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New Species of Praepusa (Carnivora, Phocidae, Phocinae) from the Netherlands Supports East to West
Neogene Dispersal of True Seals. Koretsky, I. A., Peters, N., Rahmat, S. — Examination of new fossils
(humerus and sacrum) from The Netherlands reveals morphologically-distinctive characters, allowing the
description of a new Late Miocene — Early Pliocene representative (Praepusa boeska sp.n.) of the subfamily
Phocinae. Diagnostic humeral differences in shape of the coronoid (oval in males vs triangular in females)
and depth of the olecranon fossae (shallow in males vs deep in females), as well as the presence of a rounded
first ventral foramen and thick lateral wall in the male sacrum, reveal the first evidence of sexual dimor-
phism in the genus Praepusa. The newly described species adds information on the distribution of true seals,
supporting the westward dispersal of this genus across the Paratethys. Strong endemism from closure of
the Paratethys, and climatic, geological and stratigraphic differences indicate that Praepusa first inhabited
the Eastern Paratethys (Early — Middle Miocene, 16.5-13.6 Ma) before dispersing to the Central (Middle
Miocene, 13.6-11.2 Ma) and, later, Western (Late Miocene — Early Pliocene, 11.6-3.6 Ma) Paratethys. The
Pr. boeska fossils are the youngest to date and have been found the furthest west of any previously described
material of this genus. These findings help explain the origin and dispersal among described species of the
genus Praepusa in comparison with other genera of the subfamily Phocinae.
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Hoss1it Bup; Praepusa (Carnivora, Phocidae, Phocinae) n3s HiepnanaoB, HOATBep)KAaOLIMii pacpocTpa-
HeHJe HaCTOAIIVIX TIOJICHeli B HeoreHe ¢ BOCTOKa Ha 3anaj. Kopenxas V. A., Ilerepc H., Paxmar C. — Vccre-
JOBaHIe HOBBIX MICKOIIAEMbIX OCTATKOB (IUIEY€BOIT KOCTH 1 KpecTiia) u3 Hupmepnanios nokassisaer MOpgoio-
TMYECKN OTIMYMTENbHBIE IIPYU3HAKY, O3BOJIAIOLINE OIMCATh HOBOTO IpeficTaBUTesIs mogiceMeiicTBa Phocinae
(Praepusa boeska sp.n.) 13 Mo3gHEr0 MIOLIEHA — PAHHETO IJIMOLeHa. JluarHocTudeckre pasnmdns B popme
K/IIOBOBIJHOTO OTPOCTKA IUIE4eBOIT KOCTH (OBa/IbHOI y CAaMIIOB IO CPABHEHMIO C TPEYTO/IbHO Y CAMOK), Iy~
6uHe SIMKVI JIOKTEBOTO OTPOCTKA (MEIKOJI ¥ CAMIIOB II0 CPABHEHMIO C ITTyOOKOI ¥ CAMOK), @ TaK)Ke HATMINY
OKPYIJIOTO IIEPBOTO BEHTPAIbHOTO OTBEPCTHA U TOJICTOI GOKOBOII CTEHKM B KPECTIie CAaMIIOB OOHAPYI>KMBAIOT
IepBble T0Ka3aTe/IbCTBA IOJIOBOTO AUMOpdu3Ma y mpefcTaButereil poxa Praepusa. OmvicaHHbI BIUR, F06aB-
jsteT MHQOPMALVIO O PACIPOCTPAHEHNYI HACTOALVX TIO/IEHEN!, TIOATBEP)KAsl PacCeleHie 9TOro poja Ha 3a-
nag yepes [lapareryic. Beicokas cTerneHb sHEeMu3Ma BemencTBue oAy [TapaTeTuca i KMMaTgecKue, re-
OJI0TITYeCKe 1 CTpaTUrpaduyecKe OT/IMYMA YKa3bIBAIOT, 4TO IPOHMKHOBeHNe Praepusa B Bocrounbiii ITapa-
TeTuc (paHHNIT — CpefHMIT MIOLeH, 16,5-13,6 M/IH JIeT Hasajt) IPOUSOLIIO [0 3acereHns uM LleHTpanbHOrO
(cpemumit Muonen 13,6-11,2 MtH et Hasaz), a Hodxe 1 3amagaoro [Taparerrica (O3fHMIT MIOLIEH — HAYaio
wmoneHa, 11,6-3,6 MtH et Hasay). Vickonaemble ocratku Pr. boeska siisirorcst Hanbosiee paHHMMM U3 OCTAT-
KOB M3BECTHBIX Ha CETOJHSAIIHIIA ieHb IPefICTAaBUTENIEN 9TOTO Pofia 1 ObUIN 0OHAPY KeHbI HAMHOTO 3aIlajjHee
paHee OIVCAHHOTO MAJIEOHTOIOTMYECKOTO MaTepyaja. TV HaXOAKM OMOTAI0T OOBSICHUTD IIPOVICXOXKIEHIE
U paccerieHe ONVCAHHBIX BUIOB pofia Praepusa 1o cpaBHEHMIO ¢ ApyryMu pofamu nozicemeiictsa Phocinae.

Knwouessie cmoBa: toneny, Phocinae, Muorien, mmonen, [lapareruc, CeBepHast AT/aHTHKA.

Introduction

This study is the third in a series of publications under one general title: “Miocene Seals of The
Netherlands”. The first paper, “A new species of Leptophoca (Carnivora, Phocidae, Phocinae) from both sides of
the North Atlantic Region” (Koretsky et al., 2012), detailed the geology of the south-eastern part of the province
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of Noord-Brabant in The Netherlands. The second publication, “A new genus Batavipusa (Carnivora, Phocidae,
Phocinae) from the eastern shore of the North Atlantic Ocean” (Koretsky, Peters, 2008) described a new genus
named Batavipusa and explained the history of the genus Phocanella (Van Beneden, 1877).

AmongNeogene seals, phocine fossil remains from the Middle, and especially from the Late, Miocene deposits
of the Western Paratethys are relatively numerous, particularly in Belgium (Van Beneden, 1876, 1877; Koretsky,
Ray, 2008), the Vienna Basin (Blainville, 1842), France (Friant, 1942, 1947; Ginsburg, Janvier, 1975, 1999), and
now in The Netherlands (Schneider, Heissig, 2005; Koretsky, Peters, 2008; Koretsky et al., 2012). Despite the wide
distribution of seals of the subfamily Phocinae, the abundance of recovered fossil remains, and numerous previous
studies, many important aspects of morphology, phylogeny and systematics of the subfamily remain obscure. This
ambiguity holds true for the genus Praepusa described by Kretzoi in 1941. After that first description, another
species (Pr. tarchankutica Antoniuk et Koretsky, 1984) was reported, leading to the first diagnosis for the genus
Praepusa that compared it with remaining genera of the subfamily Phocinae. Consequent studies by Koretsky
(2001, 2003) revised material that historically was assigned to this taxon, described several additional species, and
generated a diagnosis and re-description of the partial fossil skeleton, changing the knowledge of geographical
distribution and geological implications of Praepusa.

Recently, a small collection of fossils from the Western Paratethys has been accumulated, including
postcranial bones referable to this genus. The new material enabled a more precise and detailed diagnosis,
the redescription of some fossil material, and defined the distribution of the genus Praepusa. Thus, different
species from Kazakhstan, the Vienna Basin, Hungary, and The Netherlands have been reassigned to the genus
Praepusa (Koretsky, 2001, 2003). This approach increases the degree of nomenclature stability in Phocinae
rather than erecting a new genus from material that is similar in morphology and originated from relatively
comparable geological deposits. In this study, we describe a previously unknown Late Miocene — Early
Pliocene representative of the subfamily Phocinae from Holland and Belgium, and discuss its relationship with
other phocids. We provide the first description of sexual dimorphism within Praepusa and its biogeographical
implications, including the likely dispersal pattern of this genus across the Paratethys from east to west.

In 1975, the curator of the Natural History Museum in Leiden, D. A. Hooijer, described a small partial seal
sacrum that was dug up by a shell dredging ship from the Westerschelde. There appeared to be a striking resemblance
between this bone and the sacrum of Phocanella minor, a small seal found in the sediments of Antwerpen, Belgium
that was described by Van Beneden (1877; plate 14, fig. 18 and 19). More than 35 years later, the present curator of the
Naturalis Biodiversity Centre (Dr. John de Vos) recently showed us another sacrum that did not originate from the
Westerschelde. This sacrum is more complete and better preserved than the two pieces that were found earlier. The
sacrum was uncovered in 1980 during the construction of a sewage purifying plant in Boechout, located in the south-
east region of Antwerpen, Belgium, from Oorderen sands, Lillo formation, now called Zanclean-Piacenzian (Pliocene).
This specimen was donated to the Naturalis Biodiversity Centre in Leiden. To clarify phylogenetic relationships within
Praepusa, there needs to be a re-examination of fossils previously attributed to this genus and their comparison with
new Praepusa fossils found in recent years (Antwerpen, Mill-Langenboom).

According to the stratigraphy of the Mill-Langenboom locality as described by Wijnker et al. (2008), we
can determine that the remains of fossil true seals from the “de Kuilen” sandpit (fig. 1) have an age that ranges
from Late Miocene to Early Pliocene, (between about 11.5-3.5 Ma). The ex-situ finds originated from early-
middle Tortonian sediments to early Piacenzian.

Abbreviations: NL — The Netherlands; MAB — Museum de Groene Poort; RGM — Nationaal
Natuurhistorisch Museum.

SYSTEMATIC PALEONTOLOGY
Order CARNIVORA Bowdich, 1821
Superfamily Phocoidea Gray, 1821
Family Phocidae Gray, 1821
Subfamily Phocinae Gray, 1821
Genus Praepusa Kretzoi, 1941

Phoca Blainville, 1840 : 41-42, pl.10, fig. 1; Briihl,1860 : 1-16, fig. 2; Peters, 1867 : 110-111; Toula, 1897 :
55-70, pl. 2, fig. 9-11; Trouessart, 1897 : 385, 1904 : 286; Kellogg, 1922 : 119-120; Alekseev, 1924 : 32; Bogachev,
1927 : 141-143, 145; Kretzoi, 1941 : 350-356, fig. 1; Friant, 1947 : 7, 12, 16, 45, 47, table 2, fig. la—c; King, 1964 :
131; Thenius, 1969 : 319; McLaren, 1960 : 51-52, 56, 58; Hendey, Repenning, 1972 : 85; Ray, 1977 : 395, 398;
Grigorescu, 1977 : 407, 412, 417, Nicolas, 1978 : 456; Muizon, 1982:190, 205.

“Phoca” — McLaren, 1975 : 44; Mitchell, 1975:23.

Praepusa Kretzoi, 1941 : 351-356, fig. 1; McLaren, 1960 : 55-56, 59; Thenius, 1969 : 404; Grigorescu, 1977:
407, 412, 417; Antoniuk, Koretsky, 1984 : 27-29, fig. 1-3; Koretsky, 1987 b : 3-6, fig.1; 2001 : 46-55, fig. 18-30;
2003 : 63-70, fig. 1-4; Koretsky, Ray, 1994 : 20; McKenna, Bell, 1997 : 257.

Leptophoca? — Ray, 1977 : 395, 398; Savage, Russell, 1983 : 292; Muizon, 1992 : 35.
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Type species. Praepusa pannonica Kretzoi, 1941:351-356, fig. 1.

Included species. Praepusa pannonica Kretzoi, 1941, from the early-middle Sar-
matian (Middle Miocene) of Hungary and from the middle Sarmatian of Moldova; Prae-
pusa vindobonensis Toula, 1897 from the early Sarmatian of Austria (Nussdorf) and from
the middle Sarmatian of the Ukraine and Moldova; Pr. magyaricus Koretsky, 2003, Sarma-
tian age of the Vienna Basin. Praepusa boeska sp.n., from the Late Miocene — Late Pliocene
(Tortonian-Piacenzian Stages, 11.5-3.5 Ma) sandpit de Kuilen, Mill-Langenboom, Noord-
Brabant, S. E. Netherlands; and Pliocene and Miocene? of the Antwerp Basin, Belgium.

Emended and expanded diagnosis. Cranial diagnosis the same as for Prae-
pusa vindobonensis; mandibular diagnosis the same as for Pr. pannonica.

Deltoid crest of humerus has shape of sharp blade; lesser tubercle elongated along axis
of bone; head width to height ratio greater than 0.964; lateral epicondyle reaches distal part
of deltoid crest.

Greater trochanter of femur considerably higher than head; its proximal and distal
parts approximately of equal width; trochanteric fossa wide and medially open, but deep;
head slightly deflected distally and seated on narrow, long neck; minimal width of diaphysis
in middle part of bone; maximal intercondylar distance 12.0-15.8 % of femoral length.

Sacrum consists of three fused short vertebrae with smaller alas, and narrower bases than
in Phocanella; cranial articular processes (processus articularis cranialis) shorter, flattened with
square bases; foramina smaller, wider and shorter, base not round, but rectangular shape; lateral
sacral crests oblong in shape, more elongated and reaching above second dorsal foraminae, in
contrast to Phocanella pumilla where crests reach only lower (distal) part of foramina.

Discussion. Extensive investigations of seal fossils from several Middle — Late
Miocene deposits of Western Europe allow a more accurate diagnosis of the genus Prae-

Fig. 1. Sandpit de Kuilen, location of Mill-Langenboom, in the eastern Noord-Brabant, The Netherlands(Late
Miocene).

Puc. 1. Ilecyansrit mogBoaHsIit Kapbep «[le-Kéivten», mynnnunanuter Mui-J/lanren6om, mposunis Cesep-
Hb1t BpabanT, Fo/tanaust (MO3KHUIT MUOLEH).
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pusa due to similar humeral characters in: 1) Praepusa vindobonensis Toula, 1897: from
Austria, Kazakhstan, Ukraine, and Moldova (Middle Miocene); 2) Pr. pannonica Kretzoi,
1941: from the early-middle Sarmatian (Middle Miocene) of Hungary and Moldova; and 3)
Pr. magyaricus Koretsky, 2003: from the Middle Miocene of the Vienna Basin.
Geological age and distribution. Middle Miocene of the southern part of East-
ern and Central Europe; Late Miocene to Late Pliocene (Tortonian-Piacenzian Stages,
11.5-3.5 Ma) of the Eastern shore of the North Atlantic, The Netherlands and Belgium.

Praepusa boeska Koretsky, Peters et Rahmat, sp.n. (fig. 2-3; tables 1-2)

Holotype. Right humerus MAB 4686 (@), collection of the Museum de Groene
Poort, Boxtel (NL), found in Antwerp harbour (Belgium), not in-situ. Miocene? The Ant-
werp Basin, Belgium.

Paratype. Sacrum RGM 629552, collection of the Naturalis Biodiversity Center in
Leiden (NL). Miocene — Pliocene, The Antwerp Basin, Belgium.

Etymology. boeska, in reference to its finder Mr. K. A. Boes, The Netherlands (= Holland).

Type Locality. The Antwerp Basin, Belgium.

Referred material. Inaddition to the type material, the following specimens were
found in The Netherlands: Humeri MAB 4687, distal half of left humerus, o; MAB 4688,
distal half of left humerus, d; MAB 4689, distal half of left humerus, cast, d; MAB 4690, dis-

Fig. 2. Humeri of Praepusa boeska sp. n., MAB 4686 holotype, right humerus, female, Miocene ? the Antwerp
Basin, Belgium: A —cranial view; B — lateral view; C — medial view; and MAB 4687, left humerus, male, Late
Miocene — Early Pliocene (Tortonian-Piacenzian Stages, 11.5-3.5 Ma), sandpit de Kuilen (municipality of
Mill-Langenboom), Noord-Brabant, S. E. Netherlands; D — cranial view; E — lateral view; F — caudal view.

Puc. 2. ITneueBsie Praepusa boeska sp.n., ronotui, MAB 4648, npaBast miedeBasi KOCTb, CAaMKa, MUOL[eH ¢, AHT-
BepIieH OacceiiH, benbrus: A — Bup cepeny; B — Bup ¢ natepanbHOi cTopoHbl; C — BN C MeAMAIbHOI
croponsl; 1 MAB 4687, neBast miedeBast KOCTb, caMell, TIO3/{HIIT MIOIIEH — PAaHHMII IUIMOLeH (TOPTOHMIL-
mbsilleHsna, 11,5-3,5 M/IH jieT Hasaj), IecYaHblil TOBOAHBI Kapbep «[le-Kérnen» (MyHunmnanurer Muui-
Jlanren6om), nposuHIss CeBepHblit BpabauT, roro-Bocrounas [owtangus; D — Bup ciepeny; E — Bup ¢ na-
TepalbHOI CTOpoHbl; F — Bup csagu.
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Table 1. Measurements of humeri of Praepusa boeska, mm

Ta6nuua 1.VI3mMepenns mreueBbix Kocreit Praepusa boeska, mm

Characters Male Female n | Mean | Range
Absolute length 81.1 1 81.1
Length of deltoid crest 50.4 1 50.4
Height of head 18.6 1 18.6
Height of trochlea 14.7 13.2 5 14.1 13.0-17.3
Width of head 19.4 1 19.4
Width of deltoid crest 13.5 1 13.5
Width of distal epiphysis 30.5 21.2 5 27.1 21.2-32.7
Width of proximal epiphysis 23.5 1 23.5
Width of trochlea distally 16.9 18.2 5 16.9 14.6-18.7
Width of trochlea, anterior view 20.5 16.7 5 19.0 15.7-22.2
Transverse width of diaphysis 14.6 11.3 5 12.7 10.9-17.6
Thickness of proximal epiphysis 229 1 229
Thickness of medial condyle 16.2 16.9 5 16.5 14.4-19.0
Thickness of lateral condyle 15.3 13.9 5 14.8 12.7-16.1
Diameter of diaphysis with deltoid crest 21.1 1 21.1

tal end of right humerus, ¢; MAB 4691, distal end of left humerus, cast, . All referred mate-
rial comes from the S. E. Netherlands, Noord-Brabant, Late Miocene — Late Pliocene (Tor-
tonian-Piacenzian Stages, 11.5-3.5 Ma), sandpit de Kuilen, village of Mill-Langenboom.

Diagnosis. Deltoid crest sharp-bladed and extends to 2/3 of humeral length, not
reaching coronoid fossa; maximal width of deltoid crest located in its middle portion; lesser
tubercle of humerus located slightly above proximal border of deltoid crest, round in shape
and not deviated from humeral axis; head compressed medio-laterally; ratio of head width
to its height 0.98; lateral epicondyle does not reach middle of diaphysis, but reaches distal
part of deltoid crest.

Sacrum-based diagnosis is same as for the genus Praepusa described above.

Fig. 3. Sacrum of Praepusa boeska sp. n., RGM 629552, collection of the Naturalis Biodiversity Center in Leiden
(NL). Zanclian-Piacenzian (Pliocene), Antwerp Basin, Belgium: A — ventral view; B — dorsal view; C — cra-
nial view.

Puc. 3. Kpecren Praepusa boeska sp. n., RGM 629552, xomnekuus HaloHanTbHOTO 1I€HTpa 610/I0TMYeCKOro
pasHoobpasus B Jleiinene (NL), 3aHKMusH-TIbsALleH3MaH (IUIMOLeH), AHTBeprieHCKuii 6acceitH, Benprus:: A —
Buy, cHu3y; B — Bup ceepxy; C — Bup cepepi.
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Table 2. Measurements of sacrum of Praepusa boeska, mm

Ta6nuua 2. VIsamepenns KpecTuoBbIx Kocreit Praepusa boeska, mm

Characters | n Mean Range
Total length (measured over the axis) 1 63.0
Combined Length of S1 + S2 3 33.0 29.0-39.0
Width over the wings of S1 3 48.2 47.0-57.6
Width over sacral foramina S1 3 26.7 24.3-30.0
Width over sacral foramina S2 1 27.4
Width over sacral foramina S3 1 27.5
Height of centrum S2 3 15.7 15.0-17.0
Height of wings S1 3 25.0 23.2-28.0

Description. Small seal that has dimensions close to Recent Pusa.

Humerus (fig. 2; table 1). The deltoid crest is long and slender, extending for about 2/3
of the length of the bone; the lesser tubercle is visible and is located distal to the head of the
humerus, barely above the greater tubercle; it does not deviate from the humeral axis, is round
in shape and well developed; the musculospiral groove is not expressed; the lesser tubercle is
below the level of the head, but the intertubercular groove is very narrow and deep; the head
is slightly compressed medio-laterally; the ratio of the head width to its height is 102 %; the
deltoid crest has the form of a sharp blade and does not reach the condyles; the maximal
width of the deltoid crest is in its middle part; the lateral epicondyle is well developed, reaches
the distal part of the deltoid crest just below the middle of the diaphysis and extends twice as
far proximally as the medial epicondyle; the medial epicondyle is flattened, spreading from
the lower part of the entepicondylar foramen and ending at the middle of the coronoid fossa;
the coronoid fossa is shallow and forms an oval in & or triangular in ¢ depression extending
proximally to the medial epicondyle, ending below the lateral epicondyle; the entepicondylar
foramen is present, large and oval, open, but the narrow bridge over it is broken away; the
olecranon fossa is very shallow in ¢ and deep in @. Detailed description of sexual dimorphism
in the mandible and postcranial elements for the subfamily Phocinae (Koretsky, 1987 a, 2001)
and subfamily Monachinae (Koretsky, Ray, 2008) has previously been published.

Sacrum (fig. 3; table 2). Consists of three fused vertebrae, with an absolute length of
63.0 mm and width of 57.6 mm. The maximum width of the wings is 86.2 % of the length
of the sacrum, which according to Antoniuk (1979) is a diagnostic character of Phocidae.
The sacral promontory is concave and not pronounced. The proximal surface of the first
centrum is lower than the wings of the sacrum, a configuration that is similar to other
Phocinae, including Leptophoca (Antoniuk, 1979, table 2; Koretsky, 2001, table 13). The ala
(= wing) is thin and higher than the proximal surface of the first centrum like in phocines,
but in contrast to monachines where the ala is lower than the centrum (Antoniuk, 1979). On
S1-S3, a well-defined mammillo-articular process (= intermediate sacral crest) is present;
S3 has a less developed mammillo-articular process. The median sacral crest, which is
formed by several un-fused spinous processes, is very short and extends caudally. Dorsal
and ventral sacral foraminae are equal in size.

According to sexual dimorphism in sacral bones described by Gadjiev (1982), RGM
629552 belongs to an adult male because its first ventral foramen is rounded and the lateral
wall is very thick. The body of the sacrum is slender and narrow.

Comparison. The bones of the postcranial skeleton of Praepusa boeska are smaller
than those of Pr. vindobonensis and Pr. magyaricus and are similar to those of Recent Pusa.
In humeral morphology, the new species difters from Pr. vindobonensis and Pr. magyaricus
in its lesser tubercle being positioned lower than the head, and slightly above the greater
tubercle; deltoid crest being shorter, not reaching the condyles, and widest in its middle
part; larger entepicondylar foramen; and coronoid fossa being shorter and terminating
lower than the lateral epicondyle. In contrast to Pr. magyaricus, the humerus of Pr. boeska
has a head that is medio-laterally compressed.
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Discussion. Antoniuk and Koretsky (1984) previously assigned the seal from
Tarchankut Peninsula (Ukraine) to the genus Praepusa, species tarchankutica. They
described an almost complete skeleton, mandible, and skull belonging to a subadult
individual in comparison with another skull belonging to an adult individual. The
mandible is very similar to Praepusa vindobonensis Toula 1897, and for this reason the
name tarchankutica, as a junior synonym, is no longer valid (Koretsky, 2001).

Only few fossil sacral bones of the subfamily Phocinae have been described or illustrated
previously. These include: Pusa caspica (Gadjiev, 1982), Phocanella, “Phoca” and Prophoca
(Van-Beneden, 1877; Atlas pl.14; 15; 18), and Leptophoca (Koretsky, 2001; 2006). Several
sacral bones have been described from the subfamily Monachinae: Callophoca (Koretsky,
Ray, 2008), Monaterium (Van-Beneden, 1877; Atlas pl.16), Acrophoca (de Muizon, 1981)
and several sacral bones are known from the Subfamily cystophorinae (Koretsky, Rahmat,
2013). However, the rather well-preserved condition of the found Praepusa sacrum from the
Western Paratethys, and its morphologically distinguishing characteristics make it possible
to separate this bone from other phocine species from the other areas of the Paratethys.

Geological age and distribution. Eastern shore of the Atlantic Ocean
(Western Europe); Late Miocene (early-middle Tortonian Stage) — Pliocene (Zanclian-
Piacenzian Stages) sandpit “de Kuilen”, Mill-Langenboom, 11.5-3.5 Ma, Noord-Brabant,
S. E. Netherlands. Late Pliocene (Scaldisian), Anvers 3rd Section, Antwerp Basin, Belgium.

Discussion and conclusions

The Paratethyan seaway extended from western Kazakhstan across north-western
Europe to the western shore of the Atlantic Ocean from the Early to Late Miocene (23.0 to
9.3 Ma), allowing marine mammals to travel and inhabit different niches (Régl, Steininger,
1984; Koretsky, 2001). Rapid changes of marine connections during the Badenian (Koretsky,
Holec, 2002) and Sarmatian (Koretsky, Grigorescu, 2002) resulted in varying marine and
terrestrial biotas, as evidenced by the fossil record (Koretsky, 2001; Koretsky, Rahmat, 2013).
During the Sarmatian, strong endemism with reduced salinity is evident in fossil material as
the Paratethys divided into isolated basins containing endemic faunas. Sediments deposited
in, and on the shores of, this ancient seaway are rich in the remains of fossil seals.

Modern pinnipeds have large geographic ranges that regularly extend through several
zoogeographical regions. Likewise, fossil species are widespread. Fossil true seals (Phoci-
dae) are very numerous in Miocene coastal-marine faunas in localities that used to lie on
the path of the Paratethys. In the Late Miocene — Early Pliocene including the Messinian
(7.2-5.6 Ma) salinity crisis (Rogl, Steininger, 1984; Koretsky, 2001), the seaway became
closed and basins were separated by land masses, forcing marine mammals to be confined
to the habitat they were living in at that time. This explains the discovery of the following
Praepusa fossils from different isolated localities across Europe and Asia (fig. 4):

Praepusa vindobonensis: Western Kazakhstan and Austria; Middle Miocene, early Sar-
matian (16.5-11.2 Ma; Toula 1897; 1 in fig. 4); Ukraine and Moldova; Middle Miocene,
middle Sarmatian (13.6-12.3 Ma; Antoniuk, Koretsky, 1984; 2 in fig. 4).

Pr. pannonica: Moldova and Hungary; Middle Miocene, early-middle Sarmatian
(12.3-11.2 Ma; Kretzoi, 1941; 3 in fig. 4).

Pr. magyaricus: Vienna Basin; Sarmatian, Middle Miocene (13.6-12.3 Ma; Koretsky,
2003; 4 in fig. 4).

Pr. boeska: The Netherlands and Belgium; Late Miocene — Late Pliocene (11.6-
3.2 Ma), described in the current paper (5 in fig. 4).

The endemism due to closure of the Paratethyan seaway, and climatic, geological and
stratigraphic differences of localities support our hypothesis that the genus Praepusa first
inhabited the Eastern Paratethys (Early — Middle Miocene, 16.5-13.6 Ma) before dispersing
to the Central (Middle Miocene, 13.6-11.2 Ma) and, later, Western (Late Miocene — Early
Pliocene, 11.6-3.6 Ma) Paratethys. The newly described Pr. boeska is the youngest species
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Fig. 4. Geographical and palaeogeographical locations of the studied area with arrows indicating dispersals of
different species of the genus Praepusa from the Eastern Paratethys westward: 1 — Praepusa vindobonensis:
Western Kazakhstan and Austria, Middle Miocene, early Sarmatian (16.5-11.2 Ma); 2 — Pr. vindobonensis
(= tarchankutica): Ukraine and Moldova, Middle Miocene, middle Sarmatian (13.6-12.3 Ma); 3 — Pr. pan-
nonica: Moldova and Hungary, Middle Miocene, early-middle Sarmatian (12.3-11.2 Ma). 4 — Pr. magyaricus:
Vienna Basin, middle Sarmatian, Middle Miocene (13.6-12.3 Ma); 5 — Pr. boeska: The Netherlands and Bel-
gium, Late Miocene — Early Pliocene (11.6-3.2 Ma).

Puc. 4. Teorpaduyeckue u naneoreorpaduyeckiie MECTOHAXOXXIAEHNS B M3y9aeMOM PErMOHe, CTPENKOIL yKa-
3aHO HAIpaBJIeHNe PaCIpPOCTPAaHEHNA PA3NNYHBIX BUIOB pofia Praepusa m3 Bocrounoro ITapaTeTica Ha 3a-
nap: 1 —Praepusa vindobonensis: 3anagusiit Kasaxcran u ABCTpusi, CpeIHIIT MIOLeH, HIDKHUIT capMaT (16,5
11,2 myH et Hasap); 2 — Pr. vindobonensis (= tarchankutica): Yxkpanxa 1 MongoBa, CpefjHIiT MUOLIEH, Cpef-
Huit capmar (13,6-12,3 MiH net Hasan); 3 — Pr. pannonica: Monpgosa u BeHrpus, cpeffHMII MUOLIEH, HIDK-
Huii-cpegHuit capmar (12,3-11,2 s et Hasapn); 4 — Pr. magyaricus: Benckuit 6acceii, CpefHMIT MIOLEH,
cpenuuit capmar (13,6-12,3 My net Hasap); 5 — Pr. boeska: Tonnaunus n Benbrus, MOspHMIT MUOLIEH — paH-
Huit wmoueH (11,6-3,2 MJIH J1eT Hasax).

of Praepusa to date and is dispersed the furthest west of any previously described members
of this genus. These findings help explain the origin, dispersal, and phylogenetic relations
among described species of the genus Praepusa.

Pr. boeska is smaller than any other described member of the genus Praepusa.
Although the material is insufficient for assessing the variability of this specific taxon, the
size and morphology of the postcranial bones from the Tortonian-Piacenzian Stages from
The Netherlands permits, with a great degree of confidence, the assignment of this true
seal to the genus Praepusa. Future investigations of fossil seals from the Middle Miocene
deposits of Western Europe can expand the diagnosis of the genus Praepusa and enable
more detailed comparison of this taxon with other genera of the subfamily Phocinae to
better clarify their phylogenetic relationships.
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