphenotics. Posteriorly to the sphenotics, the pterotics 
bear the pterotic bullae. Anteroventrally to the pterotic bul-

lae, the larger prootic bullae are well preserved. Both pairs of 
bullae are easy to recognize owing to their round shape and 
their characteristic, glassy and perforated texture (Fig. 3C).

The specimen LGPUT ADS 003 is an isolated neuro-
cranium in ventral view (Fig. 3D). In this specimen, the 
posterior part of the basioccipital, situated between the exo-
ccipitals, is discernible. The parasphenoid is missing and 
seems to have broken off. Anterolaterally to the exoccipi-
tals, the pterotics bear the pterotic bullae. Anteriorly to the 
exoccipitals and the basioccipital are the prootics with the 
much larger prootic bullae. Anterolaterally to the prootics, 
the sphenotics are recognizable. Anteriorly to the sphenotics 
and prootics are the large, broadly triangular parietal bones, 
whose anterior portion is missing.

Circumorbital series: The orbit is rounded and occupies 
ca. 25% of the HL. Five infraorbitals are discernible and 
traces of the infraorbital canal are visible on infraorbital 3 
(Fig. 3A). Anteriorly, the first infraorbital is elongate, the 
second is shorter and the third is the largest of the series. 
The fourth and fifth infraorbitals form the postero-dorsal 
margin of the orbit, and they have a broadly rectangular 
shape (Fig. 3A). It is not clear if a sixth infraorbital (dermo-
sphenotic) is present or not. A semi-circular sclerotic bone is 
preserved in the upper half of the orbit.

Jaws: There is no sign of teeth in any of the jaws. The 
premaxilla is subtriangular and well ossified (Fig. 3A). The 
maxilla has a robust, rod-like anterior articular process and 
a flattened and curved posterior blade; the angle between 
these two parts is about 150°. Of all the bones of the upper 
jaw, the maxilla extends farthest posteriorly, overlapping 
with about the anterior third of the orbit. The posterior su-
pramaxilla is paddle-shaped and the anterior supramaxilla 
is smaller and elongate. There is no sign of a hypomaxilla.

The dentary is broad and robust, with a well-developed 
ventral arm. In specimen LGPUT ADS 004 the lateral sur-
face of the dentary is visible; it possesses a fossa near its 
anterodorsal tip. The mandibular canal is positioned lon-
gitudinally near the ventral margin of the bone. The angu-
loarticular is preserved in anatomical connection with the 
dentary (Fig. 3A). The retroarticular is not recognizable. 
The articulation of the lower jaw with the suspensorium is 
positioned approximately at the level of the middle of the 
orbit.

Suspensorium and palatoquadrate: The dorsal part of 
the hyomandibula is expanded; ventrally the hyomandib-
ular shaft is long and almost straight, and its ventral tip is 
separated from the quadrate by a space occupied by the 
symplectic, which is not preserved (Fig. 3A). The quadrate 
is subtriangular, with approximately equal sides. The dor-
soposterior process is robust and pointed, and dorsally the 
quadrate’s margin is slightly concave, lacking an incision. 
The ectopterygoid, which appears toothless, is slender and 
the dorsal and ventral arms form an oblique angle (ca. 120°).

Opercular series: The opercle has an almost straight 
anterior margin and a slightly convex ventral margin. It is 
smooth and bears no striations. The subopercle is ovoid to 
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Fig. 2. Lateral views of the clupeid fish Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from the Upper Miocene locality “Aidono-
chori A”, Greece. A. LGPUT ADS 001, holotype. B. LGPUT ADS 002. C. LGPUT ADS 004. D. LGPUT ADS 005. Scale bars 10 mm. 
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Fig. 3. The skull and pectoral girdle of the clupeid fish Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from the Upper Miocene loca-
lity “Aidono chori A”, Greece. A. Explanatory drawing based on all examined specimens, lateral view. Not to scale. B. LGPUT ADS 005, the parietal- 
postparietal striae on the neurocranium (anterior is on the right), photograph (B1), image with parietal–postparietal striae outlined (B2). C. LGPUT ADS 004, 
fragment of the inner surface of the bulla prootica showing the glassy and perforated texture of this structure. D. LGPUT ADS 003, neurocranium in ventral 
view, photograph (D1), image with the neurocranial bones outlined (D2). Unbroken lines denote clearly defined outlines of the corresponding structures, 
dotted lines indicate an uncertain outline and/or a fracture, dashed lines delimit a prominent feature of the bone concerned. Medially placed structures are 
depicted in darker gray to facilitate viewing. Abbreviations: aa, anguloarticular; asmx, anterior supramaxilla; boc, basioccipital; bpro, bulla prootica; bpto, 
bulla pterotica; br, branchiostegal rays; ch, ceratohyal; cl, cleithrum; co, coracoid; cof, foramina of the coracoid; dent, dentary; ect, ectopterygoid; exo, 
exoccipital; io, infraorbital; ioc, infraorbital canal; iop, interopercle; le, lateral ethmoid; mc, mandibular canal; me, mesethmoid; mx, maxilla; op, opercle; 
pa (= fr), parietal (= frontal) bone; pcl, postcleithrum; pmx, premaxilla; pop, preopercle; popc, preopercular canal; ppa (= pa), postparietal (= parietal) bone; 
pro, prootic bone; ps, parasphenoid; psmx, posterior supramaxilla; pt, posttemporal; pto, pterotic; q, quadrate; sc, scapula; scf, scapular foramen; scl, supra-
cleithrum; soc, supraoccipital; sop, subopercle; sph, sphenotic; sr, sclerotic ring; str, parietal-postparietal striae; tf, temporal foramen; vo, vomer. 
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broadly triangular, with a short and pointed anterodorsal 
process. The preopercle is wide, L-shaped, and its upper 
arm is longer than the lower arm, which is tapering and 
rounded anteriorly (Fig. 3A). The posterior and ventral mar-
gins of the preopercle form a slightly acute angle (ca. 80°). 
The preopercular canal runs near the anterior margin of the 
preopercle. The interopercle seems to be wider posteriorly 
and narrower anteriorly. Its anterior tip is almost as long as 
the lower arm of the preopercle.

Hyoid and branchial arches: There are five branchios-
tegal rays attached to each ceratohyal (Fig. 3A); the border 
between the anterior and posterior ceratohyal is not discern-
ible. Ceratobranchials and/or hypobranchials and epibran-
chials are preserved under the bones of the opercular series; 
they bear numerous gill rakers anteriorly. In the specimen 
LGPUT ADS 005, more than 20 gill rakers are recognizable 
in the second or third lower branchial arch, near the junction 
with the upper branchial arch.

Vertebral column and associated structures: There are 
40–42 vertebrae, including preural centrum 1, and the cau-
dal vertebrae start either at the 16th or 17th vertebra (Table 1). 
The opercle overlies the first five or five and a half verte-
brae; these are included in the total count of vertebrae. The 
first 10 vertebrae are almost square, while the rest are longer 
than high. The neural arches are fused to their respective 
vertebral centra in the abdominal and caudal regions. In 
some preural vertebrae it is possible to discern that the pre-
zygapophyses are more developed than the postzygapophy-
ses. There are 24 pairs of ribs, starting from the third verte-
bra and ending on the 26th, which almost reach the ventral 
body margin. Therefore, the ratio of ribs to the total number 
of vertebrae is 0.57–0.6. Due to the state of preservation, the 
type of articulation of the ribs with the vertebrae and/or the 
parapophyses is not discernible.

Each vertebra seems to be associated laterally with an 
epineural (process) and an epipleural, each very thin and 
elongate; the epipleurals are all free. The epineurals are pro-
cesses of the lateral walls of the neural arch until ca. the 20th 
vertebra, and are disconnected from the wall of the neural 

arch posterior to that, continuing as free epineurals. In the 
most anterior vertebrae these structures are usually hard to 
discern. In the caudal region, the epineurals and epipleu-
rals become progressively more strongly inclined towards 
the horizontal axis. There are 10 posterodorsally inclined 
supraneurals, shaped as slender wedges with an expanded 
dorsal tip, which become slenderer posteriorly.

Pectoral and pelvic girdles and fins: The posttemporal 
has a broad body and slender, rod-like dorsal and ventral 
arms, the dorsal arm being longer than the ventral (Fig. 3A). 
The supracleithrum is broad dorsally and tapers ventrally. 
The cleithrum is long and robust, curving anteriorly at its 
ventral portion. Close to the cleithrum and ventrally to the 
supracleithrum there are two elongate postcleithra, the up-
per one is short and broad, and the lower one is long, slender, 
and almost reaches the ventral margin of the body. Ventrally 
to the cleithrum and attached to it is the coracoid, which is 
flat, thin and highly perforated (Fig. 3A). The anterior and 
ventral margins of the coracoid are convex, and postero-
ventrally the coracoid is pointed. Posterodorsally, between 
the cleithrum and the coracoid, is the scapula. The scapula, 
which is perforated by the scapular foramen, is followed 
posteriorly by the pectoral radials, which are crushed in our 
specimens. The pectoral fin is situated close to the ventral 
margin and has 15 rays.

The pelvic bones are long and triangular, reaching for-
ward the length of four or five vertebrae. The number of 
pelvic fin rays is eight or nine. The pelvic fin originates 
approximately under the 18th or 19th vertebra and under the 
anterior third of the base of the dorsal fin.

Dorsal and anal fins: Both median fins have the fol-
lowing characters in common. They are subtriangular in 
shape (Fig. 2), their pterygiophores decrease in size pos-
teriorly and their fin rays increase in length until the third 
to fifth element and then progressively decrease in lenght 
(Fig. 4). The pterygiophores are formed by the proximal 
radials, which are interpreted as possibly fused to the mid-
dle radials (see e.g., Grande 1985: 338, 347; Fig. 4); it is not 
clear if the distal radials are present or fused with some 

Table 1. Meristic characteristics of the clupeid Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from the Upper Miocene local-
ity “Aidonochori A”, Greece. ? denotes uncertainty; + indicates that the actual number must have been greater in the living fish.

LGPUT ADS 001 LGPUT ADS 002 LGPUT ADS 004 LGPUT ADS 005
Supraneurals 10 ? 10 10
Branchiostegal rays 5 ? 5 ?
Vertebrae total (abdominal/caudal) 41 (16/25) 40 (16/24) 41 (16/25) 42 (17/25)
Pectoral fin rays 11+ 11+ 10+ 15
Pelvic fin rays 7+ 8 or 9 ? 8
Dorsal fin rays 17 – 17 17
First pterygiophore of dorsal fin associated with vertebra 9 – 10 10
Anal fin rays 16 16 19 18
First pterygiophore of anal fin associated with vertebra 26 27 27 27
Scutes: free prepelvic/rib associated/postpelvic scutes 3+?/11/10 4/12/11 ?/11/11 ?/11/11
Procurrent caudal fin rays (upper/lower) 8/8 -/5+ 6+/6+ 8/7
Principal caudal fin rays (upper/lower) 10/9 10/9 10/9 10/9
Epurals 2 – 2 2
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other element. The first two procurrent rays are distally 
unbranched and the second ray may or may not be seg-
mented. The third fin ray is segmented and unbranched = 
(first principal ray), and the rest of the rays are segmented 
and distally branched.

The dorsal fin origin is located near the middle of the 
body. It has 17 rays and an equal number of pterygiophores 
(the last two rays are borne by the same pterygiophore and 
are therefore counted as one). The pterygiophores of the 
extremities are modified; the anteriormost one is a flattened 
and deep, anteroventrally-facing keel, and the posterior-
most pterygiophore is a slender horizontally-oriented stay 
(Fig. 4A). The first pterygiophore is associated with the 
neural spine of vertebra 9 or 10.

The distance between the end of the dorsal fin and the 
beginning of the anal fin corresponds to five vertebrae on 
the horizontal level. There are 16–19 anal fin rays supported 
by 15–18 pterygiophores (Fig. 4B). The first pterygiophore 
of the anal fin is unmodified, slender and elongate, as are 
the rest of the pterygiophores, and it supports two procur-
rent rays, which are undivided distally. The same ptery-
giophore is associated with the haemal spine of vertebra 
26 or 27. The last pterygiophore is modified to a slender 
horizontally-oriented stay and bears two fin rays, counted 
as one (Fig. 4B).

Caudal endoskeleton and fin: The caudal fin is forked 
and comprises ten principal and seven procurrent rays in 

Fig. 4. Schematic representation of the unpaired fins of the clupeid fish 
Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from 
the upper Miocene locality “Aidonochori A”, Greece (based on all exami-
ned specimens). Dorsal fin (A), anal fin (B). Anterior is on the right. Not 
to scale.

Fig. 5. Schematic representation of the caudal fin of the clupeid fish Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from the upper 
Miocene locality “Aidonochori A”, Greece (based on all examined specimens). Unbroken lines denote clearly defined outlines of the indicated structures, and 
dashed lines delineate a prominent feature of the structure concerned. Medially placed structures are shown in darker gray. Anterior is on the right. The ar-
rangement of the caudal fin rays shown here might differ slightly from the native configuration, as the fossils show minor taphonomic alterations. Not to scale.
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the upper lobe and nine principal and six to seven procur-
rent rays in the lower lobe (Fig. 5). The longest principal 
rays are almost three times the length of the shortest. The 
uppermost principal ray is associated with the sixth hypural 
and the lowermost principal ray reaches the haemal spine of 
preural vertebra 2. All except the anteriormost procurrent 
rays are segmented. Anteriorly to the procurrent rays of 
each lobe there is a caudal scute, which appears undivided 
medially and also longer and flatter relative to the procur-
rent rays (Fig. 5). The basal segments of the two middle 
principal rays bear small processes. The caudal rays are ad-
ditionally supported by the spines of the preural vertebrae 
1–5 (Fig. 5).

Preural vertebra 1 bears a neural arch and a short neural 
spine and dorsoposteriorly it is fused to the elongate first 
uroneural, known in clupeoids as well as in other otomorphs 
as the pleurostyle. Between the pleurostyle and the neural 
spine of preural vertebra 2 there are two moderately elongate 
epurals. The arch of the long parhypural articulates with, 

and is not fused to, the preural centrum 1. The haemal spine 
of preural centrum 2 is long and broad, and also the haemal 
spine of preural centrum 3 is more expanded and robust than 
the haemal spines of the preceding vertebrae. Their neural 
and haemal arches are fused to their respective centra.

There are six hypurals, of which the first and third are 
expanded, the rest are narrower. The proximal end of hypu-
ral 1 tapers to a hook-shaped process, which does not reach 
the ural centrum 2P (polyural terminology, see Methods). 
Hypural 3 is posteroventrally notched, forming the hypural 
diastema. All hypurals are autogenous, except for hypural 2, 
which is fused to the ural centrum 2P. Posteriorly to the 
pleurostyle there is the elongate uroneural 2 and posterodor-
sally to that the small rod-like uroneural 3 (Fig. 5).

Squamation: The scales are visible only from their medial 
side, and therefore their anterior fields are exposed to the 
observer rather than the posterior fields that one would see 
in a live specimen. Consequently, the sculpture on the lateral 
surface of the scales is not visible, except for some patches 

Fig. 6. Squamation of the clupeid fish Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from the upper Miocene locality “Aidonochori 
A”, Greece. Anterior is to the right. A. LGPUT ADS 004, flank scales in medial view, photograph (A1), detail in a schematic representation (A2), showing 
the circuli of the scales. B. LGPUT ADS 002, postpelvic abdominal scutes in lateral view. C. Schematic representation of a scute based on all examined 
specimens. Dashed lines depict prominent features of the bone.
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that are transparent enough to allow one to see the fine cir-
culi on the lateral surface of the anterior field of the scales 
(Fig. 6A). A transverse row along the body, from behind the 
head to the end of the hypural plates, comprises ca. 40 scales 
and there are ca. 11 horizontal scale rows over the pelvic fin. 
The scales are imbricate and of similar size (Fig. 6A), with 
the posterior scales being somewhat smaller than the anterior 
ones. There are no lateral line scales.

There is a series of scutes along the ventral midline of the 
fishes’ body. There are ca. four free prepelvic scutes along 
the gular region, 11 or 12 prepelvic scutes each associated 
with the ventral portion of a pair of ribs and 11 postpelvic 
scutes, also associated with an equal number of pairs of 
ribs. The scutes are robust, with a sharp median keel which 
deepens posteriorly (Fig. 6B, C). The pelvic scute, i.e. the 
scute which is directly in front of the insertion of the pelvic 
fin, is shaped similarly to the rest. All the scutes, with the 
possible exception of the one directly below the pelvic fin, 
bear ascending arms. These arms are robust and long; the 
arms of the rib-associated prepelvic scutes extend to about 
40% or more of the body cavity and the pelvic scute has 
the most prominent arms. In general, the ascending arms 
are placed closer to the anterior end of the scute, except for 
the posteriormost postpelvic scutes in which the ascending 
arms are placed closer to the posterior end. Predorsal scutes 
are absent.
Stratigraphic and geographic range.—Upper Miocene, 
Serres Basin, Greece.

Discussion
Systematic discussion down to the level of family.—
Some characters which are typical for most Otomorpha are 
clearly discernible in “Aidonochori A” fossil fishes, such 
as the fusion of haemal arches to centra anterior to preural 
centrum 2, a hypural 2 that is fused to ural centrum 2P 
(polyural terminology, see Material and methods here and 
Schultze and Arratia 2013) and the presence of a pleuro-
style (Arratia 1999, 2018; Wiley and Johnson 2010; Straube 
et al. 2018). Furthermore, the fossil fishes from the site 
“Aidonochori A” possess some typical characteristics of 
the superorder Clupeomorpha, namely the presence of bul-
lae in the skull, ventral scutes and an autogenous hypural 
1 (Grande 1985; Wiley and Johnson 2010). Moreover, the 
lack of a lateral line, the fusion of the preural centrum 1 to 
the first uroneural or pleurostyle but not to the parhypural, 
a temporal foramen which does not seem to be overlaid by 
any flange, and a hypural 1 with a hooked or irregular ante-
rior end which does not reach the base of the ural centrum 
2P, together indicate that the fossils can be assigned to the 
suborder Clupeoidei of the order Clupeiformes (Grande 
1985; Fujita 1990; Di Dario and de Pinna 2006; Wiley and 
Johnson 2010).

Based on anatomical characters, the Clupeoidei have 

been divided into the families Engraulidae (anchovies), 
Chirocentridae (wolf herrings), Pristigasteridae (longfin 
herrings) and Clupeidae (herrings and allies) (Nelson 1970; 
Grande 1985; Whitehead 1985). We follow this classifi-
cation for the purposes of our study. It should, however, 
be emphasized that there is no consensus regarding the 
relationships between these families based either on mor-
phological (e.g., Grande 1985; Di Dario 2009; Patterson 
and Johnson 1995; Miyashita 2010) or molecular evidence 
(e.g., Li and Ortí 2007; Lavoué et al. 2013; Bloom and 
Egan 2018). Moreover, the monophyly of the Clupeidae 
is contested, e.g., because some molecular studies place 
Chirocentrus Cuvier, 1816, within the Clupeidae (Wilson et 
al. 2008; Li and Ortí 2007; Lavoué et al. 2007, 2010, 2013; 
Queiroz et al. 2020).

That the fossils described here belong to the Engraulidae 
can be excluded, because in that family the tip of the maxilla 
and the lower jaw articulation are positioned well behind 
the eye (vs. at the level of the eye in the specimens from 
the site “Aidonochori A” ), the snout is projecting anteriorly 
(vs. snout not projecting) and there is a larger number of 
branchiostegals (7–19 vs. 5) (Ridewood 1904; Whitehead 
1962; McAllister 1968; Grande 1985; Nelson et al. 2016). 
Additionally, the ratio of ribs to the total number of vertebrae 
exceeds that found in Engraulidae (up to 0.54 vs. 0.57–0.6, 
see Grande 1985: 263–264; Di Dario 2009). Chirocentrus 
is the only genus in the family Chirocentridae and is char-
acterized by fang-like oral teeth (vs. absent), six to eight 
branchiostegals (vs. 5), anal fin with many rays (>30 vs. 
<20), pelvic fin with six or seven rays (vs. 8 or 9), lack of 
abdominal scutes (vs. fully scuted), about 70 or more verte-
brae (vs. 40–42), and small scales (vs. normal) (McAllister 
1968; Grande 1985; Whitehead 1985; Nelson et al. 2016). 
Pristigasteridae clearly differ from the specimens from the 
site “Aidonochori A”, because they too have more than 30 
rays in the anal fin (vs. <20), the supraneurals are inclined 
vertically or anterodorsally (vs. posterodorsally), the post-
zygapophyses are larger than the prezygapophyses (vs. pre-
zygapophyses larger, see Fig. 5 and Di Dario 2002) and 
they lack a notch on the third hypural (vs. notch present) 
(Wongratana 1980; Grande 1985; Nelson et al. 2016). The 
Clupeidae is the only family that matches the fishes from the 
site “Aidonochori A” in all the above-mentioned characters, 
and it is additionally characterized by the presence of two 
long, rod-like postcleithra (Grande 1985), which are also 
found in the fossils (Fig. 3A).

Systematic discussion to the level of subfamily.—There 
is currently no consensus regarding the systematics of 
Clupeidae at the subfamily level, as different molecu-
lar phylo genies have suggested different groupings (e.g., 
Wilson et al. 2008; Bloom and Lovejoy 2014; Lavoué et al. 
2014). The classification presented in Nelson et al. (2016) 
is followed here, in which the Clupeidae are divided into 
the subfamilies Dussumieriinae, Ehiravinae, Pellonulinae, 
Dorosomatinae, Clupeinae, and Alosinae.
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The Dussumieriinae are excluded because they possess 
a single, W-shaped, abdominal scute (vs. abdomen fully 
scuted in the specimens from the site “Aidonochori A”) 
(Grande 1985). Fishes of the subfamily Ehiravinae are 
small and paedomorphic (up to 50–60 mm vs. up to ca. 
150 mm SL) (Nelson et al. 2016). The Ehiravinae and the 
Pellonulinae have lost the anterior supramaxilla (vs. present) 
and their second ural centrumP (polyural terminology, see 
Material and methods here and Schultze and Arratia 2013) is 
fused not only to hypural 2, but also to the compound preu-
ral centrum 1 plus the pleurostyle (vs. second ural centrum 
only fused to hypural 2) (Grande 1985). In Dorosomatinae, 
the last dorsal fin ray is elongate and filamentous (vs. short 
and lacking a filament) and/or the mouth is inferior to sub-
terminal (vs. terminal) (Grande 1985; Whitehead 1985). The 
remaining two subfamilies, Clupeinae and Alosinae, are not 
distinguished by unambiguous synapomorphies that can be 
easily observed in fossils (Grande 1985; Whitehead 1985; 
Nelson et al. 2016). For this reason, all modern and fossil 
genera attributed to either of these subfamilies are included 
in the discussion below.

Comparison with modern genera.—As noted above, molec-
ular phylogenies have yet to reach agreement on which genera 
should be included in either of the subfamilies Clupeinae 
or Alosinae (e.g., Lavoué et al. 2014; Bloom and Lovejoy 
2014). Here the classifications presented in White head (1985) 
and Nelson et al. (2016) are followed, which were mostly 
based on morphological characters and assigned the most 
genera to these subfamilies. According to Whitehead’s (1985) 
list, there are 16 genera in Clupeinae (Amblygaster Bleeker, 
1849; Clupea Linnaeus, 1758; Clupeonella Kessler, 1877; 
Escua losa Whitley, 1940; Harengula Valenciennes in Cuvier 
and Valenciennes, 1847); Herklotsichthys Whitley, 1951; 
Lile Jordan and Evermann, 1896; Opisthonema Gill, 1861; 

Platanichthys Whitehead, 1968; Ramnogaster Whitehead, 
1964; Rhinosardinia Eigenmann, 1912; Sar dina Antipa, 
1904; Sardinella Valenciennes in Cuvier and Valen ciennes, 
1847); Sardinops Hubbs, 1929; Sprattus Girgensohn, 1846; 
Strangomera Whitehead, 1964) and seven in Alosinae (Alosa 
Linck, 1790; Brevoortia Gill, 1861; Ethmalosa Regan, 1917; 
Eth midium Thompson, 1916; Gudusia Fowler, 1911; Hilsa 
Regan, 1917; Tenualosa Fowler, 1933). Unless otherwise sta-
ted, the generic features described in White head (1985) are 
used.

The Sprattus and Clupeonella are readily excluded, 
because they lack a pterotic bulla (vs. pterotic bulla pres-
ent in the fishes from the site “Aidonochori A”, Fig. 3A, 
D). The presence of one or more dorsal scutes further ex-
cludes Herklotsichthys, Harengula, Ethmalosa, Ethmidium, 
Tenualosa, and Opisthonema (vs. no dorsal scutes, see 
Grande 1985: tables 9a, 10a). In Amblygaster and Sardinella, 
the last two anal fin rays are elongated (vs. equal or shorter 
to the penultimate ray). Sardina and Sardinops have dis-
tinct bony ridges radiating downward on their opercle (vs. 
opercle smooth). The last dorsal fin ray in Opisthonema is 
elongate and filamentous (vs. equal or shorter to the penul-
timate ray). Rhinosardinia possesses a sharp spine on the 
anteroposterior part of the maxilla (vs. smooth, Fig. 3A). 
Among the remaining genera, the pelvic fin has fewer than 
eight rays in Escualosa, Platanichthys, Ramnogaster, Lile, 
and Brevoortia (vs. 8 or 9).

Gudusia differs from the fossil fishes from the site 
“Aidonochori A” because its pelvic fin inserts just before 
the dorsal fin (vs. slightly behind), and also because it has 
a deep body (vs. slender), a preorbital length that is much 
shorter than the horizontal diameter of the eye (vs. roughly 
the same; Table 2) and many more scales in the lateral series 
(77–91 vs. ca. 40). Clupea and Strangomera have higher 
counts of supraneurals (15–19 and 15 respectively vs. 10), 

Table 2. Morphometric characteristics of the clupeid Pseudohilsa nikosi Kevrekidis, Arratia, and Reichenbacher sp. nov. from the upper Miocene 
locality “Aidonochori A”, Greece. Measurements are given in mm and as a percentage of the standard length (in parentheses). + denotes that the 
actual number must have been greater in the living fish.

LGPUT ADS 001 LGPUT ADS 002 LGPUT ADS 004 LGPUT ADS 005
Standard length 99.3 119+ (estimate ca. 150) 111.6 88.3
Total length 118.6 (119%) 148+ (estimate ca. 180) 128+ 102.3 (116%)
Head length 31.5 (32%) – 34.6 (31%) 28.8 (33%)
Head depth 24.9 (25%) – 33.8 (30%) 22.7 (26%)
Preorbital distance 8.7 (9%) – 8.6 (8%) 7.5 (8%)
Horizontal eye diameter 7.9 (8%) – 8.1 (7%) 7.7 (9%)
Predorsal distance 50.7 (51%) – 54 (48%) 44.7 (51%)
Postdorsal distance 36.3 (37%) – 40.1 (36%) 31.9 (36%)
Prepelvic distance 52 (52%) – 61 (55%) 46.1 (52%)
Postpelvic distance 46.8 (47%) 59.1 49.7 (45%) 41.9 (47%)
Preanal distance 75.8 (76%) – 84.1 (75%) 65 (74%)
Postanal distance 10.8 (11%) 14 24.35 (22%) 11 (12%)
Body depth at dorsal fin origin 27.5 (28%) – 36.4 (33%) 21 (24%)
Body depth at pelvic fin origin 24.9 (25%) 32.5 34.7 (31%) 20 (23%)
Body depth at anal fin origin 20.9 (21%) – 27 (24%) 15.9 (18%)
Minimum body depth at the level of the caudal peduncle 11.2 (11%) – 13.6 (12%) 8.9 (10%)
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branchiostegal rays (8–9 and 7 respectively vs. 5, see also 
McAllister 1968) and vertebrae (>50 and 44 respectively 
vs. 40–42). Alosa also possesses a larger number of bran-
chiostegal rays (7–8 vs. 5, see also McAllister 1968) and 
vertebrae (ca. 50 or more vs. 40–42) and often has a striated 
opercle (see also Svetovidov 1963: 233). Hilsa has fewer 
supraneural bones (7 vs. 10), and a deep body (vs. slender).

Therefore, the fishes from the site “Aidonochori A” de-
scribed here cannot be attributed to any of the modern genera. 
They do, however, seem to have the least pronounced differ-
ences with Hilsa. Hilsa is a genus that includes a single spe-
cies, Hilsa kelee (Cuvier, 1829), also known as the Kelee shad.

Fossils attributed to Hilsa.—Danil’chenko (1980) re-
assigned four species formerly placed in Alosa to Hilsa, 
namely H. elegans (Gabelaia, 1976), H. oblonga (Gabelaia, 
1976), H. torosa (Gabelaia, 1976), H. lata (Gabelaia, 1976). 
According to Danil’chenko (1980) they come from the early 
to middle Pliocene deposits of Abkhazia, on the eastern 
coast of the Black Sea, in the South Caucasus region. The 
delimitation of these species was based on meristic (e.g., 
numbers of vertebrae and rays of unpaired fins) and mor-
phometric characters (e.g., body depth) (Gabelaia 1976; 
Danil’chenko 1980). These characters of the fossil “Hilsa” 
species are generally similar to those of the fossils from the 
site “Aidonochori A”, but other taxonomically important 
characters are missing from the description of these spe-
cies (e.g., presence/absence of parietal–postparietal striae, 
perforation of the scales, number of pelvic fin rays). It is 
therefore not possible to compare the fossils from the site 
“Aidonochori A” directly with these “Hilsa” specimens, or 
to be certain to which genus the latter belong. Moreover, 
the differences between these fossils from the region of 
Abkhazia appear small, and the validity of some of these 
species needs to be reconsidered.

Comparison of the herrings from the site “Aidono chori A” 
with extinct genera.—In this section, the fishes from the 
site “Aidonochori A” are compared with extinct clupeid gen-
era from the Cenozoic which are sufficiently well described 
to allow comparisons with our specimens. Only genera at-
tributed to the subfamilies Clupeinae and Alosinae, or to the 
Clupeidae without specific classification at subfamily level 
are considered. The differences between the material from 
“Aidonochori A” and these fossil genera are described below. 
Unless otherwise stated, the data on the fossil genera were 
compiled from the original descriptions. The fossil genera 
are presented from the oldest to the youngest.

Primisardinella Danil’chenko, 1968; upper Paleocene of 
Turkmenistan; larger size (ca. 600 mm vs. up to ca. 180 mm 
total length in the fossils from the site “Aidonochori A”), 
last two anal rays elongated (vs. equal to, or shorter than the 
penultimate fin ray) (see also Danil’chenko 1980).

Horaclupea Borkar, 1973; upper Paleocene or lower 
Eocene (or Maastrichian, Upper Cretaceous, see Arratia 
et al. 2004) of Gujarat, India; fewer vertebrae (30–35 vs. 
40–42), and fewer dorsal fin rays (8 vs. 16–17).

Eoalosa Marramà and Carnevale, 2018; Eocene marine 
sediments of Monte Bolca, Italy; larger number of vertebrae 
(47 vs. 40–42), fewer pelvic fin rays (7 vs. 8 or 9).

Bolcaichthys Marramà and Carnevale, 2015; Eocene 
marine sediments of Monte Bolca, Italy; “pelvic-fin origin 
slightly in front of or behind the posterior end of the dorsal 
fin” (Marramà and Carnevale 2015: 2) (vs. under the ante-
rior third of the dorsal fin base), lower number of supraneu-
rals (8 vs. 10), higher number of epurals (3 vs. 2).

Gosiutichthys Grande, 1982; middle Eocene lacustrine 
sediments of Wyoming, USA; smaller fish (up to ca. 40 mm 
vs. up to ca. 150 mm), dorsal scutes present (6–13 vs. none), 
lower number of vertebrae (34–36 vs. 40–42), supraneural 
bones (6 or 7 vs. 10), pelvic fin rays (6 or 7 vs. 8 or 9), dorsal 
fin rays (9 or 10 vs. 16 or 17) and anal fin rays (9–12 vs. 
16–19), higher number of branchiostegal rays (8 vs. 5).

Marambionella Jerzmańska, 1991; upper Eocene–lower? 
Oligocene of Seymour Island/Marambio, Antarctica; higher 
numbers of vertebrae (ca. 49 vs. 40–42) and ventral scutes 
(19 prepelvic and 13 postpelvic vs. ca. 16 and 10 or 11).

Chasmoclupea Murray, Simons, and Attia, 2005; lower 
Oligocene lacustrine sediments of Fayum, Egypt; fewer pel-
vic fin rays (7 vs. 8 or 9), dorsal fin rays (12 vs. 16 or 17), 
higher number of supraneurals (13? vs. 10). In the original 
description of Murray et al. (2005: figs. 1 and 2)  it is obvi-
ous that the ascending arms of the ventral scutes are very 
broad (vs. slender).

Rupelia Baykina and Kovalchuk in Kovalchuk et al., 
2020; lower Oligocene (Rupelian) of northern Caucasus and 
Transcaucasia; last two anal rays elongated (vs. equal to, or 
shorter than the penultimate fin ray), ventral scutes poorly 
developed (vs. robust), pelvic fin at posterior third of dorsal 
fin base (vs. under the anterior third of the dorsal fin base), 
higher number of branchiostegals (7 vs. 5) and vertebrae 
(48–50 vs. 40–42).

Maicopiella (Menner, 1949); Oligocene (Rupelian and 
Chattian) and lower Miocene of northern Caucasus, Tran-
scaucasia, Central and Eastern Europe; parietals smooth 
(vs. striated), last two anal rays elongated (vs. equal to, or 
shorter than the penultimate fin ray), ventral scutes poorly 
developed (vs. robust), and higher number of branchios-
tegals (7 vs. 5).

Clupeops Sauvage, 1880; Miocene of Drome, France; 
prominent teeth on premaxilla (vs. no teeth), 55 vertebrae (vs. 
40–42).

Karaganops Baykina and Schwarzhans, 2017a; middle 
Miocene of Tambov, Russia; last two anal fin rays elongated 
(vs. equal to, or shorter than the penultimate fin ray), higher 
number of branchiostegals (7 vs. 5) and vertebrae (44–46 
vs. 40–42).

Moldavichthys Baykina and Schwarzhans, 2017b; middle 
Miocene of Moldova; premaxilla and dentary toothed (vs. 
premaxilla and dentary toothless), opercle with radial ridges 
(vs. smooth), higher number of branchiostegals (7–8 vs. 5).

Pseudohilsa Menner, 1949; middle Miocene of Absheron 
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Peninsula, Azerbaijan; lower number of dorsal fin rays (10–
13 vs. 16 or 17) (see also Danil’chenko 1980).

Ganolytes Jordan, 1919 (including its junior synonyms 
Diradias Jordan, 1924 and Xenothrissa Jordan, 1925, ac-
cording to David 1943); upper Miocene marine sediments 
of California, USA; opercle strongly striated (vs. smooth), 
higher number of vertebrae (45–52 vs. 40–42) (see also 
David 1943).

Eosardinella Sato, 1966; upper Miocene marine sedi-
ments of NE Japan; a pair of “very pronounced” ridges on 
the operculum (vs. smooth), higher number of vertebrae (47 
vs. 40–42).

Quisque Jordan, 1920; upper Miocene marine sediments 
of California, USA; probably 9–10 dorsal scutes present (vs. 
none), lower number of vertebrae (30–32 vs. 40–42), dorsal 
fin rays (12 vs. 16 or 17) and anal fin rays (10 vs. 16–19), 
higher number of pelvic fin rays (10 vs. 8 or 9) (see also 
Jordan 1921).

Sarmatella Menner, 1949; upper Miocene deposits of 
Croatia; last two anal fin rays elongated (vs. equal to or 
shorter than the penultimate fin ray), higher number of ver-
tebrae (44–54 vs. 40–42) and branchiostegal rays (7 vs. 5) 
(see also Baykina 2013).

Xyne Jordan and Gilbert, 1919 (Xyrinius Jordan and 
Gilbert, 1919, referred to this genus, see David 1943); upper 
Miocene marine sediments of California, U.S.A.; pelvic fin 
inserted slightly before dorsal fin (vs. under the anterior 
third of the dorsal fin base), preopercle with longitudinal 
ridges (vs. smooth), higher number of vertebrae (46 or 47 vs. 
40–42) (see also David 1943).

Austroclupea Bardack, 1961; Miocene or Pliocene fresh-
water sediments of Argentina; large orbit corresponding to 
one third of HL (vs. about one quarter), lower numbers of 
vertebrae (35–37 vs. 40–42) and pelvic fin rays (7 vs. 8 or 9).

Paleopiquitinga de Figueiredo 2010; Pliocene of NE 
Brazil; higher number of branchiostegal rays (7 vs. 5), lower 
number of pelvic fin rays (7 vs. 8 or 9), supraneural bones (8 
vs. 10), epurals (1 vs. 2) and postpelvic scutes (8 vs. 10–11).

The genus to which the fossils from the site “Aidono-
chori A” resemble the most is Pseudohilsa (misspelled as 
“Pseudochilsa” in Grande 1985). Menner (1949) erected 
this genus to accommodate the species Diplomystus brevi-
caudus, described by Lednev (1914). Lednev (1914) assigned 
this species to Diplomystus even though it lacked some typ-
ical characteristics of that genus, e.g., dorsal scutes. Apart 
from the lower number of dorsal fin rays, few other differ-
ences distinguish Pseudohilsa brevicauda from the material 
described here, e.g., the eye is ca. 33% of HL (vs. ca. 25% 
in the fossils from the site “Aidonochori A”) and the pel-
vic fin is positioned under the posterior half of the dorsal 
fin’s base (vs. the anterior half) (Lednev 1914; Danil’chenko 
1980). We therefore tentatively place the fossils from the site 
“Aidonochori A” in the genus Pseudohilsa.

Pseudohilsa brevicauda shares several similarities with 
the fossils from the site “Aidonochori A”, including a similar 
standard length (ca. 100–150 mm), a slender body, a smooth 

opercle, absence of teeth, similar number of vertebrae (36–40 
vs. 40–42 at the fossils from the site “Aidonochori A”), 10 or 
11 supraneurals, last two anal rays not enlarged, ca. 40 trans-
verse scale rows, ca. 22 ventral scutes, half of which are post-
pelvic (it is not clear if the scutes of the throat were taken into 
account) (Lednev 1914; Danil’chenko 1980). However, some 
important features of Pseudohilsa brevicauda are not de-
scribed in the available literature, such as the presence or ab-
sence of parietal–postparietal striae, the number of epurals, 
the number of branchiostegals and pelvic rays. For the rea-
sons listed above, the specimens from the site “Aidonochori 
A” are placed tentatively in the genus Pseudohilsa but in a 
separate species, Pseudohilsa nikosi sp. nov.
Other fossil Clupeomorpha from Greece.—The oldest 
clupeomorph fossil from Greece is Scombroclupea sp. 
from the Upper Cretaceous (Maastrichtian) near Karpenisi 
(Koch and Nicholaus 1969). The only record of a clupeo-
morph fossil fish from northern Greece is a clupeid from the 
Pliocene of the Serres Basin (Weiler 1943). This fossil has 
ca. 50 vertebrae (vs. 40–42 in Pseudohilsa nikosi sp. nov.) 
and a striated opercle (vs. smooth) and is therefore clearly 
different from those of Pseudohilsa nikosi sp. nov. Based 
primarily on these characters, Weiler (1943) attributed this 
fossil to “Caspialosa nordmanni” (Antipa, 1904), a junior 
synonym of the extant Alosa tanaica (Grimm, 1901). Other 
fossil clupeomorphs from Greece have been described 
from the upper Miocene to Pliocene of central Greece and 
Crete. They have been assigned to the extant genera Alosa, 
Sardina and Spratelloides (Gaudant 2001, 2004, 2014; 
Gaudant et al. 1994, 1997, 2005, 2006, 2010; Argyriou and 
Theodorou 2011; Argyriou in press).

Paleoecological remarks.—Systematic excavations of the 
fossil site “Aidonochori A” are still pending, but some pre-
liminary remarks regarding the paleoecology of the site 
can be made. The sediment is fine-grained, and contains 
mica and carbonate. These characteristics, combined with 
the good state of preservation of the fish skeletons, point 
to a low-energy environment and anoxic conditions at the 
bottom. Possible environments may have been a lagoon or 
a lake. It is not possible to infer the salinity of this environ-
ment, as the clupeids are known to be euryhaline, but the 
occurrence of a single fish species may hint at a brackish 
environment, where species diversity usually is low (see 
Reichenbacher 1993).

The modern clupeid which seems to resemble Pseudo-
hilsa nikosi sp. nov. most closely, Hilsa kelee, is a marine 
pelagic fish, which, like many other clupeids, lives in shoals 
and can tolerate very low salinities (Whitehead 1985). 
The aforementioned characteristics are congruent with 
what is known of Pseudohilsa nikosi sp. nov. from the site 
“Aidonochori A”, where multiple individuals in close prox-
imity to each other have been recovered from the sediments.

Paleobiogeographical remarks.—The only occurrence 
of Pseudohilsa so far has been from the middle Miocene 
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of Absheron Peninsula, Azerbaijan, near the Caspian Sea 
(Menner 1949; Danil’chenko 1980). Therefore, the fossils 
from the site “Aidonochori A” may help expand the known 
range of this genus. It is also notable that these two occur-
rences are not very far apart, either in space or geological 
time.

Hilsa kelee is found in the Indian Ocean and the Western 
Pacific (Whitehead 1985). The fossils of Pseudohilsa come 
from the Caspian Sea (Pseudohilsa brevicauda; see Menner 
1949; Danil’chenko 1980) and the Eastern Mediterranean 
(Pseudohilsa nikosi sp. nov.), and the fossils attributed to 
Hilsa were recovered in the region of the Black Sea (H. ele-
gans, H. oblonga, H. torosa and H. lata; see Gabelaia 1976; 
Danil’chenko 1980). This distribution hints at the existence 
of Hilsa look-alikes in the Tethys and the Eastern Paratethys 
during the middle Miocene to Pliocene. Local extinction of 
these fishes in these regions may have taken place at some 
point during the late Neogene or Quaternary.

A similar biogeographical scenario involving the Medi-
terranean and Indo-Pacific regions seems to apply to other 
clupeiform fishes, such as Spratelloides or Etrumeus. These 
genera were present in the Neogene of the Mediterranean 
(e.g., Grande 1985; Gaudant et al. 1994, 2010; Gaudant 
2004; Landini and Sorbini 2005; Argyriou and Theodorou 
2011; Argyriou in press), but subsequently became extinct 
in this region. These two genera were, however, among 
the first fishes to re-invade the Mediterranean Basin after 
the opening of the Suez Canal (Por 1978; Golani 1998), an 
invasion which might be facilitated by the current climatic 
trend (Por 2009).

Nevertheless, with regard to Pseudohilsa nikosi sp. nov., 
such biogeographical scenarios ought to be treated with cau-
tion until the affinities of this species are interpreted with 
confidence. In order to elucidate the possible relationships 
of the fossil Hilsa look-alikes with each other and modern 
Hilsa, further systematic studies are necessary.

Conclusions
The clupeid fossil fishes from the upper Miocene site 
“Aidonochori A” are attributed to a new species, Pseudohilsa 
nikosi sp. nov., owing to their unique morphology among 
fossil and extant clupeids. They are placed provisionally 
in the genus Pseudohilsa, which is known from the middle 
Miocene of the Caspian Sea. Among extant clupeids, they 
seem mor pho logically most similar to Hilsa kelee, which has 
a tropical distribution in the Indo-West Pacific. The fossils 
attributed to Pseudohilsa, as well as some fossils attributed 
to Hilsa from the middle Pliocene of the Black Sea, need to 
be revised, but it seems that clupeids resembling Hilsa were 
present in the Mediterranean and Eastern Paratethys during 
the Neogene. Future systematic studies of the fossils should 
help clarify the relationships between the aforementioned 
taxa and establish their biogeographical links.
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