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Abstract Summer food of the little auks nestins on
Bjornoya consisted of large copepods, decapod la-rvae
and pelagic amphipods. Food items of 4_.6 mm consti_
tuted the most common prey size fraction. This prey size
range appears to be optimal (most profitable) with ie_
gard to the balance between mean individual mass and
density of items in the surface layers of the sea. Littie
auks from Bjarnaya only sporadically take the abundant
co-pepod Calanus fnnwrchicus (2-3.5 mm in length) but
select the much less abundant and larger Cataiui gla_
cialrs (3-6 mm).
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tirree different types of water masses occur in the area.
Bjarnoya is located at the southwestern end of the
qhallow Svalbardbanken. The water mass on Svalbard-

. banken 
"is 

well mixed throu_ehout the water column
during summer and is a mixture of cold Arctic Water
with melt-water from the Barents Sea ice pack. The
physical'bceanographic conditions in the vicinity of
Bjarnaya are characterised by non-stratified Svalbard-
bank water close to the island, which is surrounded to
the south and west by a frontal region, where Sval-
bardbank water mixes with warm Atlantic water. The
Atlantic water.contains North Atlantic Current plank-
ton, with admixture of Norwegian Coastal Current
plankton. The surface expression of the front is located
near the 100-m isobath (Lee 1952; Pfirman et at. 1994;
Kwa6niewski 1995; Mehlum et al. 1996). Each of rhese
waters is characterised by distinct plankton communities
(KwaSniewski 1995), so. providing different feeding
conditions for little auks..Fuithermore, the Barents Sea
and European Arctic waters in general are regarded as
very unstable systems, with pronounced year-to-year
changes in the primary productivity and fish abundance
(Sakshaug er al. 1994). The aim of this paper is ro
present data on the diet of the little auks from Bjornoya,
and their loraging strategy, and to determine to what
extent the zooplankton communities' structure influ-
ences the diet and feeding grounds selection of little auk.

Materials and methods

Quantitative plankton samples were collected with the use of a Wp-
2 net, of 60 cm diameter and 200 pm nresh size. Twenry-one sltn-
ples from the upper water stratum (0-30 m) were considLred in this
study. Samples were diluted to a stundard volume ol 250 cm3.
preserved in 4% formaldehyde, and were finally processed half a
year later in the laboratory in poland. Five subsamples of 20 cmr
wcre analysed for mesozooplankton (organisnrs lcss than 5 mnr in
length), while macroplankton was dctermincd in the whole samnle
volume..Quantitative plankton data prescnted in this study wcrc
collcctcd from r/v "Oceania" in July 19g7, l9gg. l9g9 and i994 in
the arca of Bjornoya (Fig. l). Addirionally, six qualitative sanrplcs

Introduction

The little auk (AIIe alte) is one of the major plankton
consumers among seabirds in the northern Atlantic,
from Bjornoya (74'N) in the south to Franz Josef Land
(82'N) at the northern limit of its breeding distriburion
(lsaksen and Bakken 1995). The feeding ecology of
European little auks has been studied on SpitsU-.ig.n
(Norderhaug 1970; Stempniewicz l9g0; Mehlum ind
Gabrielsen 1993) and on Franz Josef Land (WEslawski
et al. 1995), but the southernmost European (except for
remnant colony on Iceland-Grimsey) population of the
little auk breeding on Bjomoya has not teen studied in
this respect. Little auks atBjarnaya have an opportunity
to feed on different plankton communities, since at least



wcrc collcctcd using BONCO nct (2 x (r0 cm in diirntctcr, 250-nrm
nrcsh sizc) vcrticll hauls ll-om 50 to 0 rn in July 1995. Thcsc sanrplcs
rvcrc frozcn t>nboard, rvcighecl (rvct and dry nrass), analysed for
cllcrgy contcnt itnd iirtcr sortcd into sizc categorics, Thc cncrgy
contcnt analysis wus dorrc by nricrobomb calorinrctry at thc
Univcristy ol'Cclansk. Thc survey lbr nrapping thc distribution ancl
lburrclance ol'littlc auks rvas conclucted during the period l2-3I
July 1993 onborrd thc r1v "Lurrcc". Thc study lrca was ice frec
tluring the invcstigation and the vcssel's specd wils cl. l0 knots.
Thc survey was perlbrnrcd usirtg stundardised strip trunsect meth-
ods (Taskcr et al. 1984). A 300-nr standard transect width was
applied: horvcver, during loggy conrlitions the transect width rvas
rcduccd to 200 or 100 nr. All bircls observed rvithin the trirnsect
rvcrc recorded by species. as rvits infornration on behaviour (birds
fiying and birds sitting on the water), age, and environmental
conditions. In this paper only little auks sitting on the water are
considercd. Three tcams altcrnatcd on 4-h watches. each watclr
comprising t\vo people: one observer and one con]puter data-entry
opcrator. Densities of srvinrmins little auks were calculated using
the conrpr-rter programme MAPPEB (Mehlunr 1989) and ',vere
presented on a map as birds per km'in 0.25" longitude by 0.05'
latitude blocks (or ca. 7.4 x 5.5 km) using the programme CAM-
RIS (Ecological Consulting).

Forly-seven adult little auk food samples (from different indi-
viduals) rvere collected between 8 und 20 July 1994 on the southern
tip of Bjornoya (colony on Allredfjellet, facin-s Ellasjoen). Birds
wcre feeding their chicks at that time. The birds rvere caught in the
colony using the mist nets. The food was gently removed from the
gular pouches with a small plirstic spoon. Food samples were
preserved in 40% buffered formaldehyde and analysed 4 months
later in the laboratory in Poland. Each food sample rvas washed
gently on a 0.2-mm screen, and the prey items were identified,
counted, and measured (to 0. I mm accuracy). Length of plankters
was measured from the tip of the head to the end of the telson

Fig. 1 Distribution of little auks on the sea in the vicinity of
Bjorno,ya, July 1993. Nuntbers are given per km2. Zooplankton
sampling localities indicated with utfilled circles

(lirrca in casc of copcpods, lins in lishcs and arrow wornrs) cx-'
cluding lntennac, sctac or spincs. Wet wcight was obtained frorn,
thc lbrnralin-prcscrvcd nratcrials. irltcr blotting thc anirnal on filtcr.
pirper. Dry rveight was rlcusurcd alier 24 h of dryin-e at 60'C.'
Wcighl. nrcasurcnrcnts wcrc pcrforrrrcd rvith 0.2 nig of accurlcy. In
tlrc case of small unimals with l bionrass below I ms. l0 or 20
spccimcns rvcrc wcighccl togcthcr.

Results

Zooplankton

All pelagic species identified in the little auk food were
arlso found in the zooplankton samples (Table l). The
nost corrmon were juvenile stages of Calaturs spp.,
followed by adLrlt Calatus ftmtarchicus and smaller
copepod species (P.seuclocalanrls spp., Oitltona siutili.r).
Table 2 presents a "blind" selection of the plankton size

-sroups regardless of their taxonomic position, obtained
from BONGO net samples. It shorvs the highest indi-
vidual caloric values among 2- to 3-mm-long plankters
(mainly younger copepods) and a sharp increase of the
individual plankter's weight rvith increasing size class.
The density of particular zoopiankton size cate-sories
decreased with increasing weight-and size. The most
abundant were 2- to 3-mm items, and those over 4 mm
were 10 times less abundant (Fig. 3). The frequency of
occurrence of the particular size classes shows a different
pattern. The most frequent were medium-sized organ-
isms (3-5 mm), and those above 5 mm were much less

common (Table l).



-Table I Food content of the little auks fionr Bjornoyu, July 1994 aucl thc conrposition of zooplankton wcst l-rom Bjornoya (Allt: ullal'tto<J
1n = 47; plankton samPlcs n = 2l)

.Taxon
'I

)

Size Wcr Bird Net Bird Net Net dcnsity Bird Bird wcight
class weight frequency frequency nuurcrical nutlerical mean occur. donrinancc
(nrm) (rg] of occ. (Fx) of occ. (F%) dom. (D%) dom. (D%) (ind/mr) (ind/sanr.) (%)

Acartialongirenris 1.5

Bivalvia veliger 0.5' 
Calanus Cl-C4 l-2.5
Calanus 3

fnmarchicus
Calanus glacialis 4

C. glacialis 5

C. glacialis 6

Calanus hltperboreus 7

C. hyperboreus 8

C. ltyperboreus 9

C. hyperboreus l0
C. hyperboreus I I
Cirripedia larvae 1.5
Copepoda nauplii 0.75
Decapoda larvae l0
Echinodermata larvae 0.5
Eupagu'us 6
pubescens larvae
Gantarellus hontari 5

Harpacticoida 1.5
Hyas sp megalopa 6
Hyas sp zoea 5

Hyperia galba 6

Limacina spp 2.5

luyenes
Microcalanus spp. 0.75
Oithona atlantica 1.5
Oithona similis 1.5
Oncaea borealis 0.75
Ostracoda 1.5
Pandalus 8

borealis larvae
Paraeuclneta 5.5
norvegica
Pisces larvae n.d. 15
Pisces larvae n.d. 20
Polychaeta larvae 1.5
Pseudocalanus spp. 2
Sabirtatt 12
seplentcorinata
larvae
Sagitta elcgans
Synopiidae n.d.
Th cnt is t o uh ysto,'rr,r,
T. abyssorunt
T. ubyssonun
T. abyssorunt
Tltetni.sto liballula
T. lihellula
T. lihc'lltrla
T. lihallrt!u
T. Iibellula
T. libellula
T. Iibellula
Tlt ysruroe ssa inarnt is
T. inermis
T. inernis
Thysanoessa
longicuudata
Together
Calanus in total
Decapods larvae
in total
Euphausiids in rotal

3

4.5
't.8
q

t2
l3
t4
l8

0
0
0
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94
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0
0
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0
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15
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r00
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0.9
6
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30 ll

0
0
0
2.74

23.96
t9.04
9.27
7.t9
4)7
3.07
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0.167
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t.2t9
0
0
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0
0
0
0
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0
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0

0
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0
0
0
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0.024
0
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0
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Little auks distribution at sea

Thc foraging little auks were nrainly distributed within
the 100-m isobath around the island, with a maioritv of
the birds located to the northwest of the island. The
distribution of little auks coincides with the disrribution
of cold Svalbardbank water and only a few birds were
located in Atlantic rvarer (Fig. l).

Food of the little auks

Food content analysis is presented in Table l. Food
consisted almost entirely of pelirgic crustaceans, mainly
copepods (7lo/o of items) of which ahnost all were older
stages of Calanus glaciolis copepodites. Next in numer_
ical importance lvere decapod larvae (25%). Other taxa,
such as hyperiid amphipods and euphausiids, consti_
tuted less than 2oh of the food items. In terms of weieht.
b.oth decapod larvae (22%) and amphipods (5%) mlde
significant contributions, but .op.pods still made up
over 690/o of the food biomass. The length frequency of
major little auk food items is presented in Fig. 2. The
dominant group was formed by 3- to 5-mm_long cope_
pods, followed by 5- to 7-mm-long Hyas crab larvae and
l0-. to 1l-mm-long Sabinea shrimp larvae. Amphipods
and euphausiids occurred mainly in the l2- to l6-mm
lensth class.

Discussion

The minimal length of little auk prey items found was
3 mm, which is apparently the lower size limit of its
prey. A similar minimal size has been reported bv
Bradstreet (1982); Bradstreet and Brown lilSS; ani
Mehlum and Gabrielsen (1993). The food of little auks

Table 2 Characteristics of different size classes in mesozooplankton collected
BONCO net. 50-nr depth to the surface)

from the Bjornoya population is similar to that lound orr
Spitsbergen (Stempniewicz 1980; Mehlum and Gabriel_
sen I993) and Franz Josef Land (Wqsiawski et al. I995).
At these localities large copepods (Cukmu.r glac.iulis and
C. ltyparbot'err.s) made up the bulk of biorrrass and
number of items, whilc C..ftnnrarchitu.s have been found
only occasionally. Our findings on caloric values are in

number of
individuals

100

i Calanus
Decapoda

Thysanoessa
Themisto

140

120

80

Fig. 2^ Length frequency of the little auk prey items lrom Bjornoya
area (food samples)

west lrom Bjornoya, in July 1995 (six vertical hauls ol
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54.8
Al l

61.3
46.5
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99.93 t60



general accordance with data on selccted Arctic plank-
ters presented by Percy and Fife (1981), Bradstreet and
Brown (1985) and Szaniawska und Wolowicz (1986).
Subadult copepods and juvenile fish are reported to have
the highest calorie content of the Arctic plankton, and
the lowest values rvere recorded for large amphipods
such as Gunutnrus vilkit:kii (A. Szaniawska, unpub-
lished work). There are no published data concerning
the species-specific energy content in different Colanu.s
species (C. fnmarclticus, C. glacialis, C. hyperboreus),
However, in the case of sibling species, the energy con-
tent increased with the increasing size of an animal
(Szaniawska and Wolowicz 1986). The length frequency
of plankters presented in Fig. 3 reflects to some exrent
the methods of sampling. For example, large, fast-
swimming plankters are most likely underestimated in
samples obtained by using vertical hauls of Wp-2 and
BONGO nets. Considering the high variability and year-
to-year changes of the system, our data concerning
plankton biomass and density are similar to those from
other studies from these waters (WEslawski and
Kwa3niewski 1989; KwaSniewski 1995; Hirche and
Kwa6niewski 1997).It is also evident that, in summer,
the plankton biomass is dominated by small items below
I mm in length (Kwa6niewski 1995; present study). This
explains why waters rich in plankton biomass do not
necessarily mean abundant feeding grounds for the little
auk. Two northern little auk populations inhabit areas
with Arctic water masses (Franz Josef Land) or close to
the polar fronts (Spitsbergen), where large copepods
prevail (KwaSniewski 1995; Koszteyn and Kwa6niewski
1992). Bjarnoya lies on the frontal zone of warm At-
lantic water, and cold Svalbardbanken water. The hieh
biomass of summer plankton in this region is composid
mainly of small species, with large copepods not e"-
ceeding 2o/o of items. This is contrary to the area
northeast from Bjornoya, where large copepods prelail
(Tande 1989; Wgslarvski et a1., in press 1998). Littie auks
select their prey by sight, and apparently consider
mainly the size and density of the available food items.
A bird taking prey of a given size class, e.g. 2-3 mm,
nray get either high calorie Calcmus or low calorie
decapod larvae of the same size. By taking prey of l-to
2-mm size, a bird risks high differentiiLtibn of prev
rveight (weight SD exceeds 70o/, in this size ctassl: if
catching a prey of 3-4 mm the risk is Iower (weight SD
40-50%). In large size classes, the risk of their lorv
rvcight is again high; for example, a class of Il-12 nrur
contains both fat anphipods and lean appendicularians
(weight SD is over 80%). To collect a food equiva.lent of
100 kJ, which is about half of the little auk;s daily en_
ergy requirement (Mehlum and Gabrielsen 1996). a bird
shouid catch some 60,000 items of less than l-mm size,
or 6000 items of 4-mm size. The same difference is ob_
served in the volume of water containing 100 kJ of
plankton. Small plankters are numerous, and a size class
of 3-4 mni makes 100 kJ quickly in 90-100 m3 of water.
I arge plankters arc more dispersed, and to get 100 kJ
frorn l5-mm-long Thanti,rto, a bird would have to sam-
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Fig. 3 Relation of plankters individual length/weight to their density
(July, Bjornoya shelf)

ple 700 m3. The difference found in the plankton com-
position in waters west of Bjarnoya, and in the little auk
diet suggests that birds from the Bjarnaya population
utilise the feeding grounds to the northeast, which are
apparently more abundant in large plankters. The pre-
dominance of Cslanus glacialis and the frequent pres-
ence of Tlterttisto libellula in the food indicates Arctic
water mass, occurring northeast from Bjornaya
(Grainger 1963; Tande 1989; Wqslawski and
Kwa6niervski 1989). The distriburion of the little auks
foraging around Bjarnoya. with the highest concentra-
tion northeast from the island, confirms this suggestion.

Conclusions

During the nesting period. little auks from Bjornoya
take mainly the same type of lood as birds from rnore
northcrn populations.

A prey size class of 3-6 mm is the optimal prey group
cor-rsidering its abundance/u,ei ght relation.

Little auks liom Bjornoya forage mainly northeast
frorn the island, since the plankton to the west-southrvest
is donrinated by small organisms.

Culotru:; glut,iuli:;, knou,n as the indicator ol the
presence of Arctic waters, constitutes the cardinal part
of the little auks' prey. The sibling Arlanric speiies,
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C..finttturt'hicrr.r', is almost absent in the diet, probably
bccause its small size makes feeding unprofitable. An
increasing inflow of Atlantic waters into northern
Norwegian and Barents Seas, related to a grzrdual cli-
mate warming (Taylor and Stephens 1980), may lead to
a decrease of Arctic species in the zooplankton com-
mr-rnity, leading to a deterioration of the little aLrk
feeding grounds near Bjornoya, and thereby decreasing
the population inhabiting Bjornoya. A similar phe-
nomenon took place in the nineteenth century, after the
end of the "Little Ice Age", when little auks nesting on
Iceland abandoned their colonies following the shift in
sea currents and plankton dispersal (Nettleship and
Evans 1985).
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