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lntroductlon
The Frans Josef Land archipelago belongs to
one of the least knos,n areas in the European
Arctic uith regllrd to ntitrinc ecoiogr'. It uas
onlv recentlv that internationally orcanised
expeditions (Russian,'Norwesian,/'Polish) col-
lcctcd a sizeabie amount of data on the marine
':unmal. bird and invertebrate fauna of Frans
,:e f Land (Gjertz & \lorkved 1991. 1993).
Scahirds rs c()nsumers constitutc iln intp()rtant

component of the Arctic ecosystcm (Croxall
1987). The number otseabirds breeding and feed-
ins in the area provides reliable data on marine
food supplies which can be used for comparisons
between different regions and different years in
the same area (Cairns 1987: Furness & Nettleship
i991 ). In the neighbouring Svalbard archipelago.
this topic has been studied by Hartley ct Fisher
{ 1936). Lvdersen ct al. (1989). Stempniewicz &
Wgslawski (1992). and llehlum & Gabrielsen
(1993). There is a lack of such data from Frans
Josef Land. with the exception of old and rather
anecdotal reports by Gorbunov (1932). Demme
(1934) and Wgsiawski & Skakuj (1992).

The present paper describes the summer diet
of seabirds from this area. The paper also presents
possible differences betrveen t'eeding of the same
seabird species in nvo European Arctic regions.

Svaibard and Frans Joscf Lancl archrpelagoes.
The regions are geotmphicallv ciose. hut different
as to clinlatic. hvdroeraphic and ecolosicai con-
ditions (Wgslarvski l99i). In general. Svalbarcl is

exposed to the strong influence oi the warm West
Spitsbereen Curre nt. while Frans Josef Land is

situated in the High Arctic zone covered vear
round with drifting ice. For this rcason differr-nces
in seabirds feeding are expecte.l.

Material and methods
During Ihree consecuti\ c summer sexsons
(August 1991. 1992. 1993) joint Russian. Norwe-
gian and Polish expeditions rvorked in the areir
of Hooker Island and the neighbouring islands
of the southern-central part of Frans Josef
Land archipelago (Fig. l). Seabirds were col-
lected in the vicinitv of the colonv at Rubini Rock.
Hooker Island. The same samples were used for
analysis of chemical pollutants and parasites
(Matishov 1993) as well as for morphometrv and
the stud_v" of food content. A total of 102 speci-
mens from eight seabird species (fulmar Fttlmurus
glacialis, common eider Sonuteria mollissintu.
glaucous gull Larurs hvpgrboreus, kitti*'ake Rrssa
triclacn,la, arctic tern Sterna pardistLea. Briinnich's
guillemot Uria lonruiu. black guillemot Ceppltus
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grr'//e. little auk A/1e a//e) *'ere exantined. AII
food sarnples from a given seabird species col-
lected in different seasons of the studr'*ere
pooied because of lou' san-rple size.

Birds w'ere clissected inrmediateiv after beins
shot. Oesophagus and stomach contents \\'ere pre-
served in a J'i forrnaldehvde soiution and ana-
lr:sed two months later in the laboraton. in the
case of the little ar.rks. the contents of the gular
pouches u'ere also used as food samples. Each
sample rvas uashed on 0.-i ntm ntesh size screen
and analvsed under stereo rnicroscope. The
material u,as sorted and then identified to the
lorvest possible taxonontic level. The number.
length and rveight of all identifiable food items
u'ere noted. Standard der,iation q,as calculated
onll' for mean length values of the most numerous
food iteins. in instances *'here onll fragrnents of
prev items q'ere found (fish otoliths. polvchaete
ia$s. crustaucrn rostra. ctc. ). the oriqinal len-cths
and weights u,ere calculated from the forntulas
presented bv Berestovskij et al. (1989). Brad-
street (1980). and Lvdersen et al. (19ti9). The
number of fish and polvchaetes ingested was esti-
mated as half the number of otoliths and jau,s

found in the samples. Calorific values of fresh.
not fragmented specimens of all prev taxa were
measured according to the method described in
Szaniawska & Wolowicz (1986).

The following coefficients were used to present
the results of the analvses of the food samples.
Frequencv of occurrence (F7o) was determined

Fig. 1. Skctch nap of thc
sludr arcr. l'he dashccl arca

shoq s thc mcan suntnrcr icc

pack ranlc. Thc f,lack dot
indicates sanrplint Jocrrlin.

for each bircl species as percenl nunrber of samples
(stomachs) corrteining given prev tr'pe. Also the
nrean numher of a given food ite nr prer sample
(numerical abundirnce) and percentage bv
number. rveight and energ\, of particular prev taxa
were calculated.

Cluster analvses rvere;rerfornred using the
PRI\'lER prosramme (Carr l9tl-1 ) (Plvntouth
Marine Laboratorv. UK) and the Brar'-Curtis
index of similaritv. based on the lrc-quenct of
occurrence matrix. Enrpty stomachs and those
containing single food item g'ere exclucierl.

Results

Fctotl corttettt

Fulnrar F. glucialis. - Remains of four prc'\' tarrt
were identified in the food samples. Polar cod
Boreogadus .saidn was the Iargest prev rtem
(140mrn). and pelagic polvchaetes \\'ere nrost

numerous. Frsh (8. saida and sculpin Nlvo.ro-
cephalus spp.) constituted about E-59i of food
weight. Remains of macrophvtes and plastic
debris were found in each stomach. No ice-associ-
ated crustaceans were identified in the fulrnar
diet. (Table 1).
Common eider S. nrollissirttc. - Seven prev ta)la
were found. All stomachs contained gastropods
(Margarires helicinus), constituting about 8.19'i of
the items and more than 55c/c of the food weight.



lable 1. Stomach contents of five seabird species and food items characterisitics.

Seabird species and

pre! rlems

Mean
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(mm,
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{ mg)
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number ot
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Fd"
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Benthic amphipods (Ganuttorellus honturi, Gurn-
,rnrus setosus. Wevpreclttiu pittguis, Onisintus
spp.) were the second in importance. Ice-associ-
ated crustaceans were not present in the food
samples (Table l).
Glaucous gull L. hvperboretrc. - Remains of juv-
enile birds were found in each stomach. They
included Brunnich's guillemots. kittiwakes and
little auks. Large polar cods (i8 cm) were found
in two stomiichs. Birds contributed to more than
90% of the enersy intake (Table 1).

Kittiwake R. tridacn-la. - Eight prey taxa were
found. The largest prey found was a 16 cm polar
cod B. sttida. and the smallest was a 4 mm lonq
Calanus glacialis. The most common food items
were Amphipoda (apherusa glacialis - 16Vc and
Parathemisto libellula - 32Vc of all items). Polar
cod of mean length 13 cm was the most important
food component. It constituted about 90% of
food weight and energv intake. Ice-associated
crustaceans contributed to onlv [c/c ol enerqv
intake (Table 2).
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Suntmer diet of seubircls l'17

Arctic tern Sterna paratlisoea. - Six food taxa
were identified. An unidentified fish of ca. 10 cni
length was the lareest prev item. Gammaricj crus-
taceans (G. homari. G. se/osu.i. Guttunurus n'il-
kit:kii) \4'ere the most numerous and contribute6
to more rhan709b of the food weight. Nearlv 1(lli
of the food mass was formed bv ice-associated
crustaceans (Table l).
Briinnich's suillemot Uritt lotnuiu. - Nine prer'
trrxa were found. The smallest was an 8 ntm long
amphipod (Rltuchrropis uculeara) and the largest
rvas l6cnr lons polar cod. P. LibeLlula w'as the
most numcrous prev constituting about 69'i ol'
the iterns. Poiar cod was tlte milin food item both
as to q,eight (9.1t ) and energv value (95fi). Ice-
associated crustaccilns rvere of negigible import-
ance rncl constituted less than l 9i of prev u,eight
and enerqr, (Table 3).
Black suillemor Ceppht6 gr\'//e,. - Eight food taxa
were identified. Polar cocl (l6cm long) w'as the
Iargest prev itenr. Fish were nrost irnportant. both
in number (nearlr'-1-5t'r of items). ancl in foocl
tt'eight (90Ci). Decnpocls und gantnrarids contri-
buted t() less than l0'i of the foorl intake
(Table I ).
Littlc auk Alle u/h:. - Thirtec'n prcv ta\a were
identified (Table l). The largest foocl item wls
the snail fish l-iprrrrs spp. of ca. 6() mnr length
fbund in one stomach onll'. The srnallest items
rvere 3 mnr long C)stracoda. The most numerous
taxon was C. glaciuli.s reprcsente d both hv sub-
aclult (copepoclit IV and \,') ancl adult specimens
of 6 to 8 rnm long. Thev constituted 8-1fi of the
tcrtal nunrber of prev itenrs. and 72(t of the fortcl
weight- The second nrost important prey rvas Th.i'-

sonoessu itrertnis ( about I I fi of rveight and energv
value). Ice-associated Amphipoda (A. glacialis
and G. ut,ilkit:kii) contributed to more than i29?
of enersv intake. while 7392 was provided by
copepods (Table -l).

Fo,stl selectittrt ttrtrl competitiort

Some distinct differences in the size class dis-
tribution of most common zooplankters occurring
in Frans Josef Land surface waters (Koszteyn &
Kwaeniewski 1992) and in the collected food
samples were found. The largest specimens of C.
glucialis (6-10mm), the middle sized specimens
ot P. libellula and the lower mean fraction of
A. glaciutis were chosen b-v feeding seabirds. In
general. onlv food items 6 mm long or bigger were
selecfed. Smaller prevs constituted less than 7Vo

of total number rtf items ingested by birds studied.

:
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BRAY . CURTIS SIMILARITY
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/-lr. -'. l he (lielrr\ o\crlap-clutlcr ol prc\ sinrillrritr

length classes in (mm)

0 2 4 6 8 1012 1416182022242628

Cluster analvsis of scabird diet similaritr shoq s

closeh'rc'lated diets of the kittiriake. Briinnich's
and black cuillemots. all relied nlainl\ on polar
cod irnd P. libcllulo.lt appears als() that on Frans
Josef Land eidcrs and arctic terns exploit similar
food resources (gamnrarid Amphipods). The little
auks took mainl) Culanus (70rt of food u,eight
and energr') and rvere separated front other sea-
birds as u'ell ils the glaucous tulls occupr,int
the distant niche of carnivore and scavenger
(Fig. 1).

Among the three lnost numerous seahirds com-
paled. the iittle auks took the smallest. kittiu akes
the medium sized. and Briinnich's cuillcnrt)ts the
Iarsest prev itenrs (Fig. il Tables j. .1 ). Irr our
stuclr seabirds utilising sinriiar food rc:ources
(largc clietan ovt-rlap) preferred difierent lcngth
classe s rrf thr' sanlc prL'\'. BL'causc of snruli sanrple s

onlt srzr'rlf tht'rlLrs{ conlnl()n prer itcnrs of th.'
kittis akes anrl Briinnich's guilicnrots (rr yreir trl'
specic's uith ctrnsideruble diet:rrr orcrlup) ucre
conrpare cl. Br unnich's guillcnrots took sirrnifi-
cilnllv lurge r polur cods 1t : -i {)1. df : 5().

P.: ().00.i) .tnd l'. lihtllulu (r: 15.6(). df : jr,l.
P < 0 (X)l ) than thc kittiq ake:.

Polltr cotl u us the onlv prcv itenr use d lrv ncarlr
rull itrrestiguted birci:. lt contributed t() nr()re thirn
90'i ol crrergr intuke in the tircts ot four rnosl
nunlcr()u\ scittrircls. l'. liballulu \\'lr\ \ec()n(l ()t

importance * ith regarcl to the frcqur'ncl ot occur-
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rence in birds stomachs. but did not contribute
signiticantlv to thc tutal cncrgv c()nsrlmption.

Discussion
Optinral fornging theorr'(Stephens & Krclrs 1986)

predrcts nrinimising fr)ragitlg costs (in case of sea-

birds thr' costs of llights ttr feeding grounds. prev

location. choice. pursuit. etc. ). lln(l rnuximising
energv gains (energr'inconte as a result of'

feeding). During the breeding peliocl the seabircls

should thereforc erploit the fcedirtg grouncls situ-
',1",,1 gjo\e to ctrlrrnr. offcrine ulruntlant pfe\'. easv

i{) 1()cate and catcir. Trr rrbtlrin nrore energr during
,,n.- fcerling trip thc bit'cls rr oultl har e to choosc
.ires *'itir hieh ar ailal)lc prcr clcnsitv untl food
itenrs of niarinral sizc in lelltion to their carrt ing
capacit\'. The longer the clistuncc bcnvcerr thc
cokrnv and the fccclin{ ground: thc bigger food
loaci is nttrrc protitabic (Crorail lt)S7).

Lrtr,l.'r 1l'er tlru (11. .sttitltt. (). ttilkit:kii. |').

t r t t rtrt i.t ) usuulIr constitrricrl tlrc hi-ghcr pr()portion
r 't sLlnuncr die t\ ()f thc sirrnc sclrlrirris in Frarts

':cf L.artri ll-irl.ics:..1. -l) thltn irr Svallrurtl
, \lcirlurn .\ (iirlrriclscn 199-l). Irt lrddition.
:e le'ctirrr.t bruge r prcr sirccrc: ri ilitrrt thc sarne
gcncnr ((. (1rrcirrlr.r rcrstts (. /iilrtrl'r'itiitt.r. atttl
P. liltcllrtlu rcrsus 7'. ub.t.t.sorttrtt. \\'esll*'ski di

Sklkuj l99l)coultl lcsult in llrrlcr lr'.'rirgc size
of footi itcnr: in Fnrns .loscf Llnd scltt.irtls, llos-
e ver'. consirie rlblc local rtnri scasrrrttl r uriulrilitr
rn riicts tlerrron:tnrtcd br \lehlurn.\ Gabriclscn

t')rl.l ) lirr Sr ulbald scalriruls us rvcll irs srrtall
,,,rnPlc \ir!' in this str-rdr ntlLkc thc lb()\ L' stlltc-
rnent unce rtain.

On thc othe r hlLncl houcvcr'. nrr-il11 indi\idual
size of P. libcllult taken bv Frans Joscf Lancl
seabirds \\.as snrallc'r conr[]arL'rl to SValbarcl
(Nlehlurn ct Gabrielsen 1993). That nrav reilect
thc irc1i11f 11vlvl chrrnrctcr ,,tl l'. IiItt'IIttIt p(rpulrLti()lt
in Wcst Spitsberucn. lvherc aclult. lalge size
classes are nrore frc'quent. In Flan: Josef Land.
.tt the centre of population occurrencc ( Kosztevn
ct al. in press) more even sizt' frequencv mav be
observed. so nrore accessible anci conrnron are
midclle sized individuals. No ditferences were
found in mean size of polar cod taken bv seabirds
fronr Svalbard iind Frans Josef Land. That mav
indicate similar distribution of class sizes in polar
cod populations in both areas compared.

Seabirds are opportunistic within the food spec-
trum thev are morphologically. phvsiologicalll'
and behaviouralll' adapted to exploit. Some of

them use a wide fbod range. like the glaucous gull
feedin-s on marine invertebrates. fish. eggs. birds.
carrion and offai. in varving proportions depend-
ing on local and seasonal availabilitv (Stempnie-
wicz & Wgslawski l99l). Eiders arL' less
opp()rtunistic and feed on benthic anrphipods lnd
thin-shciled rlastropods throughout their clis-
tribution area in the European Arctic. but trsuallv
take locallv ahundant species of prevs (Hurtlcr' &
Fisher 1936: Uspenskil 1979: L-vdersen et al. l9fi9l
!Iehlum 1989). Food specialisrs such us thc little
auk. usc'a Verv narro\\'feeding niche linrited
ba:icallv t() zooplankton. F{r)\\'ever. clen tllc littlc
auk die t ntir\ \'tr\ consiclenrhlr in differcnt llcas
antl scusr'rns. ln sprinu thcil dict consi.\ts rnainlr'
of calrrntritl co1-rcpocls rvhile in August thev takr-
hrst trl all antprhiltrrd: ll)urttht'rrtisro 5p.. .-1. r'l.i -

cirrlrs) and the polar ctld (Bruclstrect & Cross
19iil: Lrclclscn c't el. 19St): \lehlunr & Gabriclsen
I 99j ).

The rclutivclr lrr* tliversitr oi tiigh Alctic pcl-
ilgrc e c()s\ste rrrs re sults in sorncs hat lrtiliciul sinri-
larin of seirlrirrl rlre t irr riiffcr cltt itrrtic re gions.
Thc lrtrlar cotl untl P. lihtlltrlt. thc nrost inrPortunt
fr.rrtrl corttponrnts ()t Irllns .loscl Lurrti scitbilr.ls.
arc alstr rcpoltcrl us rlirin iirocl plct s in Sr lrlbartl
(l-rderscrt et ll. lgNt): \lchiunr.t (lutrrielscn
19t)-l ) and in thc Cunltliln .-\r'ctic 1 Bnrrlstleet
l9N()).

Sor-rte cliffcrcnccs in seairirtl dicts in the tuo.
ucouraplticallr verr clo:c urclis (Frln-s .Tosef Lltntl
anrl Sr alLrirrtl) rlur be il rc:ult ()t s()nlc distinct
differcnccs benvecn thesc ur-cus cr)nccrning cli-
matc antl hldrolLrr:r'. * hich irrtjucncc thr cont-

;-rositton of the nllrinc faunrr. Pack ice arriVes
scarct-lv irt thc Sr albirrd rvatcrs tluring the sLrnlner
ancl stars lar fn.lnr the rvestern coast rrhere thr.
ma.ioritv of seabird colonies ar!. situatcd- In Frans
Josef Lancl \\'aters pi.rck ice is present throughout
thc vetr. The coastal icc'-cuvered watcrs r)f Frans
Josef Land ure apparently' rich in pelagic crus-
tacean resources, contributed to b1' svrnpagic
launa (estimatec'l bi Gulliksen ct Lonne L99l to
1-10 g/mr). neritic plankton (decapodr larvac.
anrphipods - 0.5 g m'': ou'n data) antl marine
piankton (copepods - I g nr': owll diltu). Iee-
associaterl fauna contributed to some l0.i of
seabirds' tood in Frans Josef Land. Mehlum &
Gabrielsen ( 199-i) report a similar number tbr ice
covered rvaters in the northern Barents Sea. In
the Canadian Arctrc. close to the fast ice edse.
svmpa_glc species contribute to ca. 10c? of
seabirds' cliet (Bradstrect ct Cross 19,32).



The numher of food tula (zooolankton and
fish) rccordecl in the sumnrer (liets of seabirds is

consitlerablv lou'er in Frans .losef Land than at
Svalbard. In total. the sante three most numerous
seabird species (little auk. Brijnnich's guillenrot
and kittirvake) take l9 prev taxa in Frans Josef
Land and at least 36 in Syalbard w'aters. Ten
species of frsh u'ere found in the food samples
frorn Svalbard and onlr three from Frans Josef
Land. The latter did not contain representatives
of such important groups of marine invertebrates
as Gastropods. Cephalopods. Decapods and
Chaetognaths (l{artler' & Fisher 1936: Mehlum
& Gabrielsen l99i: this studv). Lou'er sample
size in this studv nrav partlv be responsible for
thut. Cornparcd to lhc studv h] Derrrnre (193-1)

on Frarrs Josef Land seabirds of the same species.
our drrtil are stikingl! different. Demme (1934)
recrrrded ven feu polar cod and no Parathentisto,
bu1 she found the hi'perbenthic gammarid ,4tlirr.r
curinuttrs as predonrinating in the fooc'l sample
collc-ction of or er 1-50 sealrrrcls from I looker
Island. Difference in nrethods (not describecl in
Denrnre's paper) nrisht be partlv responsible for
this discrepanc\ . other*,ise the intcrprr'liltion is

diflicult.
\\re nr:n' consider alI common. subsurface livinc

animals of -i to 200 mm length as potential pre)'
taxa for seabirds. There are at least -i0 such species

in Svalbard waters and no more than 30 in Frans
Josef Land (Wgslag'ski et al. 199-1). so one rnight
expect a lareer overlal'r in diet and increased inter-
spccific c( )nrpetition um()nl] scahirds in Frans
Josef Land. ln the situation common on Frans
Josef Land. ho*ever. uhen the potential prev is

brought up to the surface. pushed into shallou
shore u'ater. closelr,associated w'ith ice. etc.. i.e.
it a{greeates in a natural or extorted s'av in the
sites easilv accessible for birds. different seabird
species can then feed on thc same food resources.
This does not involve an increase of the rnter-
specific competition because food resources are

usuallv superabundant in such places. ln other
rvords different seabirds exploit the sanre feeding
niche despite that norn"rallv thev separate their
feeding srounds bv zones (e.g. inshore feedin,c
black guillemot and offshore feeding Brijnnich's
guillemot) or bv lavers (e.g. surface feeding kit-
tiu'ake. subsurface feeding little auk and bottonr
feeding black guillemot).

Patchv distril.rution ol zooplarrkton in the sea

makes location of prev aggregalions br feeding
birds difficult. A kev question is a presence ofanv

inclicatron *hich the bircls can 1'rerccive. making
location easicr. The presence of pack ice mar be
one such indicator (the svmpaeic fauna constitutes
about lOCi of the dict). Birds ntal use pack ice

as an aid in finding at Ieast one fifth of their food.
The remaining pre)' can also be found in such
places. t'i-rich are not. however. closeil associated
u,ith ice floes.

Franz Josef Land is situated further north and
east than Svalbard and pack ice occurs there
permanentiV in the sounds between the isiands
throughout the vear. During the breeding season
seabirds can find al.rundant and easilv available
food close to the colon\'. Our obse rvutions shol'
that the majoriti' of seabirds nesting on Rubini
Rock forase in the Mellenius Sound. i.e. a few
krn fronr the colonr . The specific hvclrological
situation rn the sounds (strone ticlrri currents.
upu'ellings. u hirl-pools. etc. ) concentratc the
food anti favour the seabirds fr-eding there. For
instance. nrass Irrescnce of halt-deacl pelagic
invertebrates pushcd bv tidal currclrts into tlre
shallorr' ri ate'r along the shore -line ll lrs ve rv often
obsened during our field gork. -fhev qere

exploitecl exte'nsivelv h1'the kittiuakcs. ln *'est-
ern Spitshen:cn horrcvcr. thc lurqe c()l()nies ilrc
ofte n situatetl in the fjords (Norclerhau!r et ul.

1977) and seabirds usuailr, llv sonre tcns of knr t()

their fccding grouncls in the open seit.

..1cArt()rr/a(lt.',n('/J1\. \\'c qrruld lihc t() lhrnk ()ur (()llL'ruuc\
frortt Rrrssirn \oruclian Polish crpcditions lo Fnrns .loscl

Land 199(r- lgql ior thc'ir hc)p tluring ficld ttr.rk. \\ c rrrc rrblr:cd
!'spcciall\ trr Prol. Ci. G. Ilatishirr. Dircctor rri \lrrrrtt.rrirk
Nlarinc Birrlocr lnslilulc. rnd to Dr Thor l-ar:tn lroni \{j:s('r-
ian Polar inslitutc. $hrr nrldc' thc er|rclitionr p(r\\ilrjr \.
Szanirusklt kinrllr nrcrsrrrcd cal,'riiic rrilucs ol .rll l.trr tlrrit.
Thirnks irl:0 to I)lrrrrrrtrth \llrrinc L-rboftrtr)r\ \\hr) !Liler()u\l\
oflcred to ()rrr pr()tcct thc Pl{l\1ER prckrlr. f:inirnciril rrLpptrrt

ur: rcccircti ir()nr thc I nircrsitr trl (rdatirk {!:rrnt nr. l]\\'
I lJ0-5-00srll
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