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Feeding of the caspian seal (Pusa caspica Gmelin, 1788)
during haul out periods at the Kenderli rookery (Middle Caspian)

The Kendirli Haul-Out Site of the Caspian Seal served as the sole haul-out location in the Central Caspian
Sea. Consequently, data obtained regarding the seal's diet at this site holds significant importance forthe
study and conservation of the Caspian Seal population. This study analyzed the diet of the Caspian Seal based
on fecal collections from the Kendirli Haul-Out Site spanning from 2015 to 2019. Given the Caspian Seal's
endangered status, a vital in vivo method of coprological analysis was employed to assess its diet."Comparas
tive analysis of the seal's diet was conducted across seasons and years, and fish lengths consumed by,seals
were determined using otoliths extracted from feces. The study revealed that the Caspian Seal’s diet at the
Kendirli Haul-Out Site comprises 11 fish species, including species of the Cyprinidae family and
Benthophilus genus, along with unidentified species of gobies. It was observed that the seal's diet varies sea-
sonally; during autumn, the primary food source consists of gobies, whereas in_spfing, Atherina caspia pre-
dominates the diet. Additionally, carp species, Clupeonella caspia, and Alosa braschnikewi are present in the
spring diet but absent in the autumn diet. Reconstruction of fish length¢anges for three fish species —
Neogobius melanostomus affinis, N. pallasi, and Alosa braschnikowi — demonstratedithat seals consume fish
ranging from 30 to 260 mm in length.

Keywords: Caspian Seal, fish, otolith, diet analysis, food habbits, Kendirli Haul-Out Site, feces, reconstruc-
tion of fish lengths.

Introduction

Caspian Seal (Pusa caspica) — the only mammal endemic to the Caspian Sea, listed in the IUCN Red
List as a species facing the threat of extinction. It is also included in the List of Rare and Endangered Animal
Species of Kazakhstan. Similar endangered status is attributed to the species in other Caspian countries [1-2].

It was believed that the Caspian Seal*(Pusa caspica) was a dangerous predator, feeding on valuable
commercial fish, as expressed by many fishermen and seal hunters [3-4]. Previous studies on the Caspian
Seal's diet relied on animal slaughters and stomach content analysis [3—6]. According to Smirnov [5], out of
7 dissected stomachs with food<remnants;5 contained bullheads, and 2 contained crustaceans. Based on this,
he hypothesized that the Caspian Seal primarily fed on bullheads.

Based on the available data from the studies conducted in the 1930s, the diet of the Caspian Seal during
the winter period primarilyconsisted of bullheads, to a lesser extent atherinas, sprats, mollusks, and crusta-
ceans; commerciallysimportant fish species such as zander were rarely encountered [4].

Roganov [7]{presents data on the diet of the Caspian Seal during the spring period: in April, the Caspian
Seal primarily,feeds on sprat, despite the abundance of observed herring and bleak. Research by Roganov [8]
duringdate.autumn, winter, and early spring periods shows that the seal's diet comprises bullheads, atherinas,
gammarids,and crustaceans. In early spring, sprats dominate the Caspian Seal's diet. According to his find-
ings, commercially important fish species such as zander, herring, and bleak are very rare in their diet and
are more of an exception.

Badamshin [4] largely corroborates the findings of predecessors. Based on data from 1939-1946, it was
established that during the autumn-winter and spring periods, bullheads and sprats prevail in the Caspian
Seal's diet. Gammarids, shrimps, and mollusks were also found in their diet.

There are records indicating that the Caspian Seal consumes small fish ranging from 3 to 15 c¢cm in
length [9]. It has also been noted that seal aggregations often occur in areas dominated by non-commercial
fish species [10]. Caspian Seals are particularly abundant in the central and southern Caspian Sea, where
their diet consists of sprats, bullheads, and atherinas [11-12].

In the 1930s to the 1970s, due to increased fishing, the availability of sprat as a food source for the Cas-
pian Seal decreased [13]. In the 1990s, there was a decline in the Caspian Seal's prey base due to the intro-
duction of the Mnemiopsis leidyi in the Caspian Sea, which further reduced sprat populations [14]. With the
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decrease in sprat in the Caspian Sea, the proportion of bullheads in the Caspian Seal's diet increased [15].
Overall, the reduction in the seal's diet could be one of the factors contributing to its declining population.
Hence, the continuation of research on the Caspian Seal's diet remains highly relevant. Due to the endan-
gered status of the species, hunting seals is prohibited; instead, studies on pinniped diets are conducted
through the collection of their feces [16-18].

Studies on seal distribution in recent years have indicated that the Kendirli Haul-Out Site in the Middle
Caspian Sea, which was previously inhabited by seals, is no longer frequented by them [19-20]. However,
fecal samples were collected from this site for several years, and the analysis of these samples is presented in
the current study.

The goal of this study was to assess the diet of seals resting at the Kendirli Haul-Out Site. To achieve
this objective, the following tasks were undertaken: conducting a comparative analysis of the Caspian Seal's
diet seasonally and between different years, as well as reconstructing the size ranges of certain fish\species
consumed by seals, based on otoliths extracted from fecal samples.

Experimental

Fecal samples of seals (Fig. 1) were collected at the Kendirlihaulouts from 20150 2019. Fecal samples
were collected and processed using the following methodology [21].

Figure 2y Collection of fecal samples

To identify otoliths from,fecal samples, preparatory work was conducted, including the creation of a
collection, otolith descriptions, and the.development of a methodological guide for studying fish otoliths
with an accompanying atlas.f22]. In. this study, the identification of otoliths from Benthophilus genus and
Neogobius caspius, which were nat covered in the aforementioned guide for studying fish otoliths [23], was
performed using existing collection materials. Formulas for reconstructing the lengths of certain species were
calculated to determine the sizes of fish consumed by seals. The study employs zoological length measure-
ments of fish, ranging from the tip of the snout to the end of the tail fin, in millimeters. In this study, formu-
las and calculation ‘data are provided for two parameters: the length (OL) and width (OW) of otoliths from
fecal samples. Certain differences in calculated data were observed based on these two parameters. The for-
mulas for reeenstruction based on otolith length and width, respectively, are as follows:

forNeogobius melanostomus affinis, y = 0.145x + 28.829, y = 0.4589x + 34.116;

for'N. pallasi y = 0.0331x + 29.406, y = 0.1611x + 32.663;

for Alesa braschnikowi, y = —5.5295x + 107.5, y = —3.4433x + 182.79 [24-26].

A total of 70 fecal samples were collected and processed (Table 1). Apart from otoliths, the fecal sam-
ples from seals contained fish bones (vertebrae, jaws, pharyngeal teeth, and other bones), fish scales, frag-
mented parts of mollusk shells, and remnants of shrimp chitinous coverings. However, the specific identifi-
cation of animals based on these structures proved challenging. Additionally, there was a group of unidenti-
fied fish otoliths that were difficult or impossible to attribute to any specific species. These otoliths from fe-
cal samples had undergone deformation or damage during the seals' digestion process, resulting in the loss of
identifying features necessary for their classification.

In this study, the analysis of seal diet is conducted solely based on identified fish otoliths.
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Information on dates of collection at the Kendirli haulouts,
number of fecal samples and their primary treatment

Table 1

Date Number of fecal samples Otoliths recovered, pcs.
19.05.15 1 17
31.10.15 8 141
30.08.16 4 44
30.04.17 19 587
11.10.17 15 1307
10.04.19 6 566
15.04.19 2 41
26.04.19 15 530
Total 70 3233

Restoration of fish length from otoliths found in faeces was done using formulas®derived from a graph
of the ratio of fish length to otolith length and width to otolith length and width [24].

Results

The fish species identified from otoliths in fecal samples collected from the Kendirli Haul-Out Site in-
clude 11 types: Alosa (braschnikowi) braschnikowi (Borodin, 1904) —Caspian herring, Clupeonella caspia
Svetovidov, 1941 — Caspian sprat, Chelon auratus (Risso, 1810) — goelden*grey mullet, Atherina caspia
Eichwald, 1831 — Caspian atherina, Neogobius caspius (Eichwaldy1831) — Caspian goby, Neogobius
melanostomus affinis (Eichwald, 1831) — Caspian round goby, Neegobius pallasi (Berg, 1916) — Caspian
sand goby, Ponticola gorlap (lljin, 1949) — Caspian bighead goby, Ponticola syrmaneurystomus (Kessler,
1877) — Syrman goby, Proterorhinus nasalis (De Filippi, 1863) = tubenose goby, Hyrcanogobius bergi
Iljin, 1928 — Volga dwarf goby. Additionally, fish from the Cyprinidae family and species from the genus
Benthophilus Eichwald, 1831, are present in the diet. However, their specific identification is challenging at
this stage of the research.

For the comparative analysis of the seal diet across seasons, unidentified otoliths from gobies of the ge-
nus Benthophilus and fish from the Cyprinidae .family were provisionally counted as separate fish species (1
species for the Benthophilus genus and 1°species. for the Cyprinidae family).

During the spring period at the Kendirli Haul-Out Site, the diet of the Caspian Seal consists of 5 to 12
fish species. Caspian atherina predominates in the seal's diet, constituting 23.5 % to 58.9 % and averaging
51.2 % across all years of the study. Gebiidae, comprising 7 species, account for 31.9 % to 35.3 % and aver-
age 33.0 % of the seal's diet.over the entire study period. It is noteworthy that sprat dominated the diet only
in one sample from 2015, accounting for 1.2 % of the overall diet over the years of study. Mullet and carp
species were scarce, with herring being observed only once throughout the study years (Table 2).

Table 2
Diet Composition of the Caspian Seal in Spring (2015-2019)
19.05.2015 30.04.2017 10-26.04.19 2015-2019
Ne Species Nur_nber % Number % Nur_nber % Nur_nber %
of pieces of pieces of pieces of pieces
1 |Alosasbraschnikowi 0 0.0 0 0.0 1 0.1 1 0.1
2 |Clupeonella caspia 7 41.2 4 0.7 10 0.9 21 1.2
3 |Chelon auratus 0 0.0 17 2.9 2 0.2 19 1.1
4 |Atherina caspia 4 23.5 217 37.0 670 58.9 891 51.2
5 |Neogobius caspius 2 11.8 1 0.2 4 0.4 7 0.4
g |\\eogobius . 3 17.6 27 46 251 221 281 16.1
melanostomus affinis
7 |Neogobius pallasi 1 5.9 60 10.2 81 7.1 142 8.2
8 |Ponticola gorlap 0 0.0 32 5.5 6 0.5 38 2.2
g |Ponticola 0 0.0 31 5.3 34 3.0 65 3.7
syrmaneurystomus
10 |Proterorhinus nasalis 0 0.0 6 1.0 3 0.3 9 0.5
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Continuation of Table 2

11 |Benthophilus 0 0.0 30 5.1 3 0.3 33 1.9
12 |Cyprinidae 0 0.0 0 0.0 5 0.4 5 0.3
13 |Unidentified fish otoliths 0 0.0 162 27.6 67 5.9 229 13.1

Total 17 100 587 100 1137 100 1741 100

In the autumn diet, there is lower species diversity, typically ranging from 4 to 10 fish species. Among
these, 8 species belong to the Gobiidae family. Goby species consistently dominate the diet both in terms of
variety and otolith occurrences, constituting 54.6 % to 84.3 % annually and averaging 81.3 % across all
years. Mullet is also found in the diet annually, but it was significantly abundant only in 2015, accounting for
1.1 % to 2.3 % of the otoliths in the seal's diet in other years. Over the entire study period, its contribution to
the diet is estimated at 3.7 %. Caspian atherina plays a negligible role, making up only 0.5 % of the'diet (Ta-
ble 3).

Table 3
Diet Composition of the Caspian Seal in Autumn (2015-2017)
31.10.2015 . 30.08.2016 1. 11.10.47 r. 2015-2017 rr.
Ne Species Nur_nber % Nur_nber % Nur_nber % Number %
of pieces of pieces of pieces of pieces
1 |Chelon auratus 39 27.7 1 2.3 15 1.1 55 3.7
2 |Atherina caspia 0 0 0 0 8 0.6 8 0.5
3 |Neogobius caspius 0 0 0 0 12 0.9 12 0.8
4 |Neogobius melanostomus 23 | 163 0 0 174 | 133 132
affinis 197
5 |Neogobius pallasi 20 14.2 20 45:5 285 21.8 325 21.8
6 |Ponticola gorlap 0 0 0 0 153 11.7 153 10.3
7 |Ponticola syrmaneurystomus 24 17 10 22.7 144 11.0 178 11.9
8 |Proterorhinus nasalis 2 14 0 0 44 3.4 46 3.1
9 |Hyrcanogobius bergi 1 0.7 0 0 169 12.9 170 11.4
10 |Benthophilus 7 5 4 9.1 121 9.3 132 8.8
11 |Unidentified fish otoliths 25 0.18 9 20.5 182 13.9 216 14.5
Total 141 100 44 100 1307 100 1492 100

Comparison of the Caspian seal diet at the Kendirli haul-out site during the spring and autumn seasons
revealed significant differences basedion.the seasons. In autumn, the primary food source consists of bull-
head fishes. In spring, the seals.consume more sprat, with bullhead fishes being the second most common in
their diet. The spring diet s more diverse, including a small amount of carp, herring, and sprat, which are
absent in the autumn diet.

In general, therannual diet of the Caspian seal consists predominantly of fishes from the Gobiidae fami-
ly and atherina, with the occasional presence of mullet and sprat. Cyprinidae and herring are encountered in
rare instances (Fig. 2).

Thesreconstruction of fish lengths indicated significant variability in the average length of consumed
Caspian round goby, ranging from approximately 75.5 mm to 70.7 mm based on different estima-
tions'(Table 4), According to literature sources, round goby in the Caspian Sea can reach a length of
160 mm; however, its average length is about 60 mm, and sexual maturity is attained in the second year of
life at a body length of 40-90 mm [27]. Consequently, it can be inferred that the Caspian seal primarily con-
sumes sexually mature round goby.

The average length of consumed Caspian sand goby by the Caspian seal also shows significant varia-
tion, but averages at 74.6 mm or 71.7 mm (Table 5). Sexual maturity in sand goby is reached in the 2nd to
3rd year of life at a body length of 40-80 mm [27]. Consequently, it can be concluded that the Caspian seal
primarily consumes sexually mature sand gobies.
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Figure 2. Analysis of the Caspian seal diet during the spring and autumn periods
of 2015-2019 and overall for all years

Table 4
Reconstruction of Caspian round goby length:(in mm)
based on the length and width of otolithsfoundin fecal samples
Parameter Fish length based on OL Fishilength based on OW
Minimum 33.2 34.7
Maximum 158.6 128.8
Average 75.5 70.7
Quantity 235 235
Table 5

Reconstruction,of Caspian sand goby length (in mm)
based on the length and'width of otoliths found in fecal samples

Parameter Fish length based on OL Fish length based on OW
Minimum 38,3 39,2
Maximum 128,8 111,4

Average 74,6 71,7

Quantity 46 46

The reconstruction,of the length of Caspian herring based on the length and width of a single otolith
showed the consumed.,fish to be 259-262 mm long, respectively. In the Caspian Sea, spawning shoals of her-
ring consist of fish ranging from 170 to 420 mm, with an average length of 270-320 mm [27]. From this, it
candoe inferred,that the Caspian seal may consume sexually mature individuals of A. braschnikowi as part of
its diet.

In general, the reconstruction of fish length has shown that the Caspian seal's diet includes fish of vari-
ous species'with lengths ranging from 30 to 260 mm.

Discussion

The overall dietary analysis reveals a similar diet pattern for the Caspian seal, consistent with previous
studies: during autumn, Gobiidae species dominate their diet, while in spring, Caspian atherina are more
prevalent. Additionally, Caspian spratare also observed in their diet during spring. However, as previously
noted, the possible decrease in sprat biomass in the Caspian Sea might have influenced the Caspian seal's
diet, as sprat otoliths were found in limited quantities. It is essential to consider that during the spring period,
both atherina and sprat migrate along the coast of the Middle Caspian [28], where they become a part of the
Caspian seal's diet. The abundance of atherinais likely due to the fact that this species is minimally exploited
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by fishing activities [29], leading to a significant biomass in the sea [30]. This availability contributes to their
prevalence in the Caspian seal's diet.

The materials obtained regarding the reconstructed lengths of fish in the diet of seals also confirm the
data on the sizes of consumed fish from previous studies [4, 9].

Conclusion

The studies conducted on fish otoliths found in the feces of the Caspian seal have shown that the diet of
Caspian seals at the Kendirli haul-out site primarily consists of fishes from the Gobiidae family. Atherina
caspia plays a significant role in their diet, with a minor presence of Chelon auratus.

The inter-seasonal difference lies in the fact that in spring, Atherina caspia predominates in the diet of
seals, while in autumn, eight species of Gobiidae fishes dominate. Clupeonella caspia was onlysfound in
spring and, overall, constituted a very insignificant portion of the diet, slightly over 1 %. Even less signifi-
cant were Alosa braschnikowi and fishes from the Cyprinidae family, accounting for 0.1:%,and,0.3 % re-
spectively.

Significant attention is drawn to the considerable presence of unidentified otoliths, comprising approx-
imately 14 % annually. We anticipate that with the intensified comparative analysis and the expansion of the
collected materials, this percentage will decrease. This reduction is expected dueto'‘the’inclusion of otoliths
that have not completely lost their shape during the process of digestion.

In essence, the presented materials provide the first insights into the feeding habits of seals residing in
the Middle Caspian and indicate their minimal impact on commercial fish resources.

This study may prove valuable in the future for evaluating the seal$' habitat when devising conservation
strategies and restoring the Kendirli haul-out site.
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Kacnuit uréansikrapbinbii (Pusa caspica Gmelin, 1788)
Kenaipai xxararsiaaa (Opranybl Kacnuii) mofpIpaanFaH Ke3ieri KOpekTeHyi

Kacrwii, wrOameirbiabie  Kenmipigeri skararbl Opra Kacnwmiimeri skanfbi3  kaTak — OOJIFaHIBIKTAaH,
UTOANBIKTapABIH KOpeKTeHyl Typaibl ManiMerTep Kacmuii NTOaIbIKTapbIHBIH MOMYISIMACHIH 3€PTTEY KOHE
cakray),yuiiH ere MaHb3abl. JKymbicta Kennipmi sxatarsiHan 2015-2019 sxpuinap apajiblFbIHIA JKUHAIFaH
HoXic Herizinae Kacnmii UTOANBIFBIHBIH KOPEKTEHYiIHE Talaay Kyprizinmi. Kacnuii uTOambFBIHBIH «KBI3BLT
KITalTHIK» MopTeOeciHe OalIaHBICTHI KOPEKTEHYAI HKICTIK 3epTTEYIiH «Tipigei» Hem aTalaThlH dici
KONaHbUIAbl. Kacmuii MTOaNbIFBIHBIH MayChIM JKOHE KbLIT Me3Tili OOWBIHA KOPEKTeHYiHe CaIbICTHIPMABI
TaNgay KYpri3iiin, HTOANBIKTAap KETeH OaNBIKTApIblH Y3BIHABIKTAPHl HOKICTETI OTONUTTEPIi MaijanaHy
apkpUTel KanmbiHa KenTipinmi. Kacmumit  urbamsikrapbiaeiH,  KeHmipmigeri kaTakTapblHIAFbl KOPEKTIK
patmoHbiHAa GanbIkTeiH 11 Typi Gap ekeHairi aHbIKTajdpl, ojapaan Oacka, Cyprinidae TyKbIMIacChIHBIH
OalbIKTapel, COHOal-ak Typsepre nedin ansikTajaMaran Benthophilus TykpiMmacer Gap. Kacnuii
UTOANBIFBIHBIH KOPETi JKbUT Me3TilliHe OaiJIaHBICTBI 9P TYPJi OOJNATBIHIBIFEI AHBIKTAIIBL: KY3/e HTOAIBIKTHIH
Heri3ri KopekTeHy 0a3achl MYHTIp CHSKTHI OanbIK TyprepimeH, anm kektemze Atherina caspia-men ken
MeJiiep/e KOPeKTeHETiH; COHBIMEH Karap, KekTemjie Kysae kesmecreirin Cyprinidae, Clupeonella caspia
sxone Alosa braschnikowi tyxemmmac GanbikrapeiMen kopekrtenemi. Neogobius melanostomus  affinis,
Neogobius pallasi xone Alosa braschnikowi cusikrer GanbIKThIH 3 Typi GOWBIHIIA OGAJBIK Y3BIH/IBIFBIHBIH
JTNATNa30HbIH KAJIbIHA KENTipyae UTOabIK 0anbIKThl 30-1aH 260 MM-Te AeiiH TYTHIHATHIHBIH KOPCETTI.
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Kinm coe30ep: Kacniuii nT6GanbIrbl, OambIKTap, OTOJIUTTEpP, KOPEKTEHYAI Tanjxay, paunoH, KeHaipii skatarsl,
HOXIC, OaJIBIKTHIH Y3BIHABIFBIH KAJIbIHA KENTIPY.

A.A. Uckakos, A.Y. lllarmnbaes, M. T. balimykaHoB

IMuranue kacnuiickoro Toaenst (Pusa caspica Gmelin, 1788)
BO Bpem1 3ajieranns Ha Kenaupianackom jexxkoume (Cpenauii Kacnmin)

Kenaupnuackoe JexOUIe KaclHilCKOro TIOJNCHS SBISUIOCH eAWHCTBeHHBIM B Cpennem Kacmuu, mosToMy
HOJTyYeHHbIC JAQHHBIC [0 MUTAHUIO TIOJICHS SIBJISIOTCS BOKHBIMH IS U3YYCHHUS W COXPAHCHUS MOMYJISIIUN
KacIMICKOro TroNieHs. B manHO# paboTe ObUT MpOBEAEH aHAIM3 MUTAHUS KACIHUICKOro TIOJEHS 1Mo cOopam
¢exanuit na Kenaupanackom gexomuite ¢ 2015 mo 2019 rozpl. B cBsi3u ¢ «KpaCHOKHWKHBIMY» CTaTyCOM Kac-
NUICKOTO TIOJIEHS OBbUI MCIOJIb30BaH MPH)KU3HEHHBIH METO KOHNPOJIOTMYECKOro aHaIM3a NMUTaHus. I[Ipose-
JICH CPaBHUTEIbHBIN aHAJIN3 MMTAHHUS KaCITMHCKOTO TIOJCHS 110 Ce30HaM, T'0JjaM, BOCCTAaHOBJICHBI JUTUHBI PbIO,
HOeIaeMBbIX TIOJEHSIMH, IO OTOJIUTAM U3 (ekanuid. beuto ycTaHOBIIEHO, YTO palMoH MHUTAHUS KaCITHHCKOTO
TiosieHst Ha KenaupianHckoM nexoumie npencrasieH 11 BumaMu peio, KpoMe HUX B MUTAHUU NPHCYTCTBYIOT
poIObI cemeiicTBa Cyprinidae, a takxe pona Benthophilus, sennentudunupoBanssie 10 BHAOB. Y CTaHOBIIC-
HO, YTO PallMOH NMUTaHMs KaCIHHCKOTO TIOJICHS Pa3jInieH B 3aBHCUMOCTH OT CE30HA roJa: OCEHBI0 OCHOBHOM
KOPMOBOH 0a30i TIONEHs SBISIOTCS OBIYKOBBIC BUABI PHIO, @ BECHON B IMHUTaHUM OOJIBOIYIO YacTh BAHUMAET
Atherina caspia; moMiMO 3TOro, BECHO! B MUTaHUK BCTpeyaroTcs poiosl cemeiictea Cyprinidaé,“Clupeonella
caspia u Alosa braschnikowi, koTopsie oTcyTcTByIOT OCEHBIO. BoccTaHOBIICHIE AMANA30HOB JTHH PHIO 110 3
Bugam peo: Neogobius melanostomus affinis, Neogobius pallasi u Alosa braschnikowi exa3ano, uro B mumry
TIOJICHB MTOTpeOIIsieT poid oT 30 10 260 MM.

Knroueevie cnoea: KacluiiCKuil TIONCHB, PHIOBI, OTOJIUTHI, aHAIUS, IMTAHUS, PALHOH, KeHIUPINHCKOE JIeXK-
ourie, eKaany, BOCCTAHOBJICHHUE JJTHHBI PHIO.
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