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ABSTRACT

The popul ation of spotted seals in the Bering Sea appears to consi st
of three major groups, which concentrate at the time of giving birth and
mating in Karaginskii Qulf, the Navarin-Anadyr region, and in southeastern
Bering Sea fromthe Pribilof Islands to Bristol Bay, respectively. As part
of an investigation of the biological characteristics of the seals in each
group, their helnmnth faunas were conpared. Sanples consisted of 122 seal s
fromthe Karaginskii region, 130 from the Navarin-Anadyr region, and 57
fromthe Pribilof-Bristol Bay region. O 22 species of helninths isolated
fromthese seals, only 10werecommon to all three regional sanples, and nost
differed to a significant degree anong regions in both preval ence and intensity
of infection. The seals of the Karaginskii and Pribilof regions had fewer
species of helmnths in comon (11) than either had with the Anadyr group
(13), but were significantly nmore sinmilar in the preval ence of the respec-
tive helmnths. In nunbers of helninths per host, the Anadyr and Pribilof
seals were much more simlar than either was to the Karaginskii seals. The
di fferences between regional sanples appear to be attributable in part to the
sonewhat different assenbl ages of prey available and, perhaps in part, to re-

gional food preferences derived from learned, traditional, or inherited behaviors.



TENRMARTONIOTMYECKOE CPABHEHUE HOZNOOVIAAIMYE JAPTHM
FEPAHI'OBA MOPf]
C.l.lenAsype, M.B.Dpaxuo, B.H.lomos, IJ.M.Dynsy, ®.I'.0si

/Pesnue/

[lonynAuua napruB DepuHETOBOM MNbpe MNO-BUAMMOMY COCTOMT U3 Tpex
TT8BHHX Ipynn,KOTOpHE COCPeZOTOUMBANTCHA BO BpeMf DOXZESHMS M CHa-
puBaHUs B KaparwecxoM 3anuse,B HaBapuH~AHAZHPCKOM paiioHe, ¥ B
OTO0~BOCTOYHOR wacTu DepwHT0Ba MOPA OT [[pUOHNOBCEUX OCTDOBOB IO
EpucTonsCXOT0 387MUB3. B CBASW C HCCNEZOB3EMEM OHONOTHUYECKUX OCO-
0eHHOCTe# 3Tux THIeHell B KagZO# IDynne CPaBHKBANACH WX TEIEMAHTO-
fayra. [Ipo6H nNONydYeHH Or 122 7apr u3 KaparwHCKOTO 3871#3a,I30 u3
AHSZHPCKOTO 3anuBa, ¥ 5 7 ¥3 [puCHnoBo-BpmcTONBCKOTO paliona. Tonbko
| O u3 22 BXZAOB TeNBMUETOB ABIANTCA OOUWMMA ZNA BCEX TDPEX paftoHOB;
OZHAKO CTeNeHDb MATEHCHBHOCTH ¥ 3KCTEHCHBHOCTH MHBA3UWM 3HAUUTENBHO
n3MeHAeTCA B XamzioM ¥3 3TUX paliogoB. KaparuHCKad B IIpROHNOBCKAA
nonynAnEy mMenu II oOuux BHZAOB TEIEMUHTOB,HO KoEZaA U3 3THX IONY-
naapi vMena I3 BUZAOB TeARMUHTOB OoOmMMX C S8HAZHDCHOR rpynno#. AHa-
IHpCHRUE ¥ NpHOCHIOBCKNWE TWNEeHW HauOonee CXOIHHE N0 WHTEHCUBHOCTH
WHBa3UK. Pa3HNLA MERIYy pEeTHOHANBHHMM ODPOCSMYM OTUaCTH MOXET OHTE
O0CyCNOBNEHA NOKANBHHMN OCOGeHHOCTAMM nuTaumA,a C zpyroif CTODOHH -
PaUuOBOM ,0peZeNAEMHN NMPAOCPeTEeHHHM ,TDAZUINOEENM MK YHACHeI0BaH-

HHM I[IOBEIEeHWEM TolcHed.



| NTRODUCTI ON

Spotted or 1larga seals inhabit the seas bounding the northern part of
the Pacific Ocean, wherever pack ice is a dom nant physical feature in wnter
(Mohr 1965; Chapskii 1969; Shaughnessy and Fay 1977). During their breeding
season in early spring, the spotted seals of the Bering Sea are associ ated
with the southern part of the pack ice, within about 100 km of its edge.
Surveys of their distribution in April to early My, at the tine of parturi-
tion and mating, repeatedly have disclosed a consistent pattern of varying
abundance in different sectors of the ice (Tikhomirov and Kosygin 1966;
Gol'tsev et al. 1975°, 1978; Burns and Harbo 19774). The seals tend to
concentrate at that time principally in three regions: (1) in Karaginskii
@l f, (2) south of Cape Navarin to St. Matthew Island, and (3) in south-
eastern Bering Sea, from the Pribilof |slands to outer Bristol Bay (Braham
et al., this volune). Later in the spring, with nelting and recession of the
pack ice, the Karaginskii seals apparently disperse to Kamchatkan and Koryak
nearshore waters, the Navarin-st. Matthew seal s nove northward into Anadyr
@l f, while the others continue through Bering Strait, into the Chukchi Sea.
They summer principally in coastal and estuarine habitats.

Because the three concentrations appear to be sem-isolated during the
breedi ng season, they may warrant separate consideration in the fornula-
tion of management procedures. In order to assess the degree of their isola-
tion, series of specinens have been collected from each group in recent years,
for conparison of their craniological and helminthological characteristics.
The results of the helminthological investigations are presented in this

report.




MATERI ALS AND METHODS

Helminthological data from the Karaginskii Qulf breeding concentration
were obtained from 122 seals taken there between 6 and 28 May 1972 (exam ned
by vNp). In the Navarin-Anadyr concentration, data were obtained from 116
seal s taken in Anadyr Qulf between 8 April and 16 June 1967 (MvY), and from
14 taken there between 5 May and 11 July 1972 (vnp). Data for the Pribilof-
Bristol Bay concentration were obtained from 26 taken in the vicinity of
the Pribilof Islands between 17 and 28 April 1976 (Mvy), 15 in southern
Bristol Bay between 25 March and 25 April 1976 (1MS); 8 about 275 kmnorth
of the Pribilof Islands between 22 March and 26 April 1977 (LMS); and 8
about 450 km north of the Pribilofs between 26 May and 4 June 1977 (LMS).
The geographic position of each sanple is shown in Figure 1.

For each seal, the contents of the heart, lungs, gall bladder, stomach,
and both the large and the small intestines were exam ned thoroughly. Al
helminths from them were then washed in fresh- or sea-water and fixed in 10%
formalin. Later, in the laboratory, they were exanmined and identified by
conventional methods.

The resultant data were treated statistically, follow ng Beklenm shev
(1970) and Breev (1976), by student’s t-test for significance of difference

bet ween sanple neans:

X1 — X2
t =

52 52
V74 2
where x = sanple mean, assuning binonial distribution

S = standard deviation about the sanple nean.




Wien the value of t was greater than 2.0, the differences between regional
sanpl es were considered to be significant at the 0.95 level; when t > 3.03,

the difference was accepted as significant at the 0.999 |evel.

RESULTS

The qualitative and quantitative characteristics of the helminths from
spotted seals in the sanples fromthe three conpared concentrations are pre-
sented in Tables 1 to 3 and in Figures 2 and 3.

The results of conparison of the helminth faunas of the Karaginskii and
Anadyr popul ations already have been published (CGel’'tsev et al. 1978). There-
fore, we confine ourselves here principally to conparison of the helminths of
the southeastern Bering Sea seals with those fromthe Anadyr and Karagi nskii
regions. Larval forns of helminths were excluded from the conparison.

From Table 1, one can see that the species conposition of the helminths
in the seals fromeach of the three regions was simlar; nevertheless, only
10 of the 22 species were shared. These included several widely preval ent
parasites of marine mammal S (Delyamure et al. 1979): the trenatode Phoci-
trema fusiforme, the cestode Anophryocephalus sp.°, the acanthocephalans
Corynosoma semerme, C. strumosum, C. validum, and C. villoswn, and the nena-
todes Anasakis sinplex, Phocascaris cystophorae, Terranova sp.°, and Dipetal-
onema spirocaudd.

The qualitative simlarity of the helminth fauna of the seals from south-

eastern Bering Sea to those in the Karaginskii and Navarin-Anadyr regions |ay




almost exclusively within those 10 species. The only other resenblances
were (1) to the Karaginskii seals in the presence of the cestode Diplogono-
porus tetrapterus, and (2) to the Navarin-Anadyr seals in the presence of

t he trematode Orthosplanchnus arcticus, the cestode Diphyllobothrium Sp.,
and the nemat ode Contracaecum osculatum. The remaining species did not
occur in comon.

The seals from southeastern Bering Sea differed fromthe others in that
they al one had the trematode Microphallus orientalis, the acanthocephalan
Bolbosoma sp.°, the cestode Pyramicocephalus phocarum, and the nematode
Otostrongylus circumlitus. Only the Karaginskii seals had the trematode
Orthosplanchnus pygmeeus, and only they and the Navarin-Anadyr seal s had
t he acanthocephalan Corynosoma wegeneri and nemat odes identified as Ferra-
nova decipiens and Parafilaroides krascheninnikovi.

Quantitative conparison between regional sanples could be done only with
the speci es of helminths which they had in common. Those, of course, were
the ones which nost frequently and nost intensively infected these seals.
The data obtained indicate substantial differences in frequency of occurrence
of the helminths between sanples (Table 1).

The southeastern and southwestern {(Karaginskii) sanples differed signi-
ficantly to highly significantly in infection rate by four species (Procitrema
fusiforme, Anophryocephalus sp.°, Corynosoma semerme, and Anasakis sinplex);
the mean nunbers per host (Table 2) also differed significantly to highly
significantly for five species (4dnophryocephalus skrjabini®, Corynosoma semerme,
C. strumosum, Anasakis simplez, and Terranova azarasi®). Significant differ-
ences in infection rate were not indicated for the cestode Diplogonoporous

tetrapterus, the acanthocephalans Corynosoma setrumosum, C. validwn, and C.



villoswm, or for the nemmt odes Phocascaris cystophorae, Terranova SP+°, and
Dipetalonema spirocauda. Most of those (excepting C. strumosun and T. azarasi®)
also did not differ significantly in nunbers per host.

The helminth fauna of the sanple from southeastern Bering Sea also differ-
ed significantly to highly significantly from that of the Navarin-Anadyr sanple
in infection rate by nine species of helminths (Orthosplanchnus arcticus, Pho-
eitrema fusiforme, Anophryocephalus Sp.°, Corynosoma semerme, C. strumosum,
Contracaecum osculatum, Phocascaris cystophorae, Terranova sp.”, and Dipeta-
lonema spirocauda). For only P. ecystophorae, however, did the numbers per
host differ significantly.

Some differences between regional sanples also were apparent in the
species diversity of helminths in seals of different age classes (Table 3).

The clearest tendency toward increased diversity in relation to the age of
the hosts was evident in the seals from the southeastern Bering Sea. In the
Anadyr sanple, conversely, a tendency toward dimnution in nunber of species
was indicated in the ol dest age group of seals. The coefficient of variation
of species diversity also was |east overall (35.9% in the southeastern sam

ple arid |ower for each age group than in the other regional sanples.

DI SCUSSI ON
The great simlarity between the three sanples of seals in the conposi-
tion of their helminth faunas indicates a high degree of uniformty in the
diets of the spotted seals in all regions. The greater sinilarity in sone
respects between the helminths of the southeastern and Karaginskii seals than
between those of the southeastern and Navarin-Anadyr concentrations i s no-

table and may be attributable to the greater similarity of habitats occupied



by the seals in Karaginskii Gulf and the Pribilof-Bristol Bay regions, wth
consequent availability of simlar, subarctic prey. The waters of the
Navarin-Anadyr region, conversely, are appreciably deeper and col der than
those of the southeastern and southwestern shelves of the Bering Sea and
support a predom nantly arctic assenbl age of organi sns (Zenkevitch 1963).

Al though the availability to the seals of somewhat different assenbl ages
of prey in each of the three regions may account for sone of the difference
between their helminth faunas, other factors such as prey selection may be
of equal or greater inportance. That is, the spotted seals inhabiting each
region may exhibit learned, traditional, or inherited preferences for differ-
ent kinds or sizes of prey than those in the other regions, the result of
which could be infection by different kinds and nunbers of helminths. That
this is a plausible factor is suggested by the distinct differences in hel-
mnth faunas between the southeastern Bering Sea spotted seals and their sym-
patric relatives, the Pacific harbor seals (Phoca vitulina richardsi) of the
Pribilof |slands (Shults 1979°, 1982). The sane kinds of prey were available
to both species of seals at the sane tine (April) and some of those were eaten
by both species (Lowy and Frost 1981). Nevertheless, the harbor and spotted
seals were infected in common by only six species of helminths (4nophryo-
cephalus sp.>, Diplogonoporous tetrapterus, Corynosoma semerme, C. strumosum,
Contracaecum osculatwn, and Dipetalonema spirocauda). The infection rates by
each helminth al so were markedly different in the two species of seals. Fur-
thernore, the harbor seals lacked the other 12 species which were present in
the spotted seals and were infected by one (Corynosoma hadweni) whi ch was
absent from the spotted seals. The contrasting results indicate that these

two closely related species of seals, given access to the same food sources



have somewhat dissimlar dietary Preferences as a consequence of |earned,

traditional, or inherited behaviors. W suggest that the same may be true

of the spotted seals in the three breeding concentrations. Since each is

genetically differentiated to sone degree, as indicated by their craniological

variation (Fedoseev, this volune), a corollary nmay be behavioral differentiation.
In our opinion, the helminthological findings reported here lend some

support to the concept of three sem -discrete subpopulations of spotted seals

in the Bering Sea, as has been indicated by the distributional and cranio-

| ogi cal data.
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" TABLE :.-comperative percentage frequency of occurrence Of SPECi €S of helminths in spotted seals

taken in rarsginskii and anadyr cuifs and in the Ppribilof-Bristol Bay region Of Bering Sea.

| 2 3
Karaginskii Anadyr Pribilof
(n=122) (n=130) (n=57)

Species of helatath xS %8 xx8 ‘12 ‘13 f2-3
Orthospianchnus arcticus 8.5:2.43 1.8:1.73 2.25
Orthesp canchnus pygmaeus 0.8 :0.81
Phocitrema fusiforme 29.5 : 4,11 10.8 - 2.72 1.8+ 1.73 3.78 6.22 2.81
Microvhallus orientalis 1.8:173
Anophryocephalus sp.* 24.5 - 3.76 23.8 = 3.74 56.1 - 6.56 0,13  4.18  4.28
Diphyllobothrium SP. 2.3 :1.32 7.0: 338 1.29
Diplogomopcrus tetrapterus 1.7+1.15 8.8 :3.78 1.80
Pyramicocephalus phocarum 1.8« 1.73
Diphyllobothriidae (JEN. sp. 3.3 :1.61 1.8 + 1.73 0.05
Corynosoma semerme 45.8 + 4.51 54,6 + 4.3 88.1 + 4,992 1.40 6.30  5.07
Corynosoma strumosum 87.0 = 3.05 81.6 + 3.39 93.0 :3.38 119 132 2.39
Corynosoma validum 8.2 : 248 4.6 +1.18 3.5.2.44 1.31 1.35 0.40
Corynosoma villosum 2.5 : 1,40 3.0 £ 1.50 35+ 24,4 0.28 0.37 0.16
Corynosoma wegenerti 6.2 :224 8.5+ 2.43 0.58
Bolbosoma sp.} 5.3:2.96
Anisakis simplex 36.1 :4.35 2.3+ 1,32 7.0+ 3.38 7.44 529 1.31
Contracaecum osculatum 2.3 :1.32 31.6 :6.30 4,54
Phocascaris cystophorae s4.9 ¢+ 4.50 72.3 + 3.93 52.6 : 6.60 292 0.29 257
Terranova sp.' 65.3 : 4.31 33.1+4.12 50.9 : 6.61 540 1.82 2.29
Terranova decipiens? 1.6 + 1.15 4.6 + 184 1.37
anisakidse gan. Sp. 0.8 & 0.77
Otostrongylue circumlitus 1.8 +1.73
Parafilaroides krascheninnikovi 2.4 2 1,38 0.8 :0,77 1.04
Dipetalonema spirocauda 4.0 :+ 1.77 8,5+ 244 1.8 :1.73 147 0,92 3.41

Ispectes | N question; authors disagree on identifications.

28aged ON sample size Of 42 seals.
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mate 2.-COnparative abundance (nunber per host) of each species of nelstnrh in spotted seals taken

i N Karaginskii and nadyr Gulfs and in che Pribilof region of Bering Sea.

1 2 3
Raraginskii Anadyr Pribilof
(n=122) (n-130) (n=26)

Speci es Of helninth x:S xS xzS§ -2 '3 23
Orthosplanchnus areticus 1.5+ 097 03: O0.26 - - 1.25
Orthosplanchnus pygmaeus 0.0: 0.01
Phocitrema fusiforme pl P P ? 7 ?
Microphallus orientalis P
Anophryocephalus skrjabini? 10.2 - 3.47 P 1.7: 0.81 ? 2.3S ?
Diphyllobothrium SP. 0.0 + 0,05 P ?
Diplogonoporus tetrapterus 0.1:0.06 1.9+ 184 0.99
Pyramicocephalus phocarum 0.2+ (.15 -
Diphyllobothritdae JEN. SP. 0.1:0.10 0.1+« 0.08 0.08 -
Corynosoma semerme 2.7+ 0.48 4.4 32 85+ 143 271 3.8 165
Corynosoma strumosum 119.0 - 87.60  835.0 : 208.00 397.0 z103.00 3.18 2.04  1.89
Corynosoma va lidum 0.2 :0.08 0.1. 008 o1+ o008 110 0.8 0.28
Corynosoma villogum 0.1:0.06 0.0 002 0.2: 009 067 073 1.4
Corynosama wegenert 0.3:0.24 0.6+ 0.30 0.76
Bo Lbosoma nipponicum? P
Anisakis simplex 11.9 + 1.13 0.1+ 010 0.4+ 0.14 10.4 10 1.45
Contracaecum osculatum 0.1« 0.06 P ?
Phocascaris cystophorae 7.0 + 0.62 16.9 + 3.03 L7+ 1,32 318 047 279
Terranovd azarasi? 13.0: 2.31 4.3: 110 3.4+ 102 314 3.8 0.5
Terranova decipiens? 0.2 :0.19 0.6+ 0.53 0.71 - -
Anisakidse (JEN. sp. 0.0: 0.01
Otostrongylus circumlitus 03+ 031
Parafilaroides krascheninnikovi 0.1 :+ 0.10 0.0« 0.02 0.99
Dipetalonema spirocauda 0.8 +0.69 0.8 + (.63 P 0.05 ? ?

1ncludes o8y LhE april 1976 uvy) sample; conmparabl e data not availabl e from others.

25pectes in question; aUthors disagree on idencifications.

Ipresent but NOt count ed. 16




TABLE 3.-Conparative diversity of species of helminths in spotted seals of different ages, taken in Karaginskii

and Anadyr Qulfs and in the Pribilof region! of Bering Sea.

1 2 3
Karaginskii Anadyr Pribilof

Age of seals n X tS C.v. n X +8 C.v. n Xt S C.v. ‘-2 ‘1-3 '2-3

Newbor n 8 - 1 2

Year|ings 18 1.4 + 0.27 102.0 18 0.4 + 0.26 286.0 - 2.66 -

1 - 4 years 46 4.5+ 0.23 34,5 45 3.8 + 0.18 316 5 3.8:0.16 95 2.28 2.36  0.00
. 5 - 12 years 21 4.4 +0.38 23,2 44 4,3 + 0.20 314 12 4.4+().28 215 0,40 0.04 0.44
~

13 years and older 23 4.6 + 0.21 236 14 4.1+ 0.46 41.8 7 4.7+0.28 206  0.92 0.27 1.06

Age unknown 2 3.5+0.3 14.3 -

TOTAL 122 3.7 +0.18 521 130 3.3+ 0.17 590 26 4.0 +0.28 359 .71 0.90 2.19

'Includes only the April 1976 (Mvy) sanple; conparable data not available from others.

2c.v. = coefficient of variation about the sanple mean.
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LI ST OF FI GURES

FI GURE 1.-Locations in which sanmples of spotted seals were taken for
helminthological investigation in the Bering Sea. Dashed |ine marks -
approximate naximal extent of w nter pack ice.

FI GURE 2.-Percentage of seals infected (A) by Corynosoma semerme, and nean
numbers per host (B) in relation to age of spotted seals taken in the
Karaginskii (|), Anadyr (2), and Pribilof (3) regions of the Bering Sea.

FI GURE 3. -Percentage of seals infected (A) by Terranova azarasi, and nean

numbers per host (B) in relation to age of spotted seals taken in the

Karaginskii (|), Anadyr (2), and Pribilof (3) regions of the Bering Sea.
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