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ABSTRACT 

Indices of nutritional condition and di et were evaluated in 

harp f:eals Phoca aroenlandica (n=124) obtained from hunters in 

Hudson strait and the Gulf of st. Lawrence, December 1988 to 

October 1990. In winter seals, blubber and the lean, eviscerated 

carcass contributed 90% and 9% of total body lipids, respectively 

(n=9). Lipid was distributed homogeneously thro1lghout the blubber 

in a late Febr~ary sample of mature males (n=6). Blubber 

thickness and girth at 50% of length showed the strongest 

correlation to fat stores, but the direct measurement of sculp 

(i.e. skin with attached blubber) and total body mass May be 

necessary to show variations in nutritional condition. While 

percent blubber of total body mass indicates the state of thermal 

balance, seasonal fluctuations in the mass of both sculp and the 

lean carcass (with visceral limit its usefulness as an index of 

energy stores. Sculp and core mass in females increased from 

autumn (49.6±2.7 kg and 49.4±3.5 kg, respectively, mean±1se) to 

winter (57.4±1.9 kg and 57.9±2.5 kg, respectively). Mature males 

were observed to significantly increase their blubber mass from 

early to late winter (p<O. 05). Muscle and liver lipid content 

varied seasonally in both sexes, and were highest in a sample of 

females one month post-partum which were feeding very intensively 

(2.0±O.3% and 7.3±1.4%, respectively, mean±1sd). These females 

had reduced blubber mass and blubber lipid content, but the 

highest observed core mass, the latter being significantly 

heavier than in autumn (64.9±2.9 kg, mean±1se, p<0.05). Unequal 

sample size of males and females restricted statistical analysis 

of condition indices. Changes in nutritional condition reflect 

seasonal variation in feeding intensity. Capelin (Mallotus 

villosus) is the preferred food ite~, where available, and was 

the primary prey in both the st. Lawrence River estuary and 

Hudson strait. Harp seals on their southward migration fed less 

intensively than in other seasons, but on a greater variety of 

fish and plankton. 
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RÉSUMÉ 

J'ai étudié les indices d'état nutritif, ~insi que la diète 

de 124 phoques du Groënland obtenus par des chasseurs dans le 

détroit d'Hudson et le Golfe du St-Laurent, de décembre 1988 à 

octobre 1990. En hiver, la couche adipeuse et la carcas~w 

(muscles, squelette sans visceral ont contribués respectivement 

à 90% et 9% du total des lipides corporels. Les lipides étaient 

distribués d'une façon homogène dans la couche graisseuse parmi 

un échalltillon de six mAles matures pris vers la fin de février. 

L'épaisseur de la couche graisseuse et la circonférence à la mi­

longueur étaient fortement corrélées avec la réserve de gras. 

Cependan~, le poids de l'écorce (i.e. la peau avec la graisse) 

et le poids total du corps indiquaient mieux l'état nutritif. 

Le rapport du poids de la couche graisseuse au poids total 

indique l'état de l'équilibre thermal, mais les fluctuations 

saisonnières dans le poids de l'écorce et de la carcasse (avec 

visceral nui a ces mesures comme indices nutritifs. Le poids de 

l'écorce et la carcasse chez les femelles ont augmentés de 

l'automne (49.6 ± 2.7 kg et 49.4 ± 3.5 kg, respectivement, 

moyenne ± erreur type) à l'hiver (57.4 ± 1.9 kg et 57.9 ± 2.5 

kg, respectivement) . Les mâles matures ont augmentés 

significativement le poids de leur couche graisseuse, du début 

à la fin de l'hiver (p < 0.05). Les lipides contenus dans les 

muscles et le foie variaient d'une façon saisonnière chez les 

deux sexes. Ils ont atteint leur maximum (2.0 ± 0.3% et 7.3 ± 
1.4 %, muscles et foie, respectivement, moyenne ± écart-type) 

dans un échantillon de femelles un mois après la mise-bas; ces 

bêtes se nourissaient intensivement durant cette période. Il y 

avait une réduction dans le poids et le contenu lipides de ces 

mêmes femelles mais le poids de leurs carcasses était au maximum 

observé; significativement plus lourd qu'à l'automne (64.9 ± 2.9 

kg, moyenmne ± erreur-type, p < 0.05). L'analyse statistique 

des indices de condition a été empêcher par l' inégali té du 

nombre d'échantillons entre mâles et femelles. Les changements 
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dans l'état nutritif reflètent les variations saisonnières 

d'alimentation. Le capelan (Mal1otus villosus) est la proie 

préférée du phoque du Groënland, la plus importante dans 

l'estuaire du fleuve St-Laurent et dans le détroit d'Hudson. 

Les p~oques du Groënland se nourt'issent moin et se serve d'une 

plus grande variété de nourriture ~ors de leur migration vers le 

sud. 
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- GENERAL INTRODUCTION 

The harp seal (Phoca qroenlandica Erxleben 1777) is the most 

abundant pinniped inhabitinq the waters of the North Atlantic, 

and the second or third most abundant worldwide (King 1983; 

Riedman 1990; Sergeant In press). Three populations exist: two 

are located in the northeast Atlan'tic and the third, in Canadian 

waters, is further subdi vided into two main breeding hards 

(Ronald and Healey 1981). The larger occurs off the coast of 

southern Labrador (the 'Front' herd) and has twice the population 

of the herd in the Gulf of st. Lawrence (Sergeant In press). Sorne 

mixing of stocks occurs within the two northeastern populations 

and the two Canadian herds, but crossover between the east and 

west Atlantic populations is rare (Sergeant 1973a). 

The long annual migrations of the harp seal are related to 

patterns of ice formation and influence the seasonal variation in 

diet and body condition. While net frequenting areas of fast-ice, 

the harp seal is found in close association wi th pack ice in 

most seasons (Sergeant 1965), hence the present sub-generic 

designation of Pagophilus, or 'ice-Iover'. During spring, harp 

seals moult and spend much of the time hauled out on the ice and 

appear to feed only intermittently (Sergeant 1973b). As the ice 

mel ts, they begin their northward migration and by summer large 

numbers arrive on the western coast of Greenland. Most juveniles 

remain in t~is region for the surnrner, but rnany rnat~re se3ls er.t2~ 
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the waters of the eastern and high arctic and, in smaller 

numbers, Hudson Strait and Hudson Bay (Mansfield 1963: Sergeant 

1965). 

Considerable seasonal variation in feeding habits and fat 

reserves is observed in the harp seal. Reduced feeding in spring, 

the northward migration, and for females, the cost of lactation, 

aIl contribute to the depletion of energy stores. By summer, harp 

seals are very lean, weighinq 100 kg, 30 kg ligh~er than in 

winter (Sergeant 1973b). At t:his time, they feed heaviIy and 

begin to restore lost enerqy reserves. Harp seals are known ta 

feed on a wide variety of fish and plankton. In summer, capelin 

(Mallotus villosus), arctic cod (Boreogadus saida) and crustacea 

are most frequent, the relative importance of prey species 

depending on local abundance (Sergeant 1973bi smith et al. 1979; 

Lydersen et al. 1989: Finley et al. 1990). During the sauthward 

migration and in winter and sprinq in the estuary of the st. 

Lawrence, harp seals feed mast heavily on capelin (Sergeant 

1973b: 1976; Murie 1984; Foy et ~. 1981). The replenishment of 

energy stores bequn in the arctic continues through the autumn 

and winter, and by late winter harp seals are very fat (Sergeant 

1973b) • 

In late February, harp seais begin to congregate on the pack 

ice for parturition and matinq. In the Gulf of st. Lawrence, the 

mean date af pupping is 2 March (stewart et al. 1989), slightly 
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later at the Front (Sergeant 1976). The pup grows rapidly during 

~ the 12 days cf lactation, increasing from 10 kg at birth ta 35 kg 

when weaned (Kovacs and Lavigne 1985). Mating occurs at this 

.-

time, although implantation of the embryo dces llot occur until 

August (stewart et Al. 1989). The rapid increase in mass of the 

pup is possib~e because of the high energy content of the milk, 

which ranges from 29 ta 50% lipid (Sivertsen 1941: Cook and BakeL 

1969; stewart et sI. 1983). Consequently, females lose body fat 

at a rate of 3.17 kg/day (stewart and Lavigne 1984). The 

accessibility of harp seals on the breeding grounds of the Gulf 

of st. Lawrence has enabled detailed study of the energetics of 

lactation and the post-weaning fast in pups (Worthy and Lavigne 

1983a; 1983b; 1987: Worthy 1987). Following weaning and mating, a 

brief but intensive period of feeding is known to occur in the 

st. Lawrence River estuary (Sergeant 1973b). 

The seasonal variations in feeding and fattening have 

important implications for applied aspects of the biology of the 

harp seal. Depressed commercial fish stocks combined with an 

increasing harp seal population (Roff and Bowen 1983; 1986) 

emphasize the importance of monitoring diet in harp seals, 

particularly in areas which have not been intensively studled. 

Hcwever, Lavigne et g':...- (1985) estimate that harp seals obtain 

54% of their annual energy intake in w;;lters north of Harnil ton 

Inlet. While the fat of marine mammals serves many functions 

(Scholander 1950: Bryden 1968; Pond 1978), temporal fluctuations 

3 
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in blubber mass may be use fuI as an indication of prey abunèance 

( and variations in the density of the seai populatioll (stewart and 

Lavigne 1984; Smith and Hammill 1987). Organochlorine 

contaminants have been found in the fatty tissues of harp seals 

and reflect levels of pollution in the marine environment (e.g. 

Addison et al. 1973; Addison and smith 1974; Ronald et al. 1984; 

Addison 1989). Knowledge of the seasonal variation in fat 

reserves enables a more detailed interpretation of the total 

burden of contaminants in marine mammals. 

( 

In the harp seal, as wi th other seal species, nutri tionai 

conditicn has often been studied only incidentally (McLaren and 

smith 1985). The link between seasonal variation in energy stores 

and feeding habits has not been studied in detail with data mos~ 

lacking for specimens from the arctic. In Chapter II of the 

thesis, l evaluate various body measurements to determine which 

best reflect nutri tional condition in the harp seal. In Chapter 

III, stomach contents, percent Iipid in muscle, liver and blubber 

and total body and blubber mass are evaluated to investigate 

seasonai variation in diet and nutritionai condition. 
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CHAPTER II 

Evaluation of indices of nutritional condition 
in the harp seal, Phoca qroenlandica. 



• .. 

Abstract 

Indices of nutritional condition were evaluateà in harp 

seals Phoca groenlandica (n=119) by examining body measurements 

and carcass and tissue lipid content. Specimens were collecteà 

from hunters in Hudson Strait and the Gulf of st. Lawrence 

between December 1988 and March 1990. Ninety pe!:"cent of tùtal 

body lipid in 9 winter animaIs was in the blubber and the 

distribution of lipid t!l=::::ughout t.':e blu!:ber 'llias :our.d to ce 

homogeneous. Blubber thickness was most variable dcrsally and 

greatest at 50% of length, which coincides with the position of 

maximum girt!l. Condition indices based on girthjlength and 

blubber thickness show the strongest correlation to both blubber 

mass and percent blubber content when measured at this position. 

The direct measurements of sculp, core and total body mass are 

much more accurate, however, and may be necessary to show 

significant differences in Rutritional condition. Percent blubber 

content is valuable as an indicator of the state of insulation, 

but seasonal variation in both core and blubber mass limits its 

usefulness as an index of energy reserves. Since blubber contains 

the greatest amount of lipids, sculp or blubber mass adjusted for 

standard length cubed is the best index of stored energy. 
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INTRODUCTION 

Nutritional condition is important in determining the size 

and heal th cf animal populations. For terrestrial homeotherms, 

condition affects survival during times of envircnmental stress 

and can influence reproductive rates (Young 1976; Hanks 1981; 

Thomas 1982). In marine mammals, the level of fat reserves, 

stored principally in the blubber, has been considered the best 

indication of nutritional condition (Lockye~ 1986; Read 1990; Ryg 

et al. 1990a). The fat deposits serve as an energy store, a 

source of buoyaney and streamlining and as insulative protee~ion 

against the high thermal eonduetivity of water (Seholander et al. 

1950; Pond 1978; Worthy and Lavigne 1987; Ryg et al. 1988). As 

with terrestrial animaIs, condition may influence reproductive 

success and affect survivorship of offspring in .narine manunals 

(stewart and Lavigne 1984; Lockyer 1986; Smith 1987; Doidge and 

Croxall 1989). Because of the lipo-philic nature of 

organochlorine compounds, study of contaminants in marine 

mammals should consider seasonal, sexual and age-specifie 

variation in fat deposits (Addison et al. 1973; Addison and Smith 

1974: Ronald et al. 1984; Addison 1989). 

Despite its importance, body condition has often been 

studied only incidentally in seals (reviewed in McLaren and Smith 

1985). Traditionally, xiphosternal blubber thickness (including 

9 



... skin) and girth/length*100 have been used to estimate body 

condition (McLaren 1958; American Society cf Mammalogists 1967) • 

Seasonal and sexual variations in t.;'ese indices have been 

observed in harp seals (Sergeant 1973) , ringed seals Ph9_Çs. 

h;i.s:gidg (McLaren 1958; Smith 1987) and harbour seals l'J:t~, C.9. 

vitulina (Pitcher 1986). Seasonal changes using total body maSG 

or percent blubber of body mass (i.e. percent blubber content) as 

indicators of body cO:ldition have been reported (Boulva and 

McLaren :979: Fedak and ~'derson 1982: ste~a~ a~d Lavig~e 1984; 

Bowen et al. 1987; Hammill 1ge7). Lockyer et al. (1985) suggest~d 

that blubber thickness at its most variable site might be the 

best index of condition in fin (Balaenootera phvsalus) and sei 

(Balaenoptera borealis) whales. Ryg et al. (1988) found blubber 

in the ringed seai most variable dorsally, at a position sixt Y 

percent of standard length, posterior to the snout (i.e. 

reference lengthO.6, RLO.6)' 

To interpret condition data correctly, measurements such as 

standard Iength, girth and mass must be carefully defined, but 

this is often not done (reviewed in McLaren and smith 1985). The 

American Society of Mammalogists (1967) recommended girth be 

measured at the axilla anrl that xiphosternal bJ ubber thickness 

should include the thickness of the skin. Maximum 9 irt~ and 

blubber thickness excluding skin are now commonly measured which 

leads to confusio' in the literature. Errors in condition indices 

based on total body mass occur if corrections are not made for 

la 
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the mass of the stomach contents or the foetus. Variable blood 

( loss followinq collection adds considerable error due to the 

large volume of blood in seals (st. Aubin ~ Al. 1978). 

f 

Some attempts have been made to examine the value of blubber 

thickness and qirth/lenqth*100 as indices of nutritional 

condition (Pitcher 1986; RY9 et li. 1990a). Generally, authors 

have useà percen~ bl ubber content or percent sculp (i . e. skin 

with blubber attached) of total body mass as the standard for 

comparison. Ryg ~ Al. (1990a) ne te that fat stores in the core 

(carcass and visceral should also be considered to better 

estimate nut:ritional condition. Hammill (1987) found a different 

index (sculp mass/maximum qirth2) was most hiqhly correlated to 

percent total body lipid in ringed seals. Interpretation of data 

on percent blubber content and other condition indices has been 

based on the assumptions that the mass of the core is relatively 

constant in mature animàls (stewart and Laviqne 1984; Ryg ~t al. 

1990b) and that the percent lipid in the blubber and other 

tissues does not vary siqnificantly with season. 

Because of the recognition that nutritional condition 

reflects changing environmental conditions and may also reflect 

the health of the marine environment in general, it is important 

ta evaluate indices of condition and sorne of the associated 

assumptions. Here, l use body measurements and the biochemical 

analysis of total lipid in the carcass and various tissues to 
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establish which index or indices best reflect nutritional 

condition in the harp seal. 
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H;\TgRUI$ AND HETHODS 

Harp seals (n=119) were obt:ained frem hunters at various 

sites in Quebec between December 1988 and March 1990 (Fiqure 1, 

Table 1). 

(December 

Specimens were taken by shootinq at Les Escoumins 

1988 te April 1989, n-S1), SaI luit (September to 

October 1989, n=11) and Harringtcn Harbour (December 1989, n-17). 

Male specimens from Iles de la Madeleine were included in 'ehe 

analyses (late February/early March 1989, n-23, and 1990, n=17). 

Carcasses from Les Escoumins were frozen before beinq shipped to 

Montreal for dissection in the laboratory. AIl other specimens 

were processed in the field. 

Carcasses were weighed whole and te the nearest kilogram, 

except for those over 90 kg taken at SaI luit and Harrington 

Harbour where core and sculp were weighed separately. Total body 

mass was corrected for the mass of stomach contents and foetus, 

but not for blood loss. Standard measurements were made on aIl 

seals (American Society of Mammalogists 1967). Measurements of 

blubber thickness did not include the thickness of the skin. 

Addi tional g irth measurements were taken around the snout and 

head, at the maximal position and at 10 cm inter.;als from the 

snout te the anus. The sculp, not including flippers, was 

separated from the core and weighed. During laboratory 

dissections, the sculp was then stretched to standard length and 

placed on a flat table. Blubber thickness was measured te the 
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nearest millimetre at 10 cm intervals along the length and width 

usinq the vernal extension of precision callipers. S~.llp wid~~ 

was also measured at the 10 cm intervals (Ryg et al. 1988). l 

observed that the thickest part of the sculp lies next to the 

vertebral column and it was taken to be the true centre line of 

the sculp. The blubber was separated from the skin and blubber 

mass determined by subtraction. For specimens weighed whole, core 

mass was calculated as total body mass minus sculp mass. Th~ 

viscera were examined visua:ly fer fat àeposits. In the 

laboratory, organs were weighed to the nearest gram (Sartorius 

Co., Model E5500S, Germany). 

Age was assigned by counting annular growth rings in the 

dentine of thin transverse sections of a lower canine tooth 

(Bowen et al. 1983). If by the third reading, 2 identical values 

were not obtained, resul ts from the 3 readings were averaged. 

Reported age refers to age as at the last anniversary, based on a 

mean parturition date in the Gulf of st. Lawrence of 2 March 

(stewart et al. 1989). avaries were sectioned and examined to 

determine reproductive status. Females with at least one corpus 

luteum or corpus albicans present on the ovaries were considered 

sexually mature (Fisher 1954; McLaren 1958). Four of 36 sexually 

mature females examined were barren and not includeà in the 

statistical analyses of seasonal variations in body condition 

(ages: 8,16,23,31 years). Males which had attained a length of 

152 cm were classified as mature (Laws 1956). 
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sternal blubber, liver, hip and back muscle samples were 

analyzed for total lipid (n=79). Tc determine the distribution of 

lipid in the blubber, additional blubber samples were collected 

from 6 mature males at Iles de la Madeleine, 25 and 27 February, 

1990. Five body sites were selected for analysis: the neck 

(lateral), sternum, hip, and dorsal positions at RLO.33 and 

RLO.6. Samples were wrapped in aluminium foil and frozen te 

-20°C. 

Total body lipids were estimated from the carcass and 

viscera {excludinq stomach, foetus and reproductive organs) of 9 

specimens (males n=6, females n=3). These frozen carcasses were 

qround in a large animal grinder (Autio Co., Model 301B, 

Indianapolis, Indiana), then reground three times to ensure full 

homoqenization. A skin sample frcm one animal was cut while 

frozen with a band saw then qround in the larqe animal qrinder. 

SJt~in proved very difficul t to process and no further sub-f;amples 

were made. Viscera were frozen separately and homogenized in a 

commercial blender (Warinq Co., Model CB-5, Winsted, 

Connecticut). Carcass and viscera sub-samples were freeze-dried 

(Virtis Co., Madel 10-020, Series 1025, Gardiner New York), then 

reground in a kitchen blender. Muscle and liver samples were 

freeze-dried and ground by mortar and pestle. l found that 

cutting muscle samples across the grain kept fibres relatively 
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short and facilitated pulverization. Water content was estimated 

as the difference between wet and freeze-dried weights. 

Total lipid was extrac~ed by micro-soxhlet refluxing for 4 

hours with chloroform-methanol (2:1, by volume, Giese 1967). The 

crude extract was washed and rinsed twice with 0.29 percent NdCl 

(Folch et ~. 1957), rinsed twice again with distilled water nr.d 

the pure extract oyen dried at 600 C for 24 hours. Percent lipid 

in the subsamples was determined qravimet=ically f~c~ t~e 

difference of pre and post extraction weights (Sartorius Co., 

Model R160P, Germany). Dried liver, muscle, skin, viscera and 

carcass subsamples of approximately 100 mg were used. To minimize 

handling and potential loss of lipid, extraction from blubber was 

performed on 300 mg subsamples of the wet tissue, cut from the 

centre of the frozen sample. Extractions were repeated twice on 

liver and muscle samples, three times on blubber and five times 

for each of the skin, carcass and viscera samples. 

To test homogenei ty of lipid in the blubber, samples were 

taken at 3 depths within each of the 5 body sites. since blubber 

lacked the distinctive zonation found in fin (Balaenoptera 

physalus) and sei (Balaenoptera borealis) whales (Lockyer et al. 

1984), the blubber column was divided into 3 equal divisions. Tc 

reduce the chance of error due to oxidation of 1ipids, 

approximately 0.5 cm of blubber was trimmed from the outer and 

inner surfaces of the whole tiss..:'E' block. These samples were 
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collected in the field at a temperature of -150 e, were frozen 

immediately and did net show discoloration at the edges as was 

observed in blubber samples collected in the laboratery. 

For the purpose of analyzing seasenal changes, mature 

specimens were grouped as follows: Les Escoumins winter (25 

December, 1988 to 21 January, 1989), Iles de la Madeleine 1989 

(4 March to 8 March, 1989), Les Escoumins April (14 and 16 April, 

1989), Salluit (30 Sep'tember to 4 Cctober, 1989), Har=ing~on 

Harbour (6 December te 21 Oecember, 1989) and Iles de la 

Madeleine 1990 (25 February to 10 March, 1990: Table 2). 

statistical tests were performed using the Statistical 

Analysis System for personal computers (SAS Institute Inc. 1988, 

version 6.03). Means of length, age, and date of collection 

involving two groups were compared usinq Proc t-test and those of 

three or more means by analysis of variance with Proc GLM. When 

variances were not homoqeneous CF-test, Snedecor and eechran 

1967), means were cempared usinq Proc t-test fer unequal 

variances. Differences in means were located using Ouncan's 

multiple range test (proc GLM). Tests for normality were 

perforrned using Proc Univariate. In the split-plot design (proc 

GLM) useà te analyze the data on hamageneity of lipid in the 

blubber, individual seals represented blacks, body site the main 

plot effect, blubber depth the sub-plot effect and replicates the 

sampling units. For each specimen, mean percent lipid in each 
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tissue was calculated from aIl replicates and the single value 

included in the statistical tests. A paired t-test (proc Means) 

was used to test the difference in percent lipid between back and 

hip muscle samples. To~al body lipid was estimated by separately 

determining the percent lipid in each of the four component body 

parts (blubber, carcass, viscera, and skin) and then multiplying 

by the mass cf each component. Percent lipid of total mass W,.i':; 

cbtained by dividing total body lipid by corrected body masse 

Sculp widths and blubber thickness were in~erpolated 

linearly from the 10 x 10 cm grid to reference lengths at 0.2, 

0.3, ••• 0.8 at dorsal, ventral, right and left lateral positions 

(i.e. 28 locations). Interpolated sculp widths were compared ta 

corresponding girth measurements with a paired t-test (proc 

Means). Variance associated with blubber thickness at each RL was 

calculated using Proc Means. 

A single factor analysis of covariance (proc GLM) was used 

to compare body measurements which might be influenced by body 

size. Standard length was used as the single covariate for linear 

measurements, and to maintain dimensional equality standard 

length3 was used for mass (stahl 1962). Homogeneity of slopes was 

established as a preliminary requirement for further analysis and 

comparison (Zar 1984) and least square means were calculated ta 

isolate differences between the group means and elevations. Ta 
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fit predictive power functions, natural loq transformations were 

perfor.œed on the data. 

Simple and multiple linear reqression e~~ations were fitted 

usinq the proc Reg procedure. Pearson Correlation Coefficients 

(r) were calculated with proc Corr. Percent blubber. content was 

predicted by blubber thickness to qir-~ ratios, by separately 

estimating component masses, and by subtracting predicted skin 

mass frem measured sC'.J.lp mass. Estimates calculated by these 

methods were compared to obserl'ed values for 49 specimens (Proc Corr) . 
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BESULTS 

standard length varied siqnificantly between the sexes 

(t=-2.23, p<0.05, males 168.1 cm ± 7.0 n=68, females 164.6 cm ± 

7.2 n=30, mean ± 1sd (cm»). with sexes considered separately, no 

siqnificant difference in standard lenqth was observed between 

the seasonal qroups (males F3,62=1.82, p>0.05i femaIe~ 

F3,26=2.33, p>0.05i Figure 1). Females were siqnificantIy older 

than malEs (t=1.99, df=91, p=O.0493; 14.0 ± 6.6, 11.5 ± 5.4, mean 

± ls: (years), respectively). 

The position of maximum qirth was more posterior in females 

than in males (t=3.54, df=75, p<0.001i females RLo.51 ± 0.04 

n=40, males RLO.48 ± 0.04 n=37, mean ± 1sd). When seasonal groups 

were considered separately, the difference between sexes was 

siqnificant for specimens from Les Escoumins in winter alone 

(t=2. 99, df=32, p<O. 01) i however, sample sizes from Harrington 

Harbour and Salluit for mature animaIs were very small. The 

position of maximum qirth did not vary seasonally for either 

males (F2,24=O.49, p>0.05) or females (FJ,25=0.Sl, p>O.05). No 

siqnificant difference in the position of maximum girth was 

observed be~ween the sexes in juveniles collected at Harrington 

Harbour (t=O.16, df=9, p>O.05). The Mean position of naxir:1U::l 

girth, with data for the sexes and aIl ages cornbined, was RLO.49 

± 0.07 (mean ± lsd, n=75). This corresponds to the site of 

20 
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maximum blubber thickness. The mean position ofaxillary qirth 

was at RLo.3a ± 0.04. 

Blubber vas thickest in both females and males dorsally at 

RLO.S' but most variable at RLO.4 (n=47, Tables 3,4). Variance 

did not differ siqnificantly, however, from RLO.4 to RLO.5 or 

RLO.6 fer females (F20,20=1.16, p>O.OS and F20,20=1.38, p>O.OS, 

respectively) or males (F2S,2S=1.11, p>C.OS and F2S,2S=1.19, 

p>0.05, res;ect',ively). Generally, l::lu.bbe~ was most variable 

darsally and least variable ventrally. Variance was qreater in 

females than males dorsally from RLO.3 to RLO.8 and laterally and 

ventrally between RLO.5 and RLO.7. In both sexes, blubber 

thickness was siqnificantly more variable dorsally at RLO.5 than 

at the ventral position RLo. 4 which corresponds to the more 

cammonly measured sternal blubber thickness (females F20,20=S.24, 

p<O.OOl; males F25,2S=4.66, p<O.OOl). 

Xiphosternal blubber thickness, measured before sculpinq, 

did not differ significantly from blubber thickness at the 

equivalent post-sculping, interpolated ventral position at RLO.4 

(t=0.49, df=50, P >0.05). However, ccmparison of sculp width to 

the corresponding interpolated girths prier ta sculpinq showed 

significant shrinkage had occurred (t=-3ï.7, df=344, p<O.OOOl). 

In absolute terrns, shrinkage varied with RL (F6,33S=12.32, 

p<O.OOOl) and was greatest in the range RLo. 3 to RLO. 7. When 

expressed as a percent, however, no significant bias in shrinkage 
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-.. was observed between the different reference lengths 

(F6,33S=1.33, p>0.05). Mean shrinkaqe of the sculp, across t..~e 

width, was 17.5t ± 5.3 (mean = lsd). 

Blubber did not vary siqnificantly in lipid content among 

the 5 body sites (F4 ,20=O.67, p>0.05) and 3 depths sampled 

(F2,50=1.42, p>0.05). Body site and blubber depth did not 

interact to affect lipid content (F8,50=1.2S, p>O.OS). 

Ind:"vidua:s varied sig:1ificantly in blubber lipid ccntent whe",: 

aIl sites and depths were combined fer each (FS 20=7.72, , 
p<O.OOl). Lipid content in the 9 whole carcasses analyzed ranged 

from 38.5 to 49.6% of body mass. Body measurements and the lipid 

content of blubber, carcass, and viscera are presented (Table 5). 

Skin (with hair) from one specimen was 6.7% lipid by wet massa 

Blubber, carcass, viscera and skin contributed 89.5 ± 1.5, 8.7 ± 

1.5, 0.9 + 0.3, and 0.9% of total body lipid (mean + lsd). No 

significant adipose deposits were found associated with the 

viscera in any season. 

The lipid content of hip and back muscle samples was not 

significantly different (t=-0.49, df=74, p>0.05). The values used 

for further analysis represent the average of the two muscles. 

Percent lipid in the carcass and muscle were correla~ed 

(R2=O.37, Fl,7=5.75, p<O.05). The relationship is given by: 

Carcass lipid = 3.54 Muscle lipid + 3.79 (SY·X=1.48) 
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( where lipid content is expressed as a percent of wet tissue 

weight. 

Correlations between body measurements and percent lipid of 

body mass and lipid mass adjusted for standard length3 were 

calculated (n=9, Table 6). Only sternal blubber thickness and 

sternal blubber thicknessjlength were significantly correlated ta 

lipid content. Dorsal blubber ~~ickness and qirthjlsngth indices 

showed stronger correla~ions to lipid mass adjusted for s~andard 

length3 • 

Blubber mass was measured directly for the specimens from 

Les Escoumins (n=50). AIl indices showed a stronger correlation 

to blubber massjlength3 than to percent blubber content (Table 

7). Blubber thickness adjusted for standard length showed a 

stronger correlation to both percent blubber content and blubber 

massjlength3 than blubber thickness alone. Maximum girthjlength 

showed the strongest correlation te blubber massjlength3 , 

explaining 85% of the variation, whereas rlxillary girthjlength 

accounted for only 67%. Blubber thickness showed the strongest 

relation ta bath indices when measured dùrsally at RLo.s' 

Slopes of the following morphometric data as a function of 

standard length were found to be homogeneous for males and 

fernales in winter at Les Escoumins (ANCOVA, p>O.OS): total mass, 

23 



sculp mass, core mass, maximum qirth, axillary girth, percent 
...... 
~ sculp mass of total mass, and blubber thick..'"1ess at the sternum 

... 

and dorsally a~ RLO.4' RLO.5 and RLO.6' The mean date of 

collection was not significantly differeI"t between the sexes 

(t=0.229, df=33, p>O.05, males 4 January ± 10.2, females 5 

January ± 8.3, mean ± lsd). 

Ccmpared by least-square means, hoth sexes showed s~asonal 

différences in sculp and aiso core masse Fe~ales, one mcn~r. post-

partum (April, Les Escoumins), had the greatest cere mass, being 

siqnificantly heavier than female::i collec1:ed at Salluit in the 

autumn (t=2.84, d==14, p<O.Ol, Table S). Some of this increase is 

a-etributable to increased liver and intestiIle mass. Compared to 

winter females from Les Escoumins, animaIs in April had 

significantly heavier liver mass (2.1±0.4, 3.3±0.3 kg, mean±lsd, 

respectively; t=7.98, è~=18, p<O.OOOl). Intestine mass in females 

one month post-partum was greater than in winter by 3 kg (t=7.15, 

n=20, p<O. 0001), but the seasonal difference in core mass was 

significant even when correction for fecal material in the 

intestine was made (F3,22=8.34, p<O.OOl). 

Males also showed significant variation in core masse Those 

co~lected at Iles de la Madeleine were significan1:1y heavier in 

1990 than in 1989 (t=-7 .183, df=38, p<O. 0001). The differencG 

resul ts from heavier cores since mean sculp mass was slightly 

lighter ~n 1990 (Table 9). The high core mass of the ~990 s~mplG 
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is reflected in the siqnificantly larger axillary and maximum 

qirths (r=O.68 and 0.61, p<O.OOOl, respectively). The lIlean date 

of collection was significantly later in 1989 (t=4. 52, n=40, 

p<O.OOl, 6 March ± 1.70, mean ± lsd) than in 1990 (1 March ± 

4.29) • 

Predictive equations were developed for percent blubber 

content (Table 10) and for blubbe::-, sculp, core, skin and total 

body mass (Table 11). Standard lenqt."'l and axillar.i q::.r:h !Jette::­

predict:eà core and total body mass than did standard lenqth and 

maximum girth. Blubber and sculp mass were hest predicted by 

maximum qirth and standard lenqth. Skin mass was predicted weIl 

by standard length alone. Values predicted hy the length-bedy 

mass-blubber thickness model of Ryq n li. (1990a) showed the 

strongest correlation te measured values of percent blubber 

content, accounting for 68% of the variation. When data on total 

body mass were not included in the model, percent blubber content 

was best predl.cted by the ratio of mean blubber thickness to 

qirth at RLO. 5' Dorsal blubber thickness at RLo. 5 was more 

strongly correlated to percent blubber content than sternal 

blubber thickness. Girth/lenqth indices were weakly correlated. 

If no direct measures of sculp or body mass are available, 

percent blubber content is better predicted by blubber 

thickness/girth at RLO. 5 than by separa-cely calculating component 

masses (Table 12) . 
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DISCUSSION 

l observed sexual dimorphis~ with regard to length in mature 

harp seals, males beinq 3 cm (or 2.1%) longer than femalès, which 

is comparable to the findings of others (Khuzin 1963 (cited by 

Serqear.c In press); Wiiq 1989; Serqeant In press). Innes et al. 

(~981), however, found no difference between the sexes for any cf 

t.~e qrowt~ parameters they examined. 

Harp seals have a pattern of blubber distribution slightly 

nifferent from that observed by Ryq n li. (1988) in ringed 

seals, reflectinq variation in shape between the two species, 

Ringed seal blubber is thickest and most variable dorsally at 

RLO.6. Harp seal blubber, in contrast, is thickest dorsally at 

RLO.5 and most variable dorsally between RLO.4 and RLO.6' 

Lockyer n~. (1985) and Ryg et Al. (1988) suggest that blubber 

thickness at the most variable site is the preferred indicator of 

body condition. In the harp seal, l found that blubber thickness 

measured dorsally at RLO.5 was consistently the best predictor of 

body fat. 

Comparing various indices of condi tien in harbour seals, 

Pitcher (1986) found weak correlat~ons of sternal blucoer 

thickness to percent sculp mass (r=O.56, n=413, p=O.OOl) and ta 

sculp massjlength (r=O.690, n=407, p=O.OOl). His sample included 

a large proportion of younger age classes and blubber thic}:ness 
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was not standardized for body size. 1 believe that the weak 

cor=elation of condition indices, to which he re~ers, results 

more trom the errer associated with measurinq blubber thickness 

at a site showinq low variability and failure to correct for 

variation in body size, th an in erro~ of measurinq sculp masse 

Whale blubber is a heterogeneous tissue, with lipid content 

showing considerable variation wit:h kloth depth and body site 

(Ackman et Al. ~975; Lcc~ier et~. ~9a4; 1985). Seal bl~be=, by 

centras~, lacks visible macrcscopic heterogeneity (pers. observ.) 

and lipid has kleen considered te be homogeneously distributed 

(Jangaard and Ke 1968). Janqaard and Ke (1968) examined a single 

blubber sample frem an adult female harp seal and fcund no 

difference in fatty acid composition between the outer, middle 

and inner depths. In the same study, blubber from 4 body sites in 

one 5-6 day-old hooded seal pup also showed no difference in 

composition. With a larqer sample size, my study supports the 

theory that seal blubber is a hemogeneous tissue, at least with 

respect to total lipide 

As with marine mammals in general, the greatest amount of 

body lipid in harp seals in my study was stored in the blubber 

(89.5%), with the carcass contrjbuting mcst of the rernaining 

lipid (8.7%). Estimates of nutritional condition in wintering 

harp seals, based on blubber lipid alone, underestimate the 

energy available from fat sources by about 10 percent. The 
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viscera were feund te centribute very little toward the total 

lipid content of harp seals, and kidneys and other organs 

qenerally lacked additional fat deposits. This is in marked 

contrast to many terrestrial mammals which can have considerable 

fat deposits associated with internal organs. These internaI fat 

depots have been used to estimate body condition in ungulates 

(Ransom 1965; Finqer et li. 1981). The lack of visceral fat in 

Pinnipeds probably reflects preferential deposition of lipids in 

the blubber for insulation. 

In order to compare body condition between the sexes cr 

different age q=oups, i t is essential that slopes for the 

reqression coefficients be homoqeneous. Murie (1984) rejected 

blubber thickness (measured over the sternum) as a potential 

index of condition because of heterogeneity of the regression 

coefficients (analysis of covariance, covariate=lenqth), finding 

blubber thickness in mature males to decrease with length while 

increasinq for juveniles and mature females. l did not observe 

this sexual difference in my sample collected in the sarne 

location and season. The small sample size and the potential 

error in measuring blubber thickness at this body site may have 

led to Murie's results. other body measurements (body anà 

cornponent masses, girt:hs and blubber thickness) did net: disp':'ay 

heteroqeneity of slepe between the sexes and ceuld not be 

disreqarded as potential indices of body condition on this basis. 
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The balance between core and blubber mass is important when 

{, considerinq ~"lermoregulaticn in seals, since minilnal heat loss 

can be main-cained provided that cbanqes in bl ubber mass are 

matched b}' parallel chanqes in core mass CRyq n li. 1988). 

Generally, decreases in core mass have been associated with 

preferential maintenance of blubber for homeothermy in fastinq or 

starving phocid seal pups (Stewart and Lavigne 1980; oritsland et 

al. 1985; Wo~'ly and Lavigne 198ï). In contrast, seasonal mass 

fluc-c~atiol"ls in mature anuals have 1:een attribu~eà to v'ariation 

in blubber and not core mass (Sergeant 1973: stewart and Lavigne 

1984: Ryq et ~. 1990b). l found, however, that both blubber and 

core mass are subj ect to change on a seasonal and year-to-year 

basis. 

Both sexes showed significant variation in body component 

masses. Amonq females, one month post-partum specimens collected 

in mid-April were heaviest. While sculp mass was lower in these 

females than in winterinq animaIs at Les Escoumins from the same 

year, core mass was qreater, significantly greater than the 

females from the arctic in October. In 1989, males were 

significantly heavier at Iles de la Madeleine than earlier winter 

samples collected in the st. Lawrence River estuary, resulting 

from heavier sculps. The difference in mass between the 1989 and 

1990 samples cellected at Iles de la Madeleine was due te heavier 

core mass in 1990. Since harp seals do net feed actively after 

a:rival at the whelping ice (Sergeant 1973; In press), the later 
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mean collection date in 1989 could aCCljunt for some of the 

observed mass di!ference. It seems un1ikely, however, that the 

difference of 16 kg in co:-e mass is attributabls to 5 days 

difference in collection. Furthennore, it is questionable that 

core energy alone would be metabolized when large fat reserves in 

the blubber were present, especially considering the difference 

in the calorie content of p:-otein and fats (Church and Pond 1974; 

Pike and Erown 19ï5). 

The seasonal varia'tion in core mass in harp seals may be 

related to a combination of factors including seasonal variation 

in feeding habits, costs of reproduction and the long annual 

migrations. While the high energy demand of lactation is known to 

deplete blubber stores, stewart and Lavigne (1984) did not find a 

significant decrease in core mass in nursing females. There was, 

however, a qeneral trend of decreasing core mass with increasing 

pup age, during lactation. stewart (1983) calculated a loss of 

0.7kg/day from the core of the lactating female, but the decrease 

was significant in 1982 alone (p<O. 05). The short duration of 

lactation in the harp seal makes it difficult to detect 

significant differences in core masse Variation in feeding 

intensity and physical aCl:.ivity could also lead to signif~cant 

seascnal changes in the mass of muscle and Ii'ler in mature 

animaIs. The heaviest core mass in females was observed in the 

one month post-partum specimens which had been feeding very 

inte!1sively a!1d which had the heaviest liver mass and also the 
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highest muscle and liver lipid content (see Chapter III). During 

t~e spring ~ouIt, harp seais spend much of the time hüuIed out on 

the iee and feed intermittently (Sergeant 1973). At this time, 

reduced core mass could be due to catabolism of prot:eins and 

energy stores in the liver as weIl as the atrophy of muscle 

tissue. Considerable energetic costs are associated with the 

northvard migration and ea=ly summer season in t..~e arctic. Harp 

seais swi:n against the Labrador cu=rent and feed en ca;:elin 

whic::', in spring and swnmer, have a much lowe= cal or ic àe:ls i ty 

than in autumn (Jangaard 1974). If blu~ber stores are 

sUfficiently reduced, enerqy trom the core may be mobilized to 

preferentially maintain blubber for the~oregulation. These 

factors would lead to an annual fluctuation in both hlubber and 

core masse 

Percent blubber content is used to measure seasonal changes 

in body condition in seals and has been considered the standard 

to which other more easily obtained indices may he compared 

(Hammil1 1987; Ryg ~ al. 1990a; 1990b). Interpretation of data 

has been based on the assumption that the seasonal fluctuations 

in mass of mature harp seal are related primarily to changes in 

blubber and not core mass (Sergeam: 1973: stewart and Lavigne 

1984). The variat:ion in core mass which l cbsarved in both males 

and females would suggest that percent blubber content can 

produce misleading resuIts, with respect to energy stores, when 

viewed in isolation. Females from the aretie had similar percent 
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DluDDer content to winterinq animaIs, despite having 

~ significantly lower blubber masse Males f=om Iles de la Madeleine 

........ 

in 1990 had significantly lower per~ent blubber con~ent than in 

1989, sugçesting a state of lower nutritional condition, despite 

havinq about the same blubber masse 

Pe=cent blubher conten~ is i~por:ant becaus~ it reflec~s hcw 

weIl insula~ed an individual animal is (Ryg et al. 1990a), 

howeve=, ha~ seals may be expcsed ~o wats= t=~pe=at~re as lcw as 

CCc wi~ho~t: increasing met:abolic =a~a (Irvinç and Hart 195ï). 

Gallivan and Ronald (1979) found that: a harp seal wit:h 33.3 

percent blubber content was within its ther.nal neutral zone in 

water of 4oC. While heavy animaIs have hiqher metabolic rates 

(KleiDer 1975), they require proportionally less insulation due 

to the effects of scalinq in surface area to volume ratios. Since 

harp seals undergo seasonal changes in core and total body mass, 

the proportion of fat necessary for homeostasis alse undergoes 

sorne seasonal change, with liqhter summer animaIs needing a 

hiqher percent blubber content th an winter animaIs. 

Considerable error is inherent in any measure and total body 

mass can var:! from àifferent sources. If the anir.;al has ceen 

shot, blocd 1055 p=ior to weighing can ta~e place, t::e ë:c-:'..lal 

amount varying on the location of the shot and ether factors. 

since blood may represent 10 te 15% of total body mass (st. Aubin 

et al. 1978), the potential for error 15 great. Conparison of 

.,., 

..J<.. 



mass or growth curves to detailed body measurements from live 

(' specimens should be made wit..'1. caution. For the purpose of 

moni toring seasonal and sexual variation in component masses, 

( 

correction should be made for the mass of stomach contents and 

foetus. A full-term foetus, which weighs up to 11 kg (stewart and 

Lavigne 1980; Kovacs and Lavigne 1985), will significantly alter 

body mass. 

For the purpose of monitcring seasonal changes in 

nutritional condition, blubber or sculp mass adjusted for body 

size (len;thJ ) is more useful. In the nine specimens analyzed for 

total carcass lipid, ma~imum qirthjlenqth and mean blubber 

thicknessjleng'th (at RLo.S) exhibited a stronq correlation to 

total carcass lipidjlength3 , but were vpry weakly correlated to 

percent lipid of body mass. The same pattern was observed in the 

50 samples for which blubber mass was measured directly. This 

indicates that these indices are more indicative of the energy 

stores than the state of thermal balance. 

The stronger correlation of blubber thicknessjlength to 

percent blubber content and blubber mass/length3 versus blubber 

thickness alone indicates the importance of correcting for body 

size, even among a group of mature animaIs. The weaker 

correlation ofaxillary girth may reflect lack of sensitivity of 

tradi tional condi tion indices reported by McLaren and Smith 

(1985). Comparison of blubber mass or sculp mass by least-squares 

33 



(analysis of covariance) standardizes for variation in body size, 

... provided slopes are homoc;eneous and adequate sample sizes for 

each group are available. This method was used for harp seals by 

Murie (19a4) and has been recommended as an index of condition in 

fish (Cone 1989). The main source of error in this evaluation of 

condition is in the accurate measuring of length, but l believe 

error frcm this source to be less than that associated with total 

body mass and percent blubber content. 

The best methoà 'Co obtain blubber mass is obviously the 

direct one. However, it is usually too time-consuming and 

difficult under field conditions to carefully separate the skin 

from the blubber in order to obtain the separate component 

masses. Separation of the sculp from the carcass is usually part 

of the field procedure and can be done reasonably quickly and 

carefully with practice. Since skil1 mass can be predicted very 

weIl from length, blubber mass can be calculated by subtraction. 

In the absence of direct measurements of mass, total body 

mass is best predicted from power functions based on axillary 

girth and length, and blubber and sculp mass from maximum girth 

and length. The site of maximum blubber thickness coincides with 

the position of maximum girth, so both predict blubber mass weIl. 

with an increased sample size, l believe that blubber thickness 

at RLO.5 and length would yield a better predictive equation for 

blubber mass than girth and length since error in the girth 
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measurement associated with core diameter is eliminated. To avoid 

damaging thé pelt, blubber thickness can be measured following 

removal of the sculp (as in the present study), but further study 

is needed to compare blubber thickness before and after removal 

of the sculp. Where desired, percent blubber content can be 

estimateà from the ratio of blubber thickness to girth at RLO.S. 

The mean of dorsal, ventral and lateral measures is preferable, 

but dorsal blubber thickness alone can be used. 

Harp seals are lightest in summer following the northward 

migration (Sergeant In press), but also appear to have a lower 

relative percent blubber content since Inuit hunters report many 

animaIs sink when shot. Careful study during summer is needed to 

evaluate nutritional condition in this species. 

Body condition indicates both the state of thermal balance 

and energy stores. Percent blubber content reflects the thermal 

balance and is most useful as an index of condition in harp seals 

for specimens from the arctic in summer, which may be near the 

lower limit of their thermal neutral zone. Variations in core 

mass may reflect the intensity of feeding and physical activity, 

but limi t the value of percent blubber content as an index of 

seasonal and temporal changes. Since blubber is the largest store 

of energy in seals, blubber mass adjusted for length3 is the best 

index of energy reserves. By examining percent blubber content 

and the mass of both core and blubber, a more complete and 
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interestinq evaluation of body condition is obtained. Comparison 

~ by least-square means standardizes for body siz~ and is a useful 

method to evaluate indices of condition between differen~ groups 

of animals. 
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Table 1. Location and sampling date of ail harp seal specimens 
examined for the evaluation of indices of nutritional condition. 

~ i 

- ---- ---- -- - - ---- ----- -

Sam pie size 

Males Fernales 

Location Sampling dates mature immature mature 1 barren immature Total 
- ---- ---- - ---

-- --- - ---- - --- -----

Les Escoumins 20/12/88 - 27/02/89 26 0 12 3 0 41 
Iles de la Madeleine 04/03/89 - 10/03/89 26 0 0 0 0 26 

Les Escoumins 14/04/89 - 16/04/89 1 0 9 0 0 10 

Salluit 02/09/89 - 04/1 0/89 2 1 8 0 0 11 
~Iarrington HarbOllr 03/12/89 - 21/12/89 2 6 a 1 5 17 

Iles de la Madeleine 25/02/90 - 08/03/90 14 0 0 0 0 14 

--------------

Total 71 7 32 4 5 119 

1 Hlcilldes prcgllnnt and post-partllm females 



{ Table 2. Location and sampling èa-ce cf ma~ure specime:1s of 
harp seals compared for variation in body measurements with 
respect to season and location. 

Location Sampling dates Males Females 

Les Escoumins 25/12/88 - 21/01/89 24 11 

Iles de la Madeleine 04/03/59 - 08/03/a9 23 

Les Escoumins 14/04/89 - 16/04/89 (1) 9 

Sallui-c 30/09/89 04/10/89 (1) ï 

Iles de la Madeleine 25/02/90 - 10/03/90 17 

( ) Excluded from tests of seasonal variation. 
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Table 3. Variance of blubber ehicknesses associated with 
different body sites in all female harp seals coller;ted at Les 
Escoumins (n=21), mean in parentheses (mm). 

Reference 
length (RL) 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

Ventral 

16.2 
(36) 

24.2 
( 46) 

20.8 
( 46) 

28.1 
(46) 

18.4 
(45) 

22.3 
(44) 

34.2 
(47) 

Left 
lateral 

20.3 
P2) 

13.7 
(37) 

27.4 
(46) 

36.2 
(49) 

34.5 
(50) 

38.0 
(49) 

20.1 
(47) 

44 

Dorsal 

30.2 
(32) 

67.ï 
(4ï) 

126.9 
(60) 

109.0 
(65) 

92.0 
(64) 

86.2 
(59) 

50.4 
(45) 

Right 
lal:èral 

13.5 
(33 ) 

33.7 
(38) 

39.8 
(47) 

38.0 
(50) 

45.2 
( 51) 

30.1 
(50) 

29.4 
(47) 
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Table 4. Variance cf blubber thicknesses associated with 
diffs=ent body sit:es in aIl male harp seals collected at Les 
Escoumins (n=26), Mean (mm) in parentheses. 

Reference 
length (RL) 

0.2 

0.3 

0.4 

0.5 

0.6 

0.7 

0.8 

Ventral 

25.1 
(34) 

23.2 
(45 ) 

17.9 
(44) 

16.4 
(44) 

17.8 
(44) 

15.9 
(46) 

31.7 
(44) 

La ft 
lateral 

19.1 
(31) 

23.9 
(37) 

41.2 
(45) 

23.8 
(47) 

24.3 
(48) 

32.7 
(47) 

29.2 
(44) 

45 

Dorsal 

54.1 
(29) 

54.2 
(43) 

92.7 
(56) 

83.5 
(60) 

77.8 
(59) 

58.9 
(54) 

29.8 
(40) 

Right 
lateral~ 

3:3.8 
(:31) 

29.2 
(36 ) 

44.3 
(45 ) 

29.5 
(47) 

27.7 
(47) 

25.6 
(47) 

20.6 
(43) 
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T ablo 5. Body nleasliromonts and Ilpld content of blubber. lean carcass, vlscera 

and the whole carcass in harp seals 'rom winter (Les Escounins), expressefl 
as percent of we;t weioht (n-9) . 

Specimen Sox Date Age Length Mass BJubber 
(years) (cm) (kg) 

PGE-88-21 F 12/27/88 10 168 136 97.2 
r'GE-B9-25 F 01/07/89 10 160 103 97.8 
PGE-U9-33 F 02/15/89 7 167 124 97.9 

POE-B8-24 M 12/27/86 7 159 111 94.5 
PC1E-89-37 M 01/03/89 8 161 110 91.4 
PGE-B9-40 M 01/03/89 3 154 81 96.3 
PGE-89-41 M 01/07/89 7 176 105 96.6 
PGE-89-22 M 01110/89 6 162 98 98.2 
PGE-89-35 M 02/27/89 16 161 111 96.9 

- - --- ~----------

Mean ± 1 sd 97.2± 1.3 

- - ---- -- ----

, ~ 

Lean Vlscera Whole 
carcass carcass 

11.5 6.9 45.1 
7.1 3.7 41.2 

14. 1 5.3 46.2 

9.7 5.9 39.4 
0.5 3.8 41.2 
8.2 8.2 41.1 
8.8 8.6 44.2 
9.2 9.2 47.9 
7.2 7.2 38.5 

-- - - ---

9.1±2.'1 5.11:1.0 42.8±3.2 

- --- ----- -
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Table 6. Correla~ion of indices of condition to total body lipid 
content and lipid mass adjus~ed for l~~~~ in harp seals (n=9), 
Pearson Correlation Coefficentsj(probability). 

Condition , Lipid 
Index of body mass 

Blubber ~~ic~4ess 0.8613 
(sternal) (0.0028) 

Blubber t~iC&4eSS (sternal) 0.7758 
lengtn (O.014C) 

Blubber thickness (dorsal) 0.5090 
(at RLo.s) (0.1616) 

Blubber thicK. (dors.BLO.5) 0.3309 
length (0.3844) 

Axillary girth -0.0501 
length (0.8981) 

Maximum girth 0.1323 
length (0.7343) 

47 

Lipid mass 
Leng~hj 

0.7211 
(0.0283) 

0.7277 
(0.2630) 

0.8790 
(0.0018) 

0.9022 
(0.0009) 

0.7838 
(0.0124) 

0.8693 
(0.0023) 



Table 7. Correlation of indices of conàition to percent blubber 
content and blubber mass adjus~ed for lenqth in ha=p seals 
(n=50), Pearson Correlation Coe=fi~ents/(probability). 

Condition 
Index 

Blubber thickness 
(ster:'lal) 

Blurber tàick~ess (sternal) 
long-:..1. 

Blubber thickness (dorsal) 
(at RLO. 5) 

Blubber thick. Cdors.RLO.5l 
length 

Axillary qirth 
length 

Maximum qirth 
length 

Blubber 
content (t) 

0.5503 
(0.0001) 

0.5784 
(0.0001) 

0.7119 
(0.0001) 

0.7553 
(0.0001) 

0.4374 
(0.0013) 

0.6030 
(0.0001) 
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Blubber mass 
Length3 

0.5908 
(0.0001) 

0.6709 
(0.0001) 

0.7495 
(0.0001) 

0.8630 
(0.0001) 

0.8200 
(0.0001) 

0.9236 
(0.0001) 
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Table 8. Comparison of body measuremen~s by least-square 
me ans between differen~ locations and seasons in female harp 
seals, pregnant and pos~-partum (April), standarë error in 
parentheses. 

Variable 

Sample size 

• gt- l .LIen n 
(Cl':1) 

, 
Age'" 

Axillary girth 
(cm) 

Maximu'.n girth 
(cm) 

Blubber thickness 
(sternal, cm) 

Blubber thickness 
(dorsal, RLO.6) 
(cm) 

% sculp of mass1 

Sculp mass 
(kg) 

Core mass 
(kg) 

SaI luit 
(aut:umn) 

7 

160.1a 
(4.9) 

18.la 
(7.6) 

116.6a 
(2.27) 

123.2a 
(2.24 ) 

4.6a 
(0.35) 

S.Sa 
(0.34) 

51.4a 
(3.67 ) 

49.6a 
(2.66) 

49.4a 
(3 .54) 

Les Escoumins 
(winter) 

11 

lé3.5a 
(6.1) 

10.4b 
(4.8) 

125.6b 
(1.73) 

133.7b 
(1.71) 

S.la 
(0.26) 

6.8b 
(0.26) 

SO.3a 
(6.58) 

57.4b 
(1. 87) 

Si.9ab 
(2.49) 

Les Escoumins 
(April) 

9 

167.9a 
(8.4) 

16.3a 
(5.6) 

121. 2ab 
(2.02) 

127.3a 
(2.00 ) 

4.6a 
(0.31) 

6.0ab 
(0.30) 

44.0b 
(3.48) 

52.6ab 
(2.18) 

64.9b 
(2.91) 

l 

abc 
Compared by analysis of variance/ (standard deviation). 
Non-significant differences in means with common letter (a=O.05) 
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Table 9. comparison of body measurements by least-square 
me ans bet~een differe~t locations and seascns in male harp 
seals, star.dard error in paren~~eses. 

Variable 

Sample size 

Len;th l 

(~) 

Agel 

Axillary qirth 
(c:n) 

Maximum girth 
(c:n) 

Les Escoumins 
(winter) 

24 

166.4a 
(7 .9) 

9.Ba 
(5.2) 

124.3a 
(1. 08) 

127.1a 
(1. 09) 

Blubber thickness 
(sternal, cm) 

4.3a 
(0.15) 

% sculp of mass l 

Sculp mass 
(kgj 

Core mass 
(kg) 

44.9a 
(3.51) 

52.Ca 
(1.15 ) 

64.4a 
(1.35) 

Iles Madeleine 
(1989) 

23 

170.6a 
(6.7) 

13.5a 
(5.8) 

126.7a 
(1.12) 

129.7ab 
( 1.12) 

5.7b 
(0.22) 

48.1b 
(2.70) 

59.2b 
(1.18) 

63.2a 
(1.40) 

Iles Madeleine 
( 1990) 

1.7 

167.4a 
(5.8) 

11.6a 
(·L::) 

130.2b 
(1.27) 

133.1b 
(1.28) 

5.5b 
(0.21) 

42.1c 
(2.24) 

57.6b 
(1.35) 

79.3b 
(1.59) 

1 compared by analysis 0~ variance/ (s~andard deviaticn). 
abc Non-significan~ differences in means wi~h coa~cn let~er (a=O.05) 
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Table 10. Regression equations to predict percent blubber 
content of ha=p seals from body measurements, in ~~e form y=mx+b, 
~ass in kg and aIl linear me~surements in me~res. 

Indepe~dent Slope 
variable (std err) 

l. Ryg i:ldex1 3779.28 
(371.89) 

... Me~n ET§ 96.739 '" . 
gi~h (1l.565) 

3. Mean BT§ 5.027 
(0.638) 

4. Dorsal BT§ 3.484 
{0.496} 

5. QOl::sal BT§ 49.061 
qirth (7.320) 

6. Hax. girth 0.612 
length (0.116) 

7. Sternal BT 2.924 
(0.634) 

8. Ax. g1rth 0.477 
length (0.140) 

Intercept 
(s'Cd err) 

12 ~ 17 
(2.81) 

:".406 
(4.627) 

14.230 
(3.293) 

18.590 
(3.147) 

16.264 
(3.564) 

-7.372 
(9.019) 

26.891 
(2.958) 

4.646 
(10.48) 

df 

0.676 1,48 

0.590 1,47 

0.560 1,47 

0.497 1,48 

0.489 1,47 

0.3507 1,49 

0.289 1,49 

0.175 1,49 

1 
§ 

Ryg index = «lengthjbody mass)~)' (BTdorsal§). 
Blubber thickness measured at RLO.5. 
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F prob>F 

103.28 0.0001 

69.973 0.000: 

62.039 0.0001 

49.33 0.0001 

44.924 0.0001 

28.00 0.0001 

21.28 0.0001 

11.59 0.0013 



Table 11. Power functions to predic~ blubber, sculp, skin, carcass 
and whole body mass of harp aeals, linearized standard errors in 
paren~~eses, mass in kg and linear meas~remen~s in met=es. 

1. Blubber mass = 20.5802 • (maximum girth)?·6488 . (length)0.3121 
(1.0667) (1.1583) (1.1886) 

R2=0.8770 F=414.368 df=2,114 

2. Blubber mass = 22.928 • (maximum qirth)2.8450 
(1.025) (1.1052) 

df=1,ll5 

3. Blubber mass = 1132.305 • (mean BT§)1.2213 
(1.135) (1.9847) 

R2=0.8364 F=123.69 df=2,46 

p<O.OOOl 

p<O.OOOl 

(length)0.8692 
(1.2459) 

p<0.Cù01 

4. Blubber mass = 21.8357 • (axillary girth)2.3672 • (length)0.4885 
(1.084) (1.1860) (1.2299) 

R2=0.8239 F=272.297 df=2,114 p<O.OOOl 

5. Blubber mass = 340.065 . (dorsal riT§) 0.8743 • (length)O.S751 
(1.283) 

6. Sculp mass 

(1.258) (1.070) 

R2=O.7834 F=89.604 df=2,4ï p<!:>' 0001 

= 21.3425 . (maximum girth)2.3534 . {length)0.6515 
(l.1661) (1.0592) (1.1397) 

R2=O.8960 F=500.759 df=2,114 p<O.OOOl 
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Table 11 (cont.) 

7. Sculp mass = 22.6129 • (axillary C;ireh)2.1245 • (length)0.7S92 
(1.0732) (1.160S) (1..1983) 

p<O.OOOl 

8. Core mass = 23.9409 • (axillary 9~r~h)1.60~S • (len9th)1.~139 
(1.1070) (1.2395) (1.2975) 

p<O.OOOl 

9. Core mass - 21.2831 • (maxi~um qi~~)1.3974 • (lenqth)1.4395 
(1.1094) (1.;aS65) (1.3200) 

R2=0.6687 F=118.057 df=2,114 p<O.OOOl 

10. Body mass = 47.1720 • (axillary girth) 1.8643 • (length)0.9905 
(1.0508) (1.1102) (1..1353) 

R2=O.9164 F=642.65 df=2,115 p<O.OOOl 

11. Body mass = 43.1421 • (maximum qirth)1.S680 • (lenqth)1.0410 
(1.0521) (1.1222) (1.1454) 

R2=0.9041 F=552.505 df=2,115 

12. Skin mass = (lenqth)3.7363 
(1.0405) 

R2=0.9943 F=8838.14 df=1,50 

s 
Bluobe~ th!ckness measu=ed at RLO.S" 
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Table 12. Correlation of measured percen~ blubber content of 
harp seals to values predlcted by reqressicn equaticns. 

Method used to calculate 
bl ubcer content 

1 . 
Seulp mass - sk~n mass (12) 

body mass.!. 

Mean bl~bber thickness§ 
;irth 

Dorsal blubber thickness§ 
girth 

Seul; mass(6) - skin mass (12) 
body mass (10) 

n 

51 

49 

49 

51 

r~arsen Probability 
COrl:~lation 
Coeffl.cient 

0.9882 0.:;001 

O. ï734 0.0001 

0.6991 0.0001 

0.6295 0.0001 

1 Directly measured value. 
§ Blubber thickness te qirth ratios at RLo.S· 
C ) Number of e~~ation frcm Table 11 used to qeneratc value. 
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Figure 1. Geographical location of communities in Quebec from 

which harp seal sa~ples were cbtained. 
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CONNECTING STATEMENT 

In chapter II, l examined indices of nutritional condition based 

primarily on body measurements and established that variations in 

body ccmponent masses are t."le mos~ accu:::-a~e and direc'!; means of 

~cni~oring ccnèi~ion. In Cr.apter III, seasona: variations i~ diê~ 

and feeding ~r.~ensi~y are rela~ed te changes in ~ody =a~ =eserves 

and ~he lipid con~en~ in blu=cer, live:::- and ~uscle. ~?lica~ions of 

seasonal feeding habits ars discussed in relation to energy balance 

in t~e harp seal. 
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CHAPTER III 

Seascnal variation in die~ and nutri~icr.al condi t:ion of --;he 
ncrthwest Atlant:ic harp seal, Phcca g~canland~ca. 
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ABSTBACT 

Barp seë.~ ts Pho.g groenlandica (n=124) obtained from hum:ers 

in Hudson St=ait and the Gulf of St. Lawrence we=e examined fer 

seasonal, sexual and aqe-specific variation in diet and 
nutritional conàition. Date of collection ranged fron:. December 

1988 to October 1990. Condition was examined by two methods: (1) 

analysis of total lipid in muscle, liver and blubber and (2) 

var~a~ions in sculp (i.e. skin .ith a~~ached ~lubber), core a~d 

~o~al body =ass. Harp seals on their seuthward miq=ation fed I~ss 

inte!'!sively t.i.an at other locations, but on a wider variety of 

fish and plankton. Capelin (Mallotus villosbs) .as the dominar.t 
prey of seals from the St. Lawrence River estuary in winter and 

spring and aiso in weste=n Hudson strait in autumn. The lipid 

content in blubber was sliqhtIy lower in immature seals than in 
mature animaIs (97.0 ±1.9% and 98.8±0.S%, respectively, p<O.05), 

but muscle and liver lipid did not differ significantly. Pregnant 

females in autumn and winter maintained a higher lipid content in 

muscle and greater blubber mass than males. The lipid content of 

muscle and liver in both sexes was greater in winter than in 

autumn. Among females, those collected one month post-partum had 
the heaviest stomach content mass (mean=2. 2kg) and the highest 

lipid content in muscle (2.0±O.3%, me an ± 1sd) and liver 

(7. 3±1. 4%). While these females had lower sculp mass than in 

winter and the lowest observed lipid content in blubber 

(93. 8±2. 9%), the observed measurements were considerably higher 

than would be expected immediately following lactation. The 

relationship between prey selection, 

nut=itional condition is discussed. 
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INTRODUCTION 

The Northwest Atlantic harp seal (Phoca groenlandicJ) 

undercakes long annual migrations, summerinq in the Canad Lm 

eastern arctic and wintering in Newfoundland and Gulf of st. 

Lawrence waters (Se=geant 1965). Seasonal va=iaticns i~ feed:nc 

habi -:s and fat reserves have bee::1 c::se=-... ed a::d a== in't:'::la te::'~' 

rela-:e1 'to ~hese ~ig=ations and to ~he an~ua~ events cf 

part'_, .... _i-__ ~r.n, ma .... ;ng and moul+-__ ~ng (Se~ec:.-"'l- ~Q"73' Mur"ç::> 190~" _ -... ..,:;: ..... __ • , • __ 't , 

Stewar~ and Lavigne 1984). 

Despite its status as the most abundant seal in the North 

Atlantic (Sergeant In press), few studies have examined seasonal 

variation in feeding habits of the harp seal (Bowen 1985). The 

work of Sergeant (1973; 1976; in press) provides the hest 

overview. other authors have examined diet in specifie geographic 

locations (Dunbar 1949; Fisher and Mackenzie 1955; Myers 1959; 

Foy et al. 1981; Murie 1984; Lydersen et al. 1989; Wiig 1989). 

Recent studies have expanded the knowledge of feeding habits in 

the Canadian high arctic (Bradstreet et al. 1986; Kapel and 

Angantyr 1989; Finley e~ al. 1990). 

The energetics of lactation and the early development of the 

pup have been studied intensively (Worthy and Lavigne 1983a; 

1983bi 1987 i stewart and Lavigne 1984; Worthy 1987), but fC't1 

53 



authors have examined seasonal and sexual variations in body 

condition. In gene:.-al, ha:.-p seals are fattest in win-cer and 

leanest in stm'.mer followinq Ùle nor1:.'lward migration (Sergeant 

1973). Sternal blubber thickness and axillary qirth/lenqth have 

been used traditionally to evaluate variations in body condition, 

but the direct measurements of blubber or sculp mass (i.e. skin 

wi~h blubber a~~ached) adjus~ed for len~'l are much more accurate 

(Chap~e= II: Raad 1390), albeit slightly ~ore Ia:ou:.- inte~sive. 

Stü.C::y cf seasonal changes in n~t=i tic:1al ccndi 'Cicn in the 

harp seal has been restricted t~ estimation of energy rese:~ves in 

the blu!:::be:.-, al though the importance cf enerqy sou:.-ces i!'1 the 

core has been sugqested (Ryg et gl. 1990). The lipid content of 

blubber and other tissues has ceen recorded in studies of 

contaminants (Addison et gl. 1973: Frank §t gl. 1973: Jones et 

al. 1976: Ronald et li. 1984) and from an energetic perspective 

in post-natal pups (Worthy and Lavigne 1983a). Seasonal, sexual 

and age-specifie variations in tissue lipids, however, have not 

been examined with respect to feeding and nutritional condition. 

The potential conflict between harp seals and commercial 

fisheries and the gene:.-al concer:l with pollutants in !::ari!1e 

!:1an-.nals has c=eat:ed a need fe:.- ::l~re detailed k!1cwledge cf t::':'s 

species. The study of contaminants ls related to feeding patterns 

and the seasonal and sexual variations in fat reserves and ~s the 

subject of a ccncur=ent stuày. Here, l examine diet in harp seals 
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from Hudson strait and the Gulf of st. Lawrence and evaluate 

~ nu~=~~icnal condition by analysis of lipid in blubber, liver and 

muscle ~issue and by body measurements. 
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MATERlèT,s AND METBODS 

Harp seals (n=124) were obtained from hunters at various 

sites in Quebec between December 1988 and October 1990 (Fiqure l, 

Table 1). Specimens were taken by shooting at Les Escoumins 

(December 1988 to April 1989, n-Sl), Salluit-Hudson strait 

(September ta October 1989, n-11: October 1990, n=5) and 

Harrington Har!Jour (December 1989, n=17). Male specimens from 

Iles de la Madeleine '.Mere included in the analyses (late 

Februaryiearly March 1989, n=23, and 1990, n z 17). Carcasses fram 

Les Escoumins were frozen befora beinq shipped to Montreal for 

dissection in the laboratory. AIl other specimens were processed 

in the field. 

Carcasses were weighed whole and to the nearest kiloqram, 

except for those over 90 kg taken at Harrington Harbour and 

Salluit (1989) where core and sculp were weighed separately. 

Specimens at Salluit were not weighed in 1990. Total body mass 

was corrected for the mass of s~omach contents and foetus but not 

for blood loss. Standard measurements were made on all seals 

(American Society of Mammalogists 1967). Measurements of blubber 

t~ickness did not include the thic~,ess of ~he skin. The sculp, 

not including flippers, was separa~ed from the core and weighed. 

Blubber was separated from the skin and blubber mass deter:nined 

by subtraction for specimens from Les Escoumins (n=51). Core mass 

was calculated as total body mass minus sculp mass. In the 
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laboratoI""j', organs were weighed to the nearest gram (Sartorius 

Co., Model E5500S, Ge=many). 

Age was determined by counting annular growth rings in the 

dentine of thin transverse sections of a lower canine tooth 

(Bewen ~ 21. 1983). If by the third reading, 2 identical values 

were net ebtained, resul'ts from tha 3 readings were ave:::-ao.:::.c. 

Repcrted age refers to age at t1:e las~ annive::-sary, based cr. ~ 

mean parcurition date in the Gulf of St. Law::-ence of 2 Mô:::--'::: 

(Stawart: ~ ,sl. 1989). avaries were sec~ioned and eXâmined 't.c 

determine reproduc~ive status. Females with at leas~ one corpus 

lu~e~ or cc::-pus al~icans present en 'the cvaries were cansièerej 

sexually mature (Fisher 1954; McLaren 1958). Four of 36 sexually 

mature females obtained in 1988 and 1989 were barren and not 

included in the statistical analyses of seasonal variations in 

tissue lipid and body condition (ages: 8,16,23,31). Comparison of 

body condition between pregnant and barren females was not 

possible due to the limited sample size of the latter and 

variation in collection dates. Males which had attained a length 

of 152 cm were classified as mature (Laws 1956). 

sternai blubber, liver, hip and bac~ musc:!.e sa:nples we:::-e 

analyzed for total lipid fer 79 specimens. Lipid was ex~=actec ~y 

micro-soxhlet refluxing for 4 hours with chloroforrn-methanol 

(2:1, by volume; Glese 1967; see Chapter II). 
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Stomachs collected in the laboratory (Les Escoumins winter 

and April) were preserved in 70% ethyl alcohol for one year, 

whereas those collected in the field were kep-e frozen un'Cil 

examined. Freezing is preferable since the quality of otoliths 

and o1:her hard parts may deteriorate in alcohol (Recchia and Read 

1989). Error may also be introduced in measurements of mass and 

volume of alcchol-preserved stomachs since contents must be 

drained. S'Comachs were opened alonq ~~e greater curva~ure, mass 

and volume measured and the propo~ion of fisn and inve=te=rates 

of t01:al S1:omacn conten'Cs es~imated by mass or visually if only 

trace amounts were present. otoli1:hs were re1:rieved by straining 

stomach contents through 1.0 and 0.5 mm sieves. Fish were 

identified primarily by examining the sagittal otoliths (Hârkënen 

1986), or infrequently by undigested fish material (Scott and 

Scott 1988). Staff and reference collections of Fisheries and 

Oceans Canada (Arctic Bioloqical Station, ste. Anne de Bellevue, 

Qc. and Institut Maurice Lamontaqne, Mont Joli, Qc.) were helpful 

in identifying some otoliths and invertebrates. 

Specimens were qrouped by season and location (Table 2) to 

evaluate va~iation in tissue lipid content, percent fish in diet 

and the mass of stomach contents, organs, blubber and core. 

statist~cal tests were performed usinç the statistical Ana~ysis 

system for personal computers (SAS Institute Inc. 1988, version 

6.03). Mean values for body measurements and tissue lipid 

involving 2 groups were compared by t-tests, three or more means 
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by analysis of variance in GLM. Differences between 3 or more 

means were examined using Duncan' s multiple ra::ge test (p::-cc 

GLM). When variances between 2 groups were not homogeneous, P~oc 

t-test for unequal variance was used to evaluate the differences 

in means. In this case the sample size (n), rather than the 

adjusted df, is given in the results. Tests for normality were 

performed using Proc Univariate. 

A si:lgle fac~cr analysis cf covaria:lce (proc GLM) · .... 3.S use:! 

to compare measuremen~s wh~ch migh~ be infl~enceè by body si=e. 

Standard lenqth was used as the single covariate for linE:~:::-

measurements and to maintain dimensional equality length cul:ed 

was used for mass (Stahl 1962). Homogeneity of slopes was 

established as a preliminary requirement for further analysis and 

comparison (Snedecor and Cochran 1967). The least-s~lare option 

(ANCOVA) was used to calculate and evaluate differences between 

group means. Pearson Correlation coefficients werc generated 

using Proc Corr. 

Stomachs were defined as containing food if any prey i tero 

was found, includillg trace amounts and otoliths. Percent 

frequency of occ~rrence refers to the propor~ion of focd-

.... 
con~a~n~ng stcillachs which contained a gi~/en prey ite:n (Bigg a:-:.::i 

Perez 1985) and included aIl specimens from each location. 

Expected values were tao low (Chi-square test, Zar 1984) ta 

evaluate geographical and seasonal differences in prey SD~C :~s 
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groups (inver~ebrates, pelagie, qround and other fin fishes). The 

mass and percent fish in s~omachs were compared (proc Nparlway) 

bE:!\:iieen the following groups: 1989 and 1990 samples al: Salluit, 

males and females at ~$ Escoumins (winter), mature and juveniles 

at Harringtcn Harbour and the seasonallqeoqraphical groups (aqes 

and sexes co:nbined). proc lofpar1way uses tests comparable to 

Wilccxon rank sum for 2 groups and the K-~skall-Wallis ~~i-s~~are 

ap!==o:!i::na"t::on for :; or mera groups. Mul tip:e cc::npa!"::sens 'tors!,,: 

perfo~ed ta loca\:e d~==srences betiiee~ ~ or ~cre qrcups (Daniel 

1990) • 

Lipid content of ~uscle diè net è::ffer between t~e hip and 

back (t=-O. 49, df=74, p>O. 05), 50 tests were performed on the 

mean value of both body sites. Statistical comparisons of muscle 

and liver lipid were performed on the dry tissue values and on 

the wet tissue content for blubber . 
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BESULTS 

Mere females than males were ob~ained at Sallui t in bct~ 

1989 and 1990. With years combined, the difference in se:c ratio 

was significant (females n-13, males n=2i X2=8.07, df=l, 

p<O.005). only 2 of l5 seals at Salluit were immature (l fernale 

age=l: l male age=2). 

l cl:::se::"'/ed ha~ sea: s te :eed en a varie~y of prey speci" ~ . 

w:.. ":.!l ~!le C'=ea":.ss":. !:1'7'":er cf fis~ spec:"es cons:.:.ne:i cy S€::i:"S 

't::'e~r sout:.!nTard migration (Ta!:::e 3). ':'he rela'ti ve iillpc!:"":ance c:: 

fish and plankton in ir..è.':'vidual s'":.cn:achs var':'eè. s':'<;":1:": :.c=.r.t:"~· 

between locations (Kruskal-Wallis test, X2=16.686, df=J, 

p<O.OOl). Seals at Harrington Harbour had a significantly greate~ 

proportion of plankton (notably Themisto libellula and Pandalus 

spp.) in their stomachs than at other locations (nonpararnetric 

multiple comparison, Daniel 1990, p<0.05: Table 4). The rnass of 

stomach contents varied with season and location (Kruskai-Wallis 

test, X2=25.062, df=3, p<0.0001) and was greatest in post-partum 

females at Les Escoumins (Table 4). Differences in stornach 

content mass and percent fish in diet were not observed bebleen 

males and !e:l.a:es a<:. Les Esceu:n:':1S (W':'lcoxon 2-sa::-.~le ":2S":, z=-

:1=24, p=J.599 a ,...,~ .. - Z=:.290, 

bet·..;een mature and juveniles at Harrington Harbour (Z=O. 159, 

df=12, p=O.873 and Z=0.167, df=11, p=0.867) or between samples 

66 



.., 
, 

collected at Salluit in 1989 and 1990 (Z~O, df- 12, p=0.999 and 
,.. 

\ Z=0.581, df~11, p-0.561). 

Capelin (Mallotus villosu§) was the dominant prey in winter 

and spring at Les Escoumins and at SaI luit (98, 100 and 86% 

occurrence, respectively), both in frequency of occurrence and 

relative abundance within individual stomachs. At Salluit, arctic 

cod (Boreogadus saida) and crustace a (Themisto libellula and 

Mysidae) also occurred frequently, with 50 and 43\ occurrence. 

The stomach trom one mature male collected at north Salisbury 

Island (content mass-575 '1) contained 60\ plankton (Themisto 

libellula) and 40% fish (Boreogadus saida and Pleuronectidae). 

Large concentrations of harp seals, qlaucous (Larus hyperboreus) 

and Iceland (Larus glaucoides) gulls vere observed feeding 

pelagically at this location in August and September 1989. At Les 

Escoumins, redfish lSebastes spp.) vas the only fish prey other 

than capelin to occur in more than one stomach in vinter or 

spring. Soft coral (Alcyonaria) occurred in 5 stomachs from 

vinter at Les Escoumins, with 4 stomachs containing ~350 9 and 

the other ~lO g. Sand lance (Ammodytes spp.) ."md Atlantic cod 

(Gadus morhua) vere the Most frequent foc.:i items at Harrington 

Harbour and occurred in 64 and 57% of the food containing 

stomachs. Bivalvia and Gastropoda occurred, but vere small (less 

than 1 cm in diameter) and vere probably ingested by prey fish . 
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Collec+:ively, the 5 s~cmachs frcm Salluit (1990) contained 

otolitbs from 246 capelin (l14 in cne stcmach), 7 arc~ic cod, , -
rock cod (Gadus osac), l fla~fish (Pleuronectidae), and 1 sculpin 

(Cot-cidae). Trace quan~ities cf mysids were found in 2 samples. 

None cf the otoli ths were retrieved from skulls. Atlan~ic cod 

o-colit~s found in seal stomachs at Harrington Harbour were sffilll 

(o~c:i~~ length=6.3 = 1.2mm, n=43, mean = sdj, and cor~esponj ~~ 

ur.i:ie~-::'=ied Gadidae ~-:oli ~!lS net; incluèed i:1 t;::e ca: cula,,: i :J:-.'s 

Muscle, live::- and blubber were exam:'r.ed fc~ sex....:al, age-

specifie and seasonal variations in lipid content. Pregnant 

female seals had higher muscle lipid content than males at all 

locations. This difference was significant in the winter group at 

Les Escoumins, the only site where sample size was large enough 

te permit statistical comparison between the sexes (t=2. 902, 

n=34, p<O.05, Figure 2). Blubber and liver lipid content did not 

var} significantly between the sexes (t=0.095, df=33, p>0.05 and 

t=-1.973, n=34, p>O.05, respectively). l did not observe a 

di.Lference in the lipid content of any tissue between the sexes 

t:t:>·J·C5; , ·.;e::e s::-.all ....... 1·..; 

limited sample size. The sexes were grouped for cornparison ot a~~ 

classes. Mature specimens at Harrington Harbour had significùntly 

higher blubber lipid content than juveniles, but the difterenc0 
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was small (t--2.763, n=15, p<O.05, Table 5). Differences 

be~~een the ~.o age qroups vere no~ observeà in ~uscle or liver 

lipid con~ent (~=-O.94J, df-13, p>O.05 and ~=O.600, df-13, 

p>O.05, respectively). 

Mature male and preqnant female harp seals showed similar 

seascnal trends in t..i.e lipid c::nten-: cf muscl.e a!'ld li ve=. The 

s~all sample size f=om some loca-:ior.s, howeve=, limitad 

stati5~ica: compariscn to t..i.e 3 groups of females cnly (Sallu:t 

and Les Escoumins in bot~ w~nter and April). :n bath sexes, !ipid 

in mus~le was hiqher at Har=~ngton Harbour anà Les Escoumi~s in 

winter than at Sallui t in an autm:u4 sa!tple. Altonc; femalss, the 

lipid content of muscle differed significantly with season and 

location, (F2,24=5.73, p<O.Ol, Figure 2). Liver lipid also varied 

with season for females (F2,24=6.75, p<O.Ol, Figure 3). The lipid 

content of liver wa.s lowest in both sexes at Harring'ton Harbour 

during the southward migration. The highest observed lipid 

content in muscle and liver was in post-partum females. with aIl 

specimens considered, the lipid content of liver and muscle were 

weakly correlated (wet tissue: r=O.399, n=76, p<O.OOl; dry 

tissue: r=O.304, n=76, p<O.Ol). Post-partum specimens had the 

lo~es~ lipld conten~ in blubber, signif:cantly lcwer t~an fe~ales 

col:ec~ed at t~e same lccaticn in winter (t=-~.95a, n=20, p<O.C5, 

Figure 4). 
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Water conten-e did not vary significantly between the 3 

groups of fe~ales for eit.~er muscle (F2,24=1.61, p>O.05) or live~ 

(F2,24=2.45, p>O.05). The range of wa~er content among ~11 groups 

was quite narrow (muscle: 68.2-71.3%, liver: 63.1-63.1%), with 

the hiqhest values at Harring-eon Harbour. The wat:.er content:. ct 

muscle vas qreater than that of liver (69.1 ± 1.4% and 65.5 "! 

2.1%, re5pec~~vely, mean 

D:..==e=e:lces in t..."le ove=all fa~ rese'=-/es -.rere cbse:-vec 

be~weer. ma:'e anà female seals f=cIt I?-s Esco:.L-nins .l.n W':..r.te=. 

Pregnant females ha~ slightly çrea~er total body mass th an males 

and siqnificantly greate= sc~:; ~ass ar.d blubber ce~t:.e~t (~=J.5ï, 

df=34, p<O.Ol: t=3.44, df=34, p<O.OOli Table 6). Blubber 

thickness measured dorsally, 50% of length posterior te the 

snout, and over the sternum were siqnificantly thicker in the 

females (t=2.66, df=34, p<0.05 and t=2.43, df=34, p=0.021, 

respectively). Axillary girth, adjusted for the covariate length, 

did not show a significant difference between the sexes (t=1.71, 

df=34, p=O.096) whereas maximum girth did (t=4.09, df=34, 

p=O.0003) • 

Seasenal varia-.:i.on in -.::)~a:!. body :nass was cbsar/ed 1::1 bct~ 

sexes tFigu:-e 5,6), re::!.ec~~::1S s~gnifican~ c~ar.ges i~ ~~e waS3 c: 

core and sculp (Chapter II). The parallel increase in core ùnd 

sculp mass in females from autumn to winter resulted in little 

variation in percent blubber content (Figure 7). Core milS::; '''''·1:3 
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lower in males collected at SaI luit and Harrinqton Harbour than 

those from winter, but sample size was too small for statistical 

comparison. Sculp mass in males increased sigr.i!icantly from 

early to late winter (Chapter II) and is reflected in the 

increased percent sculp mass (t--J.60, df-45, p<O.OOl, Figures 

5,6). Maximum girth/lenqth showed a small, but insignificant, 

increase duri:lg ~!le winter (t=-O. 85, df=45, ;:>0.05). :>ue te 

li~i~eè sample size, compariscn of early and late .inter 

~easu=eme:lts was nc~ possible for fe~a!es. 
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pISCO§SION 

At some locations! segregation of harp seals by sex and age 

classes occurs. In summer, aèults go far..her north and int:: 

Hudscr. Bay whereas juveniles are Mcre frequent on t~e w~s~ 

Greenland coast (Sergeant 1965). Along the Labradcr coast, 

Juveniles are more frequen't. at offshore islands ar~d inf::-ec;ue:-,," _., 

e~'t.er bays where adults feed heav~ly (Fey et sl. 198:). :~ ~~( 

h i""n' a .... --~c .... r~ ... 'ev e- a' (19C;O,' obse-_"ed a g'l"'.o_a-_er .... '_'m.::~e ..... _ '.~.L • • _'::: • _,- __ ... , •• l_ .. -.::. =. _ y __ l. 

:nales t.~an females. A't. Sallui't. i:1 Oc~ober 1989 and 1990, 

fe:nales anà only 2 males were taken in or near t~~ ~c~th cf t~e 

fjord. Although sample size is small, the difference i5 

significan't. and suggests sexual segregati=n occurs at this 

location and season. Only 2 seals at Salluit were immature, 

indicating segregation by age oceurs in this region also. 

The stuay of diet in marine mamm~ls is of interest becaU5e 

it reflects the relationship between different trophic levels in 

the marine environment (reviewed in Lavigne et al. 1982; McLaren 

and Smith 1985) and because it helps evaluate potential conflicts 

with ccmmercial fisheries (Lavigne 1982 ~ Beverton 1985; Eowen 

1.985; :98ê; 

discussion of compecition be't.~een seals and the flshing injus~~y 

proceeds without reference te the particular species concGrncd, 

population sizes or the sl='asonal variations in abundance' and 

fesding r.3.bi t.;. Eeing t~e mcst nu:ner-ous P i:1r. i;:ed in C-:: :~;d: ,1:~ 
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Atlantic waters, the harp seal is frequently at the centre of 

s~ch con~rove=sy. 

The wide range of prey species consumed at Harrington 

Harbour reflects the opportunistic feeding habits of the harp 

seal. In ce~ain locations and seasons, however, harp seals are 

k.~own t::> specialize cn p~::-;iC'.ùar prey types. My s~udy conf~r:ns 

tr.at capelin is ~~e preferred food cf harp seals nc~ jus~ in the 

S't. Lawrence River estua=-i as has been previcusly deser':bed 

(Sergean~ 19ï3; Murie 1964), but also in Hudson strait. Dur.bar 

(1970) described capelin in Hudson and Unc;ava Bays as is=late::l, 

:::-el ie pC!=-1,;la'1:':ons which e~tered t!'lese no:::--:.r .. ern wa'ters dt.:.ri:1g a 

warmer climatic periode Capelin is now described as having a 

continuous distribution from Hudson Bay ta Nova scotia (Scott and 

Scott 1988) and its frequent occurrence in harp seal stomachs at 

Salluit indicates its abundance at that location. Both arctic cod 

and capelin are present at Salluit, but the larter was the chief 

prey and was being fed upon heavily. Gaston and Noble (1985) 

found that thick-billed murres (~ lomvia) near Oigges Island 

(150 km west of Salluit) fed on capelin, but lance and arctic cod 

were the more frequent fish prey. The large concentrations of 

ha:::-p seals, glauc::>us and Iceland gulls cbserved feeding en 

plank~on a~ ner~!'l Sallsbury Island may have been ea'1:ing The~is~o 

libel1ula, which was found in the stomach of the one male 

collected at this location. In sorne locations, crustacea forros 

the main prey of harp seals (Smith et al. 1979; Lydersen gt al. 

1939), èespi~2 of~en having a lower calorie content than capel in 
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(Janqaard 1974: Percy and Fife 1981: Murie 1984) and havinq low 

~ enerqy assimila~ion ra~es rela~ive ~o f~sh (Keiver ~~. 1984). 

At Harrinqton Harbour i diet was varied bu~ lance occurred 

most frequently. Being a small, schoolinq fish it is similar in 

habits to capelin and may occur in the diet of harp seals mers 

!=equen~l'l t~ar. is reco=~eè in t~e l~ta=a~~re. Foy et a'_. (193:, 

cbser.,ed harp seals cr. the :.arrador coast te feed pri.marily c:-: 

cape:in in bays and on sand lance at c::shcre islands. My resul~s 

from \:.he Queoec Lower NOr':!1 Shcre and ni,;ë.SOr. Stra~ t s\4c;;es~ a 

si~ilar ~attern: sand lance was the ~ost freque~~ i~em i~ 

stomachs co:lected at o::shore (Harrir.çtc~ F.ar~cur) 1 

whereas capelin dominated in stomachs collected at Salluit 

(within or near the mouth of the fjord). The frequent occurrence 

of sand lance in harp seal stomachs at Harrington Harbour may 

also coincide with a period of local abundance of this species. 

l observed more frequent feeding in migrating harp seais 

than Sergeant (1973). Of the 16 stomachs l e> lmined fram 

Harrington Harbour, 14 contained food, but only 5 had contents 

weighing over 50 g. In the previous study, trace amounts of food 

in stomachs may no~ have been co~sidered. Atlant~c ccd was fcu~à 

i~ t~e s~cmachs of harp seais frc~ t~~s location, t\4~ the n~mcer 

of fish consurned by aIl specimens combined was quite low (n=24). 

varicus methods have been used to estirnate relative 

importance of prey items i~ t~e diet of seais (reviewed in Bigg 
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and Perez 1985). The retrieval of sagittal otoliths from the 

stomach, in~estine and sca~s of marine mammals provides a useful 

means to identify the fish spEcies consumed (Fi~ch and Bro~lell 

1968; Treacy and Crawford 1981; Benoit 1989; Recehia and Read 

1989). The method described by Murie and Lavigne (1986; Murie 

1984), based on the number of stomach retrieved otoliths 

re~aining wi~hin sku:l cases, p~vi1es a means ta cale~la~e dail? 

=is~ c~ns~~~icr.. While a reductien in the quality and ~~an~ity 

cf ctolit:"ls has ~een cbsa:-.;eë. to aceocpany disesticn (da Silva 

and Ne.!.:scr. 1~a5), l found mos't. o~oli~hs ret:rieved i:1 s~omachs t~ 

be in gcod c~ndition and reaèily iden~ifia:le. Nene of the 

o't.=lit~s fram seais at Sallui~ were found within sk~ll cases and 

therefore the large number of otoliths seen reflects only a 

fraction of the fish eonsumed. 

The seasonal and interspecific variation in calorie density 

of prey species, together with availability, may be the proximate 

reason for changes in the diet and feeding intensity of harp 

seals. Murie (1984) observed capelin in the St. Lawrence river 

estuary in winter to have twice the calorie density (2.4 kcal/g) 

of any other fish or crustace a she examined. In the Northeast 

Atlantic, Wi~g (1989) repor't.ed capelin 't.o have a calorie density 

cf 1.5-~.4 kC3~!g and arccic cod 1.0 kcal/g, ho~ever the season 

of collection was not specified. The fat content of capelin may 

be as low as 2% following spawning in early summer, but increases 

rapidly ta as :nuch as 20% by late autumn befere beginning te 

decl':'r:e s-:'2ad':'ly through wi:lter and spring (Jang3.ard 1974). In 
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summer, aretie eod is a rich source of enerqy and is preyed upon 

heavily 1:1y harp seals in t..~e hiqh arctic (Kapel and Anqant:yr 

1969: Finley et li. 1990). At Salluit, l observed seals ta 

specialize on capelin which in October is very fat rich. Harp 

seals feedinq on fish in April must double the amount eaten in 

early winter to compensate for tt.e variati~n in eapelin fat 

s"e:lres and t:::l maintain tl:e same calorie i~take. This, coI:lb:'ned 

wi~h redueed ener;y s~=res fOllcwing lactation, may explain why 

~~e heavies~ o~served stomac~ ~ass was in t~e Ar=ll sa~pla. 

The increasing musele lipid content and blubber and cere 

mas~ from autumn to early wir.ter indicate that metabolic C:::lsts 

associated with the southward migration are low and perhaps 

assisted by the high seasonal fat con cent of prey and the flow of 

the Labrador Current. While harp seals appear to arrive in the 

estuary of the st. Lawrence in relatively qood condition, males 

were observed to further increase their fat reserves over the 

course of the winter. A late winter sample of females was nct 

available. The winter and early spring feeding period is of great 

importance because adequate fat reserves must be stored to last 

thraugh the moult when feeding is intermittent and also for the 

ensuing no~!1ward :nigra~ion. The lipid content of ca~el~n and 

1975; Percy and Fife 1981) and the reduced calorie intake could 

adversely affect survival in animaIs which lacked adequate fat 

raser/es stored before the northward migrat:on. 
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Varia~ions in the lipid content and mass of liver appear to 

refle:::t short--=erm changes in nu~ritional conditicn. The liver 

sentes as a st:crage organ for qlycogen and l ipid, but is also l:he 

path by which fal:s are deposi~ed or retrieved Ïrom adipose tissue 

(Pike and Brown 19ï5; Hamilton and Waitney 1982; Hoar 1983). The 

decreased liver lipid content of miqratinq seals at Harrington 

Harbour preb~ly indi=ates that lipids frem t-,e liver are 

::nobilized dl.:.r:"ng miqra~icl'1. The high lipid cor.ten~ and mass of 

li var in pos-:.-par-'...!:n fe:lales co~ld reflect both an increase in 

s'toreë. lip.::..d ~r. t::e Iiver and aIse lipids being -:.=anspor-:.ed te 

the blubber. The mass of liver as an indicator of relatively 

rapid changes in n'~-:ritional condition should be exalllined 

carefully. 

Pregnant females had significantly qreater blubber mass than 

males in winter at Les Escoumins. The difference of 8 kg in the 

blubber is refiected in the qreater maximum and axiIIary girths 

observed in the femaies. Females also maintained higher lipid 

content in muscle than males throughout the autumn and winter. In 

humans and in other animaIs, the higher levels of body fat in 

females have been related to the energetlc costs of pregnancy and 

lacta~ion (Frisch 1990). In harp seals, t~e perioà of lactatlon 

lasts abc ut 12 days (Kcvacs anè. La-..rigne 1985 J, l:.u'C owing to t:1e 

high fat content of the milk (29-50% lipid, Sivertsen 1941; Cook 

and Baker 1969; stewart et al. 1983), the transfer of energy te 

the pup is cor.siderable (Lavigne et al. 1982; Stewart and Lavigne 

1984) • 
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Post-pa~um females while having the high~s~ liver and 

muscle lipid had the lowest observed blubber lipid content. 

Because of the hiqh fat content of the milk in harp sea1s, the 

cost of lactation may reduce both the mass and the lipid content 

of the blubber. Published values for the blubber lipid content of 

fe~ales en tr.e breeding grour~ds vary f=em as low as 75.3% lip:d 

(Renald e~ al. 1984) to 99.8% (Frank et al. 1973). Frank et ~~. 

(1973) cbser-.1ed the highest lipid cont.ent in blu!:ber, bu":. a-: 

leas~ seme of their sa~ples were ccllectcd before the s~art 0: 

t.~e commeroial hunt, and presunably before or ear}y in lac,,:ation. 

Females in my sample had significa~tly re~uced clubber lipid one 

month after weaning and l suspect that this difference would be 

even greater inunediately following lactation. Reduction in the 

lipid content of blubber may aiso occur in males during the 

spring moult. Variation in the mass as well as lipid content of 

blubber has implications for the evaluation of contaminant 

burdens in marine mammals. 

By mid-April, post-partum animaIs appear ta have replenished 

a considerable portion of the body fat lost during lactation. 

Stewart and Lavigne (1984) calculated sculp rnass te decrease by 

2'* kg during lactatien. In my sample from Les ESC:::::l!~i:"lS, post-

parturn females had a sculp rnass of 53 kg, 14 kg heavier than that 

estimated by Stewart and Lavigne (1984) for females at the end of 

lactéltion, and not significantIy 10'..;er théln the sculp mass cf 

fènales in my sample frem earlier in t:le wint.2r. This r;~p ~d 
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increase in body fats is impressive, particularly when the 

reduced lipid content of capel in in April is considered. It is 

unclear whet~~r this is indicative of trends throughout the range 

cf the hë\rp seal or j' •. u.;1: ~ reflaction ':)f the great local 

abundance of capelin in the st. Lawrence River estuary. 

Inuit hunters report that harp seals s~ct in SU1:l.lller US~2.: l~' 

sink, reflecting low bO\:~T fat content. The reducticn in blul:::be~ 

mass a~pears to be coincidental wi t."! a reduc":ion i!1 =cre mas::;. 

Fa~ reser~es in sumQe= may be 50 deple~ec follcwi!1g t~e nor~nwarè 

migration t.~at blubber is re~ained preferentially for insulation, 

as has been obse:!'Ved in fasti::.g and starving phocid se3.1 PU?S 

(Oritsland et al. 1985: Worthy and Lavigne 1987). Core mass may 

also be lost during the moult in spring when seals feed 

intermittently and rest on ice (see Chapter II). :;:'11e low muscle 

lipid content and body mass observed in male and females from the 

arctic in autumn indicates that the replenishment of energy 

stores in the arctic following the spring moult and northward 

migration is a slow process. 

The northward migration appears to be energetically costly 

for harp seals, and conse~ently its value to the species may ce 

q"I.lestioneà. Finley et al (199ù) suggest th.at:. the high energ"] 

content of arctie eod relative to eapelin in surnrner rnay be the 

proximate reason for the long migrations. Sergeant (1973) argues 

t~at harp seals require bath an abunèar.t pelagie focd supply ani 

t~eir prefe==ed resting substrate, pack ie8, bath cf which a~~ 
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( 
present in many parts of the arctic throuqhout the SUlIUIler. In 

addi~ion, Sergeant (1973) sugqests that the no~ward migration 

may reduce interspecific competition with whale species which 

also feed on capelin in the St. Lawrence River estuary, but 

during the summer months. 

Wi t."l an increasing harp seal population (Roff and Eowen 

1983; 1986) and a decline in many cOlllmercial fish populations, 

reduceê body condit:ion in seals mign-=. be ex;>ecteë.. Co~parison to 

earl~er s~ud.ies, however, ls inconclusi·le. Ir. winter specimens 

from the st. Lawrence River estuarf, sternal blubber t.~ick."'less 

was 1 cm greater in Sergeant's (1973) study than my own. Compared 

by axillary girth/length, females were in slightly better 

condition in Sergeant' s study, but males showed no difference. 

The estimate of female condi tion at the start of lactation by 

stewart and Lavigne (1984; aIl years combined) was no different 

from my data in early winter when compared by axillary 

girth/length. Pre-lactation females had a predtcted sculp mass 6 

kg heavier than early winter females. If further fattening occurs 

during the winter (as observed in males in 1989), l do not 

believe that a difference in body condition exists between the 

present sï:.udy and that of Stewart and Lavigne (1984). l found 

s~ernal bl~~~er thickness and axillar1 gir~h/leng~h ta be poorly 

correlated to fat reserves (see Chapter II), so comparison bl 

these indices may be inappropriate due their insensitivity. 

80 



LITER~TURE C!TED 

Addison, R.F., S.R. Kerr, J. Dale and D.E. Seraeant. 1973. 
Variation of crganochlcrine residue levels wi~h age in Gulf of 
st. Lawrence harp seals (P=.cot:hi.lus crcenl~!1di.c~s). J. Fish. 
Res. Board Cano 30: 595-600. 

American Society of Mammalogists, commi ttee on Marine Mamma l '3 

~96ï. S~andard measur~fuen~s oÏ seals. J. Mamm. 48: 459-462. 

Benoit, D. ~989. Feeding ecology cf the northwest Atlantic grG'l 
seal (Halic!1oe::-.ls a'!'V1:lus). M. Sc. Thesis. Dalhousie '2r.:: 
Halifax, N.S., 75pp. 

Beve~on, R.=.H. 1985. ~~alysis of marine ma~al-fishe=ies 
inte=ac~:'cn. 1rl: Eeddinqcon, J., R • .=.H. Beve::--t:ln a::lC: C.:!. 
Lavigne (eds) Mar:.neMammals a::d Fishe!:"ies, 3-33. Lonècn, A' ',,_ .. 
and Un~in, 354pp. 

Bigg, M.A. and M.A. Perez. 1985. Modified volume: a fre~ency 
- voltm.e methcd to assess marine ma!!Ut.al food hal:i ts. .:...,: 
Bedding~on, J., R.J.H. Beverton and D. M. Lavigne (eds) Mar:ne 
Mammals and Fisheries, 277-283. London, Allen and Ur.win, 354pp. 

Bowen, W.D. 1985. Harp seal feeding and interactions wjth 
commercial fisheries in the north-west Atlantic. In: 
Beddington, J., R.J.H. Beverton and D.M. Lavigne (eds) Marine 
Mammals and Fisheries, 135-149. London, Allen and Unwin, 354pp. 

Bowen, W.D., D .. E. Sergeant, and T. oritsland. 1983. Validation 
of age estimation in the harp seal, Phoca groenlandica, using 
dentinal annuli. Cano J. Fish. Aquat. Sei. 40: 1430-1441. 

Bradstreet, M.S.W., K.J. Finley, A.D. Sekerak, W.B. Griffiths, 
C.R. Evans, M.F. Fabijan and H.E. Stallard. 1986. Aspects of 
the biology of arctic cod (Boreogadus saida) in arctic marine 
food chains. Cano Tech. Rep. Fish. Aquat. Sei. 1491: viii + 
~93pp. 

Cook, H.W. and B.E. Baker. 1969. Seal milk. 1. Harp seal 
(Paaoohilus groenlandicus) milk: composition and pes~icide 
residue con~ent. Can. J. Zocl. 4ï: 1129-1132. 

da Silva, J. and J.D. Neilscn. 1985. Li~it:~~ons of usi~g 
otoliths Recovered in scats to estimate prey ccnsumption i:: 
seals. Cano J. Fish. Aquat. Sei. 42: 1439-1442. 

Daniel, W.W. 1990. Applied Nonparametric Statisties. Boston PWS­
Kent, 635pp. 

Dunbar, M.J. 1949. The Pinnipectia of t~e arc~ic and sutarctic. 
Fish. Res. Bd. Cano Bull. 85: 22pp. 

81 



Dunbar, M.J. 1970. On the fishery potential of the sea waters 
of the Canadian Nor--h. Aret. 23: ~50-174. 

Finley, K.J., M. S. W. B=:'adstreet and G. W. Miller. 1990. Summer 
feeding ecology of harp seals (Phoca groanlandica) in relation 
to arctic ccd (Bcreccadus saida) in the Canadian High Arctic. 
Polar Biol. 10: 609-618. 

Fisher, H.D. 1954. Studies on reproduction in the harp seal Phoca 
groenlandica Erxleben in the Northwest Atlantic. Fish. Res. Bd. 
Cano Man. Rep. Biol. stat. 588: 109pp. 

Fisher, H.D. and B.A. Mackenzie. 1955. Food hatits of seals 
t~e Ma::-i.t:":nes. Fis!:. Res. Board. Ca:l. Frog. Rep. Atl. 
S'Cat:. él.: 5-9. 

!n 
Coast 

Fitch, J.E. and R.L. Brcw~e:l Jr. 1S6Ô. F~sh ctoli~~s i~ ce~acean 
stcmachs and. their importance in in~erpreting feeding habits. 
J. Fish. Res. Bd. Cano 25: 2561-2574. 

Foy, M., D. DeGraaf, R. Buchannon. 1981. Ha~ seal feeding alonq 
the Labradcr coast, 1979-1981. LGL Ltd. Rep. Toronto~ ~c Pe~=c­
Canada Exploration Inc. Calgary, Al~erta, 3ïpp. 

Frank, R., K. Ronald and H.E. Braun. 1973. Orqanochlorine 
residues in harp seals (Pagophilus aroenlandicus) caught in 
eastern Canadian waters. J. Fish. Res. Board Cano 30: 1053-
1063. 

FrisCh, R.E. 1990. The right weight: body fat, menarche and 
ovulation. BalI. Clin. Obstet. Gynaec. 4: 419-439. 

Gaston, A.J. and D.G. Noble. 1985. The diet of thick-billed 
murres (tJria lomvia) in west Hudson strait and northeast Hudson 
Bay. Cano J. Zool. 63: 1148-1160. 

Giese, A. C. 1967. Total lipid and lipid extractions. 
Oceanog. Mar. Biol. Ann. Rev. 5: 159-186. 

Hamilton, E.M.N. and E.N. Whitney. 1982. Concepts and 
controversies: Nutrition. st. Paul, Minnesota. West Pub. Co. 
2 nd ed., 713pp. 

Harkonen, T. 1986. Guide ta the otoliths 0= the bony fishes of 
the nor~heast Atlantic. Hellerup, Den~ark. Danbiu ApS. 
Bialogical Consultants., 256pp. 

HarNood, J. and J.P. Croxall. 1988. The assessment of competition 
between seals and commercial fisheries in the North Sea and the 
Antarctic. Mar. Mamm. Sei. 4: 13-33. 

Haar, W.S. 1983. General and çomparative ph~siolagy. Englewood 
Cliffs, New Jersey. Prentice-Hall Inc. 3 r ed., 851pp. 

82 



Jangaard, P.M. 1574. The capel in (Mallot~s villosus). Biology, 
distribution, exploi~aticn, utilization and composition. Bull. 
Fish. Mar. Serve 186: 70pp. 

Jones, D., K. Ronald, D.M. Lavigne, p, Frank, M. Holàrinet and 
J.F. Ot.."e. 1976. organochlorine and mercu::-y !"esidues in "t:1e 
harp seal (Pagoohilus groenlandicus). Sei. Tot. Envir. 5: 181-
196. 

Kapel, F.O. and L.A. Angan~yr. 1989. Feeding pa~~erns of harp 
seals (Phoca groenlandica) in ccastal waters of west Greenl3.nd, 
wit..'1 a note on offshore feeding. ICES Marine Mammal c"t ~«, . 
C.M.jN:l-5. 

Keive=, K.M., K. 'Rona:ë. and F.W.3. 5eaJ:lish. 1.984. Meta!::c::':zê.'::>' 
ene=gy requi=elllen~s for main~enance and faeca: anà url~d ;:': 
lasses of j~venile !1a=p seals (F::oca c:r:-ae:;':'2.!"lè;cèj. Ci:~. J. 
Zcol. 6:: 769-776. 

Kovacs, K.M. 2.~d D.M. Lavigne. :985. Necnatal g=cwt~ a~j C:-S2~ 
allometrv of Nor~hwest A~la~tic harp seals (?hOC3 
cr=cenla~d~ca). Cano J. Zool. 63: 2793-2799. 

Lavigne, D.M. 1982. Marine Mammal-Fishery Interactions: A report 
an IUCN Workshop. Trans. 47th N. Amer. Wildl. Nat. Res. 
Conf. : 312-321. 

Lavigne, D.M., W. Barchard, S. Innes and N.A. Oritsland. 1982. 
Pinniped Bioenergetics. Marnmals in the Sea, FAO F ish. Ser. 5 
( IV): 191-23 5 . 

Laws, R.M. 1956. Growth and sexual maturity in aqua~ic mammals. 
Nature. 178: 193-184 

Lee, R.F. 1975. Lipids of arctic zooplankton. Camp. Biochem. 
Phjsiol. 51B: 263-266. 

Lydersen, C., L.A. Angantyr, O. Wiig, and T. oritsIand. 1989. 
Feeding habits of nor.:heast Atlantic harp seals along the 
summer ice edge of the Barents Sea. ICES Marine Mammal Cttee 
C.M. jN: Il 

McLaren, ~.A. 195ô. 
his~ida Schreber) 
Res. Bd. Cano Ne. 

The biology cf ~~e Ringed Se2~ (Pheca 
in ~he Easter~ Canaàian Arc~ie. Eull. 

118: 9ïpp. 
Fisn. 

McLaren, I.A. and T.G. Smith. 1985. Papu12tion ecology of seals: 
retrospective and prospective views. Mar. Mamm. Sei. 1: 54-83. 

Murie, D.J. 1984. Estimating food consumption of free-living 
harp seals. M.Sc. Thesis, U. of Guelph, Guel~h, ont~rio, 9ï~p. 

Murie, D.J. and D.M. Lavigne. 1986. Interpce~3~ion of G~aliths 
in st=mdch con~en~ analyses of pnocid saQls: suantl!yiny fi~h 
consumption. Cano J. Zool. 64: 115:-1157. 

83 



Myers, 3.J. 1959. The stomach c.lntents of harp seals (Phoca 
gr=e~la~dica Erxleben) from ~~e Maçèalen Islands, Quebec. Cano 
J. Zool. 3i: 378. 

Critsland, N.A., A.J. Pasche, N.H. Markussen and Fo. Ronald. 1985. 
Weig::'~ loss and cataoolic adaptat:.ions 1:.0 s't:arvaticn in grey 
se al pups. Comp. Biochem. Physiol. 82A: 931-933. 

Percy, J.A. a~d F.J. Fife. 1981. The biochemical composition 
and energy con1:.ent:. of a~c't:.ic marine macrozocplankton. Arctic. 
34: 307-313. 

Pike, R.~. and M.L. Brown. 1975. N~~ritio~: an in~e;rateè 
a?pr=ac~. Tcr=nt=, Cnt., Jo~~ ~t~ey and Sons Inc., 10ô2Fp. 

Read, A.J. 1990. Estimation of bocy conài~ion in harbour 
porpcises, (Phccae"":a ti~10Cae!1a). l'-~an. J. Zcol. 68: 1952-1966. 

Re=cn~a, C.À. and A.=. Read. 1989. S~cmac~ con~en~5 cf harb~~~ 
pCrp '"'ll' c:;,es -:::~""cae"'- T"Ihcc",.c:"'a (T \ ~""cm ...... 0 Bav ,...~ F1"ndy. C::I,", U.;;I 1 .Ir. ... '-# .... ..:. 1'%..... ....._.. __ " _ .... t. ~_.l._ _ """~ - - _ --j,. 
J. Zool. 67: 2140-2146. 

Roff, D. and w.~. Bowen. 1933. Popu~dticn dynamics and manage~e~~ 
of the northw~st Atlantic harp seaI (Phoca aroenlandic.::l). Cano 
J. Fish. Aquat. Sci. 40: 919-932. 

Roff, D. and W.D. Bowen. 1986. Fur't:.her analysis of population 
trends in the northwest Atlantic har~ seal (Phoca groenlandica) 
from 1967 to 1985. Cano J. Fish. Aqu.1't. Sci. 43: 553-564. 

Ronald, K., R.J. Frank, J.L. Dougan, R. Frank and H.E. Braun. 
1984. Pollutants in harp seals (Phoca groenlandica). I. 
Organochlorines. Sci. Tot. Envir. 38: 133-152. 

Ryg M., C. Lydersen, N.H. ~arkussen, T.G. Smith, and N.A. 
oritsland. 1990. Estimating the blubber content of phocid 
seals. Cano J. Fish. Aquat. Sci. 47: 1223-1227. 

SAS Institute Inc. 1988. SAS/STATTM User's Guide, Release 6.03 
Edition. Cary, Ne. SAS Institute Inc., 1028pp. 

Scott, W.B. and M.G. Scott. 1988. Atlantic fishes of Canada. Cano 
Eull. F~sh. A~at. Sci. 219: 73l pp. 

Sergea:y,:, D.S. 1965. Mic;::-at:"ons c= harp 3eals Paccchilus 
croe!"!landic'.1s (Erxleben) in the Ncr':hwest Atlantic. J. Fish. 
Res. Board Cano 22: 433-464. 

Sergeant, D.E. 1973. Feeding, growth and productivity of 
Northwest Atlantic harp seals (Paaoohilus aroenlandicus). 
J. Fish. Res. Board Cano 30: 17-29. 

Serge3n~, D.E. 1976. The relationship between harp seals and fish 
popul~t~ons. IC~A? Res. Doc. 76jX/125. 

84 



. ' 
Sergeant, D.E. In press. Harp Seals, Man a~d Ice. Cano Spec. 

Pub. Fish. Aquat. Sci • 

Sivertsen, E. 1941. On the biology of the harp seal, Phoca 
groenlê~dica Erxlaben. Hvalrad. Skr., 26: 1-164. 

smith, T.G., M.O. Hammill, D.W. Doidge, T. Cart:ier and G.A. 
Sleno. 19ï9. Marine Ma~al studies in Southeaster:l Eafti..:1 
Island. Cano Manuscr1pt Repons of Fish. Aquat:. Sei. 15'::;:': 
70pp. 

Sned~cor, G.W. and W.C. Cochran. 1967. 
A-~es, !=wa. Iowa stata Uni~e=si~y ?=~ss, 

statistical MethcL! 
:!:1è. ed , :::?":;';J. 

S~a..i,l, W. R. :!.9 62. S UIUl a=:' ty a:-.d è.':':nel':s:' ona l :ne -C:u.:;C:s in 1: l.. c:'.. c:c: • , 
Scia~ce 137: 205-2:2. 

Stewa~, R.E.A., a:1è D.M. Lavig:1e. 1984. Ener;y t=ans:er anè 
fe:na.ie cc:nd.:. -;::,on 1~'l nt..rsing ha::::-p seals ?hc :::a a::-:;e!12. .,,:-:::: C'l • 

Hcla==~. Ecc~. 7: :a3-1~4. 

Stawar~, R.E.A., B.E. St:ewarc, D.M. Lav1gne 
1989. Fet.al gr~·.r-..h ::f Ncrt:"west At:ant:ic 
groenlandica. Cano J. Zool. 67: 2147-2157. 

a:1è. 
har? 

G.W. Hil:'..er. 
seals, ?hr-:c::: 

stewart, R.E.A., B.E. Webb and D.M. Lavigne. 1983. Deterrnining 
lactose content of harp seal milk. Cano J. Zool. 61: 1094-1100. 

Treacy, S.D. and T.W. Crawford. 1981. Retrieval of otoliths 
ar'd statoliths from gastrointestinal contents and scats of 
marine mammals. J. Wildl. Manage. 45: 990-992. 

Wiig, O. 1989. Harp seal and seal invasions: what we know and 
what we believe. Cano Trans. Fish. Aquat. Sei. 5480. In Naturen 
2: 35-41. Trans. by D.E. Sergeant. 

worthy, G.A.J. 1987. Metabolism and growth of young harp and 
grey seals. Cano J. Zool. 65: 1377-1382. 

Worthy, G.A.J. and D.M. Lavigne. 1983a. Energetics of fasting 
and subsequent growth in weaned harp seal pups, PhOC3 
ar~e~!and~ca. Cano J. Zool. 61: 447-456. 

Wc~~y, G.A.J. a~d D.M. Lavigne. 198:~. 
s;:ores c:uring pcs-::1a -cai de-ia:'opr.:a::-; 
aroenlandica. J. Ma~~., 64: 89-96. 

Changes ~n energy 
sea:', Ff)cc,-

Worthy, G.A. and D.M. Lavigne. 1987. Mass 105s, metabolic r3te, 
and energy utilization by harp and gray seal pups dur; ng the 
post~eaning fast. Physiol. Zool. 60: 352-364. 

Zùr, .,. .T 
U .n. 

Jersey. 
1934. Biostatisï:':'cal Analysis. Engle',iccd C':'i.ff3, 11.:::'" 
P=3ntice-Hall Inc. 2nd ed., ï13 pp. 

85 



00 
0'\ 

~ 

Table 1. Location and sampling date of ail harp seal specimens 
examined for variation ln diet and nutritional condition. 

,.-.. 

Snmple sile 

Males romnlcs 

Location Sampling dates mature immature mnhnc hnnen immature Total 

Les Escoumins 
Iles de la Madeleine 

Les Eseoumins 
Salluit 
Harrington Harhour 
Iles de la Madeleine 
Salluit 2 

Total 

20/12/88 - 27/02/89 
04/03/89 - 10/03/89 

14/04/89 - 16/04/89 

02/09/89 - 04/1 0/89 
03/12/89 - 21/12/89 

25/02/90 - 08/03/90 

13/10/90 - 20/10/90 

Pregnant or post pmtllm females. 
2 

26 0 
26 0 

1 0 

2 1 
2 6 

14 0 

0 0 

-- - ---

71 7 

Ineludes 2 speclntetlS for whieh only stomaeh and jaw available. 

12 3 0 41 
0 () 0 26 
{) n 0 10 

n 0 0 11 
3 1 b 17 

n 0 0 14 
3 1 1 5 

- --------- - -- -- -

35 5 6 12'1 

----- ---- - - --



.. ' 
Table 2. Locaticn and sampling date of mat~re s~ecimens of ha~ 
seals compared for variation in body measu=~entswit~ respect ta 
season and location. 

Location Sampling dates Males Females 

Les Escot:.mins 25j!2/88 - 21/01/89 24 11 

Iles de la Madeleine 04/03/89 - 08/03/89 23 

Les '1:' • 
_SCOU!ll~ns 14/04/89 - 16/04/89 (1) 9 

Sallui-t 30/09/89 04;'10/89 , .. , 
\ ... / ï 

:les de la Madeleine 25/02/g0 - 10/03/90 17 

() Excluded from tests of seasonal variation. 
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Table 3. NŒnber of occurrences and percen~ frequency of occurrence 

( (in parentheses) of prey ite:ns in food containing sto;nac~s of harp 
saals. 

Prey Sallui't. Harrington Le~ Les 'Ic'Cal 
Harbour Escou:nins Escoun:ins 

(Octobe:-) (December) (winter) (April) (n=ï8) 

Teleostei 14 (100) 13 (93) 41 (100) 9 (100) 77 (99) 

Ca-;:elin 12 (86 ) :2 (14) 40 (98) 9 (100) 63 ( 81) 
Mal:c~:.!5 v:'llc5:!S 

Sand la:.ce 1 (7) 9 (64) 10 (13) 
;'.~:n 0 d \tt: = 5 Spp. 

A::.lantic C:ld 8 (57) ê p.O) 
GadU5 ::lr:rr:'..!~ 

F:'atfish 3 ( 21) 5 (36) 8 (1:J) 
Pleuronectidae 

Arctic coà 7 ( 50) 7 (9) 
Boreogadu5 saida 

Redfish 6 (::!o5 ) 6 (8) 
Sebastes spp. 

Rock cod 2 (14) 1 (7) 3 (4) 
Gadus morhua 

Rock gunnel 3 (21) 3 (4) 
Pholis gunnellus 

Atlantic herring :2 (14) 2 (3) 
Clupea harengus 

Sculpin 1 (7) 3 (21) 4 (6) 
Ccttidae 

A:l.e'N'ife l (1) 
C:.1.;.c;ea !":.arer.c~s 

., (7) ~ 

Atlantic torncod 1 (1) 
Microaadu5 torncod l (7) 

Rainbow smelt 1 (2) 1 ( 1) 
Q~"TIe!:"us mcrd.1x 

A~lC!!1tic salmon 1 (9 ) 1 (1 ) 

( Sa. ~:~O sdlar 
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Table 3. (cont.) 

------------------------~--------~-----------------------------------Salluit Har~ington Les Les Tetal 
Prey 

Invertebrata 

C:::-'.1s-=acea 

Tr:e:r.isto libe:lula 

!1ysidae 

t:ê~èalus sFp· 

Unidentified 

Alcyonaria 

Gastropoda 

Bivalvia 

stones 

Food conta5.ning 
s~cmachs 

Empty stomachs 

Tc-cal number 
stomachs examined 

Earbour Escvumins Escoumins 

(October) (December) (winte~) (April) 

6 (43) 12 (86 ) 9 (22) 0 (0) 

6 (43) '? (86 ) .. (1.7) ... - 1 

4 (- Q \ 
"'~I 

-., .l_ (86) 

:3 ( 21) 

.., 
(50) , 

5 (36 ) 5 (12) 

5 (12) 

1 (6) 

1 (6) 

2 (14) 1 (2) 

n=14 n=14 n=41 n=9 

n=2 n=2 n=Q n=l 

n=16 n=liJ n==.!l ::==10 

89 

(n==7S) 

2 i (3 -:) 

"'c ( ,~ 1 

:6 (- , \ 
".::. .... j 

3 ( "l \ - , 

7 (9 ) 

12 (15) 

5 (6) 

1 ( 1) 

1 ( 1) 

3 (4) 

n=78 

n=5 



~ 

\0 
a 

Table 4. COlTlparison of mass of contents (kg) of foorl Gontaining stomaCh!i in 
harp seals, 'i{' 'i~)h/invertebrates in parentheses. Multiple comparison 
procedure hased on mean rank for each sample 0=0.05 (Démiel 1 mJO). 

---- - -- -

Salluit Harrington Harbour les Escoumins 
(wintor) 

(n:::13) (n:::13) (n=25) 
----~--

Mean 0.51 0.19 0.27 

(91/9) (80/20) (86/14) 

Range T'-l.50 T - 0.90 T-On5 

(40/60-100/0) (0/100-100/0) (10/90-1 DOlO) 

Median 2 0.27a Ta O.12a 

(100/0ab) (90/10a) (100/0ah) 
---- ---- ~~-- -

1 T =trace amollnt < lOg. 

2 CommOlI lûlters represent non-significant differences at u:::;0.05. 

,-.... 

-- ---- - - -

le~ Escollmins 
(April) 

(n=8) 
- - - ---

2.62 

(100/0) 

1.51-4.33 

(1 00/0-1 00/0) 

2.0Gh 

(100IOb) 
----- -----
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Table 5. Comparison of the percent lipid content in muscle, live~ 
and b1ubbe~ between mature anè juvenile harp seals at Harri~g~Gn 
Harbour, Decembe= 1989. Expresseè as percent l~pid of we~ tiss~~ 
weight, percent lipid of dry tissue weight in parenthes~s (me~n 
:t sè). 

Tissue 

Muscle 

Blubber 

'1 ' Juven~ e .... 

1.5 ± 0.3 
(5.0 ... 0.6) 

4.9 • 0.6 
(14.3 ± 1. 4) 

97.0 ± 1.9 

Males n=6, females n=4. 
Males n=2, fema1es n=3. 

Ma'ture2 Significanc; 
Level 3 

1.6 + 0.3 
(5.5 = 1.0) 

4.8 ± 1.3 
(1.3.7 ± 3.0) 

98.8 ± 0.5 

NS 

NS 

* 

1 
2 
3 NS - no significant difference in me ans at at a=0.05 

* - significant difference in means at a=0.05 
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Table 6. Comparison of body measurements by least-square means 
be-eween male and female harp seals in early winter in the St:. 
Lawrence River estuary. 

Variable 

Boè.y mass (kg) 

Scu~p mass (kg) 

C~re mass (kg) 

Percent blubber 
content 

Axillary girth 
(cm) 

Maximum girth 
(cm) 

BTO.51 (cm) 

BTsternum 2 
(cm) 

Length (cm) 

Age (years) 

Date 

Males 
(n=24) 

112.3 ... 2.3 

50.4 ::: ~. :3 

61.9 ... 1.8 

38.9 ± 0.9 

122.9 ± 1.2 

125.8 ± 1.2 

6.0 ± 0.2 

4.3 ± 0.2 

166.4 ± 7.9 

9.8 ± 5.2 

O .. JAN89=10.2 

Females 
(n"11) 

118.0 ± 3.4 

58.5 - 1.9 -

59.5 ± 2.6 

44.S ± 1.4 

126.6 ± 1.8 

134.6 ± 1.8 

6.9 ± 0.3 

5.1 ± 0.3 

163.5 ± 6.1 

10.4 ± 4.8 

05url..."i89±8.3 

sicmificance 
-Level§ 

NS 

** 

NS 

** 

NS 

** 

* 

* 

NS 

NS 

NS 

§ NS - no significant difference in means at a=O.05. 
* - significant difference in means at a=0.05. 

1 
2 

** - significant difference in means at a=O.Ol. 
Blubber thickness measured dorsally 3t 50% of length. 
Blubber thic~<ness measured over the s'Cernum. 
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Figure 1. Geoqraphical location of communities in Quebec frcm 

which harp seal samples were ol::taineà. 
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Figure 2. Seasonal and sexual variation in the lipid content of 

muscle tissue i:l ha~ seals. Means ± :;"sè, sample si::e 

(n); ccmmc~ subsc=i~t5 re~resent non-sig~i:ica~t 

dif:e=ences in means (a=O.05). 
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Figure 3. Seasonal and sexual variation in the lipid content of 

liver tissue il'! ha~ seals. Mea.'"ls :: !.sè., sample si 7e 

(n): common subsc!:'ipts rep=ese:1t nO:1-signifi::::.~'-

differences in means (a=O.OS). 
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Figure 4. Seasonal and sexual variation in the lipid content of 

blubber tissue in harp seals. Mea~s ± lsd, sa~~le Sl=e 

(n); common ~m.bsc=ip'ts represent ncn-si;:::'f:,c::1:",-':' 

differencas in means (~=O.05). 
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Figure 5. Seasonaj. variation of core, sculp and total body ffiaS5 

in fe:!1ale ha..~ seals. Means :!: 1 sè. and sa~ple size (r,:. 
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Figure 6. Seasonal variation of core, sculp and total body mass 

in male harp seals. Means ± 1 sè and sanple size (;.). 
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Figure 7. Seasonal and sexual variation in percent sculp of total 

body ~ass in har? sea~s. Means = lsd, sample size (n); 

common sU=scrip~s represen~ ncn-significant diffe~e~c~s 

in means (a=o.05). 
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GENERAL CONCLUSION 



( 

~ CONCLUSION 

My study combines the analysis of carcass lipids with body 

~easurements in a comprehensive evaluation of nutritional 

condition in the harp seale The traditional indices of sterr,al 

blubber thickness and axillary qirthjlenqth show qeneral trends 

in seasonal fatness, but are not always sensitive enough te 

siqnificant diffe~ences in condi -=.ion. Dorsal blul:l:er 

~hickness and g~rt-~ are qreates~ a~ 50\ cf length and show a much 

st:ronge~ correlation to body fats. The di~e~ measurement of 

sculp and total body mass are more labeur intensive, but: allo~ a 

much more deta~led evaluati~n of ccr.diticn. 

The blubber serves many functions, and indices of 

nutritional condition reflect both stored energy and thermal 

insulation. Blubber massjbody mass (percent blubber content) 

indicates the state of thermal balance, but seasonal variation in 

the mass of both core and blubber limit its usefulness as an 

index of energy stores. The qreatest store of lipids in harp 

seals is in the blubber (90% in winter animals), so sculp or 

blubber mass adjusted for length cubed provides a good indication 

cf energy res,=rves. Unde::- seme fiel1 conditions, it may nOi: be 

pcss:'::le to measu::-e total body !:1ass, but sC'...llp mass :::ay 1::e 

cbtained more easily even if it must first be cut into smaller 

pieces. 
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Light feedinq durinq the spring moult, the northward 

migration and, f~r females, the cost of lac-::at;'on lead to a 

significant decrease in body condition. Even by mid-autumn, 

muscle lipid content and the mass of the core and blubber are 

low, but increase through the winter. Among females 1 those one 

month post-partum showed the hiqhest lipid content in liver anù 

muscle, reflec-::inq very intensive feedinq. This same g::-oup ~-=ci 

sign~ficantly lcwer lipid in the blubber and sl~ghtly lower scu~p 

mass. l suspect t."'lat the difference in blubber mass and lipid 

ccntent is even greater ir::J:led:..ately f:::l.lowing lact:aticn. When 

evaluating energy reserves, the seascnal variation ln lipid 

conte!~t cf blubber and other tissues sl:culd be ccnsidered. 

The preference of harp seals for capelin may be related to 

its high calorie density relative to other fish and plankton and 

to its pelagie, sChooling nature. The seasonal variation in 

feeding intensity may be related at least in part to variations 

in the lipid content of the prey. In both Hudson strait and the 

St. Lawrence River estuary, harp seals fed primarily on capeline 

The intensive feedinq observed in one month post-partum females 

may be associated with both ~he reduced lipid content of capelin 

in sprinc; and the neeè. "Cc replenish bcdy ..:--­_"::'_.;2 

te specialize on pa~ticular prey types, those migrating feed on a 

wider variety of prey, reflecting opportunistic feeding habits. 
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{ 
The harp seal has been studied intensively on the breeding 

qrounds in the Gulf of st. Lawrence, but comparatively little 

research has been conducted in the arctic. The low blubber and 

core mass in October indicate that the annual process of 

replenishinq body mass is slow. The stcred energy used during 

the spring migration to the arctic and the seasonally reduced fat 

content of capel in make summer a stressful period fer the harp 

seal. Energy stored during winter and early spring may be 

essential for survival thrcugh this season. 
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