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ABSTRACT. Stomachs of 171 vcrtebrates (two species of fish, eightof birds;urd trvo of seals) frorn Hornsund, Svllberci.
rvcrccoilectedbctweenTSeptembcrand5Octoberl984. ArcticcodBoreogadussaidaandtheamphipod Parorhenti-sto
libellula rvere the main prey species of black guillemots Cepphus grylle, little auks A/ie ci /e, pufl'ins Fratercula urctica,
Brunnich's guillemots Uria lomvia, kittiwakes Rissa tridactylc and ringcd seals Phoca hispida. Fulmars Fulnutrw
glocialis preyed mainly on the squid Gonatusfabricii utd the polychactc l,,lereis irrorrzra. Eiders Sornateria nnllissirna
preyed mainly on bivalves and on the amphipod Gammarellus homari. G. homari utdGammartu oceanicus were lhe
mostimportantpreyspeciesofstriped snailfish|rpcrisliparis,whileshorthornsculpinMyoxocephalusscorpiusmainly
preyed qpon G. homari and Anonyx sarsi. Glaucous gulls Larus hyperboreus took many different prey including birds
and tundra plants. Only one bearded seal Erignathus barbqtus stomach with content. was available for this stuilv.
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Introduction
In this study we investigated stomach contcnts of marine
vcrtcbrates in a Svalbard fiord. Hornsund was chosen
bccause it is thc site of the Polish polar station (Figure l)
whcre studies of thc marinc invertebrate fauna had prcvi-
ously been madc'(Skoworon 19'77, Weslawski 1983,
Weslawski and Kwasniewski 1983, Moskal and
Zajaczkowski 1984). In addirion to the stomach contents
analyses, conncctions bet.ween predators and prey were
described. Hornsund is of sprcial interest also because of
its particularly complicated and variable hydrological
conditions, with occurrence of Atlantic waters, arctic
waters and transformed coastal waters of different oricin
(Wcslawski and Kwasniewski 1983).

Material and methods

Stomach samplcs from 20 fish, 144 birds and seven
mammals wcrc collectcd betwecn 7 September and 5

Octobcr 1984. Fish wcrc caught using ncts wittr 50-200
mm mcsh sct at 1-100 m dcpths. Eel-uaps with and
wi thout bai t werc also used. B irds wcrc usually shot while
lhcy wcrc foraging. Collections werc spread ovcr the
entire study pcriod to gct a rcprescnl.ativc picture of
autumn diet. Scals were collectcd bv shootins. Thc

stomach contents (in birds, including ocsophagus contcnt)
were washed onto a sicve of mesh sizc 0.5 mm, wcighed
to the nearest 0.5 g and preserved in 40% erhanol. S nm p L-s

were sorted to lhe lowest possiblc taxonomic lcvcl using
available keys and refcrence material. Otoliths rvcrc
measured to the ncarcst 0.1 mm. Trvo otoliths from thc
same species found in onc samplc and differing by lcss
than 0.2 mm in lcngth were considcrcd to be from thc sarnc
fish. In samplcs whcre arctic cod Boreogadu.r srzirln rvas a

dominant prey spccics, standard lcngth of thc cocl rvls
calculated from otolith length using the regression: fish
length = 2.198x + 1.588, whcrc x = orolith lcngth (Frosr
and Lowry 1981). Prcdators werc divided into a dissimi-
larity matrix according to thc frequency of differcnt pre y
species identified, using the Bray-Curtis dissinriliuity
index (Bray and Curtis 1957):
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whcre x,j and xj arc thc frequencies oi the jth prcy spccics
of predator 1 and 2, and d,, , is the difference bctrvccn thc
predators. Thc program for this clustcr analysis was
CLUSTAN (Wishart 1978) and rcsulrs arc prcscnrcd as a

dendrogram using 'group avcrage sorting' (Lance and
Williams 1967).

Results

Fish

Only 20 spccintcns of two spccics ol'iish wcrc clrughl:
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Fig. 1. Location map.

slrortiorn sculpin Myoxacephalus scorpius and striped
snailfish Liparis liparis. Of 17 shorthorn sculpins, 14

contained idcntifiable food (mean wet wcight 3. I g, sd +
:1. 2.). Amphi pods G ammar e ll us ho mar i and A no ny x s ar s i
u'crc thcir most important prey ffable I). Fifteen of the
sculpins wcre fcmales with roe. Three striped snailfish
contained iclcntifiable food (mean weight0.67 g, sd t 0.3).
Aniplripods G. homari and G. oceanicus, together with
polvchaclcs, secmed to be their dominant prcy.

llirds

Eiuht spccics of seabird wcrc sampled; cfforts werc made

to obtain 20 specimens of each. Results are summarized
in Tablc ?. Stoncs wcre found in41 of the stomachs from
re lrr('scnlut vcs of all spccics.

Fulnrars Fulnwrus glacialis. Seventecn of the 20
liilnrars contained idcntifiablc food (mcan wcight 1.3 g,

sd + 1.7). N{ostfulmarstomachs conLaincd only indigcst-
iblc rcmains of prey, mainly bcaks from squid Gonatus

.fubricii dnd jaws from polychactsNereisitorata. In thrce
stonachs (157o) picces of plastic werc found.

Eiders Somatera mollissima. Seventeen of 20 eiders
containcd idcntifiable food (mcan wet weight 19.2 g, sd

t 9.3). Anphipods G. homari and fragments of bivalves
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wcrc lhe most common pre]'. Br1'ozoans wcrc found in

somc samplcs u hich also conlerncd algrc.

Glaucous gulls Larus )n'perboreus. Fourtccn of 18

glaucous gulls contained identifiable food (ilcan n'c[
wcight 12.9 g, sd t 17.2). These have a varicd mcnu
including algae and tundra plants. Remains of othqr binls
were found in haif of the stomachs invcstigated. Onc
giaucous gull regurgiuted a complete fulmar heaii rvhcn it.

was shot. Glaucous gulis u'ere also frequcnill' obscrvcd

scavcnging on scal carcesses.

Kitri*'akes Rissa tridactyla. Seventeen of 20 kitti-
wakes containedidcntifiable food (mean wetweight2.4 t,
sd t 2.6). Arctic cod and Parathemisto libellula lverc thc

two dominantprey species, closely foliowedb,v N. irrorato
and ptcropods. Pieces of piastic were found in one

kiuJwake stomach (57o). Kittiwakes ate arctic cod of
lcngth 6.60 cm + 4.8.

Black guillemos Cepphus grylle. Al1 20 black
guilicmots collcctcd contained idcntifiablc food (mcan

wct weight 5.9 g, sd t 4.0). Their diet rvls vlricd,
consist-ing of both benthic and planktonic pre1, spccics.
Arctic cod and P. Iibellula *,ere Lhe most common food
items. Mysis oculata was also a significantprcy. Black
guillemots took arctic cod of mean standard (fork) length
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Table 1. Stomach content analyses of fish. nd = not determined to genus or species.
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14.3 7.1 7.1 21.4 7.1 71.4 35.7 78.6 28.6 14.3

r231534
4.3 9.5 14.3 4.8 23.8 14.3 19.0
i1113 12

33.3 33.3 33.3 33.3 100 33.3 66.7

MyxoceDhalus scotPlus (N = '7)
Tolal no. of nsms

-7.1requsncy
No. w{th tilon presgn
70 0€urrsnce

Lpails liparis 1N = 3)

iotal no. oi nems
7o lroqusncy
No. with taon present
7. O€UrrenCe

.1.70 cm +;1.9.

- 4.4 1 .3 1.3 0,6
17221

7. 1 50.0 14.3 I4.3 7.l

-2
- 9.5-2
- 66.7

Brunnich's guillcmots U ria lonlia. Ninetecn oitic 21

Brunnich's guiilcmot spccimcns caught had idcntifiable
food (mcan rvetrvcight 3.3 g,sd + 3.7)- Arctic codwas the
most common prc)', followed by P. libellula and coalfish
Polachius virens. Plastic items wcre found in five stom-
achs (21Vo). Brunnich's guillemots took arctic cod of
mean standard (fork) length 4.77 cm + 4.1.

Puffins Fratercula arcica. Thirteen of 14 puffins
contained identifiablc food (mean wet weight 1.2 g, sd +

0.9). Arctic cod was found in all 13 stomachs. P.libellula
and Calent$ sp. we rc tie only invcrtebrates occurring in
m ore than onc stomrc h, One b ird had five herrings C I upe a

harengus in its bill rnd one in its stomach. Puffins fcd on
arctic cod of mcan standard (fork) lcngth u1.60 cm + 4.0.

Littlc auks Alle alle. Elevcn little auks contained
idcntifiable food (mean wet wcight 1.2 g, sd t 0.9). Arctic
cod and P. libellula \\,crc lhe most important prey spcc ics,

but such bcnthic fish as suipcd snaillish arc also common
prcy. Plmtic dcbris was lound in five stomachs (45o/o).

LitLlc auks wcre not prcscnt in Hornsund when field work
bcgan. They appcarcd suddcnly in the fjord on 29 and 30
Scptcmbcr, whcn all l1 were collccted. Little auks took
arctic cod of mcan.sbndard (fork) length 3.37cm + 2.0.

j\Iammals

Ringe d seals Phoca hispida. Five collected had idcntifi
ablcfood (mean wet weight 117.8g, sdt60.0). Arctic cod
was fte most common prey, followed by P.libellula md
M. Ioculata (Tablc 3). Ringed scals took arctic cod of
mean standard (fork) length 5.57 cm + 4.7.

Bcardcd scals Drignathus barbqtus. Of two spccimcns
takcn, one containcd only nematodcs and cestodes. The
othcr had a stomach content of wet weight 585 g contr.in-
ing the following spccics: G. homari, Sclerocragnon
boreas, S. ferox, llyas sp. urd Agurus sp. Drcapods
composcd 208 g of thc wct weight; this stomach cont"aincd

also 251 opcrculi from Bucci4um sp. and cight otoliths
from coalfish.

Links betrveen predators and prey

A simplificd food web was drawn, bascd on thc most
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significant prcy spccics of cach prcciat.or, excluding
bcardcd scals for which data rvcre insufficient (Figurc 2).
Two basic food chains, pclagic and bcnrhic, rvcrc idcnri-
fied. In the former, a-rcdc cod anrl P. libelltilc rvcre kc1,

organisms; in the bcnthic chdn, bcnthic fish and eider
wcrs the main prcdators, taking mainly arnphipocis and
bivalve molluscs.

Cluster analysis showcd thc dcgree to rvhich prcdal.ors

compcted for prcy. All cight bird spccies and ringed seals

werc malched against 38 of the most common prc)'
specics. Little auks, Brunnich's guillcmos, ringecl smls,
black guillemots, puffins and kittiwakes fed from a rcll-
tively similar food base (Figure 3), tlle first three having
very similar dics. Fulmars, eidcrs anci glaucous gulls
diflcred from thesc six prcdators and lrom cach othcr in
choice of food.

D isc uss ion

Limitations of this study are appiircnr. Sarnpling sprcad
throughout one month covcrs a wide rangc of fccding
opportunities, but in thcse circumstances samples of cvcn
20 of each species are inadequate for thorough staristicll
evaluation of the importance of rhe different prcy spcc ics,

or of possible age and sex differenccs in the dics. Though
total wct wcight of stomach contents from thc dillercnt
predators was registered, fractions of the contents wcrc
countcd but not wcighcd; thus numbcrs of specirncns in
the tables indicate frcquency but not biornass.
Bradstreet's (1980) miLigation of this problcm, using
length-frequencics of each prcy taxon and convcrting
thesc to estimates of relative dry weight, might havc
improvcd thc dara. Hard, indigestible or slowly digestiblc
parts of prey, like otoliths, squid beaks and polychaere
jaws, pass only slowly through thc digcstive tract and
accumulatc in stomachs with timc (Nazarenko 1967).
Swanson and Bartonck (1970), working on bird dics,
suggcstcd minimizing such bias by collecring acrivcly
fccding birds, rcmoving food itcms immediatcly aftcr
dcath and analyzing only itcms found in the ocsophagus
and provcntriculus. Howcver, this sampling adds substan-
tially to our knowlcdgc o[ predator-prcy rclations in thc
Svalbard marinc arca.
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Table 2. Continued.

Fulmrus glacialb lN = 2A)
l-olal no. of ilems
% irequefry
No. in which presenl
70 0€urrence

Somateia flblisima (N = 201
Totai no. oi t'tems
./"irequency

No. in which gresenl
?a o€ufrence

Larus hypeborcus i,N = 1B)
iolal no. of ftens
A" ltequercf
\o. in whicn present

"/. C€UrrenCe

86sa irdaci)'ia (N = 201
-io1ai no. ci (ers
7. lfequefcy
No. in wf ;l. p.esenl
?. c€rfrsnce

CeDohus gryile iN = 20)
iolal no. of rlems
Y" itequencl
No. ln which present
7o O€Urr€nCe

Uia bmvia (N = 21)
Total no. ol ilems
o/. frequeno/
No. in which presenl
:'o c€f,rfence

Fraietcrla atci;ca (N = 14)
Toial ao. of !1ems

'6':eq!efcy
No. n wh ch present
-e" o€rrrence

Aile alle (N = 11)
Iolal no. of ilems
% lrequenry
No. rn whtch present
?: o€!rrence

Phoca hbptda (N = 5)
Total no. ol items
7" lrequency
No. wilh taon present
70 o€urrence
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22222
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-236-9-11
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. 4.5 0.8 77.4

53.8 7 .7 - 7.7 100

3 5.1
3.4 - 58.0
39

27.3 81.8
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3.0

1
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Little information has previously been available on the the capture of which pelagic trawls or similar cquiprnent
fecding habis of shorthom sculpins and striped snaiitish are needed) *"r. 

"rp.iioliy 
important prey specrcs, takcn

from Svalbard. This study shows that the most important by all higher vertebrares excepibearded seals. Calculatcd
prey o[ these benthic fish were common benthic am- fork lengths, based on Falk_peterscn and others (1936),
phipods. Neither fish seems to be important prey for indicate that most prey of this species wcre from agc
higher vertebrates, though remains of striped snailfish groups 0 to 2. This protably refleirs the age disrriburion
werefound inthestomachsof sixof theeightbirdspecies available for predators in the study area, since Falk_
studied, and also in ringed sea-ls. Remains of shorthom petersen and oihers (ibid.) found a size-depth segregation
sculpin were found only in black guillemots. inSvalbardwatcrs,withsmallerarcticcoddominaniinthc

Fish species prcyed upon by seels and birds, but not upper layers (15-80 m depLh). BradstrccL and oricrs
examined by us as predators during this study, include (1986) by cont-rast suggested that arctic cod in Canadian
arctrc cod, coalfish, arctic char .Salvelinus alpinus, arctic waters were not depth-segregated by size, at least
Lttmpenus lamoraetiformis andherrings. Arctic cod (for within the diving ranges of the marine mammals srudied.

Table 3. Stomach content analyses of seals. nd = not determined to genus or species.
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Fig.2. FoodwebinHornsund,autumnl9S4, basedonstomachcontentanalysisof predators; onlythemost
impofiant prey species are included.
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Fulmar slomachs from Homsund yiclded rcsults simi-
Iru to ttrosc from prcvious Svalbard studies (DeKorte
1912a,lr{ehlum and Gjerz 198a). Hartley and Fisher
(1936), who sampled only until 12 Septcmber, found
many of the species recorded in rhis study, but llryssa-
nocssainermis totally dominated the content.of the fulmar
stomachs thcy investigated. G. fabricii and N. irrorata
occurred oftcn in stomachs of fulmars and other Hornsund
birds during our study, but did not appear in plankton ncts
or ot-her sampling deviccs at the time or bcfore (Skou,ron
i977, Wcslawski and Kwasniciiski 1983, Kwasniewski
1 e8s).

As recordcd by' Hartley and Fishcr (1936), eiders wcre
liluncl to cat mainly bcnthic crustaceans and molluscs. In
!ontrast, L6vcnskiold (1964) founcl that moulting drakcs
in thc arca south of Hornsund *'crc fccding lar-tcly' on
holothurians.

Thc rolcs of glaucous gulls as scavcngcrs and avian

l)rcdators arc *,cll cstablishcd. FrlgmcnLs of land plant-s

u'crc found in this spccics also by DcKortc (1972b). Our
l'inclings on kittiwakcs agrccd u,ith thosc of l\'lchlum and

C.icrtz (1984) who rccordcd that kittiu'akcs mainly aLc

arctic cod and P. libellula. Earlicr, Flartlcy and Fishcr
( 1936) found i'. inermis and P. lil,tllula Lo bc thcir com-
rnonest prcy. Thc biology of thc polychacL N. irrorota,
Ibund in fulmar and kittiwake stomachs in this prcscnt
study, is nol. well known, but sincc this spccics is oftcn

d:q i
\D
4

lJ{Jqr P-A{:;4\:;-;id

found in stomachs of surface fccding birds, prt rt Icast oI
its life cycle must be pelagic.

Black guillemots in this study prcycd on thc grcrtcst
nuinbcrof diffcrent spccies, with P. libelluhanclarctic cod
dominant. Hartley and Fisher (1936) iound thcm prcf ing
most commonly on T. inermis and P. Iibcllulct, r+'hile

Mehlum and Gjertz (1984) found arctic cod an<l Gam-
marus wilkit:ftii predominant in their dict. DcKortc
(1972c) found ftatt*,o black guiilemotstomachs out oi 19

contained only Gammaridae. In Brunnich's guillcmots
our study showed arctic cod and P. libellula as thc donri-
nant prc)'specics; Hartlcl'and Fisher (1936) rccordccl 7-.

incrmis as thcir main prei'. All puffin stomach contcnl
includcd arctic cod; P. libellula and, Calanus sp. ri'crc thc

sccond nost significant prc)'. Hartlcy'and Fishcr (193(r)

found tlrat puffins prcl'cd on T . inc r mi s and lish, incl ud ing

arctic cod.

Littlc auks too fcd prcdominantl)' on P. libcllula anrl
arctic c()d. L. liparis, a tlpical bcnthic fish, occurrcd in
-15.5?i. olthcir stonracrhs. Fish havc not pr$'iousll'bccn
rccordcd as prcy of littlc auks in thc Svalblrd arca
(LOvcnskiold 1964, DcKortc 1972b, Nordcrhaug 1!)80,

Mchlum and Cjcru- 1984), though Nortlcrlutug (191i0)

found a singlc fish lana. This spccics is kno\\'n to cat
arctic cod clscwhcrc in thc Arctic (Brrrdstrcct 191i2).

Though both Lovcnskiokl (ibid.) and Nortlcrhaug (ilrid.)
claim that Hartlcy and Fishcr (1936) had rcportcd arctic
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Fig. 3. Cluster analysis based on frequencies of prey
species from nine predator species, Hornsund, autumn
1 984.

cod and Leptoclinus machulatus in little auks' stomachs,

that study clearly states *rat 'no fish were found'; impor-
mnt prcy notcd by Hartlcy and Fishcr includcd cruste-

ccans, notably C. finmarclti cri.i, and also P. lilxlluh, M .

oculata and 7-. inermis.

Wc wcrc studying thc lccding ol littlc auks at a timc

whcn C. finmarchicrts did not clominatc in thc plankton.

Norclcrhaug (1980), studying thc samc spccics during thc

brccciing pcriod in the Hornsund arca of Svalbard, found
tlttrt C . fi n ma r c hi c us w as thc dom inan t prcy. I t m ay bc that

this was a common planktonic species at lhat time, and is

preferred as food for the chicks. Previous studies in

Hornsund (Skowron 1977, Kwasnieski 1985) indicate

that the pelagic food base in the area must be inadequatc

for all the predator spccies living there. Most pelagic

feeding birds may thcrefore have to search for food in thc

open sca, or find small-scale planktonic aggregat-ions

caused by hydrological phcnomena within the fjord.

Thc effccts o[ local upwelling close to glacier fronts,

creating aggregations of macroplankton used by kitti-
wakes and fulmars, are described by Hartlcy and Fisher
(1936), Stott (1936) and Dunbar (1951). We saiv this

phcnomcnon in Homsund, where birds oftcn lcd along

narrow lincs of turbulent water during periods of gcntlc
brcczes. These lines probably originated as Llngmuir
cells, a hydrological phenomenon described by Ledbcttcr
(1919) as one factor causing planktonic conccntrations.

Othcr mcchanisms which may iead to plankton aggrega-

tions are the 'ice edge effect' (Cross 1982), ancl zoncs of
contact bctween different water masscs, for example thc

Polar Front described by L6vcnskiold (1964) as the most
important area of bird feeding. In 1975, 1979, and 1982

large amouns of pack-ice with associatcd planktonic
communities dritted into Hornsund (Wcslawski and

Kwasniewski 1983). Macroplankton concentrations wcrc
not secn among pack-ice in Homsund in 1984.

Some of the pcbbles found in bird stomachs may have
bcen swallowed accidentally; howevcr, it is known that
birds of many spccies swallow stones to help them with
their digestion. Remains of nylon and othcr man-madc
plastic dcbris occured in 14 of 144 stomachs (107o)

during our study; ingcsring species included fulmars,
kittiwakes, Brunnich's guillcmos and I ittle auks. Fuirnars
frequently ingest plastic (Franeker 1985): Mchlum and
Gjcrtz (1984) found such rcmains in five of 15 fulmar
stomachs.

Fcw ringcd seals were observed during the field work.
Most of thosc obscrved scemed small and were probably.
subadults. Of five shot, four werc in thc age group 1-3
ycars. Hundreds of ringcd seals are observcd in Homsund
each spring, suggesting that this is a good breeding arca
Most lcave in late summcr; reasons for this movement are
unknown, but local scarcity of food may be a confibutary
factor. Arctic cod, P. libellulaand M. oculata were found
in all five ringed seal stomachs. This agrecs withlnalyscs
of stomach contcnts from other pars of Svalbard (Gjcrz
and Lydcrscn 1986).

Bcardcd scals wcrc obscrvcd rcgularly throughout thc
study pcriod, and arc also obscrvcd rcgularly around thc
ycar from thc Polish polar sradon. It scems thercfore that
Hornsund has a fairly stablc ycar-round population, pcr-
haps bccausc tliis scal is rcporl.cd to fccd on bcnthic
organisms which arc prcscnt throughout the ycar. Thc
singlc bcardcd scal stomach analyscd givcs little scope for
gcncralization; cxccpr for coalfish, it had fcd only on
bcnthic organisms.
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Conclusion

The results from Homsund reveal separate pelagic and
benthic marine food chains. In tlte former, arctic cod and
P. libellula ure central to the diets of ringed seals, black
guiilcmot-s, puffins, Brunnich's guillemots, little auks and
kittirvakcs. In the bentiic chain, benthic fish and eiders
are the main predators, fceding mainly on benthic am-
phipods anil bivalves. Fulmars differ from other pelagic
birds in that their main prey consists of N. irrorqts and G.

fabricii: glaucous gulls arc scavengers which feed also on
algae and land plants.
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