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Introduction 

Age-group frequencies of moulting harp seals (Pagophilus 

groenlandicue) in eamples from Norwegian catches on the 
Front off Newfoundland - Labrador in 1964 and 1967-1970 

were reported by 0ritsland (1971). Additional age samples 

collected in each of the seasons 1971-1974 have been analysed. 
and a provisional report of the new data was given by 
Benjaminsen and 0ritsland (MS 1975) with an attempt to esti­

mate production and sustainable yield of Northwest Atlantic 
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harp seals. These estimates have now been revised, and the 

results are reported here. 

Material and methods 

Characteristics of all age samples collected from 1958 to 

1974 are given in Table 1. Samples collected in 1964 am 1967 ~e 

omitted. They are both small (127 and 281 specimens) and 

the first one contains 33 breeding females. For the second 

sample it has been impractical to distinguish between speci­

mens which could be ascribed to definite age-groups and 

specimens which could not be aged with certainty and there-

fore had to be given a minimum age. However, with the new 

data from recent samples available, the loss is not great. 

For the purpose of this study which is based mainly on the 

frequencies of age-groups, only definite age determinations 

can be used. Specimens with minimum ages, enumerated under 

"Undetermined" in Table 1, therefore have been omitted. 

Age-group frequencies of males and females together in all 

samples, included samples without separation on sex, were 

combined to produce average frequencies which were smoothed 

and used as a basis for comparison of frequencies in indivi­

dual samples to give an estimate of survival of year-classes 

as they appeared in the Norwegian catches of moulting harp 

seals. 

Survival indexes were calculated for each year-class frequency 

as a ratio of the corresponding smoothed average age-group 

frequency. Each sample was given a weight approximately pro­

portional to its size. and weighted means were calculated for 

the survival indexes of individual year-classes, omitting age­

group 1 because of segregation of young seals in the moul-
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ting season. All age-groups older than 15 years also were 

omitted because of the wide confidence limits for these low 

frequency groups. 

The average pup production in the years from 1960 to 1972 was 

then estimated by simple r8gression of weighted mean survival 

indexes for each year-class against total catches of pups in 

corresponding years [ICNAF, 1972 - 1974; ICNAF Ass.Exec .Secr., 

1974). 

Production also was estimated from the abundancy of indivi­

dual adult age-groups in relation to the abundancy of all 

adult age-groups in the samples. The model can be described 

as follows, The number of seals I:l[i.,!) at age iin the age 

sample taken in year! are divided by the number of adults 

I:l[~,l) in the sample and multiplied with the total number of 

adults in the population ,~[~,!). This gives the number of 

animals at age i. in the population. Dividing by the total 

survival rate, ~, i. times, the year-class can be traced i. 

years back. By adding the catch, C of pups in year !-i., we 

get an estimate of the production B in year t-i. 

The model may be written 

. . M[i,t) 
B[t-ll = C[t-ll + ---

M[a,t) 
. N[a,t). 1 

[S) i 

The age samples are assumed to be unibiased for 7 years old 

and older animals. The total number of 7 y~,rs old and older 

animals in the population was recalQ,Jlated from Allen's esti­

mated population history Allen [1975). The mean to·tal annual 

mortality in the years from 1960 to 1974 for animals up to an age 

of 10 years is assumed to be 13% alternatively 12%. We have not 

traced the year classes further back than 10 years as the 

uncertainfry in age determinations and the confidence limits 
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of age-group frequencies increase for older seals. For 

these estimates the age-group freq~encies in a Canadian 

sample collected in 1970 reported by Sergeant (1971 -

Appendix Table 1 a-e) were used together with frequencies 

in the Norwegian samples from 1973 and 1974. 

Sustainable yields of pups can be estimated from the basic 

assumption that constant production requires an equilibrium 

between recruitment and mortality among sexually mature 

females. Female harp seals at Newfoundland on the average 

do not attain sexual maturity before they are about 5 years 

old (0ritsland. 1971). Changes in the current regulatory 

measures for the next sealing season therefore cannot influ­

ence the recruitment of mature females or the production of 

pups until 1981. However. the sustainable catch of pups in 

1976 which allows for a constant production from 1981 onwards. 

may be estimated on the basis of an equilibrium between the 

number of female pups surviving to 1981 and the number of 

mature females dying in 1981. this equilibrium therefore can 

be expressed by the following simple equation: 

(B(i) - £(!) ). F A(i+5). Z 

where B(i) production of female pups in the year !. £(!) = 
catch of female pups in the year !. t = survival to produc­

tive maturity. ~ = number of sexually mature females. and 

~ = total mortality rate of mature females. 

Sustainable yields of pups were estimated from this equation 

for alternative survivals to maturity and mortalities. Catches 

of immatures and adult seals are included in the total mor­

talities used to calculate the sustainable yield of pups. The 

total sustainable yield of harp seals at Newfoundland therefore 
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can be estimated by adding to the sustainable yield of 

pups a proportional number derived from the ratio of one 

year old and older seals in catches taken since quota regu­

lations were introduced in 1972. Catch statistics for the 

Newfoundland hunt are available for 1972 (ICNAF. 1974) and 

1973 (ICNAF Ass.Exec.Secr •• 1974) and provisional statistics 

are available for 1974 (Bigg. 1974). and these were used in 

the estimates. 

Results 

Age composition 

Combined male and female age-group frequencies in the samples 

collected at Newfoundland from 1968 to 1974 are listed in 

Table 2. The table also gives total and average relative 

frequencies for all samples together. and the smoothed ave­

rage relative frequencies derived from the actual frequencies. 

The actual and smoothed average frequencies are illustrated 

in Figure 1. 

Catch and survival 

Survival indexes calculated for 1-15 years old seals in each 

sample. are given in Table 3 with weighted means calculated 

for each of the year-classes 1954-1972. Total catches of 

pups at Newfoundland (Front and Gulf) are also listed in 

Table 3. 

The weighted mean survival indexes for the year-classes 

1960-1973 are plotted against total pup catches in Figure 2. 

The graph suggests good survival after pup catches below 

185 thousand and poor survival resulting from catches of 

more than 250 thousand pups. I~ the interval between these 

catch levels. the survival indexes are close to 1.0 and pup 

catches do not appear to have influenced year-class strengths 
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either way. 

Production 

The regression of weighted mean survival indexes for the 

year-classes 1960-1972 against pup catches in these years 

is y = - 0.0060x + 2.3372(Figure ~. The regression indi­

cates an average pup production of 390 thousand per year 

in this period with 1966 as mid-year. 

Production estimates for the years 1960-1967 from the abun­

dancy of adult year-classes in one Canadian and two Norwe­

gian age samples. selected because they contain large numbers 

of specimens. are given in Table 4. Weighted mean estimates 

range from 369 to 474 thousand for a total adult mortality 

of 13%. and from 362 to 444 thousand for 12% mortality. The 

regression estimate from catch and survival indexes of 390 

thousand is very close to the average of the two mean esti­

mates for 1966. which is 387.5 thousand pups. 

The alternative sets of mean production estimates for the 

years 1960-1966 from adult year-class abundancies in Table 4 

are illustrated by the two upper lefthand graphs in Figure 3. 

The estimates for 1967 are omitted because they are based 

only on the smallest age sample collected in 1974. The 

average of the two mean estimates for 1966 (387.5 thousand) 

is used to predict production in the period from 1967 to 

1980 by the method used by Ulltang (MS 1971). Two sets of 

predictions based on the alternative survivals of female 

pups to age of productive maturity of 40% and 45%. are shown 

in the two upper right hand graphs in Figure 3. Both sets of 

predictions are based on an assumed total annual mortality 

of 10% for adult females. A previous set of production esti­

mates by Allen (1975) is shown in the lower graph of Figure 3 

for comparison. All three sets indicate a minimum production 
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in 1976 or 1977, although at different levels. 

Sustainable yield 

Alternative estimates of the sustainable yield of harp 

seals at Newfoundland (Front and Gulf) are given in Table 5. 

Norweg{an catches of adult moulting harp seals in the period 

1967 - 1974 include an average of 6% adult. (7 years old and 

older) females (Benjaminsen and 0ritsland, MS 1975). This 

obviously is a maximum estimate for Norwegian catches since 

quota regulations were introduced in 1972. However, the 

composition of Canadian catches is not known, and this per­

centage therefore has been applied to the average annual total 

take of one year old and older harp seals, which is is 

22 thousand for the three years 1972 - 1974. In these years 

with a quota regulation in force, the average total catch of 

adult females therefore can be estimated to 1.3 thousand per 

year. This catch corresponds to a maximum hunting mortality 

of 0.31% in a population of at least 350 thousand (Table 4). 

Total mortality of adult or breeding females therefore can be 

only slightly higher than the B% natural mortality used by 

Ulltang (MS 1971 b) and Allen (1975). In Table 5 sustainable 

yields ~erefore have been estimated for the alternative total 

mortalities of Band 9 ~ .. 
At the Special Meeting of ICNAF Panel A Experts in September 

1971 (Mansfield, 1972) the survival of (female) pups to pro­

ductive) maturity was estimated at 40% under the hunting 

strategy as in years before 1971. The Meeting suggested, 

however, that a reduction in the catch rate of juveniles 

would increase the survival to maturity to 50%. Such a reduc­

tion seems to have occured for catches by Norwegian ships. 

The average annual catch at 27 thousand one year old and older 

harps in 1967-1971 changed to 10 thousand in 1972-1975. 
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Even if Canadian catches arE not strictly comparable, the 

process has started, and in Table 5 estimates are given for 

alternative survivals of 40, 45 and 50%. The estimates for 

50% survival are based on a survival of 45% from 1967 to 

1971, and 50% from 1972 on. 

The minimum estimate in Table 5 of 176 thousand harp seals 

in 1976, is based on a survival to maturity of 40% and a 

total mortality of adult females of 9%. A reasonable 

assessment of the sustainable yield of harp seals at Newfound­

land appears to be higher than 200 thousand seals per year. 

Conclusion 

The production of harp seal pups at Newfoundland in 1966 has 
been estimatedV to 390 thousand by two different methods, based 

partly on different sets of data. We therefore are confident 

that production in the mid 1960'ies was higher by about 

50 thousand than estimated in the previous ICNAF assessment 

(Mansfield 1972) or assessed by Allen (1975). The present 

sustainable yield therefore also is higher than assumed. 

We conclude that 200 thousand, a figure on the low side of 

the mid-point between the minimum estimate of 176 thousand 

and the maximum of 254 thousand, is a conservative assess­

ment of the total sustainable yield of harp seals (all age 

groups) at Newfoundland, when catches of mature females are 

kept on the present low level by quotas and the protection 

of adults in the breeding lairs. 
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Table 4. Production of harp seal pups at Newfoundland 
estimated from the abandancy of adult year classes in a 
Canadian sample collected in 1970 and the Norwegian 1973 
and 1974 samples. Alternative estimates have been calcu­
lated for total annual mortalities of 13% (a) and 12% (b). 
The numbers of 7 years old and older animals in the samp­
les are given in brackets. Weights given to the samples 
for calculation of weighted means are given below the year 
of sampling. 

1970 1973 1974 Weight ed 
Year- 4 2 1 

class 
( 1425) (663) (338) mean 

a b a b a b a b 

1960 474 444 474 444 

61 430 406 430 406 

62 416 399 416 399 

63 391 38'3 399 386 394 384 

64 400 387 402 388 401 387 

1965 397 379 392 372 395 377 

66 410 398 360 351 393 382 

67 369 362 369 362 

Table 5. Sustainable yield in thousands of Newfoundland 

harp seals in 1976, estimated for alternative rates of total 

mortality of adult females and alternative rates of survival 

of females to productive maturity. 

Survival - % 

Mortality 40 45 50 

% Pups Total Pups Total Pups Igtal 

8 168 202 196 236 211 254 

9 148 178 177 213 194 234 
G~ 
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e-e_ / • 

8 10 12 14 16 18 20 22 24 26+ 
AGE-GROUP 

Actual and smoothed average relative age-group 

frequencies derived from combined male and female samples 

of moulting harp seals, collected from Norwegian catches 

off Newfoundland - Labrador 1968 - 1974. Heavy line repre-

sents smoothed frequencies, thin graph with points repre- G2 
sent actual frequencies. 
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Figure 2. Total catches of harp seal pups at Newfound-

land and the survival of the year-classes 1960-1973 as 

indicated by weighted mean survival indexes (Table 3) from 

age samples collected from Norwegian catches of moulting 

seals in 1966 - 1975. The calculated regression is 

Y = 0.0060x + 2.3372. 
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