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Feeding habits of harp and hooded seals in drift ice waters 
along the east coast of Greenland in summer and winter

Tore Haug, Kjell T. Nilssen & Lotta Lindblom

Results of analyses of stomach and intestinal contents from hooded 
(Cystophora cristata) and harp (Phoca groenlandica) seals captured in 
the pack ice belt of the Greenland Sea in summer (July–August) in 2000 
and winter (February–March) in 2001 revealed that the diet of both spe-
cies were comprised of relatively few prey taxa. Pelagic amphipods of the 
genus Parathemisto, the squid Gonatus fabricii, polar cod (Boreogadus 
saida) and capelin (Mallotus villosus) constituted 63 - 99 % of the observed 
diet biomass in both seal species, irrespective of sampling period, but their 
relative contribution to the diet varied both with species and sampling 
period/area. For hooded seals, G. fabricii and capelin were the dominant 
food items in winter 2001, but the summer 2000 diet comprised a mixture 
of this squid and polar cod. Parathemisto was most important for the harp 
seals during summer 2000; in winter 2001 the contribution from krill and 
capelin were comparable to that of Parathemisto. Multivariate analyses 
revealed differences in the intestinal contents of hooded and harp seals in 
areas where the two species’ occurrence spatially overlapped. Different 
foraging depths of the two species may have contributed to the observed 
differences in diets.
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Harp (Phoca groenlandica) and hooded (Cysto-
phora cristata) seals co-occur in the drift ice 
waters of the Greenland Sea along the east 
coast of Greenland during breeding and moult-
ing (March–June; see Sergeant 1991; Folkow & 
Blix 1995; Folkow et al. 1996; Haug et al. 2000; 
Potelov et al. 2000). In this area, previous stud-
ies of the two species have concentrated mainly 
on stock size estimation, reproduction and migra-
tion patterns (Øritsland 1959, 1964; Øien & Ørits-
land 1995; Øritsland & Øien 1995; Folkow & 
Blix 1995, 1999; Folkow et al. 1996; ICES 1998, 
2004; Frie et al. 2003; Folkow et al. 2004). Little 
attention has been paid to the feeding habits of 
the seals. While a few observations on diets have 
been made in the Greenland Sea during breeding 
and moult, known to be periods with low feeding 
intensity (Haug et al. 2000; Potelov et al. 2000), 

only occasional information, mostly from coastal 
areas of eastern Greenland and northern Iceland, 
is available from other times of the year (Gray 
1889; Pedersen 1930; Rasmussen 1957, 1960; 
Surkov 1960; Hauksson & Bogason 1997).

Recent information, obtained by satellite tag-
ging, about the migratory patterns of the two seal 
species, indicate that they may co-occur in the 
Greenland Sea pack ice also outside the breeding 
and moulting period (Folkow et al. 1996; Folkow 
et al. 2004). This was further confi rmed during 
research surveys in July–August in 2000 and Feb-
ruary–March in 2001. These cruises were carried 
out as part of a Norwegian project aimed to assess 
the feeding habits of the Greenland Sea stocks of 
harp and hooded seals in the period July–Feb-
ruary, i.e. the intensive feeding period between 
moulting and breeding (Rasmussen 1960; Kovacs 
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& Lavigne 1986; Nilssen et al. 2000). Sampling of 
co-occurring specimens of the two species made 
it feasible to describe and compare their diets in 
periods and areas where such data were previous-
ly unavailable. That is the purpose of this paper.

Materials and methods

Sampling of seals

A research vessel was used to search for harp and 
hooded seals along the drift ice edge areas off 
the east coast of Greenland (Fig. 1). Seals were 
shot on ice fl oes or in the water and brought on 
board the vessel for dissection; entire stomachs 
and large intestines were frozen. The lower jaw 
(with teeth) was collected from each seal for age 
determination. Positions of the seals at the time of 
shooting were recorded using GPS.

Age estimation of individual seals

One lower canine tooth was extracted after boil-
ing the lower jaw. From each tooth, a 10 - 12 µm 
transverse section was mounted on a glass slide. 

Sections were examined under transmitted light 
and ages estimated from counts of growth layers 
in the cementum for hooded seals (Born 1982) and 
the dentine for harp seals (Bowen et al. 1983).

Analyses of stomach and intestinal contents

In the laboratory the stomachs and intestines 
were cut open after thawing. Stomach contents 
were weighed and, after fl ushing the intestine 
with fresh water, the contents sorted. Most of the 
stomach and intestinal contents were partly or 
completely digested; prey organisms were identi-
fi ed to the lowest possible taxonomic level, pref-
erably species, with references to Enckell (1980), 
Breiby (1985), Pethon (1985), Clarke (1986) and 
Härkönen (1986). Estimates of the number of 
crustaceans present were obtained by counting 
fresh animals and the carapaces of each species. 
Approximate average weights of crustaceans 
were obtained from fresh prey specimens found 
in the stomachs or from published values (Haug 
et al. 1996; Potelov et al. 2000), and these were 
used to reconstruct the original biomass of crus-
taceans. Numbers of upper and lower squid beaks 
were recorded—the most numerous category 
was used to estimate the total number of squid 
consumed. Back-calculation of squid biomass 
from lower rostral lengths were performed using 
regression equations given by Clarke (1986). The 
total number of each fi sh species in stomachs was 
estimated by adding the number of whole spec-
imens, the number of intact skulls and half the 
number of “free” otoliths. Otolith length to fi sh 
length and fi sh wet weight correlations were used 
to estimate the initial mass of the polar cod (Bore-
ogadus saida) consumed by the seals (Lindstrøm 
et al. 1998). Unidentifi able gadoid otoliths, most 
likely polar cod, were treated similarly. Due to 
a general lack of published otolith length cor-
relations for Arctic fi shes, the biomass of a few 
observed Cottidae (sculpins) and Liparidae indi-
viduals were calculated using correlations based 
on our own unpublished material. No corrections 
were made for otolith erosions.

Feeding indices

The frequency of occurrence of each prey item 
(FOi ) was calculated as a binary measure (i.e. 
prey were either present or absent in a sample): 
FOi = si/st) • 100, where si  is the number of exam-
ined seals with stomachs and/or intestines con-

Fig. 1. Sailing routes and seal catch positions during the July–
August 2000 and February–March 2001 expeditions with the 
RV Jan Mayen to the open drift ice areas along the east coast 
of Greenland.
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taining species i, and st is the total number of 
seals examined.

A bulk biomass index (Bi ) was calculated for 
each seal. This index standardized the proportion 
that each prey species contributed to each individ-
ual seal’s gut contents. For each individual seal, 
we divided the estimated biomass of each prey 
species by the estimate of total biomass for that 
seal’s stomach or intestine. In this way, each prey 
item was represented as a proportion of the prey 
present in each seal, with all proportions for each 
seal summing to 1, that is: Bi = (bij/bj ), where bij 
is the mass of prey category i in the sample from 
seal j, and bj is the estimated mass of all prey in 
the sample from animal j. Mean values and associ-
ated measures of variability for the bulk biomass 
index were calculated for gut contents by species, 
using individual seals as independent samples.

Data analyses

Each seal intestine was treated as a separate 
sample in which each prey species occurred, so 
the table of species in intestines was treated as a 
matrix of species-in-sites, conceptually similar to 
Q-mode analyses in classical community ecolo-
gy (Legendre & Legendre 1998). These matrices, 
with individuals in rows and species in columns, 
were then row-standardized (equivalent to cal-
culating the “bulk biomass index”; Legendre & 
Legendre 1998). Data analyses were carried out 
using R (Ihaka & Gentleman 1996) version 1.7.0. 
Libraries used were MASS version 7.1-4, vegan 
version 1.4-3, cluster version 1.7.0 and gregmisc 
version 0.8.4.

Results

Seals sampled

During the period 30 July to 1 August 2000, 28 
hooded seals and 20 harp seals were caught in 
areas with species co-occurrence in the Green-
land Sea along a south–north cruise track between 
75 and 77° N (Fig. 1). Most sampling was per-
formed in areas with sea depths ranging between 
1000 and 3000 m. During the period 25 Febru-
ary to 1 March 2001, co-occurring hooded and 
harp seals were observed in the Denmark Strait, 
where 57 hooded and 54 harp seals were taken 
in ice-fi lled waters with depths ranging between 
800 and 1200 m. Most of the sampled seals were 

young: only 26 % of the harp seals and 20 % of 
the hooded seals were estimated to be six years 
of age or older.

Far more samples of intestines had identifi a-
ble prey items than stomachs (Table 1). Intestines 
also showed a greater diversity of prey items than 
did stomachs. Therefore, intestines were consid-
ered most appropriate for further examination.

Summer 2000 gut content

In July–August 2000, 4 % and 71 % of the 28 
examined hooded seal intestines and stomachs, 
respectively, were empty (Table 1). At least nine 
different prey items were identifi ed, of which 
two appeared to be of particular importance. The 
cephalopod Gonatus fabricii occurred in more 
than 82 % of the intestines, and in 18 % of the 
stomachs, while polar cod occurred in 71 % and 
21 % of the intestines and stomachs, respectively. 
The frequency of occurrence of both sandeels and 
amphipods of the genus Parathemisto was also 
considerable. In terms of reconstructed prey bio-
mass, polar cod (on average 45 %) and G. fabricii 
(on average 36 %) contributed most to the intes-
tine but the contributions from other fi sh species 
were also considerable (Fig. 2a). Variable contri-
butions of these prey items to individual seal diets 
are illustrated by the large confi dence intervals.

Of the 20 harp seals sampled in 2000, 65 % had 
empty stomachs, but only 5 % had empty intes-
tines. The identifi ed prey remains included at least 
six different categories (Table 1). Parathemisto 
(35 - 90 %), G. fabricii (25 - 55 %) and polar cod 
(30 - 60 %) occurred most frequently. In the esti-
mated intestinal prey biomass, the contribution 
from Parathemisto was by far the largest (on aver-
age 76 %; Fig. 2b). The contribution from polar 
cod was also considerable (on average 14 %).

Winter 2001 gut contents

Of the 57 hooded seal intestines and stomachs 
examined in February–March 2001, 30 % and 
86 %, respectively, were empty (Table 1). At least 
11 different prey items were identifi ed. Gonatus 
fab ricii occurred in 28 % of the intestines, and in 
10.5% of the stomachs, and capelin (Mallotus vil-
losus) occurred in 42 % of the intestines. In terms 
of reconstructed prey biomass, G. fabricii domi-
nated the intestinal contents with a point estimate 
of more than 80 %, whereas contributions from 
all other prey items (including capelin) were less 
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than 10 % (Fig. 2a).
The majority (96.3 %) of the 54 harp seals sam-

pled in 2001 had empty stomachs, but only 3.7 % 
had empty intestines. The identifi ed prey remains 
included at least nine different categories (Table 
1). Parathemisto (ca. 70 %), krill (55 %) and cape-
lin (35 %) were most frequently observed. In esti-
mated intestinal prey biomass, the contribution 
from Parathemisto, capelin and krill were all 
about 30 % (Fig 2b). Variation among individu-
al seals was large, as seen from the confi dence 
intervals.

Prey composition differences in intestines of 
harp and hooded seals

To assess whether the prey composition of sam-
ples from harp and hooded seals differed, we 
selected for analysis the intestines of animals 
sampled in the one site where overlapping sam-
ples of both species were obtained in winter 2001. 
This provided 43 samples from hooded seals and 
44 from harp seals. One harp seal sample was 
selected at random and removed from the data 
set to create equal-sized matrices for analysis. 
Prey species used in analysis were capelin, polar 

Table 1. Frequency of occurrence of empty stomachs and intestines, and identifi ed taxa in stomachs and intestines of hooded and 
harp seals caught in drift ice east of Greenland, July–August 2000 and February–March 2001. N = number of seals examined.

Percentage occurrence
July–August 2000 February–March 2001

Stomachs Intestines Stomachs Intestines
Hooded 
n = 28

Harp 
n = 20

Hooded 
n = 28

Harp
n = 20

Hooded 
n = 57

Harp
n = 54

Hooded 
n = 57

Harp
n = 54

Empty 71.4 65.0 3.6 5.0 86.0 96.3 29.8 3.7
Crustacea

Amphipoda
Parathemisto libellula 3.6 35.0 10.7 90.0 0 1.9  1.8 27.8
Parathemisto sp. 10.7 10.0 39.3 85.0 1. 3.7 1.8 70.4
Gammarus sp. 3.6 0 14.3 10.0 0 0 0 14.8
Unident. amphipod remains 0 0 10.7 0 0 0 1.8 0

Euphausiacea
Thysanoessa sp. 0 5.0 0 0 0 1.9 0 55.6

Decapoda 0 0 0 0 0 0 3.5 1.9
Unident. crustacean remains 0 0 0 0 0 0 0 3.7

Mollusca
Cephalopods

Gonatus fabricii 17.9 25.0 82.1 55.0 10.5 0 28.1 3.7
Pisces
Osmeridae

Mallotus villosus 0 0 0 0 1.7 0 42.1 35.2
Gadidae

Gadus morhua 0 0 3.6 0 0 0 0 0
Boreogadus saida 21.4 30.0 71.4 60.0 0 0 3.5 7.4
Unident. gadoid remains 3.6 5.9 39.3 0 0 0 0 0

Ammodytidae
Ammodytes sp. 14.3 10.0 32.1 20.0 0 0 0 0

Zoarcidae
Unident. zoarcid remains 0 0 0 0 0 0 7.0 3.7

Liparidae
Unident. liparid remains 0 0 0 0 0 0 1.8 1.9

Scorpaenidae
Unident. scorpaenid remains 0 0 0 0 0 0 1.8 0

Pleuronectidae
Hippoglossoides platessoides 0 0 0 0 0 0 3.5 0

Unident. fi sh remains 3.6 0 10.7 5.0 1.7 0 12.3 3.7
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cod, miscellaneous fi sh (including other gadoids, 
Ammodytidae, Zoarchidae, Liparidae, Scorpe-
nidae and Pleuronectidae), squid, Parathemisto, 
krill and miscellaneous invertebrates (including 
amphipods of the genus Gammarus and Decap-
odae).

Harp and hooded seal matrices were combined. 
Dissimilarity coeffi cients of the standardized 
data were calculated using the Bray-Curtis index 
(Legendre & Legendre 1998). A dendrogram was 
computed using average-link clustering (Vena-
bles & Ripley 2002). This revealed fi ve clusters 
in the data (Fig. 3), of which two were comprised 
entirely of harp seals and one entirely of hooded 
seals. Two clusters included members of both spe-
cies (13 harp seals and 20 hooded seals).

Discussion

The gut contents of both hooded and harp seals 
in the Greenland Sea pack ice included few prey 
taxa. The dominant role of four particular items—
pelagic amphipods of the genus Parathemisto, 
most probably almost exclusively P. libellula, the 
squid Gonatus fabricii, polar cod and capelin—
was conspicuous. Although their relative contri-
bution to the diet varied both with species and 
sampling period/area, these fi ve prey items con-
stituted 63 - 99 % of the observed diet biomass in 

both seal species. The two invertebrate taxa con-
tributed importantly during both sampling peri-
ods (the amphipods mainly in harp seals, squid 
mainly in hooded seals), whereas the relative con-
tribution of polar cod was confi ned mainly to the 
July–August 2000 period, and capelin exclusively 
to the January–February 2001 period.

This study identifi ed G. fabricii as a major food 
constituent for Greenland Sea hooded seals. This 
was also the conclusion of Potelov et al. (2000) 
in their study of Greenland Sea hooded seal diets 
during March–June. G. fabricii is the most abun-
dant squid of the Arctic and sub-Arctic waters of 
the North Atlantic (Kristensen 1981, 1983). Their 
biomass production in the Nordic seas represents 
a considerable food resource, particularly in the 
Arctic waters (Dalpadado et al. 1998) and the 
consumption of them by a variety of deep diving 
predators is assumed to be substantial (Bjørke 
2001). G. fabricii and capelin were observed as 
the most important food items for hooded seals in 
winter 2001, whereas the summer 2000 diet was 
dominated by polar cod, but with an important 
contribution from G. fabricii.

Satellite tracking data have revealed that 
hooded seals from the West Ice stock were based 
in the ice-covered waters off the east coast of 
Greenland, from where they made long excur-
sions to distant waters (Folkow & Blix 1995, 
1999; Folkow et al. 1996;). From their teleme-

Fig. 2. Estimated proportion of eight prey types by estimated biomass, from (a) hooded seal and (b) harp seal intestines during 
summer 2000 and winter 2001 in drift ice waterrs in the Greenland Sea. Points indicate means and lines indicate 95 % confi dence 
intervals for each prey category. The prey category miscellaneous fi sh includes cod, Ammodytidae, Zoarchidae, Liparidae, Scor-
penidae and Pleuronectidae. Miscellaneous invertebrates include amphipods of the genus Gammarus and decapods.

(a) (b)
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try-based observations of diving behaviour and 
published information about potential prey spe-
cies, Folkow & Blix (1999) suggest that the diet 
of hooded seals along the ice edge in the north-
ern Greenland Sea might be comprised of Green-
land halibut (Reinhardtius hippoglossoides), red-
fi sh species of the genus Sebastes, polar cod and 
the squid G. fabricii. We found no evidence for 
Greenland halibut or redfi sh as important hooded 
seal food in the study area, whereas polar cod and 
G. fabricii were present.

G. fabricii was nearly absent from the harp 
seal samples which were characterized by pelag-
ic crustaceans. Pelagic amphipods of the genus 
Parathemisto and polar cods were very important 
for the harp seals during summer 2000, where-
as in winter 2001 krill, capelin and Parathemisto 
dominated. Polar cod was virtually absent from 
the harp seal diet in winter when capelin and 
other fi sh species were present. In their studies 
of harp seal diets in the Greenland Sea in April–
June, Potelov et al. (2000) observed that the seals 
had fed mainly on pelagic amphipods, krill and 
polar cod, i.e. the same items as observed in this 
study. Pelagic amphipods of the genus Parath-
emisto include several species, but P. libellula is 
the only species that is confi ned exclusively to 
Arctic waters (Dalpadado et al. 2001; Dalpadado 
2002). Previous investigations in the Greenland 
Sea during summer revealed that this amphipod 
species completely dominated the plankton com-
munities in the upper Arctic water layers (Dal-

padado et al. 1998). Similar observations have 
been made both in the north-west Atlantic (Percy 
1993) and in the Barents Sea, where abundance 
may reach a peak in early autumn (Dalpadado et 
al. 2001; Dalpadado 2002). P. libellula is assumed 
to be an important link in the Arctic marine food 
chain between herbivorous zooplankton and fi sh, 
birds and mammals (Dunbar 1957; Bradstreet & 
Cross 1982; Mehlum & Gabrielsen 1993; Nilssen, 
Haug, Potelov & Timoshenko 1995; Dalpadado et 
al. 2001). In the Arctic parts of the Barents Sea, 
Dalpadado et al. (2001) suggest strong predator–
prey interactions between macrozooplankton 
species such as P. libellula and predators such as 
capelin, cod and harp seals, and that the amphi-
pod population appears to be largely controlled 
by predation.

Very little is known about fi sh stocks such as 
sandeels and polar cod in the study area. However, 
capelin is fairly well known (Vilhjalmsson 1997, 
2002). Capelin spawn in areas south of Iceland, 
and their feeding areas are the northern parts of 
the Denmark Strait and shelf areas between Ice-
land and the island Jan Mayen (see Fig. 1). This 
restricted distribution explains both their appear-
ance in hooded and harp seal diets in the Denmark 
Strait during winter in 2001 and their absence in 
seal diets during summer in 2000, when sampling 
of seals occurred far to the north of the distribu-
tional areas for capelin.

Many of the examined stomachs were empty, 
a common feature in harp seals when the species 

Fig. 3. Dendrogram of estimated 
biomass of harp and hooded 
seal intestinal contents, from 
one area sampled in winter 2001 
where the spatial distribution 
of harp and hooded seals over-
lapped. The dendrogram was 
produced using average linkage 
clustering of Bray-Curtis dis-
similarities of row-standardized 
data.
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is sampled while hauled out on ice (see Nilssen, 
Haug, Potelov, Stasenkov et al. 1995; Nilssen, 
Haug, Potelov & Timoshenko 1995; Lindstrøm 
et al. 1998), and it may refl ect rapid digestion 
(Helm 1984; Markussen 1993; Berg et al. 2002) 
and/or some migratory distance between feeding 
grounds and the haul-out sites on the ice. In pass-
ing through the gastrointestinal tract of the pred-
ator, otoliths of different species and sizes erode 
at different rates, and some are completely digest-
ed (e.g. Tollit et al. 1997; Berg et al. 2002; Tollit et 
al. 2003). Furthermore, whilst cephalopod beaks 
appear to be less susceptible to digestion, they 
may accumulate in the stomach (Pitcher 1980; 
Bigg & Fawcett 1985; Tollit et al. 1997), caus-
ing additional bias. The effect of passage through 
the pinniped gastrointestinal tract of crustaceans, 
as compared with fi sh, for example, is unknown. 
Despite these methodological problems, howev-
er, the presented results suggest that the ecolo-
gy and distribution of the observed prey species 
can be related to known predator distribution and 
diving behaviour to give an account of how these 
seals fi t into the Greenland Sea ecosystem. Obvi-
ously, the relative contribution of the most impor-
tant prey species to the diet varied between the 
two seal species. Hooded seal diet was character-
ized by squid G. fabricii and polar cod, but pelag-
ic crustaceans (amphipods and krill) were impor-
tant for harp seals. When the relative intestinal 
prey composition were compared quantitatively 
among co-occurring harp and hooded seals in the 
winter 2001 sample, differences were observed. 
These are probably the result of different foraging 
depths of the two seal species. Studies of diving 
behaviour of harp and hooded seals in the Green-
land Sea have revealed that both species usual-
ly perform more shallow dives during summer 
than during winter, and that hooded seals dive 
to deeper waters than harp seals in both periods 
(Folkow & Blix 1999; Folkow et al. 2004). Except 
for the youngest stages, which may occur in the 
upper water layers during summer, the major 
hooded seal prey G. fabricii has a typical mes-
opelagic distribution with occurrence mainly at 
depths greater than 400 m (Bjørke 2001). This is 
in contrast to the distribution of the major food of 
harp seals: the observed krill and amphipod spe-
cies are usually confi ned to the more upper water 
layers (< 200 m depth; Dalpadado et al. 1998; Dal-
padado et al. 2001).
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