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Abstract 

Samples. of heart. liver, kidney, and skeletal muscle were obtained 

from harp seal pups in the Gulf of St. Lawrence, and on the Front off the 

coast of Labrador, in March 1978. Of fifty-five presumptive·gene loci 

~hich·were resolved and assayed, only fivewere found to be polymorphic; 

the remaining fifty were monomorphic. 

Northwest Atlantic harp seals were found to be among the least vari­

able of· vertebrate species examined to date. Frequency of polymorphic loci 

was 0.02 and estimated total heterozygosity waS 0.01. All variable alleles 

segregated according to Hardy-Weinberg ·equi librium and gene. fre·quencies 

indic~ted no differences between Gulf and Front animals. Both Neils in-

dex and Rogers· coefficient of. genetic similarity between the two areas 

was >0.999. 

For comparative purposes. some addi tional samples were "obtained from 

harp sea.ls· born on t/le West Ice off Jan Mayen. O.nly five presumptive loci 

could be resolved and assayed from these tissue samples. Failure to re­

solve a larger number of loci is attributed to unavoidable differences in 

tissue collection techniques necessi,tated by logistics, and the use of 2-

phenoxyethanol, a recommended protein preservative for tissue enzyme 

electrophoresis. Two of the five loci resolved were polymorphic, and gene 

frequencies within the Jan Mayen stock segregated in normal Mendelian 

ratios but differed from those of Northwest Atlantic harp seals. 
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Considering population sizes of harp seal stocks, available evidence 

suggests that low genetic variability is not a product of "bottlenecking ll 

as has been suggested for elephant seals (Mirounga). low heterozygosity 

in the harp seal may be related to specialization of the terrestrial 

mammalian plan for an aquatic existence. Coincidentally, low genetic 

vari abi 1 ity may resu It from adaptati on to non- random fl uctuat i cns ; n 

trophic resourcp.s as has heen suggested for some marine inverte-

brates. 

In conclusion, Gulf and 'Front harp seals were found to be genetically 

indisti,nguishable using ti'is'Je enzyme electrophoresis. There is no indi­

cation of reproductive isolation between Gulf and Front~ on the contrary. 
~----.-~- -_. 

the results suggest random interbreedi-ng between the two areas reinforcing 

the hypothesis that northwest Atlantic harp seals comprise a Single stock. 

On the basis of significantly different (p<O.OOI) frequencies for the MDH-

1 isozymes, Jan Mayen harp seals represent a breeding,unit in Hardy­

We"inberg equilibrium which is" at least partially isolated from Northwest 

Atlantic harp seals. Further samples will be required to adequately de­

termine the magnitude of genetic difference between harp seals breeding 

in the Northwest Atlantic and on the West Ice. 

From a management perspective. there would seem to be no difficulties 

with the present allocation of quotas or hunting effort between Gulf and 

Front. Not only are harp seals from these two areas genetically indistin­

guishable using present techniques. but extremely low heterozygosity indi­

cates that these animals should be resilient to the effects of regulated 

exploitation. However. low genetic variability also suggests that harp 

seals may be ex~remely vulnerable to natural environmental changes and 

man-made perturbations in the marine ecosystem. 

Introduction 

More is known about Northwest Atlantic harp seals Pagophilus 

9roenlandicus than about most exploited marine mal1111al stocks .. Never-

theless. there remain numerous uncertainties and deficiencies in the 

basic biological data on which present management strategies are formu­

lated. One of the most obvious questions is whether these seals comprise 

a randomly interbreeding stock or whether they represent two partially 

separate or entirely distinct breeding stocks. 
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Some data suggest that two stocks are present, one breeding in the 

Gulf of St. lawrence. the other off the coast of Newfoundland in an area 

known as the Front. For example, Gulf harp seals whelp about one week 

earlier than Front seals (Sergeant 1965 , 1976); Gulf and Front seals 

may mature at slightly different rates (Sergeant 1966. 1973a); and breed­

ing females tend to show fidelity to their place of birth each spring, 

although young seals born in the Gulf seem to intermix with Front animals 

until they reach sexual maturity (Sergeant 1976. 1977). 

Present harp seal management strategy is based primarily on the 

assumption that Northwest Atlantic harp seals belong to a single inter­

breeding stock (Lett and Benjaminsen 1977). Thus, in recent years quota 

allocations have not been equally distributed throughout the entire stock. 

The greatest proportion of hunting effort occurs on the Front and conse­

quently the bulk of the catch is taken in this region. If Gulf and Front 

stocks are indeed separate. such a management strategy should logically 

lead to overexploitation of the Front stock. For management purposes. it 

is thus of some immediate importance to delineate harp seal stocks in the 

Northwest Atlantic. 

A variety of techniques have been used in previous attempts to 

delineate distinct harp seal stocks. Morphological studies of skull and 

body dimensions indicated that northwest Atlantic harp seals (including 

both Gulf and Front) are more distinct in comparison to the two eastern 

stocks (the Jan Mayen stock off east Greenland. and the White Sea stock) 

than the latter two are from each other (Khuzin 1967. Vablokov and 

Sergeant 1963). Studies of erythrocyte antigens (Moller et~. 1966). 

haemoglobin electrophoresis (Naevdal 1966b) and serum immunoelectrophore­

sis using agar diffusion techniques (Borisov 1966) were unable to detect 

differences between Northwest Atlantic. Jan Mayen, and White Sea harp 

seals. Significant differences in frequencies of two of three alleles 

hypothesized to control synthesis of transferrin groups, and nearly 

significant differences in distribution of transferrin groups between 

Newfoundland seals and the two eastern stocks (Naevdal 1966a) were not 

confinned in a subsequent study (Naevdal 1971). No "marked difference" 

in distribution of transferrin groups or frequencies of genes controlling 

them was found between harp seals from the Gulf and Front (Naevdal 1969). 
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In the present study, genetic di fferences between harp seals bom 

in the Gulf of St. L.awrence and on the Front off Newfoundland were 

examined using starch-gel electrophoresis. This technique has been 

identified as the most appropriate for studying phylogenetic relation-

ships between ,losely related taxa (Dobzhansky et,al. 1977). It 

has proven to be a vnluable tool for population geneticists, permit-

ting quantitative examination of genetic variability within populations 

and species, and geographic variation within populations, and for syste-

matic evaluation of races or species in a wide variety of living organisms 

from protozoa to man (Selander and Johnson 1973, Powell 1975. Dobzhansky 

et ~. 1977). Interbreeding populations share a common gene pool and, 

barring localized environmental selection pressures, should possess 

similar gene frequencies. If a population is partially or completely 

isolated, this should be reflected in an alteration of gene frequencies 

for reasons of genetic drift. inbreeding. or founder effects and thus 

isolated or even partially isolated populations should become genetically 

distinctive. 

In order to obtain a statistically valid estimate of gene frequencies 

it is necessary to obtain a large and representative sample of the popula­

tion or stock in question. It is also important to sample a large number 

of gene products in order to determine relative variability and to circum­

vent the possibility that certain enzymes may be of selective value under 

very localized conditions. Also, it has been demonstrated that certain 

proteins may be "conservative" in that they are infrequently polymorphic 

whereas others are often polymorphic (Selander and Johnson 1973. Powell 

1975. Ward 1977). The problem of delineating harp seal stocks would 

appear to be ideally suited to genetic analysis using electrophoretic 

techniques. The stocks are exploited annually in large numbers and tissue 

samples required for analysis can be readily obtained from pups whose 

birthplace is known. 

In addition to the problem of delineating distinct stocks for manage-

ment purposes, and of considerable interest. is the level of genetic vari-

ability present in the harp seal. Electrophoretic analyses of genetic 

variation in pinnipeds are scant. being available only for elephant seals. 

The southern elephant seal. Mirounga leonina has an estimated genetic 
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heterozygosity of only 3 per cent (McDermid et~. 1972) and the northern 

elephant seal ~. angustirostris demonstrated no genetic variation (Bonnell 

and Selander 1974). In contrast. mean heterozygosity for most vertebrate 

species examined to date ranges from 4 to 10 per cent (Selander and 

Johnson 1973, Powell 1975, Selander 1976, Neva 1978). The very low values 

in elephant seals are thought to be a consequence of fixation brought about 

by the decimation of these species by sealers in the last century (FAD, 

1976; Bonnell & Selander 1974). Present stocks are thus descended from a 

relatively small founding population. Unlike elephant seals. the harp 

seal has maintained sizeable population numbers despite exploitation and 

the Hbottlenecku phenomenon (Nei et!..!.. 1975) should not have reduced gen­

etic heterozygosity in this species. The harp seal thus provides an 

opportunity to examine further the suggestion that marine mammals exhibit 

lower levels of genetic heterozygosity than terrestrial mammals (Powell 

1975) . 

Materials and Methods 

Fresh samples of heart, kidney, liver and skeletal muscle tissue 

were obtained from Northwest Atlantic harp seal pups killed in the 197B 

seal hunt in the Gulf of St. lawrence and on the Front, off the coast of 

Newfoundland. Tissues were excised from a similar part of the organ of 

each pup with care being taken to ensure that the sample was small enough 

to permit rapid and complete freezing. Individual tissue samples were 

placed in plastic bags and frozen at ambient environmental temperatures 

below OoC. If ambient temperature was above freezing, tissue samples 

were quickly frozen by immersion in a freezing solution of acetone and 

dry ice. All frozen, bagged tissues from each pup were placed together 

in a cloth bag with an identification tag. Tissues were then maintained 

frozen on dry ice on a sealing vessel until they were shipped on dry ice 

to Guelph where they were stored, either on dry ice or in -BOoC ultra­

cold freezers. Complete samples were collected from 472 seals in the Gulf 

of St. lawrence from 2 March to 15 March (Fig. I) and from 501 seals on 

the Front from 13 March to 19 March (Fi9. 2). 

For comparison. additional samples were obtained from harp seal pups 

born on the West Ice between Jan Mayen and Svalbard. These tissues were 
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Fig. 1. Daily position of ships from which harp seal tissues were sampled for 
enzyme electrophoresis in the Gulf of St. Lawrence during March 1978. 
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Fig. 2. Daily position of ships from which harp seal tissues were sampled for enzyme electrophoresis on the Front off the coast of Newfoundland during March 1978. 
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excised in a similar manner to those obtained in the Northwest Atlantic. 

Without facilities for making or storing dry ice. these samples were pre­

served in a 2 per cent solution of 2-phenoxyethanol and sea water 

(Nakanishi et ~. 1969). Because of the cold ambient temperatures (_20°C) 

both phenoxyethanol and tissue samples were quickly frozen (Bryden. in 

~;tt.). Tissues were stored in a sealing vessells freezer until the ship 

returned to Bergen. Norway; they were later flown to Canada. However, on 

arrival at Toronto International Airport, samples from 27 of the 97 ani-

mals samples, were thawed. These tissues were placed on dry ice and transpor­

ted to Guelph where they were stored with the Northwest Atlantic samples. 

To control for the use of 2-phenoxyethanol on the West Ice, repli­

cate samples were collected from 24 pups in the Gulf of St. Lawrence. 

One set of tissues was fast frozen, the other was treated with 2 per cent 

2-phenoxYethanol and maintained at ambient temperature prior to being 

placed on dry ice on board a sealing vessel. An additional 24 adult 

females and their pups were sampled in conjunction with other research 

activities in the Gulf. Samples from these animals were placed in 2 per 

cent 2-phenoxyethanol and maintained at ambient temperatures for various 

lengths of time prior to freezing on dry ice. 

In the laboratory, tissues were partially thawed, minced with a scal-

pel, and homogenized in an equal volume of deionized water. The homogenate 

was then frozen at -700e, thawed and clarified by centrifugation at 14,500 

G for 30-40 min at 40e. The supernatant was stored at -70 to -900e. 

Starch-gel electrophoresis was carried out in a 40C cold-room, or at 

room temperatures of about 22°C employing the methods of Selander et ~. 

(1971). A series of experimental trials was performed in order to deter­

mine the most favourable buffer system. tissue type. and running time 

which produced the best resolution of the following soluble enzymes: 

Acid Phosphatase. Adenosine Deaminase, Alcohol Dehydrogenase (ADH) , 

Adenylate Kinase (AK). Aldolase. Alkaline Phosphatase (Alk. Phos.). 

Glycerophosphate Dehydrogenase (GPDH). Creatine Kinase (CK). Esterase. 

Fumarase. Glyceraldehyde-3-Phosphate Dehydrogenase (G-3-POH). Glucose-6-Phos-

phate (G-6-P). Glucuronidase. Glutamate Dehydrogenase (GOA). Glutamic Oxaloacetic 

Transaminase (GOT). Hexokinase. Isocitrate Dehydrogenase (IDH). Leucine 

Amino Peptidase (LAP). 1ndophenyl Oxidase (IPO). Lactate Dehydrogenase 
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(LOH), Malic Enzyme (ME), Malate Dehydrogenase (MDH), Mannose Phosphate 

Isomerase (MPI), Octanol Dehydrogenase (~OH), Peptidase, 6-Phosphoglucon­

ate Dehydrogenase (6-PGD), Phosphoglucose Isomerase (PGI), Phosphoglucomu­

tase (PGM), Sorbitol Dehydrogenase (SOH), and Xanthine Dehydrogenase (XDH). 

The buffer systems utilized for the initial screening were: Tris-citrate 

pH 6.7, Tris-citrate pH 8.0, Trismaleic EDTA pH 7.4, PGI phosphate pH 6.7, 

Tris-versene borate pH 8.0, Lithium hydroxide pH 8.25, Tris-Hel pH 8.5. 

If good resolution of an enzyme system was encountered in an early trial, 

further trials for the particular enzyme were not carried out. 

Consistently demonstrable electromorphic loci for each enzyme system 

were scored from cathode to anode; the least anodally migrating locus being 

designated 1. Allelic variant isozymes were designated relative to the 

farthest anodally migrating isozyme which was given a value of 100. Cathod­

ally migrating isozymes were treated in a similar manner but were given 

negative values. 

Enzymes were classified as monomeric, dimeric, or tetrameric accord­

ing to their behaviour in the gel and from information obtained from other 

studies involving the same enzyme systems in a variety of other vertebrate 

species. Monomeric ;sozymes demonstrate two bands in a heterozygote, 

representing the products of two variant alleles; homozygotes demonstrate 

only one of the two bands. Heterozygotes for dimeric isozymes produce a 

three-banded pattern conSisting of the two homodimeric bands on either 

side of a heterodimeric band which is usually more intensely stained. 

The homodimeric band represents the products of two variant alleles and 

the heterodimeric band represents the combination or hybrid product from 

these same alleles. Tetrameric isozymes represent those enzymes which 

are coded by two different genes and each allele produces a product which 

is identifiable electrophoretically. Homozygotes for tetrameric isozymes 

demonstrate a five-banded pattern conSisting of two homotetrameric bands, 

and three heterotetrameric bands which are made up of a combination of 

the coded gene products. The above phenotypes are shown in Fig. 3. 

Genetic distances between harp seals sampled in the Gulf of St. 

Lawrence and on the Front were computed using the formulations of Rogers 

(1972) and Nei (1972). Genetic heterozygosity estimates were based on 

actual counts of presumed heterozygous genotypes (phenotypes) (Selander 

and Johnson 1973). Mean heterozygosity (H) is defined as the number of 
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Monomeric Dimeric Tetrameric 
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Fig. 3. Phenotype designations for isozymes 

presumed heterozygotic genotypes divided by the product of the number of 

individuals and the number of loci examined. Polymorphism estimates were 

determined by dividing the number of loci possessing more than a single 

allele by t~e total number of loci. 

Resul ts 

The best resolution of the various enzyme systems was obtained with 

the following buffer systems and running times: Tris-citrate pH 6.7 for 

4 h (ADH, AK, Aldolase, GPDH, Glucuronidase, CK, Fumerase, IDH, LDH, ME, 

MDH, MPI, DOH, 6-PGD, PGI, PGM, SOH, XDH); Tris maleic EDTA pH 7.4 for 

6 h (Al k. Phos., G-6-P); and Tris HCI pH 8.5 for 2 h (GOT). Resolution 

of the remaining enzymes appeared to be the same regardless of the buffer 

system employed. 

For Northwest Atlantic harp seals. fifty-five presumptive gene loci 

were resolved and assayed (Table 1) from 18 of the 30 investigated enzyme 

systems. No activity was encountered in three enzyme systems (G-3-PDH. 

GDH, and Hexokinase) in any tissue. The electrophoretic mobilities of 

four additional enzymes (Adenosine Deaminase. Glucuronidase. Fumerase, 

and IPO) were very diffuse and loci could not be resolved. Loci were 

observed in the remaining five enzymes (Acid Phosphatase. Esterase, LAP, 

Peptidase. and 6-PGD). They were omitted from the analysis because lac; 

could not be conSistently scored. One of the four CK lac; (CK-2) was 

also deleted from analysis for the same reason. Of the 55 loci which 
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were examined, onlyfive (GOT-I, MDH-l. MPI-l. IDH-2,and G-6-P-T) were 

found to be polYlilorphic. rhe reilidining 50 were monomorphic. 

Most of the enzymes which were assayed from samples obtained in the 
Gulf and Front could not be resolved in samples from the West Ice. Only 

three enzymes (Alk. Phos .• GOT, and MDH) encoded by five presumptive gene 
loci were evident in West Ice samples. like the Northwest Atlantic sam­

ples, those from the West Ice were found to be polymorphic for MDH-l. GOT-
1. and Alk. Phos. -J. 

The number of samples assayed from each region and for each locus is 
summarized in Table 1. The number of genes sampled (= 2 x the number of 
individuals) per locus varied considerably and this was due mainly to the 
large sample sizes which were employed for those isozymes which were found 
to be variable (Table 1). An extremely low level of genetic variation was ob­
served;n Gua and Front harp seals (rable.!). -'he frequency of polymorphic 
loci was found to be only nine per cent in both areaS using the criterion 
that any locus found to vary, irrespective of gene frequency. was design­
ated polymorphic. If rare alleles with a gene frequency of <0.05 are 
omitted. as ;s customary, frequency of polymorphic loci was only two per 
cent. The higher proportion of polymorphism or heterozygosity encountered 
in the West Ice is not realistic as only five loci could be resolved and 
these loci included most of the variation found in samples from the North-
west Atlantic. 

Table 1. Enzyme loci and number of samples examined 

in harp seal (Pago~hi1 us groenlandicus) 

tissues. 

Locus Gulf Front West Ice 

AK-J 55 56 

AK-2 55 56 

AK-3 55 56 

AK-4 55 56 

AK-5 55 56 

ADH-J 63 88 

ADH-2 63 88 

!.DH-3 63 88 
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Table l. (continued) 

Locus Gulf Front West Ice 

ADH-4 63 88 

ADH-5 63 88 

ADH-6 63 88 

Aldolase-I 73 72 

Al dolase-2 73 72 

AIdolase-3 73 72 

AIk.Phos.-I** 95 97 92 

AIk.Phos.-2 95 97 92 

CK-I 48 24 

CK-3 48 24 

CK-4 48 24 

G-6-P-I* 120 120 

GOT-I* 379 461 82 

GPDH-I 55 56 

GPDH-2 55 55 

GPDH-3 55 55 

IDH- I f20 120 

IDH-2* 120 120 

LDH-I 96 96 

LOH-2 96 96 

MOH- I * 289 294 87 

MDH-2 , 289 289 87 

ME-I 55 56 

ME-2 55 56 

MPI -I * 96 95 

ODH-I 73 72 

ODH-2 73 72 

ODH-3 73 72 

OOH-4 73 72 

OOH-5 73 72 

OOH-6 73 72 

PGI-I 63 64 

PGI-2 63 64 
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Table L (con tinued) 

Locus Gulf Front West Ice 

PGI-3 63 64 

PGI -4 63 64 

PGM-I 63 64 

PGM-2 63 64 

PGM-3 63 64 

SOH-I 63 64 

SDH-2 63 64 

SDH-3 63 64 

XDH-I 63 64 

XDH-2 63 64 

XDH-3 63 64 

XDH-4 63 64 

XDH-5 63 64 

XDH-6 63 64 

* i.-o-cl which de~stratedPolymorphic isozymes (see Table~3=8). 
** Polymorphism demonstrated by Alk. Phos.-l is considered to be 

artifactual (see Discussion). 

Table 2. Genetic variation in harp seals {pa90philus groenlandicus} 

Gulf Front West Ice 

Number of loci 55 55 5 

Number of genes sampled 164. 8±32. 8 174.3±37.4 176.0±5.4 
per locus (±2SE) 

Total Number of alleles 113 112 11 

Alleles per locus (±2SE) 2.05±0.06 2.04±0.04 2.2±0.4 

Polymorphic 10C;1 0.09 0.09 0.4 

Polymorphic loci 
(omitting rare al1eles)2 0.02 0.02 0.4 

Frequencies of heterozygotes: 

average over 1 aci (obs) 0.01 0.01 0.15 

average over loci (exp) 0.01 0.01 0.16 

lusing the criterion that all polymorphic loci were included irrespective 
of gene frequency. 

2using the criterion that polymorphic loci with the gene frequency of the 
rare allele <0.05 were omitted. 

E 14 



- 14 -

Isozymic gene frequencies for polymorphic loci are given in Tables 3 to 8. In each table the numbers 

of heterozygotes observed in the present study are compared with expected frequencies. assuming Hardy-

Weinberg equilibrium. Good agreement between observed and expected numbers of heterozygotes was found. 

The observed number of heterozygptes was not statistically (p>O.05) different from the expected for any of 

the isozymes. The genotypic frequencies in all areas sampled are thus in Hardy-Weinberg equilibrium. 

rable 3. Distribution of GOT-1 isozyme gene frequencies in harp seals. o : observed and E = expected Hardy-
Weinberg distributions. 

GOT-1 Isozymes , 
Area No. (45 / 45) (45 / 73) ( 73 / 73) (45 / 100) (73 / 100) (100 / 100) X' d.f. X (0.95) 

0 E 0 E 0 E 0 E 0 E 0 E 

Gulf 379 168 163.1 150 160.1 44 39.3 11 10.9 6 5.4 0 0.2 1. 607 3 7.81 

Front 461 196 191.8 196 202.8 56 53.6 7 8.3 6 4.4 0 0.1 1.309 3 7.81 

West Ice 82 42 38.3 28 35.5 12 8.2 0 0 0 0 0 0 3.670 3 7.81 

Gene Frequencies (X ± 2 SE) 

Area No. 45 73 100 

Gulf 379 0.656'0.070 0.322.0.034 O. 022±0. 010 

Front 461 0.645±0.063 0.341±0.032 0.014'0.008 

West Ice 82 0.683±0.146 0.317.0.072 0 

Table 4. Distribution of MOH-l isozyme gene frequencies in harp seals. 0 = observed and E = expected Hardy-Weinberg distributions. 

MDH-l I sozymes 

Area No. (-20 -20) (-20 / -55) (-55 / _ 55) (-20 -100) ( -55 -100) (-100 / -100) X' d.f. X' (0.95) 

0 E 0 E 0 E 0 E 0 E 0 E 

Gulf 289 0.4 18 19.5 270 269.1 0 0 0 0 0 0 1. 30 3 7.81 

Front 294 0 0.4 23 21.9 267 267.6 0 0.2 4 3.9 0 0 0.68 3 7.81 

West Ice 87 0 4.4 39 30.2 48 52.4 0 0 0 0 0 0 7.27 3 7.81 

Gene Frequencies (i ± 2 SE) 

Are. No. -20 -55 -100 

Gulf 289 0.035±0.015 0.965,0.015 0 

Front 294 0.039:!:0.016 D.954±0.017 0.007:!:0.007 

West Ice 87 0.224:!:0.063 0.776±0.063 0 
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Table 5. Distribution of MPI-l isozyme gene frequencies in harp seals. o : observed and E : expected Hardy-
Weinberg distributions. 

MPI-l Isozymes 

Area No. (72 / 72) (72 / 85) (85 / 85) (72 / 100) (85 / 100) (100 / 100) X' d.f. X' (0.95) 
0 E 0 E 0 E 0 E 0 E 0 E 

Gulf 96 0 0 0.9 93.0 92.9 0 0 2.0 2.0 0 0 0.03 3 7.81 

Front 95 0 0 I 0.9 90.0 90.1 0 0 4.0 3.9 0 0 0.07 3 7.81 

Gene Frequencies (X ± 2 SE) 

Area No. (72) (85) (100) 

Gulf 96 0.005'0.010 0.984±0.018 0.011,0.015 

Front 95 0.005'0.010 0.974'0.023 0.021'0.02 

Table 6. Distribution of IDH-l isozyme gene frequencies in harp seals: 
o ~ observed and E = expected Hardy-Weinberg distributions. 

10H-I Isozymes 

Area No. (92 / 92) (92 / 100) (j00 / 100) Gene Frequencies 

0 E 0 E 0 E (92) (j00) 

Gulf 120 0 0 4 4.0 116 115.9 0.017±0.0J7 0.983'0.017 

Front 120 0 0 0 0.0 120 120 0 1.0 

Table 7. Distribtuion of G-6-P-I isozyme gene frequencies in harp seals: 
o : observed and E = expected Hardy-Weinberg distributions. 

G-6-P-I Isozymes 

Area No. (86 / 86) (86 / 100) (100 / 100) Gene Frequencies 

0 E 0 E 0 E (86) (j00) 

Gulf 120 118 118.0 2 1.9 0 0 0.992,0.011 0.008'0.011 

Front 120 120 120.0 0 0.0 0 0 1.0 0 
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Table 8. Distribution of Alk. Phos. - 1 isozyme gene frequencies in harp seals: 

0= observed and E = expected Hardy-Weinberg distributions 1 . 

Alk. Phos. - 1 Isozymes 

Area No. (37 I 37) (37 I 100) (100 I Wo) Gene Frequencies 

0 E a E 0 E (37) (100) 

Gulf 95 0 0 0 0 95 95 0 1.0 

Front 97 0 0 0 0 97 97 0 1.0 

West Ice 92 92 92 0 0 0 0 1.0 0 

lunder the assumption of two alleles at one locus. The data are also consistent 

with the hypothesis of two separate monomorphic loci. 

Frequency of heterozygotes, using both the observed and expected 

values, was the same for harp seals born in the Gulf and on the Front (p> 

0.01). Both Rogers' Index(S) and Nei's Index of genetic similarity (i) 

between harp seals in the Gulf and Front were >0.999. 

Specific results for each of the eighteen enzymes resolved and 

assayed are given below. 

Adenylate Kinase (Fig. 6) 

The best resolution for AK was encountered in kidney tissue and, 

since tissue specificity was not evident, only the kidney phenotype was 

used for this analysis. The five bands which were resolved could be 

interpreted as a tetrameric configuration involving only two loci. How­

ever, multiple alleles of AK may not form subunits (Markert and Whitt 1968) 

and this would suggest that AK is not polymeric. Thus, the five-banded 

pattern would be indicative of five separate loci, conSisting of four 

anodal bands, AK-2, AK-3, AK-4, AK-5, and one cathodal band, AK-l. 

Alcohol Oehydrogenase (Fig. 4) 

ADH is not considered to be a polymeric enzyme (Ward 1977); it is 

thus assumed that ADH in the harp seal is encoded by six presumptive gene 

loci which demonstrate tissue specificity. Four anodally migrating bands, 

ADH-3, ADH-4, ADH-S, and ADH-6, of equal staining intensity were found in 

heart and kidney samples. Liver had a distinctive cathodal band, ADH-I, 
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as well as ADH-3 and ADH-4. Muscle demonstrated ADH-3, ADH-4, and an 

additional weakly-migrating cathodal band. ADH-2. 

~ldolase (Fig. 4) 

Five anodal bands indicative of a tetramer (Markert and Whitt 1968) 

were found from extracts of heart and kidney. Resolution for liver and 

muscle extracts was poor but indicated tissue specificity. A distinct 

cathodal band in liver seems unrelated to the anodal tetrameric series 

and was considered to be an independant locus (Aldolase-I). Anodal bands 

in muscle and liver could not be resolved and may indicate additional 

loci whose migration is complexed with the migration of the homotetra­

merie band (Aldolase-2) and one or more of the heterotetrameric bands. 

In harp seals, Aldolase thus appears to be encoded by at least three 

loci. Aldolase-l is represented by a liver specific cathodal band; 

Aldolase-2 and Aldolase-3 form a tetramer. 

Alkaline Phosphatase (Fig. 7, Table 8) 

Alk. Phos. did not exhibit tissue specificity and was encoded by 

two loci. Alk. Phos.-2 was found to be monomorphic in all harp seals 

examined. Alk. Phos.-l may be polymorphic in this species as two dis­

tinct isozymes were encountered. Front and Gulf seals invariably had 

Alk. PhOS.-l(l •• ), whereas all of West Ice samples had Alk. Phos.-l("). 

The possibility exists that each Alk. Phos.-l isozyme represents a sep­

arate locus but the interpretation would be the same since there is 

apparent fixation for different isozymes Cor loci} between Northwest 

Atlantic seals and those from the West Ice. This interpretation may not, 

however, be correct (see Discussion). 

Creatine Kinase (Fig. 6) 

Extracts from kidney provided the best resolution for CK. This 

enzyme appears to be encoded by four loci. CK-I, CK-3. and CK-4 were 

monomorphic in all samples which could be resolved. CK-2 appeared to be 

polymorphic. Owing to poor resolution and close proximity of bands. it 

was not possible to conSistently score the isozymes. 

Glucose-6-Phosphate (Fig. 7, Table 7) 

Only one locus was demonstrated for G-6-P. Two heterozygous indivi­

duals were encountered in Gulf seals and these had a two-banded phenotype 

indicative of a monomeric isozyme. The gene frequency for the rare allele 
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(a.008±O.OII) indicates that harp seals from Gulf and Front are essentially 

monomorphic for G-6-P. 

Glutamic Oxaloacetic Transaminase (Fig. 6. Table 3) 

Only one locus was consistently resolved for GOT and this locus 

proved to be polymorphic in animals from the Gulf, Front, and West Ice. 

It is evident that GOT-1 is a dimeric isozyme which shares two of three 

variant alleles, GOT_i('oO), GOT-i ("), and GOT-I (.,) Heterozygotes 

all demonstrated the typi cal three-banded pattern. Genotype frequencies 

matched Hardy-Weinberg expectations (Table 3). GOT_I('oo), the rarest 

allele. was not encountered in West Ice samples. Cathodal migration was 

observed but loci could not be resolved. 

Glycerophosphate Dehydrogenase (Fig. 4) 

The five anodal bands which were obtained from heart and kidney 

extracts may be interpreted as a tetrameric series in the harp seal. con-

sistent with the fact that GPDH forms subunits between multiple alleles 

(Markert and Whitt 1968). Muscle and liver extracts demonstrated only 3 

of the five bands. Liver extracts had a presumably unrelated cathodally 

migrating band (GPOH-l). Thus. this enzyme is encoded by 3 presumptive 

monomorphic loci consisting of a liver specific locus ( GPDH-l) and the 

tetramer which 15 made up of two anodally migrating loci ( GPDH-2 and 

GPDH-3) • 

isocitrate Dehydrogenase (Fig. 7, Table 6) 

Two loci encoded isozyrnes of IDH. IDH-l was represented by a cath­

odally migrating band and was monomorphic in all Gulf and Front samples 

examined. IDH-2 is weakly polymorphic and heterozygotes demonstrated a 

monomeric two-banded pattern. 100_2(92) was a relatively rare allele. en­

countered in a heterozygous state in four of 120 Gulf seals examined 

(Table 6). 

Lactate Dehydrogenase (Fig. 4) 

LDH demonstrated a typical tetramer;c pattern (Markert and Whitt 1968. 

Ward 1977). The homotetramer, LOH-l was predominant in liver and muscle 

extracts whereas LDH-2 was most active in heart and kidney extracts. 

Malate Dehydrogenase (Fig. 7, Table 4) 

Two loci were observed for f~DH. MDH-2 is represented by an anodally 

migrating band and ill one of 578 samples was found to be a dimeric heter-

ozygote. Considering the extremely low frequency of this variant allele, 
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MDH-2 was considered to be monomorphic. Cathodally migrating MIli-l is a 

polymorphic. dimeric isozyme with three alleles which separated in Hardy­

Weinburg equilibria. The rarest allele~ MDH_,(-lOOJ was not encountered 

in West lee or Gulf samples, and was only present in a heterozygous con­

dition in 4 of 294 Front seals examined. 

Malic Enzyme (Fig. 5) 

ME appeared to be encoded by two anodally migrating. monomorphic 

isozymes which demonstrated tissue specificity. Neither was evident in 

liver extracts, and kidney extracts demonstrated only ME-l. Both loci, 

ME-l, ME-2. were found in heart and muscle extracts. 

Octanol Dehydrogenase (Fig. 5) 

The six ODH lac; appeared to be identical to ADH phenotypes with res­

pect to tissue specificity and electrophoretic mobility. OOH-l is a 

liver-specific. cathodal1y migrating isozyme and ODH-2 is muscle specific. 

Heart and kidney extracts all exhibited four anodal loci and OOH-3 and ODH-

4 were present in all tissues. 

PhOsphoglucose Isomerase (Fig. 6) 

The best resolution for PGI isozymes was found using kidney extracts 

which demonstrated three cathodal1y migrating loci. PGI-I, PGI-2, PGI-3, 

and one anodally migrating locus, PGI-4. Gulf and Front harp seals were 

found to be monomorphic for all four loci. 

Phosphoglucomutase (Fig. 5) 

Three monomorphic loci were found to encode isozymes for PGM. Heart 

and muscle extracts only revealed one isozyme. PGM-2. whereas liver and 

kidney extracts exhibited all three. 

Sorbitol Dehydrogenase (Fig. 5) 

Typical. five-banded, tetrameric phenotypes were found in heart and 

kidney extracts. The most anodally migrating homotetrameric band (SDH-3) 

was not resolved in muscle or liver. and liver extracts demonstrated a 

unique, presumably unrelated. cathodally migrating band (SOH-l). 

I.nthine Dehydrogenase (Fig. 5) 

The banding pattern for XDH was identical to the patterns observed 

for ADH and DDH. The coding of XDH loci follows that used for these 

other enzymes although there is some evidence that XDH is a polymeric 

enzyme (Markert and Wh1tt 1968). 
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Discussion 

The low genetic var;~bility observed in the harp seal makes it one 

of the least variable vertebrate species examined to date. Low levels 

of genetic variability may be attributed to a variety of evolutionary 

events. If a po~ulatian is small, then the genetic consequences of 

drift, inbreedinq. or ~ounder effects may be increased homozygosity. 

Genetic drift in small populations is believed to have mediated reduced 

heterozygosity in tave fish (Av;se and Selander 1972), island populations 

of mice (Selander eJ:. al. 1971), lizards (Webster et al. 1972), and iso­

lated populations of Drosophila (see Prakash et !!. 1969). 118ottle­

necking" also results in increased homozygosity in a population. This 

occurs when a population ;s reduced to small numbers of reproductive 

individuals which form the nucleus of a subsequent population expansion. 

In pinnipeds. exploitation of the elephant seal is thought to have re­

duced effective breeding populations to very low levels. Lack of vari­

ability in the southern elephant seal ~. leonina. and homozygosity 

encountered in the northern elephant seal ~. angustirostris may be accoun­

ted for by the bottleneck phenomenon (Bonnell and Selander 1974). 

Although all three major stocks of harp seals have been heavily ex­

plOited for decades (Sergeant 1976a) and all have undergone a marked de­

crease in numbers. the harp seal is presently an abundant pinniped species, 

surpassed in numbers only by the unexp10ited crab-eater Lobodon carcino­

phagous in the Antarctic (FAO 1976). Northwest Atlantic harp seals, al­

though perhaps )~educed to about one-third their aboriginal level (Lett and 

Benjaminsen 1977), still number about 1.2 million animals aged one and 

older. The estimated number of breeding females (or annual pup produc­

tion) is in the order of 250,000 to 350,000 (lett et al. 1977), and the 

gene frequency data reported herein indicate random interbreeding between 

these animals. The Jan Mayen stock breeding on the West Ice comprises 

some 100,000 animals producing about 25,000 pups annually: the White Sea 

stock is now thought to number between 500,000 and 700,000 animals which 

produce. according to recent estimates, between 110,000 and 175,000 pups 

annually (FAD 1976, 0ritsland 1976). Since there is no evidence that 

harp seals in these three areas have ever been at significantly lower 

levels than at present, bottlenecking may be rejected as a viable explan-
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ation for low genetic variability (Nei ~~~. 1975) in this species. 

Some enzymes which could not be resolved in the present study might 

possess variation that was not detected or could not be quantified. Poly­

morphism was observed in Esterases. LAP, CK-2. Acid Phosphatase, ~d 6-PGD. 

but these isozymes could not be successfully resolved for genetic varia­

tion analyses. Had these loci been resolved, calculated variability would 

have been higher. However, considering the large number of monomorphic 

loci observed, this increase would not have resulted in a substantial in­

crease in heterozygosity. Some of the enzymes which were considered mon­

omeric in the present study might well be polymeric in harp seals and this 

would result in a reduction of the total number of monomorphic loci repor­

ted. If heteropolymers had been observed, polymeric isozymes could have 

been identified and the loci classified more accurately. Nevertheless. 

the actual number of loci involved would not be sufficient to bias the 

reported results substantially. Techniques involving heat denaturation 

have been used recently to detect some variable alleles in esterases 

(Bonhorrme and Selander 1978). Use of these or other techniques might have 

increased the absolute genetic variability in the present study. However. 

many enzymes do not demonstrate heat sensitive alleles and the vast major­

ity of studies dealing with levels of heterozygosity have not used these 

techniques. For comparative purposes. all studies using a large number of 

loci and similar techniques should underestimate total heterozygosity to 

a similar degree (Ayala 1978). perhaps by a factor of three according to 

Powell (1975). Even if average heterozygosity per individual in Northwest 

Atlantic harp seals is 3 x 0.01 or 0.03, it still represents one of the 

lowest values encountered in a bisexually reproducing species (Powell 1975. 

Selander 1976. Nevo 1978). 

Low levels of genetic variability in some species have been attributed 

to a relatively stable environment. This tenet was reviewed by Bryant 

(1974) and has been offered as an explanation for low levels of heterozygo­

sity in some fossorial mammals (Spalax, Neva and Shaw 1972; Thomomys 

talpoides, Nevo et ~. 1974. the American Alligator Alligator mississippiensis, 

Gartside et~. 1977), as well as an alternative explanation to bottlenec-

king in the northern elephant seal (Bonnell and Selander 1974). Conflict-

ing results from other fossorial rodents (Geomys bursarius, Selander et!l.. 

1974; Thomomys bottae. Patton and Yang 1977) detract from the suggestion 
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that the subterranean en v; ronment is "selecting for" homozygosity. Thus 

Patton and Yang (1977) preferred to invoke bottlenecking and reproductive 

ic;olation to account for low leveh of heterozygosity observed in some 

populations of fassarial rodents. 

The correlation of low genetic variability in homogeneous environ­

ments, aside from the limited and somewhat contradictory empirical evi­

dence noted above. has also been postulated on theoretical grounds (Levene 

1953, Levens 1968, Van Valen 1965, Rothstein 1973). Accordin9 to the 

niche-variation model, specialized organisms occupy a narrow niche and 

exhibit low genetic variation; generalists occupy a wider niche and con­

sequently exhibit more genetic variation (Rothstein 1973). 

Although little is known of the evolutionary history of pinnipeds 

(McLaren 1975, Mitchell 1975) it seems reasonable to assume that there 

was strong selection pressure on ancestral seals (and other marine mammals) 

in order to successfully adapt to a relatively narrow and specialized (for 

mammals) niche in the marine environment. Perhaps then. founding effects 

and strong selection pressures (Lewontin 1978) can be invoked for early 

p;nnipeds, such that ancestors which passed through the transition to 

aquatic life became essentially homozygous for those enzyme systems which 

were of greatest adaptive value in this IInew ll environment. Large. inter­

breeding populations would, under these circumstances, reinforce fixation 

of any rare or mutant allele which demonstrated a selective advantage. 

The constraints of the marine environment on the mammalian body plan may 

well have selected against variant alleles and thus maintained low genetic 

heterozygos i ty. 

Evidence of specialized modifications in the basic mammalian body 

plan resulting from reinvasion of the aquatic environment is abundant. 

Distantly related marine mammals - Pinnipedia (Order Carnivora), Cetacea, 

and Sirenia, demonstrate convergent evolution in several morphological 

traits and phYSiological adaptations (Hart and Fisher 1964). These in-

c 1 ude speci ali zed body shape~ (le\~ont i n 1978). e 1 abora tf' 1y modi fied and! or 

unique append ayes for locomotion in water; thermoregulatory adaptations -

principally the elaboration of an insulating layer to copy with the thermal 

properties of water (Hart and Fisher 1964); cardiovascular adjustments 

related to tolerance apnea during pro"ionged dives (Andersen 1966); and 
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adaptations of visual (Schusterman and Balliet 1971. Jamieson and Fisher 

1972, Lavigne et il. 1977) and auditory (Ramprashad et il. 1972, 

Ramprashad 1975, Schusterman 1975) systems for use underwater. 

Although the suggestion that low genetic variability in seals is 

related to specialization of the terrestrial mammalian plan for life in 

water is consistent with the rllClle-variation model, other considerations 

are relevant. Benthic marine invertebrates live in one of the most 

temporally and spatially stable environments on Earth, both in terms of 

physical parameters, e.g. temperature, light, and biotic characteristics, 

e.g. trophic resource supply (Ayala et~. 1975a. Sanders 1968, Hessler 

and Jammars 1974). Yet benthic organisms examined to date exhibit rela­

tively high to normal levels of genetic variability (Ayala e~~. 1975a, 

1975b. Nevo 1978). Furthemore a comparison of genetic variation as a 

function of latitude in marine invertebrates (Ayala et.!!. 1975a. Gould 

1975) reveals a gradient in variability which is negatively correlated with 

trophic resource variability as one moves from low latitudes towards the 

poles. Low genetic variability in marine invertebrates thus appears to be 

related more to resource variability than to the homogeneity of the envir­

onment (Ayala et il. 1975a). To account for these observations Ayala and 

Valentine (Ayala et il. 1975a, Gould 1975) suggested that, in a variable 

environment. selection would favour "phenotypic plasticity", Individuals 

best able to cope with a variety of environmental conditions would be able 

to locate and utilize many alternate food resources. and as a result would 

have a higher fitness than less adaptable individuals. In such situations. 

they concluded that selection would favour "generalized alleles" whereas any 

variant alleles which lowered average fitness would be selected against. As 

a result, species adapted to a variable resource base would have few 

alleles at an average locus and individuals would tend to be highly homo­

zygous. On the other hand, in homogeneous and trophically stable environ­

ments variant alleles may not be selected against and this may lead to 

high levels of genetic polymorphism in the population and of high hetero­

zygosity in individuals {Ayala et!l. 1975a}. 

The above hypotheSiS appears to account for variability in some deep 

sea invertebrates and may well be relevant to the lack of variability ob­

served in harp seals and other phocids examined to date. This hypothesis 

also appears to contradict the niche-variation model. On close examinat-
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ion however, sorre of the apparent contradiction ;s generated by semantics, 

specifically the continued use of such imprecise and subjective concepts 

as "habitat specialist" and "habitat generalist" (Neva 1978), and homogen­

eous, heterogeneous, stable and variable environments. When used in gen­

eral ecological and evolutionary contexts without precise specification of 

what individual trait or environmental component is being considered such 

concepts become rreaningless. For example. using circular reasoning, a 

species characterized by high genetic heterozygosity and capable of adap­

ting to a variety of random or stochastic changes in the environment is 

usually called a generalist. Another species may be termed a generalist 

because it utilizes a wide variety of prey species; yet this species might 

well be characterized by very low genetic heterozygosity (Ayala et !l. 

1974a; Pianka 1978). In the terms of Roughgarden (1972, 1974) the first 

species is emphasizing the between-phenotype component of niche breadth. 

the latter, the within-phenotype component. The latter species would be 

terrred a "pure generalist U by Pianka (1978). possessing the "generalizedll 

alleles of Ayala and Valentine (Ayala et!l. 1975a). However, in reality, 

it is a specialist, with the ability to adapt to non-random and seasonal 

(and in long-lived species. annual) events in the ecosystem. Its adaptat­

ions define broad. but delineated. and temporally varying, tolerance lim­

its which permit survival in such environments. The environment. although 

variable on an annual basis is still homogeneous in the sense that all 

individuals in the population are exposed to the same environmental con­

ditions at the same time throughout the year. True to the niche-variation 

model, these "generalized specialists" are characterized by low genetiC 

variability and must be considered susceptible to random or stochastic 

perturbations natural or man-made, consistent with the mass extinction 

hypothesis (Bretsky and Lorenz 1970). 

Harp seal range limits in the North Atlantic (Sergeant 1976) are cor­

related with the seasonal limits of the Arctic pack ice (Baird 1964. p 

103). More important to the present discussion, the distribution of harp 

seals ;s essentially contiguous with the Subarctic of the sea as defined 

by Dunbar (1968, p 44). According to Dunbar the subarctic marine environ­

ment is characterized by being more variable than the true Arctic zone. 

It is an area of mixing which leads to "instability and increased produc-
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tion", which ;s ch~racterized by two peaks in productivity as occurs in 

temperate waters; it has a greater variety of fauna and flora and thus 

greater ecosystem complexity than the Arctic, and exhibits greater sensi­

tivity to marine climatic change. The harp seal spends the year migrating 

throughout the Subarctic marine environment (Sergeant 1965), spending the 

summer in waters surrounding the eastern Canadian Arctic Archipelago and 

off West Greenland, moving to the whelping grounds in the Gulf of St. 

Lawrence and off Newfoundland in late winter and early spring. an annual 

migration of perhaps 6000 km. 

Within this subarctic marine ecosystem the harp seal ;s usually con­

sidered to exist near the top of the trophic web but in reality it is an 

opportunistic feeder consuming primary consumers e.g. mysids, euphausids, 

and higher consumers e.g. capel,n Mal10tus villosus and cod Gadus morhua, 

sometimes Simultaneously (Lavigne et~. 1976). Harp seals along west 

Greenland during the SUl1Tller have been observed eating exclusively capelin 

in one area. while others farther north, were apparently eating inverte­

brates (Kapel 1975). At other times of the year such as during whelping 

and nursing, harp seals undergo a period of negative energy balance. Thus 

the harp seal does exist in a variable environment, eats a wide spectrum 

of prey species and with its low genetic variability satisfies the crit­

eria of the almost idealized "pure generalist" .... with each member of 

the population exploiting the entire range of resources used by the total 

population (Pianka 1978). The harp seal has maximized the within-phenotype 

component of niche breadth. while minimizing the between-phenotype compon­

ent. The between-phenotype component of niche breadth is presumably real­

ized to some extent by behavioural segregation which results in somewhat 

different feeding habits associated with age, body size, and sex (Serg­

eant 1973b, 1976, Lavigne et~. 1976). These differences only involve. 

as far as is known, tendencies of smaller and younger seals to consume 

smaller components of the adult prey spectrum (Sergeant 1973b) and do not 

involve exploitation of very different types of organisms. The low genetic 

variability observed in harp seals and other phocids is thus consistent 

with the hypothesis that low genetic heterozygosity is associated with 

adaptations for a specialized mammalian life style; it is also consistent 

with the hypothesis that low variability is correlated with variable, but 

predictable, resource availability (Ayala et~. 1975a). 
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The apparent benefits of low heterozygosity in organisms such as 

seals. some fassaria' mammals. and marine invertebrates exploiting a var-

iable trophic resource superficially appears contrary to basic evolution­

ary theory which dictates that genetic variability is the foundation upon 

which evolution is structured. Variability and isolation lead to speci­

ation whereas in an evolutionary context a lack of variability (reduction 

in heterozygosity) is considered to be extremely hazardous (Kimura and 

Ohta 1971, Oobzhans~ 1970, Dillon 1973), often leading to extinction 

(Bretsky and La renz 1970). However. liSe 1 ecti on has noth; ng to do with what 

is necessary or unnecessary, or what is adequate or inadequate for contin-

ued survival" (Williams 1966). Any trait of an organism relates to how 

quickly it accumulates resources for reproduction. how likely it is to 

stay alive to use those resources for reproduction, and how it distributes 

those resources in reproduction (Smith 1976). Selection can only operate 

in the present. "it is not a mechanism that can anticipate possible ex-

tinction and take steps to avoid it". Since history suggests that extinc­

tion ;s the ultimate fate of all species (Lewontin 1978), it matters little 

if adaptations to current conditions are mediated by low genetic variation 

within a population or species. Similarly, according to Williams (1966) 

there is no support for the general conclusion that heterozygosity will 

gua ran tee rapi d evo 1 uti ona ry responses to changing condi ti ons. Hetero-

zygosity within a population coincidentally increases the probability of 

certain individuals surviving random environmental events by providing 

variability on which natural selection can act. Species. such as the 

harp seal, which exhibit low genetic variability. may thus be extremely 

vulnerable to any significant changes in their ecosystem. 

The results of the present study also suggest that random inter-

breeding occurs between Northwest Atlantic harp seals. Harp seals born 

in the Gulf of St. Lawrence and on the Front were essentially identical 

for all fifty-five presumptive gene lac; examined. Two rare isozymes. 

IDH-l(9 c) and G-6-P-I (lCO) were found only in Gulf seals. and One rare 

allele. MDH-l(-Ioo) was observed only in Front animals. Comparing gene 

frequencies for the few variable isozymes revealed no significant dif-

ferences (p>O.Ol) between seals sampled in the Gulf and on the Front. 

These results are consistent with those obtained using less senSitive 

measures of reproductive isolation (Naevdal 1969b, ICNAF 1977). Tag 
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returns (Sergeant 1977. ICNAF 1977, Winters 1978). although few in num­

ber, suggest some exchange of female harp seals between the Gulf and 

Front. However. whether the interchange involves both males and females 

is not presently known and as long as one sex intermixes consistently the 

present results would be expected. Therefore on the basis of current evi­

dence Gulland's (1971) suggestion that. for most purposes, Northwest 

Atlantic harp seals can be treated as one population (or stock) remains 

valid. It may well be. as recently suggested by Winters (1978), that 

homing of harp seals to the Gulf and Front for whelping and breeding is 

a facultative rather than an Obligatory behavioural response. Since 

har-p seals are highly gregarious and apparently intermix freely in the 

Arctic during the summer (Sergeant 1976), animals may also segregate in 

the Gulf and on the Front on the basis of where particular groups of 

seals locate food during January and Feoruary. Segregation of whelping 

concentrations in the Gulf and on the Front may thus be determined by 

gregarious behavioural interactions about which we know nothing. and 

such environmental events as the freeze-up of the Straits of Belle 

Isle, which might well baracade animals in the Gulf in a particular year. 

Even if homing is a characteristic of harp seals~ genetic interchange be­

tween Gulf and Front animals may still be possible. If harp seals are 

induced ovulators~ females from the Gulf might well be mated by Front 

males if the former moved to the Front after nursing to find suitable 

ice on which to moult. Under such conditions, Gulf males would also 

have an opportunity to mate with Front females. However, little 

is known about the duration of the mating season in harp seal~ 

On the basis of all available information, it now seems unnecessary 

to formulate management strategies based on the two stock hypothesis 

(Lett et~. 1977). Since Gulf and Front harp seals apparently comprise 

one randomly interbreeding unit, differential exploitation should not 

alter the distribution of gene frequencies or bring about the extinction 

of genetically discrete subpopulations or demes. Considering the low 

genetiC heterozygosity observed in the Northwest Atlantic, one harp seal 

is very much like any other, and large numbers could be removed without 

affecting normal gene frequency distributions. Even if the number of 

seals was dramatically reduced. inbreeding should not substantially 
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alter gene frequency distributions in isolated groups or be a factor in 

concentrating unique. perhaps deleterious, combinations of alleles. The 

progeny of such isolated groups should be genetically similar and be 

capable of interbreeding with each other. In this context. low genetic 

variability is of benefit for species which are subjected to heavy ex­

ploitation and rapid recovery from exploitation should be expected as 

long as current environmental conditions persist. Several species of 

seals which have been exploited in the past have been reduced to very 

small numbers. When subsequently protected, a number have demonstrated 

a remarkable resilience and their numbers have increased markedly (FAO 

1976). Elephant seals which have undergone such a recovery, attest to the 

validity of this hypothesis but additional species of pinnipeds must be 

examined electrophoretically in order to validate the suggestion that low 

genetic variability is a general characteristic of this group. Northwest 

Atlantic hooded seals. Cystophora cristata. appear to exhibit as low a 

degree of polymorphism and heterozygosity as harp seals from the same 

region (unpublished data). The ideal experimental animal would be the 

abundant and essentially unexploited crab-eater seal in the Antarctic. 

The present study also suggests that management allocation of hun­

ting effort, since the introduction of quota managerrent in 1971 (Sergeant 

1976) I should not pose any particular problems for the harp seal. Never-

theless, a conservative management strategy for the Northwest Atlantic 

would probably attempt to maintain effort in approximate proportion to 

the relative abundance of whelping harp seals in the Gulf and Front, as 

suggested by lett et!l. (1977), recognizing that deviation from this 

strategy in any particular year should not have anv T}rofoUdd effect on the 

stock as suggested by Sergeant (in Utt. 1978). It must be emphasized 

that these comrrents relate only to the allocation of quotas between Gulf 

and Front, and make no reference to the absolute nurrbers of seals taken. 

The decision as to the actual quota is based on other kinds of data. 

Owing to the disparity in the number of loci which were resolved from 

West Ice samples, it was not possible to calculate genetic similarities 

between Northwest Atlantic and West Ice harp seals. From gene 

frequency probabilities, GOT-1 isozymes revealed no significant differ­

ence between the two areas (p>D.05) but gene frequency probabilities for 

MDH-J isozymes were significantly different (p<D.D01). This would ind~ate 
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tnat there is not random interoreeding between the West Ice and the Northwest 

Atlantic harp seals which is consistent with the observed morphological 

differences between seals in the two areas (Khulin 1967. Yablokov and 

Sergeant 1963) and tag return data (Sergeant 1976). The amount of 

isolation would depend on the amount of inbreeding as compared to the 

amount of outbreeding of individuals from these two areas and this 

information is not avialable at this time. 

In an attempt to assess the failure to obtain infonnation for the 

majority of enzyme systems from West Ice seals, it is apparent that the 

enzyme activity in the tissues was reduced prior to arrival in Guelph. 

After that. all tissues were processed for electrophoresis using identi-

cal procedures. In the field, West Ice tissue samples were taken from the 

same organs in similar ways from freshly killed harp seal pups. The most 

obvious differences, were the use of 2-phenoxyethanol (Nakanishi et al. 

1969) in all the West Ice samples and the freezing of these samples in 

the sealing vessel's freezer rather than on dry ice. In addition, some 

of the West Ice samples thawed during shipment to Guelph. 

In other studies, certain ;sozymes were recovered in an apparently 

unaltered state from phenoxyethanol treated tissues kept at room temper-

ature for a week or sent by air mail without refrigeration from Chile to 

California (Nakanishi et-"l. 1969). Merkle et~. (1977) homogenized 

liver, kidney and spleen tissue samples in phenoxyethanol and stored the 

supernatants at -20C prior to assaying for 24 presumptive gene loci in 

hellbenders (fryptobranchus). Considering the difficulties in obtaining 

and shipping tissue samples of seals, the usefulness of preservatives such 

as 2-phenoxyethanol would be a definite advantage in electrophoretic stu­

dies. The failure to resolve most of the enzyme systems in the present 

study was unexpected. Only five presumptive loci could be scored succes­

sfully and these loci were evident in all the samples which were assayed. 

Isozymes of MOH were noted to survive well in phenozyethanol-treated tis­

sues by Nakanishi et~. (1969), and both MDH-l and MDH-2 were resolved in 

the harp seal samples from the West Ice. Nakanishi et ~. also reported 

that lDH isozymes were resolved in their tissue samples from a number of 

vertebrat~s but lDH isozyn~s could not be demonstrated in West Ice harp 

seals. It was, perhaps, fortuitous that the enzyme systems which were 

demonstrated in the West Ice samples proved to be variable in samples from 
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the Gulf and Front. and allowed for gene frequency interpretations. The 

apparent fixation of All<. PhOS_,(1/) in West Ice harp seals opposed to 
( J U 0 ) 

A.k. Phos.-l which was fGund in all the Gulf and Front seals would 

indicate absolute isolation of the West Ice seals from those of the North-

west Atlantic. No heterozygotes were found in 284 samples (see Table 8). 
( lJ) 

Subsequently. through experimentation, AlL Phos.-l has been demon-

strated from a few phenoxyethanol-treated Gulf harp seals when the tissues 

were left at room temperature (22°C) overnite. The possibility exists, 
( lJ) 

therefore. that AlL Phos.-l ;s an artifact arising from the use of 

2-phenoxyethanol and cannot be considered, at this time. an indicator of 

stock isolation. Alk. Phos. was not examined by Nakanishi et.!J... (1969) 

or by Merkle et El. (1977). Since identical phenotypes (genotypes) were 

encountered for MDH-l and GOT-l in Gulf, Front and West Ice seals, there 

is no reason to suspect that differences in gene frequencies for these 

loci in West Ice samples are artifacts. It is evident that further study 

is needed concerning the use of phenoxyethanol before it is used exten­

sively in biochemical population genetics. Additional samples of West Ice, 

and ideally, White Sea, harp seals should be examined to complete the cur­

rent discussion of genetic variability and stock delineation in this species. 
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