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Estimation of Diet of Male Northern Fur Seals (Callorhinus ursinus)
Based on Analysis of Fecal and Regurgitated Materials

Masashi KiyoTA™', Chihiro KAwAI® and Norihisa BABA"

Hard part remains of foods in feces (scats) and regurgitated pellets (vomits) were analyzed
to estimate species and size of prey consumed by male bachelor northern fur seals (Callorhinus
ursinus). Of the 107 scats and six vomits sampled at Polovina Cliffs hauling ground on St. Paul
Island, Alaska, in June-August 1996, 19 scats (17.8%) and six vomits (100%) contained
undigested hard parts. Otoliths of walleye pollock Theragra chalcogramma (n=47), Pacific
sandfish Trichodon trichodon (n=7), flatfish (n=1), beaks of gonatid squids (four upper beaks
and five lower beaks), and bones of walleye pollock, Pacific sandfish and other unidentified fish
were recovered from the scats. Vomits contained pollock otoliths (n=65) and bones of pollock
and salmonids. Percentage of occurrence of the major prey items in the 19 scats were 89.5%
for walleye pollock, 10.5% for Pacific sandfish, and 10.5% for gonatid squids. These results
coincided with the past knowledge that northern fur seals primarily prey on walleye pollock in
the Bering Sea with supplementary consumption of gonatid squids and small forage fish.

Vomits contained otoliths of adult walleye pollock (24-48 e¢m FL), contrary to scats which
contained otoliths of both juvenile and adult pollock (7-43 cm FL). Number of pollock otoliths
contained per one scat/vomit was larger in vomits (average 12.2) than in scats (average 3.1),
and estimated number and weight of pollock consumed per one scat/vomit were also greater in
vomits. No relation was found between scat weight and number of pollock otoliths contained.
The difference in size and species composition of food remains between scats and vomits was
supposed to result from size-selective accumulation of bulky hard parts in stomachs followed by
occasional regurgetation as vomits. For accurate estimation of fur seal diet based on fecal and
regurgitated materials, basic data should be collected on the excretion pattern of food particles
into scats and vomits in relation to prey species and size.

Key words: food habit, fecal analysis, regurgitated pellet, northern fur seal
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Fu b OMESEE O CHHEMEICHY M BT, JEH
BOFEEZFH L BEMEORESE BT oL Eb
L% . Antonelis (1996) (IRcERIEDOH % b & (IZAW % 5
FrLTwadhs, My 2EHRIIInETHESN
TWwizdroiz,
FITEHEDLE, HAREA Y b EHBRED—
BELT, 7TIAHIMEY FE—LVEOMYHE FREST
EREHEZRNL, GFhr8H0FCHEA, HEHE
DOFW % EOFKELEWR LB L . Hoh/i 'MW
o O 4 XEHEE L, BEOME & LB
L7z,

mHETE

Fr4y b OELEEWOFLEIL, 19965 6 H29
H~8 A9 HIZHHN—) ¥ 7Oty FE-NVE (57
IO'N, 170" 15'W) Polovina Cliffs)V 7 71 '] — O3 £ i -
FEH; (hauling ground) IZHBWTHEN L. 0 LY
EHGEGOEHRDORED LIZHhHEHT, #MIRY) 284
WiED RCER & SRR E D 12D IR HT 5. 7Y
YAy A RBASILVIIIBEVWESETH <
DREIL A5 T, RPN ERER LIS E=—
L ANTIRPUGAT LRI 2508k L7z, FRILL /3%
Wit (3 ) |5 D SEBR MR A B I > TR E R T 5l L 7:
fh, KEFERARAEZMZ TR, 3D AY >
H A AD 5Ly (20mm, 1.0mm, 0.5mm) (238 LK
L7z, 2052V MEBICHS, BOHFGRE, 44
HOWEWR A LOWAMA ZEr2y PTERL 2.

DHEAEELANCTT TRIEZEML, &Lkt
FECFH LA, AfOREE, Morow (1979),
Harvey er al. (1994) J UF):[ENational Marine Mammal
Laboratory® ') 7 7 L » AERZBEIZ L TiTo7:. 4
AFOFERIE EFHE TFISEN L TTHEEARZMEL,
Clarke (1986) K U'EESE - 1§ (1987) (Zft-> CTHi% A
E L. Tz, HO[FEATHE L LA 2 B v TR
MBI OMBUHE &k, BNRHEZHEE LA, 10K
FLEEE P ICEINAELGOHERDY b, HEHS
WHEENRHE L, EAARHOEAIZE O+ I
BEE L. BOAMBLIGEIZE, HEREEEY 1L
Rz L.

oA ALEARELHEETHE, GHEE L 72
(Table 1). A% b7 %7 Theragra chalcogramma |3
Frost and Lowry (1981) OEFE-BRENR, =Ny
IN¥ Trichodon trichodonldHarvey et al. (1994) D HE
E-RBIAERENX, 1 7HidClake (1986) O THENER
RTHAVE AFbo9¥FTS, TIUNINZICOVTIER
AENL, A WFEEITHEILEELZ KD,

B R

Fy4y b0 & IEH- el = FRE L
72, 10MEOED ) bRHLHEMER 25T b D2 198
(17.8%) THH, FPoEWEHRER SHFRILEL2 -
7z, 6 fEONEr I3 & TEYIEMEE  FA TV,

FLEHY >RSI HER, &, SRV TH
HamE L/ (Table 2). bR AF Y ¥50EL

Table 1. Equations used to estimate prey size from fish otolith lengths and lower rostral

lengths of squid beaks.

species equation

source

Theragra chalcogramma
(walleye pollock)

Trichodon trichodon
(Pacific sandfish)

Berryteuthis magister
(schoolmaster gonate squid)

Gonatus onyx

(clawed armhook squid) BW = 1.090 LRL"

FL = 3.175 OL—9.770 (OL>10mm)
FL =2.246 OL—0.510 (OL < 10mm)
BW =0.0077 FL***

FL = 60.6 OL—45.7
BW =0.0170 FL*"*

ML = 4.399 LRL—0.541
BW = 5.043 LRL™*

ML = 1.902 LRL—1.282
2,130

Frost and Lowry (1981)

Harvey er al . (1994)

Clarke (1986)

Clarke (1986)

FL = fork length (ecm), OL = otolith length (mm), BW = body weight (g),
ML = mantle length (cm), LRL = lower rostral length (mm).
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4B, TININSOFATH, #LVABOEH 1,
N A 1 71 Berryteuthis magister (7272 L FSAIEREOHP.L
72 % 3 4 71 Gonatopsis borealis® W HETES H V) O FF
118, 7% F A 71 Gonatus onyx F5H 3, ¥ 78+
1 %1 Gonatus madokai 5 1, NMOFixRETE LW
LS EAEILE N, SEO LR, TAFA ALY
X T HFAHOTHPEEET R TVIzE—DFD 5 [T
ENZHDT, TRETAFAHEO L EBHLNS,
B 51k, A0 b9 ¥ 7 OEHeSMEATEILS 7.
AT b Y TOENFIVEOIK L 5 HOWEHA 5
IINEINYOFN L EOENS, HrfEEOFH 2
HoOER SR S, BIEEHES (vertebra) AF
Zuws, TRLUSMZFETIEEE (dentary), HIEE (qua-
8T (postcleithrum) , FI#E T4 (para-
sphenoid) #%, W& TIZTEEZED (subopercle), Hif,
REHE L EhRD L

TR E A, S, Fi2dEowT, HESH0Mm
BUBIRE L e R B 2 R 72 (Table 3). A7 b ¥
Z XY EEATWARDRS%ITHBIL,
ERREE S £E077.1% 37R) hdH . FhIHE
CDIFZININY ETHFAL AT, HBEEILLSL

drate) ,

56105%, HEEENBHIIE4 4R (83%) L5
(104%) T orz. 72221, 1AOEIZZ I NINS
DEA4MEBRUETH¥A HEOHHROM (5 bTH
S5) AEEFhTWi@sH o7z FLEY D ORFEL
MERLE, A0 by Hhnasl (74%) EEEN
2oz, TIONSAYEFAXFAHE, A5y
TY7LT7HFAHE, ArboyskhL A8, 27k
7Y EMAREL W) HMEEOHMEELE 4 1HHo
7o FREHWTRAY b S4B (67%) Ol
W2, B EHBMETC AT by 7 LY rEolAaghd
A% 1 PIRERR & e (Fig. 1). 20k ICHBIsEE»
LRTHENRHEA LR TS, ¥4y P MglED
BEFLE LTIEAY by ¥ Fh58l L T/,

KA, KAEA e CRTATREZ B A - SR o el 2 2k
DWW 4 X2 L7z (Table 4). HEEH 1 XU,
AT b TP T68~434 cm FL (F34920.5 cm),
WEt4) o C24.2~48.0 cm FL (F339.2 mm), VN
NG HFEPTTI8~11.1 ecm FL (FIH98 cm), FAA
AP TI49 ecm ML, 74 XA A0 WP C34~39
em ML (GE¥36 em) Th-o7. A& b ¥ 33K
DA EEPFIH S TWD, FRUSH NI f

Table 2. List of pray species identified from hard parts remained in northern fur seal scats and
vomits with their occurrence and number.

prey species occurrence number
Scat
Theragra chalcogramma otolith 5 47
(walleye pollock) bone 10 +
Trichodon trichodon otolith 2 7
(Pacific sandfish) bone 1 +
flatfish otolith 1 1
bone 0 -
unidentified fish otolith 0
bone 1
Berryteuthis magister lower beak 1 1
(schoolmaster gonate squid)
Gonatus onyx lower beak 1 3
(clawed armhook squid)
Gonatus madokai lower beak 1 1
(madokai gonate squid)
unidentified squid upper beak 1 5
Vomit
Theragra chalcogramma otolith 5 65
(walleye pollock) bone 5 ¥
salmonid otolith 0 9
bone 2 +
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Table 3. Frequency of occurrence of prey species in northern fur seal scat and vomit
samples and estimated number of prey eaten.

scat

vomil

pery species frequency

prey number

frequency prey number

17 (89.5%)
2 (10.5%)
1 (5.3%)
0 (0.0%)
1 (5.3%)

gonatid squid 2 (10.5%)

walleye pollock
Pacific sandfish
flatfish
salmonid

unidentified fish

37 (77.1%)
4 (8.3%)
1 (2.1%)
0 (0.0%)
1 (2.1%)
5 (10.4%)

5 (83.3%)
0 (0.0%)
0 (0.0%)
2 (33.3%)
0 (0.0%) 0 (0.0%)
0 (0.0%) 0 (0.0%)

35 (94.6%)
0 (0.0%)
0 (0.0%)
2 (5.4%)

Total 19° 48

6 37

*Total number of scats and vomits containing food remains

- A HETH-o7.

A by FIZELT, BaA 6800 LA REANE
#E L g T L (Fig. 2). #mHEA L DHEEL
A ¥y IOH A4 XE, 5~15 emE30~45 emil2
ODE—FHFHY, 0~KAONEE 3K EOMEE
WL EARLTWS, —HIEHYTlE, 20 ecmk
MDA b ¥ HAIZESLNT, 30 embl LORA
PSR LS E2ERLTWD,

EiEY i, HAOKE (LA SHENzbDT, £
MOMHE A 5AT W, AT by ¥ 50 EG
M- WSS ) OB IR T A L, L
L OFHEH1~16 (F93.1) THAHOZH L, B
1 fEY 0 Hafkiie~25 (F¥122) T, EHHHO

HAaMhrHEIZZh o7 (p<0.05, Mann-Whitney U-test).

e RS L e A R E O S R 723 - IEHE
WlEHYOARr by ¥ T OB EEE, ¥ETI0~15
90 ¢ (*FH272 g), MEMA4HT929~-5919 ¢ (*F12932 g)
Lifsg s, CHLEHBOFHRKENT
ROMERLEHT LA

(p<0.05,
Mann-Whitney U-test). —Jj,
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Fig. 1. Histograms showing the occurrence of

combinations of prey items in scats and
vomits.

rohy ¥k, HEERIURE, HEEENEERE L O
WL EREREO e - 7 (Fig. 3).
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Fig. 2. Size composition of walleye pollock estimated
from lengths of otoliths collected from fur seal
scats (top) and vomits (bottom).
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Table 4. Lengths of otoliths and squid beaks collected from northern fur seal scat and vomit samples and estimation of prey size.

otolith/beak length (mm) body length (cm) body weight (g)
prey species source number range (average) range  (average) range {average)
Fish
Theragra chalcogramma scat 31 3.25-16.75 (8.65) 6.8-43.4 (20,5)'| 2.0-441.9  (109.4)
(walleye pollock) vomit 28 10.70-18.20 (15.43) 24.4-480 (39.2)" 80.9-592.0 (349.1)
Trichodon trichodon scat 7 2.04-2.58 (2.36) 7.9-11.1 7.3-20.6 (14.7)
(Pacific sandfish)
quid
Berryteuthis magister scat 1 3.45 14.6" 127
(schoolmaster gonate squid)

Gonatus onyx scat 3 1.18-1.65 (1.20) 34-39 (3.6)" 1.3-2.3 (1.7)
(clawed armhook squid)

"fork length, “mantel length.

ZEE

HELWECBILIEABTITICEL-T, ¥4+ bt
I EOBFOHEBICBEICFETAMEEVHAL L
WT 5 “opportunistic feeder” THLHEF LN TW
% (Kajimura, 1985). A#¥ bW ¥ Fid~—1) ¥ 7l
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Fig. 3. Relation of scat weight to number of walleye
pollock otoliths contained and estimated number
of pollock eaten (top) and to estimated weight of
pollock eaten (bottom). Only scats containing
pollock otoliths are shown.

WEE36%, MBLBREN%E LY, Zofixs /oy s
Pleurogrammus monopterygius 2\ WA FEZ AT
Leuroglossus schmidti7s & 3F|I ] 241 Tvi72 (Sinclair e
al. 1994). F7:, LY PE-NEOFF 4 v b AU
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Yo HETIE42%, WEHY TIX100% % & O T,
Sinclair et al. (1994) (2 X4LiE, 1981, 82, 854EIZF ¥
v bEANERLZAT P Y509 520 cmAii O i
BEOLEEEE490%, 2%, 3%THH, HOKEM
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ML Twie, #EROME & ARBICBIT S A XD
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AMRELL 72107 0D > bR EwE 25t b
DI2178%TdH V), Antonelis (1996) »3HH L 7= o 3
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LTV % (Da Silva and Neilson, 1985; Jobling, 1987;
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