
MARINE ECOLOGY PROGRESS SERIES 
Mar Ecol Prog Ser 

Published March 12 
I 

Selective foraging by harp seals 
Phoca groenlandica in nearshore and offshore 

waters of Newfoundland, 1993 and 1994 

John W. ~awson'~' ,  John T. iInderson2, Edgar L.   alley^, Garry B. Stenson2 

'Ocean Sciences Centre, Memorial University, St. John's, Newfoundland A1C 5S7. Canada 
' ~ e p a r t m e n t  of Fisheries & Oceans, Science Branch, St. John's, Newfoundland A1C 5x1, Canada 

ABSTRACT. The harp seal Phoca groenlandjca, which is numerous and widespread in the Northwest 
Atlantic, may have significant influences on the structure of this ecosystem. To quantify this influence. 
we must understand the functional relationship between harp seals and their prey. If seals are dlscrim- 
inating in their choice of prey, then their consumption of a particular species wlll not necessarily vary 
in relation to its availability or catchability. By applying Chesson's index of selectivity to stomach con- 
tents and research trawl data collected in several near- and offshore locations, we found that harp seals 
preferentially selected capelin Mallotus villosus relative to other prey species, irrespective of their local 
abundance, when given the choice. Arctic cod Boreogadus saida were also preferred in nearshore 
areas, but not in the offshore. In general, these predators were neutrally selective towards Atlantic cod 
Gadus morhua, American plaice Hippoglossoides platessoides and Greenland halibut Reinhardtius 
hippoglossoides. These patterns rationalize the dietary patterns reported for harp seals generally. They 
also explain the harp seals' switch from a reliance on capelin to Arctic cod seen in the mid 1980s, when 
evidence suggests these cod became more abundant than capelin in nearshore waters (where their 
respective energy densities are s d a r )  
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INTRODUCTION 

In the Northwest Atlantic, harp seals Phoca groen- 
landica are very abundant (Reijnders et al. 1993) and 
have a broad distribution which encompasses coastal 
and offshore waters from the Gulf of St. Lawrence to 
the southern Arctic (Sergeant 1965, Finley et al. 1990, 
Stenson & Kavanagh 1993). To understand their role in 
shaping the structure of this marine community we 
need to know the types and quantities of prey they 
consume. Since the local abundance and distribution 
of most fish species are  dynamic, and their energy den- 
sity is seasonally, geographically and morphometri- 
cally variable (Steimle & Terranova 1985, Martensson 
et al. 1996, Lawson et al. 1998), it is likely that harp 
seals are selective as to which prey they consume from 
the suite of those available. It has been proposed that 

harp seals migrate great distances to establish or main- 
tain contact with preferred prey stocks (Finley et al. 
1990, Lawson & Stenson 1995), or to take advantage of 
localized increases in prey abundance. To assess the 
selectivity of a predator, we need to compare predator 
diet with quantitative information on the occurrence of 
prey taxa within the predator's environment. Such 
comparisons are few for seals, and the results are 
equivocal. In some studies seals ate the most numeri- 
cally common prey (Thompson et al. 1991, Nilssen 
1995, Nilssen et al. 1995), whereas in others they 
selected prey of a particular size (Sinclair et al. 1994), 
or less abundant prey (George-Nascimento et al. 
1985). 

Until recently, our knowledge of harp seal diet in the 
Northwest Atlantic has been based primarily on sam- 
ples collected in different locations, seasons and years 
(Wallace & Lawson 1997). This situation has improved 
with comprehensive studies in near- (Lawson et al. 
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1995) and offshore areas of Newfoundland (Lawson & 
Stenson 1997). However, there has been little concur- 
rent data on the abundance and distribution of harp 
seal prey (Lawson et al. 1995), particularly Arctic cod 
Boreogadus saida, and for fish within harp seals' pre- 
ferred size range (8 to 22 cm). It is important to under- 
stand how the consumption of a particular prey species 
will vary with its availability to the predator (Harwood 
1992). The answer will depend to an extent on the de- 
gree of selectivity exercised by the predator. This study 
provides the first quantitative evidence of foraging se- 
lectivity by harp seals in Newfoundland waters by com- 
paring their diets to demersal trawl catches for near- 
and offshore areas in the winters of 1993 and 1994. 

MATERIALS AND METHODS 

Sampling regime. The harp seals used in this study 
were collected in offshore areas (>30 km from the 
coast) during directed research trips (1993: n = 13, 
1994: n = 7), or collected in nearshore areas (n = 133) 
by contract hunters (Fig. 1). No effort was made to 
restrict the sex or age of individuals lulled, or the time 
of day at which they were collected. Visual surveys 
(Stenson & Kavanagh 1993) and data from seals 
equipped with satellite-linked time depth recorders 
(Wildlife Computers, 16150 85th Street 226, Redmond, 
Washington 98052, USA) indicate that harp seals are 
distributed widely in waters around Newfoundland 
and Labrador, and that the area used in the offshore 
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Fig. 1. Locations of harp seal Phoca groenlandica collections 
and sampling trawls in 1993 and 1994 

component of this study is one of relatively high harp 
seal abundance. The methods for sample collection, 
stomach preparation and diet reconstruction are 
detailed in Lawson et al. (1995) and Lawson & Stenson 
(1997). 

Research trawling was carried out each year 
throughout the areas where seals were collected, at 
both nearshore and offshore locations. The trawling 
was done as part of a programme examining the win- 
ter distribution of juvenile fish in nearshore and off- 
shore locations along the Northeast coast of New- 
foundland (Dalley & Anderson 1997). A line transect 
survey design was used, with trawling stations located 
54 km (30 n miles) apart, running from the nearshore 
out across the shelf to the shelf break (Fig. 1). Trawl 
stations were located at distances less than 54 km apart 
when either the depth changed by more than 50 m or 
untrawlable locations were encountered within the 
nearshore. Trawling was done using a Campelen 1800 
modified shrimp trawl fitted with 35 cm (14 in) rock- 
hopper gear (Dalley & Anderson 1997), which is specif- 
ically designed to catch small fish near the bottom 
(Godo & Walsh 1992). Surveys were carried out in 
December 1992 (referred to as 1993) and December 
1993 to January 1994 (referred to as 1994); harp seal 
collections were carried out in January and February 
of 1993 and 1994. A third year of trawling was carried 
out in December 1994 to January 1995 (referred to as 
1995), although we do not have seal stomach samples 
from the winter of 1995 in the offshore area. 

From the total survey area, we defined one near- 
shore area and one offshore area. The nearshore area 
is the area of collection of harp seals by landsmen 
along the coast of White Bay and Notre Dame Bay, 
Newfoundland (Fig. 1). The offshore area encom- 
passes the locations where harp seals were collected 
each winter (January and February). 

Selectivity estimation. Feeding selectivity was cal- 
culated using the alpha index (a;) developed by Ches- 
son (1978), where a,  was calculated as: 

where r, is the proportion of prey type i (among k total 
prey types) in the seal diet and p, is the proportion in 
the water (as sampled by the trawl). In this paper, plot- 
ted selectivity values above or below the level of neu- 
tral selection indicate a positive or negative feeding 
preference by the seals, respectively. This index is 
widely acknowledged as the best indicator of feeding 
preferences due to the fact that it eliminates any differ- 
ences that might occur in such indices due to abun- 
dance differences in the diet or the trawl (sampler). We 
considered 5 prey species of fish, which dominated the 
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harp seal diet by weight: capelin MaUotus villosus, 
Arctic cod Boreogadus saida, American plaice Hippo- 
glossoides platessoides, Greenland halibut, or turbot, 
Reinhardtius hippoglossoides, and Atlantic cod Gadus 
morhua. An important consideration in selectivity 
analyses is that the intersection set of species which 
occurs in both the diet and the trawl comprises a large 
proportion of the total stomach and trawl contents. In 
all cases, these 5 species accounted for more than 85 % 
of total reconstructed content mass. 

RESULTS 

Seal diets 

In the Northwest Atlantic, harp seals have a hetero- 
geneous diet (a subset of which is presented in Table 1; 
Lawson & Stenson 1995, 1997, Lawson et al. 1995, Wal- 
lace & Lawson 1997). Although the diets of seals in 
each study area did not vary between 1993 and 1994 
(Table 2 ) ,  there was a significant difference in the rel- 
ative proportions of each fish species eaten between 
the nearshore and offshore areas. Nearshore, seals 
predominantly ate Arctic cod, by mass, followed by 
relatively small amounts of capelin and little to no 
Atlantic cod, American plaice or Greenland halibut 
(combined data for 1993 and 1994; Fig. 2). Offshore, 
seals ate predominantly capelin, followed by Green- 
land halibut, and small amounts of American plaice, 
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(0.88) 

Arctic caiel in Atla'ntic Arneican ~ree i l land  
Cod Cod Plaice Halibut 

Fig. 2 .  Mean proportions (reconstructed wet mass) of 5 prey 
species in harp seal Phoca groenlandjca stomachs and 
research trawl samples collected in nearshore and offshore 

Newfoundland waters, comblned for 1993 and 1994 

Fig. 3. Mean proportions (reconstructed wet mass) of 5 prey 
species in harp seal Phoca groenlandjca stomachs collected in 

the 3 offshore study areas waters in 1993 and 1994 

Atlantic cod and Arctic Cod. On average, these 5 spe- 
cies accounted for 88 and 95% of the total stomach 
content mass of seals from the nearshore and offshore 
areas, respectively. 

To further explore the influence of sampling location 
we further subdivided the offshore area into 3 locales 
(Fig. 3). The first location (A) contained 2 harp seals 
sampled in 1994 which were collected over deep water 
(300 to 400 m) south of Funk Island Bank. The second 
location (B) contained 8 seals from 1993 and 2 seals 
from 1994. This area was also over deep waters south 
of Funk Island Bank, but was essentially at the shelf 
break. The third location (C), which was located irnme- 
diately south of Area B over deep water at the shelf 
break, contained 5 seals from 1993 and 3 seals from 
1994. The diets of these seals did not differ among 
years for each of these areas. However, harp seal diets 
did vary significantly among the 3 areas. In all cases, 
capelin occurred as a dominant component of the diet, 
while the amounts of the other fish species varied. In 
Area A, the diet was dominated by capelin and Amer- 
ican plaice. Arctic cod and Atlantic cod occurred in low 
amounts, while Greenland halibut was not evident. In 
Area B, the diet was dominated by capelin, with Amer- 
ican plaice and Greenland halibut occurring in low 
abundances. Arctic cod and Atlantic cod were not seen 
in the stomachs. In Area C, the diet was dominated by 
capelin and Greenland halibut. Arctic cod and Atlantic 
cod did not occur in any significant amounts in the 
harp seal diets. 
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Table 1. Percent total reconstructed wet mass of prey in harp seal Phoca groenlandica stomachs collected in near- and offshore 
study areas (see Fig. 1) of Newfoundland in January and February 1993 and 1994. Percent values less than 0.01 are denoted as 

'trace'; blank entries denote species not found in the stomachs 

Nearshore Offshore 

Vertebrate prey 
Atlantic herring 8.25 - 
Capelin 0.70 63.33 
Myctophidae - 0.08 
Scaled lancetfish - 0.07 
Gadoid sp. 0.08 0.01 
Atlant~c cod 2.42 2.20 
Rock cod (Gadus ogac) 0.74 - 
Arctic cod 78.01 1.85 
Marlin spike (Nezumia bairdi) - 0.05 
Sand lance trace - 
Fourline snakeblenny (Eumesogrammus praecisus) 0.03 - 
Eelpout sp. (Zoarcidae) 2.45 1.92 
Vahl's eelpout (Lycodes vahlii) 0.08 - 
Redfish sp. 0.08 0.03 
Sculpin sp. (Cottidae) 0.02 0.04 
Hookear sculpin (Artediellus spp.) trace 0.16 
Moustache sculpin (Triglops murrayi) trace - 
Liparis sp. 0.01 0.01 
Pleuronectidae 1.37 2.64 
American plaice - 5.35 
Greenland halibut 0.67 6.11 
Unknown fish 0.02 1.08 
Invertebrate prey 
Gastropoda trace trace 
Teuthoidea (squid) 2.43 6.14 
Gonatus sp. 1.90 6.90 
Amphipoda 0.01 - 
Hyperiidae (crustacean) 0.70 0.59 
Garnmaridea sp. (amphipod) trace - 
Mysidae sp. (mysid) trace - 
Euphausiacea (euphausiid) 0.20 
Thysanoessa sp. (euphausiid) 0.35 
Decapoda (crustacean) trace 
Natantia (shrimp) 0.01 - 

Hlppolytidae (shrimp) trace - 
Eualus fabricii (shrimp) trace 0.03 
Eualus macilen tus (shrimp) 0.01 - 
Eualus g. gaimardii (shrimp) 0.02 trace 
Lebbeus polaris (shrimp) trace - 
Pandalus sp. (shrimp) 0.06 - 

Table 2 Mean proportion of total reconstructed mass of 5 prey types in harp seal Phoca groedand~ca stomachs and research 
trawl samples collected in January and February in near- and offshore Newfoundland waters, for 1993 and 1994, used in calcu- 

lations of Chesson's Index 

Nearshore Offshore 
Proportion of mass Proportion of mass Proportion of mass Proportion of mass 

m stomachs in trawl samples in stomachs in trawl samples 

1993 
Arctic cod 0.779 
Capelin 0.034 
Atlantic cod 0.015 
American plaice 0.000 
Greenland halibut 0.000 
1994 
Arctic cod 0.838 
Capelin 0.078 
Atlantic cod 0.007 
American plaice 0.000 
Greenland halibut 0.003 
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Fig. 4. Trawl catch rates of 5 prey species in nearshore and 
offshore areas during the 1993, 1994 (December 1993/Janu- 
ary 1994) and 1995 (December 1994/January 1995) sampling 

periods 

Fish abundances 

The donllnant fish species caught during the 3 survey 
years were Arctic cod and capelin; Arctic cod dorni- 
nated nearshore and capelin offshore (Fig. 4). The only 
exception to this was the low abundance of capelin off- 
shore in 1994. American plaice, Greenland halibut and 
Atlantic cod occurred in much lower numbers. 

There were significant differences in abundances be- 
tween nearshore and offshore locations. Nearshore, 
Arctic cod was the dominant fish caught each year, av- 
eraging 459 to 999 fish tow-' (Fig. 4). All other species 
occurred at much lower abundances, being less than or 
equal to 84 fish tow-', with the exception of capelin in 
1995 which averaged 394 fish tow-'. Offshore, capelin 
was the most abundant species caught in 2 of the 3 
years, averaging approximately 900 to 1300 fish tow-' 
in those years. In 1994, capelin averaged less than 100 
fish tow-', which was surprisingly low compared with 
other years. The next most abundant species offshore 
were American plaice, Arctic cod and Greenland hal- 
ibut, which averaged approximately 51 to 178 fish tow-' 
each year. Atlantic cod was the least abundant fish 
species caught offshore in all 3 years (Fig. 4). 

Comparing abundances within species for nearshore 
and offshore locations demonstrated a consistent pattern 
in all cases, except for capelin sampled offshore in 1994 
(Fig. 4). In 2 of the 3 years capelin were 4 to 10 times 
more abundant offshore. Capelin were most abundant 
both nearshore and offshore in the 1995 survey. 

Arctic cod were more abundant than the other 4 spe- 
cies nearshore in all years, with an apparent trend of 
increasing abundance from 1993 through to 1995. Off- 
shore, Arctic cod were approximately 2 to 5 times less 
abundant than they were nearshore. 

Atlantic cod were more abundant nearshore than 
offshore each year, when abundances included all cod 
captured from ages 0 to 3 yr (Fig. 4). When the abun- 
dances of Atlantic cod are compared by age class it is 
apparent that 1 yr old cod were more abundant 
nearshore each year (Fig. 5). For age 2 Atlantic cod, 
abundances were higher nearshore in 1992 and lower 
in 1993 compared to the offshore. For age 3 Atlantic 
cod, abundances were higher offshore each year. 
These results suggest an  ontogenetic shift in the distri- 
butions of juvenile cod from nearshore to offshore loca- 
tions as they grow from age 1 to 3 yr. 

American plaice were approximately twice as abun- 
dant offshore as nearshore in all 3 years, with a trend of 
decreasing abundance offshore and no apparent trend 
nearshore. Greenland halibut were more abundant 
offshore than nearshore each year. 

I Nearshore ( 
I Offshore I 

Age 1 Yr Age 2 Yr Age 3 Yr 

Fig. 5. Mean trawl catch rates of Atlantic cod, aged 1 to 3 yr, 
in nearshore and offshore areas for 1993 and 1994 
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Fig. 6 .  Mean trawl catch weights of 5 prey species in near- 
shore and offshore areas during the 1993, 1994 and 1995 sam- 

pling periods 

Comparison of fish biomass between nearshore and 
offshore locations were similar to abundances, with the 
notable exception of Atlantic cod (Fig. 6). The biomass 
of Atlantic cod was greater offshore each year, for 
Atlantic cod of all ages. This result is primarily due to 
the greater offshore abundance of age 3 fish. 

Fish distributions in offshore waters 

Fish distributions were examined only for the off- 
shore area in order to compare them with geographic 
differences in seal diets observed offshore. Nearshore, 
it was not possible to relate geographic differences in 
prey and seal distribution as the precise locations of 
the seal samples were not known. 

The distributions of fish offshore did not vary signifi- 
cantly among years for any single species, but there 
were obvious differences in the distributions among 
species. Arctic cod were most abundant within the 
shoreward half of the area as well as the northern 
Grand Bank to the south (Fig. 7). Capelin were abun- 
dant throughout most of the offshore area, although 
their distributions were somewhat similar to Arctic cod 
(Fig. 7). Atlantic cod were most abundant in the north- 
ern part of the offshore study area, with low abun- 
dances occurring over the northern Grand Bank 

(Fig. 7) .  American plaice were distributed abundantly 
throughout most of the offshore area, although there 
appeared to be a trend of lower abundances in the 
northern part during 1994 (Fig. 7). Greenland halibut 
were most abundant in the northern part of the off- 
shore area, where highest abundances occurred in 
deep water (>400 m; Fig. 7). No Greenland halibut 
were captured in the shallow waters (<l00 m) of the 
northern Grand Bank. 

Seal feeding selectivity 

Harp seals preferentially selected capelin in both 
nearshore and offshore areas each year, as indicated 
by consistently positive Chesson values (Fig. 8). This 
result occurred even though there were significant dif- 
ferences among areas in the abundance of capelin 
sampled by the trawl and the proportion of capelin in 
the harp seal diets. Selectivity for Arctic cod varied 
between nearshore and offshore areas. Nearshore, 
Arctic cod were a preferred prey both years, on the 
same order as capelin. However, offshore, Arctic cod 
were negatively selected in 1993 and neutrally 
selected in 1994. Atlantic cod were neutrally selected 
by harp seals, being neither preferred or rejected as a 
prey item for nearshore and offshore areas each year. 
American plaice were neutrally selected by harp seals 
in the offshore area. Selectivity values for Greenland 
halibut were near neutral in offshore areas each year, 
whereas they appeared to be negatively selected in 
nearshore areas in 1994. The low values of selectivity 
estimated for Atlantic cod, American plaice and 
Greenland halibut resulted from their absence in the 
diet. While these calculations indicate very low selec- 
tion, in each case they occurred where the abundances 
of these fish species were lowest and, therefore, should 
be considered with caution. 

Harp seal feeding selectivity calculated for the 3 dif- 
ferent regions within the offshore area (see Fig. 2) 
indicated that capelin were a preferred prey item in 
Areas A and B, while they were neutrally selected in 
Area C (Fig. 9). American plaice appeared to be a pre- 
ferred prey item in Area B, while Greenland halibut 
were strongly selected in Area C. In no instance were 
any of the 5 fish species negatively selected as a prey 
item in Area C. 

DISCUSSION 

Comparisons of seal diet with local prey availability 
have shown that several seal species (Thompson et al. 
1991, Sinclair et al. 1994), including harp seals in the 
Northeastern Atlantic (Nilssen et al. 1995, Lindstram et 
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Nearshore 1994 
0 Offshore 1993 

Arctic Capelin Atlantic American Greenland 
Cod Cod Plaice Halibut 

Fig. 8. Harp seal Phoca groenlandica feeding selectivity 
calculated for 5 prey types Chesson's alpha index for species 
1 (a,) is plotted as log,. The dashed line indicates the estimate 

of neutral selectivity 

Area A + 

10 
Area C 

Fig. 9. Harp seal Phoca groenlandica feeding selectivity calcu- 
lated for 5 prey types in each of the 3 offshore subareas (see 
Fig. 2). Chesson's alpha index for species i (ai) is plotted as log,. 
The dashed line indicates the estimate of neutral selectivity 
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al. 1996), exhibit feeding preferences for particular 
types and sizes of prey that are independent of local 
prey abundance. The results of this study are exciting 
since they both corroborate what has been reported for 
harp seal feeding preferences based on stomach con- 
tents (Lawson et al. 1995, Lawson & Stenson 1997) and 
fatty acids (Lassner 1996), and suggest that these seals 
may be actively choosing their prey. 

The Chesson's index of selectivity suggests that 
capelin was strongly selected for by harp seals in both 
near- and offshore waters. This supports dietary evi- 
dence of a preference for capelin seen prior to 1986 
when this species was predominant in harp seals' diets 
in nearshore areas (Lawson & Stenson 1995). Also, 
dietary data show that the diet of harp seals in offshore 
waters is almost 90% capelin, by mass (Lawson & Sten- 
son 1997), even though they had the opportunity to 
consume other prey. 

The strong selectivity for capelin is an important 
result from a seal energetics point of view, since harp 
seals digest capelin more efficiently than they do most 
other harp seal prey (Lawson et al. 1997), and offshore 
capelin have relatively high energy densities com- 
pared to most other prey species (Lawson et al. 1998). 
If this selectivity is reflected in their diet, the total con- 
sumption of capelin relative to other prey types by  the 
harp seal population will be higher, and the population 
will consume a relatively smaller total prey biomass to 
satisfy its energy demands. Further, such selectivity 
means that harp seals' consumption of juvenile 
Atlantic cod would be lower than expected if they were 
foraging randomly (at least in the nearshore areas). 

In fact, Atlantic cod were rarely found in the stom- 
achs of nearshore seals (Lawson et al. 1995), or off- 
shore seals collected independently of commercial cod 
trawls (Lawson & Stenson 1997). The absence of 
Atlantic cod did not appear to be due to the unavail- 
ability of this prey since hooded seal Cystophora 
cristata stomachs collected concurrently with harp 
seals did contain more than 10 % Atlantic cod by mass 
(Lawson & Stenson unpubl. data). The Chesson index 
supports this finding by showing that harp seals were 
neutrally or negatively selecting this fish species. The 
low selectivity values for Atlantic cod, plaice and 
Greenland halibut resulted from their absence from 
the seal stomachs. The selectivity indices were calcu- 
lated when the abundances of these fish species were 
lowest. Therefore, these results should be considered 
with caution until a similar selectivity study can be 
conducted in areas where juvenile cod are abundant, 
such as nearshore Northeastern Newfoundland (Dal- 
ley & Anderson 1997). 

From 1986 onward, Arctic cod have predominated in 
harp seals' nearshore diets (Lawson & Stenson 1995, 
Lawson et al. 1995), which may be a function of the 
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notable influx of this prey species into Newfoundland 
waters (Lilly et al. 1994). This study suggests that harp 
seals prefer this species in nearshore areas, where it is 
abundant in both the environment and seal stomachs, 
but do not have the same level of preference for them 
as a prey choice when the seals are offshore. This 
implies a geographic difference in feeding selectivity 
that would be interesting to explore further, although 
we can only speculate why such a difference might 
occur. This may relate to the similar relative energy 
densities of Arctic cod and capelin in nearshore waters, 
regardless of season, but not in offshore areas (Lawson 
& Stenson 1997). If the energy densities of these 2 spe- 
cies influence harp seal feeding behaviour, we would 
expect that seals would have a preference for Arctic 
cod in nearshore waters due to its greater relative 
abundance and similar energy density to capelin. 
However, in offshore waters capelin's greater energy 
density and abundance would favour a selection for 
this species. Information must be obtained for other 
prey-related factors, such as abundance, catchability, 
handling time and distribution across and within the 
water column, which might affect harp seal prey 
choice since it seems unlikely they are choosing prey 
based on energy content alone. The relative speed and 
exceptional diving capability of harp seals mean they 
can choose from a broad range of potential prey, and 
their long life and intelligence imply they can learn 
which prey are better choices. 

We assumed the trawls provided a reasonable index 
of the relative abundances of fish species throughout 
the depths at which seals where feeding. Dive data 
were obtained from harp seals equipped with satellite- 
linked time depth recorders in 1995 and 1996, and 
from times when seals were within the study areas. 
These records indicated that, although most of their 
dives tended to be shallow, harp seals frequently dove 
to depths equivalent to the bottom (100 to 300 m;  
G .  Stenson & B. Sjare unpubl. data) and were clearly 
capable of sampling prey throughout the water col- 
umn. Capelin and Arctic cod are usually regarded as 
pelagic species, although capelin may have been dis- 
tributed deeper in the water column during the time of 
this study, and are regularly encountered in bottom 
trawls. Until technology permits us to determine pre- 
cisely the times and depths at which seals are captur- 
ing their prey, further selectivity studies will be 
designed to provide concurrent pelagic and demersal 
fish abundance estimates. 

A potential criticism of this study is the non-synoptic- 
ity of the seal and trawl samples. However, the distrib- 
utions and abundances of the fish species were 
unlikely to be different from the time they were col- 
lected and the time the seals were collected. This is 
inferred by the relatively stable pattern of fish distrib- 

ution and abundance observed over the 3 yr of sam- 
pling. In addition, the winter period is a time when 
species of fish are, generally, overwintering and non- 
migratory, and so might be considered fairly stationary 
in a statistical sense. Nonetheless, it would be prefer- 
able to sample the seals and prey simultaneously, as 
has been done in Norway (Nilssen et al. 1995, Lind- 
strem et al. 1996). On a smaller scale, seal stomachs 
can empty in a short time (e.g. as little as 1 h for har- 
bour seals; Markussen 1993); so even small differences 
in the timing of seal and trawl sampling may be signif- 
icant. A directed study to pursue the question of selec- 
tivity should rely on several measures of diet (gastroin- 
testinal contents including the intestines, fatty acids 
and stable isotopes), and concurrent prey assays at 
depths frequented by the harp seals. 

The most compelling result of this study is that seal 
diets matched the abundances of fish sampled be- 
tween nearshore and offshore areas. Nearshore, the 
diet and trawl catches were dominated by Arctic cod, 
whereas offshore it was capelin. However, the selectiv- 
ity calculations indicate that capelin were preferred in 
both areas. This is an important result from the per- 
spectives of both harp seal bioenergetics and fish pop- 
ulation dynamics. We must conduct further directed 
studies to test these predictions of harp seal feeding 
preferences. Concurrent seal diet assays and fish 
abundance surveys are one means to quantify foraging 
selectivity; particularly as ecologists begin to gather 
better data on predators and their prey. 
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