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ABSTRACT 

The present document reviews the research which has been carried out on 
grey seals in eastern Canada during the 1979-1981 period, and presents an 
assessment of the population to 1980. This assessment is based on a number of 
data sources which will be detailed in the text. Foremost among these are the 
results of five years of complete cohort tagging carried out on Sable Island, 
Nova Scotia. The results of these tagging studies were used to estimate total 
pup production in eastern Canada, to provide guidelines for fine tuning of 
cohort analyses, and to estimate patterns of natural mortality in the 
population. The results of these analyses indicate that the level of the 
population in 1980 stood at between 44,000 and 48,000 age 1+ individuals with no 
evidence of any decline in population numbers or pup production in the past 
several years. 

On trouvera dans le document qui suit une revue de la recherche menee sur 
les phoques gris de l'est du Canada pendant la periode de 1979 a 1981. Nous y 
presentons egalement une evaluation de la population jusqu'a 1980. Cette 
evaluation est fondee sur des donnees provenant de plusieurs sources dont nous 
donnons les details dans le texte. Les resultats de cinq annees d'etiquetage de 
cohortes completes effectuee a l'ile de Sable (Nouvelle-Ecosse) sont les donnees 
les plus importantes. Nous les avons utilisees pour estimer la production 
totale des chiots de 1 'est du Canada, donner des lignes directrices dans 
1 'ajustement precis des analyses des cohortes et estimer les caracteristiques de 
mortalite naturelle de la population. D'apres ces analyses, l'effectif de la 
population en 1980 etait compris entre 44 000 et 48 000 sujets d'age 1+, sans 
qu'il y ait signe de declin d'effectif de population ou de production de chiots 
depuis plusieurs annees. 
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Description of the data 

Three main sources of data have been utilized in the present assessment. 
In 1968, 1969, 1970, and 1975 random samples of grey seals were shot by trained 
collectors and each animal was aged (Table 1). From 1967 to the present the 
Department of Fisheries and Oceans have been carrying out a controlled cull of 
grey seals in the Gulf of St. Lawrence, and on the islands off the eastern shore 
of Nova Scotia. These animals, including both pups and adults are sexed but not 
aged (Table 2). From 1976 to the present a bounty has been put on grey seals 
providing another source of aged animals with which to determine the population 
age distribution (Table 3). In addition to these three sources of information 
all pups of the Sable Island breeding colony have been tagged since 1977. 
Returns from the bounty kill have provided returns of these tagged animals from 
which estimates of total population pup production can be obtained. 

Tagging data 

From 1977 to the present all pups born on Sable Island have been tagged. 
This program has provided valuable information on grey seal distribution and has 
been used, in the present assessment to obtain estimates of total pup 
production. 

The most simplistic approach to estimating pup production is to treat the 
0+ animals as the entire population and estimate their numbers using a Petersen 
index (Ricker 1975). This method has the following underlying assumptions: 

(1) marked animals suffer the same natural mortality as the unmarked; 

(2) marked animals are as vulnerable to hunting as the unmarked animals; 

(3) marked animals do not lose their marks; 

(4) marked animals become randomly mixed with the unmarked animals, or the 
distribution of hunting effort is proportional to the number of animals 
present in different parts of the animals distribution; 

(5) all marks are recognized and reported on recovery; and, 

(6} there is only a negligible amount of recruitment to the catchable 
population during the time recoveries are being made. 

Observations made during the tagging operations on Sable Island indicate 
that tagging results in very little physical damage to the pups. Longer term 
observation of tagged pups gives no evidence of morbidity or mortality as a 
result of tagging. Furthermore, tagging of unweaned pups does not result in 
premature abandonment by the female, a major cause of pup mortality. From the 
foregoing observations it would seem that tagging itself does not result in any 
increased mortality. Whether or not the tag is the cause of higher mortality 
rates at some later date cannot be addressed at present, but there is no prior 
reason to assume that this is the case. 
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Preliminary results indicate that tag losses run at approximately 3~ (Gray 
unpublished data). This figure was derived from a very small number of double 
tagged animals so that care must be taken in the interpretation. If this 
percentage of tag loss is realistic it is unlikely to seriously bias our 
estimates. 

Assumption 5 states that all marks be recognized and reported on recovery. 
A substantial reward is paid for each tag returned in an attempt to ensure that 
this assumption is not violated. At present there is no available information 
to indicate the actual numbers of tags which are recovered but which are not 
reported. In the absence of this information there is the possibility that our 
estimates of pup production are biased slightly upwards. 

Since grey seals pup only during a protracted period from December to 
January, and recoveries are only made after the pupping season, there is no 
recruitment to the catchable portion of the population during the time 
recoveries are being made. 

If the assumption that marked and unmarked animals are equally vulnerable 
to hunting holds, then the proportion of marked to unmarked animals in 
successive samples should remain constant. 

If we assume that marked and unmarked animals suffer the same mortality 
with time then taking samples from a single cohort in successive years should 
result in a constant ratio of marked to unmarked animals (capture probability). 
Table 4 indicates that this is not the case. For each of the three cohorts 
(1977, 1978, 1979) for which samples are available on successive years, the 
capture probability is highest for the pups and begins to stabilize at ages 1+. 
For this reason estimates of pup production in any given year were derived from 
recapture of that cohort at age 1+. 

Several possible explanations exist for the increased capture probability 
of marked animals at age 0+. It may be that hunters will turn in the tag of a 
marked pup because of the reward paid for the tag; however if an untagged pup is 
shot this may not be reported unless the individual is aware of the bounty paid 
for the jaw alone. This problem is very evident with returns from Newfoundland 
where nearly all returns consist of tags only. Since these data were easily 
identified as a source of bias, they were excluded from subsequent analysis. 

Finally there is some question as to the validi~ of assumption 4 which 
states that either marked animals become randomly mixed with the unmarked 
animals or the distribution of hunting effort is proportional to the number of 
animals present in different parts of the population. At present the data on 
distribution of tag returns have not been analyzed. In the absence of this 
analysis no definite statement as to the random distribution of marks in the 
population can be made. Even in the absence of this more definitive analysis it 
is obvious that marked animals do distribute themselves over the entire range of 
the population (as judged from the locations of returns). In 1979 and 1980 
segments of the Gulf of St. Lawrence pup production were tagged in addition to 
the Sable born pup, thereby increasing the likelihood of attaining a random 
distribution of marks by increasing the number of localities from which pups 
were tagged. 
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A summary of the tag and recapture data used to estimate pup production in 
the last four years is presented in Table 4. These data indicates that capture 
probability is highest for pups and begins to stabilize at older ages. Pup 
production in each year was determined from the returns of 1+ animals since they 
consistently show the lowest variance in this older segment of the population. 

To estimate total pup production (Table 5) in each of the years it is 
necessary to include those taken by the yearly cull since they are removed from 
the population prior to tagging. Since total production on Sable Island is 
known for 1962-1981 (Table 6), Gulf production can be estimated by substracting 
Sable Island production from total pup production (Table 5). These estimates 
indicate that both Gulf and Sable Island pup production have been increasing 
over the last four years. 

Construction of the catch at age table 

Two sources of aged animals were available to construct the catch at age 
table, the collector kill and the bounty kill. The third source of animals, 
those taken by the departmental cull, are not aged. The adult portion of the 
cull catch was aged in the following manner. For the years 1967, and 1971-1974, 
the total collector kill age distribution (Table 1) was calculated, this 
distribution was multiplied by a pregnancy rate vector, (Table 7) (Mansfield and 
Beck 1977) to adjust the age structure to that occurring on the breeding 
grounds. The total adult cull numbers were distributed over the resulting age 
structure. Thus for these years the total number of animals taken were those 
taken in the departmental cull. For the years 1968, 1969, 1970 and 1975 the 
collector hunt data for each of these years was used in a similar manner to 
break out the cull age structure. For these years the estimated numbers at age 
of the culls and the numbers at age in the collector kills were summed to arrive 
at the total yearly removals. From 1976 to the present the bounty kill samples 
were used in a similar manner to prorate the cull sample. 

Age structures were calculated as follows: 

Ci x PRi = Bi 

where Ci is the number of animals killed at each age i, PRi• is the 
pregnancy rate at age i, and Bi is the number of animals at age i which occur 
on the breeding grounds. The proportion of total numbers of animals at each age 
on the breeding ground is given by: 

Bi 
= pi • 

i = 21+ 
~ Bi 

i = 4 
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where Pi is the proportion of total animals at each age i. These proportions 
at age are then multiplied by the total numbers of adults in the cull, to get 
numbers at age for the culled animals, and finally, the cull and appropriate age 
samples are summed to give total removals at age for any given year. 

In 1978 the bounty kill sample was only partially aged before the samples 
were destroyed by fire • . For this year the age distribution was calculated from 
the aged portion (including all returns to Nov. 1, 1978) and this age structure 
applied to the remaining bounty kill sample to generate the complete bounty kill 
age structure. This age structure was in turn used to break out the breeding 
ground age composition of the controlled cull sample in the manner described 
above. Final removals at age are given in Table 8. 

Estimating survival and exploitation rates from tag return data 

Multiple mark recapture experiments when used for the pupose of estimating 
population abundance and related paramters fall into two general classes. In a 
live trapping type of experiment a random sample of animals is taken from the 
population of interest, each animal is usually marked or tagged and the sample 
is returned to the population. At a later time a second random sample is taken 
and the proportion of the marked individuals in the sample is noted. The 
unmarked animals in the sample are then marked and the sample is returned to the 
population. This process is repeated until the desired number of samples is 
obtained. If unique marks or tags are assigned to each individual captured, a 
complete capture history will be available for each individual caught, but more 
often than not the practice is to use time specific marks (tags) only. From 
this kind of data estimates of the population size, natality rate and mortality 
rate can be obtained. These methods are reviewed in Seber (1973). 

For the grey seals the second kind of mark recapture experiment was carried 
out. In this case the tagged animals which are recaptured are not returned to 
the population because the recapture process requires that the animals are 
killed for a bounty. Because of this restriction the data from this type of 
experiment, the dead trapping (or recovery) method, cannot be readily used to 
obtain multiple estimates of population size but it can be used to obtain 
estimate of survival rates and exploitation rates assuming that the marked 
subpopulation behaves the same as the unmarked population (Brownie et al. 
1978). 

These estimates of survival and exploitation are obtained from the grey 
seal data by applying a multinominal model developed by Seber (1971). This 
model is specific for the case when pups only are tagged and released and 
assumes that survival rate (0i) depends on age i only. Two constraints are 
introduced to make the parameters i-dentifiable. Firstly the exploitation rate 
(A) is assummed constant over all the ages and secondly if the recovery period 
is carried out overt years (i = 1, ••• , t) the survival rate for age t-1 is 
assumed equal to the survival rate for age t i.e. 0t-1 = 0t· 

A Maximum likelihood methods are used to drive the estimates 0i and Var 
(0i) from the multinominal model while A (exploitation rate) is a ~eighted 
version of a moment type estimator. The variance estimators Var (0i) are 
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conditional asymptotic variances but will be close in value to the unconditional 
form if the recovery rate tends to be large (generally 10% or greater). 

For the grey seal recovery data (years 1977-1980) the following estimates 
of ~i and their respective standard errors were obtained: 

Age ~i ~ar <$i >] ~ 
1 
2 
3 
4 

0.4583 
0.7386 
0.7545 
0.7545 

0.02387 
0.02964 
0.04061 
0.04061 

The estimate of the exploitation rate (A) was estimated to be equal to 
0.07232. 

In order to asses how well the multinominal model fit our observations a 
chi-squared test described in Seber (1971) was carried out. The expected and 
observed values are listed in the Table 10. The test statistic was equal to 
7.31 (degrees of freedom= 5) indicating that the model fits the data extremely 
well (table critical value for~= 0.10 is 9.24). Recently, however North and 
Cormack (1981) have pointed out that even though the goodness-of-fit test 
associated with this model may indicate that the model fits the data well there 
are problems with Seber•s method. The main problem being that due to the 
constraint ~t-1 = ~t' the estimates of survival at the earlier ages are 
highly dependent upon the few observations obtained at the older ages. In 
addition there is also the possibility that the survival estimates may fall 
outside the 0-1 range rendering them invalid. We hope to explore this matter 
further in order to determine if the tagging data can be analyzed by alternative 
approaches so that estimates of survival can be obtained. 

Cohort Analysis 

Gray (unpublished data) assumed a constant M of 0.067 over all age 
groups. This assumption is consistent with rates of instantaneous total 
mortality calculated from the catch at age matrix (Z1-~0 = 0.90) since 
hunting mortality (F) is expected to be low in commerc1ally unexploited 
populations. There is, however, some question as to the reliability of this 
estimate of Z since no accurate measure of effort, expended on the bounty each 
year, is available. It may be that bounty hunters have become more efficient 
over past years or that increased bounties have increased effort. If this is 
the case then the Z value assumed above may be an underestimate resulting in 
underestimates of M. For this reason two scenarios were employed in the cohort 
analyses, one with an M constant at 0.067 and a second with M constant at 0.10. 

Each of these M values was used in turn to calculate F values at age, using 
the following relationship: 

Ni = Ni+1·(eM) + Ci·(eM/2) 

.". Ni+1 = Ni- Ci·(eM/2) 

eM 



- 7 -

Since pup productions in 1977-1980 have been estimated from the Petersen method 
(Table 5) these values can be used for the values of Ni at age 0 in those 
years to start the calculations. Catches at age in each succeeding year are 
given in Table 9. From these calculations it is possible to calculate values of 
z by: 

from Z, F can be calculated since M is assumed. The results of these 
calculations are given in Table 9 resulting in final F vectors of: 

M = 0.067 

Age 0 1 2 3 4 5 6 
0.087 0.0152 0.0069 0.0069 0.009 0.014 0.021 

M = 0.10 

Age 0 1 2 3 4 5 6 
0.0912 0.0160 0.0079 0.0079 0.009 0.014 0.023 

These vectors of F reflect what is ~nown about the population in question. 
The highest hunting mortality is suffered by the pups, since they represent the 
largest proportion of the animals removed both by the bounty and the yearly 
cull. Juveniles and subadults suffer a lower hunting mortality since they do 
not occur on the breeding grounds in large numbers, and this is where a major 
proportion of the total adult kill is taken each year. The hunting mortality 
again increases as these animals begin to frequent the breeding grounds and it 
has been assumed that all animals of age 6 or older would suffer the same 
hunting mortality. The values of F at ages 4 and 5 were estimated using the 
pregnancy rate vector and assuming that this reflects the proportions of animals 
at each of these ages occurring on the breeding grounds. To estimate the F 
values at age 6 and older cohort analyses (VPA, Rivard 1980) were run in an 
iterative manner until it resulted in a population which could account for the 
pup production figures in the latter years. Pup production from the numbers at 
age matrices were calculated as: 

TOTAL PUP i=20 N·. X Pi +(0819 i=20 - lJ PRODUCTION ~ I: N-) x· P. 
i=1 z i=1 lJ , 

-z 
where Nij = numbers at age i and year and P· is the percent pregnant at age i. ,_ 
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The resulting populations and their pup production are given in Tables 11, 
11a, 12, 12a. With a constant M of 0.067 the estimated 1+ population in 1980 
would be approximately 48,000 with a pup production of 10,806. Using an M of 
0.1 results in a 1+ population of approximately 45,000 with a pup production of 
10,154. 

The preceding analyses indicate that the eastern Canada grey seal stock has 
been increasing at an average rate of 6.5~ over the last four years. No 
evidence was found to indicate that this increasing trend is levelling off. The 
number of pups culled by the department in 1981 (1212) is higher than in past 
years indicating that large numbers of pups are still being produced in the 
Gulf. Table 6 indicates that pup production on Sable Island in 1981 is lower 
than in 1980. This may suggest a downturn of pup production on Sable Island but 
several factors must be taken into consideration before coming to this 
conclusion. In 1972 pup production on Sable decreased compared to that shown in 
1971, however ice conditions in the Gulf of St. Lawrence were such that they may 
have prevented seals from reaching the island breeding colony that year. 
Further evidence for this is the fact that in 1973 pup production was again at 
levels which would have been predicted from the rate of increase in the 
population between 1962 and 1970. Ice conditions in the Gulf in early 1981 were 
similar to those seen in 1972. It is thus possible that a portion of the grey 
seal population, normally pupping on Sable Island was not able to reach their 
destination resulting in the lower number of pups observed. 

Grey Seal Population Projection 

Projections of grey seal population numbers, under various hunting 
strategies, were run. Three scenarios were investigated: 

1) a hunting strategy which keeps the population numbers stable at 1980 
levels for 10 years; 

2) a hunting strategy which would result in a 33$ reduction of the 1980 
levels within 10 years; and 

3) a hunting strategy which would result in a 66$ reduction of the 1980 
levels within 10 years. 

Projections 

In this paper were present two scenarios which differ in their values of M, 
therefore in the present projections each of the three hunting strategies will 
be calculated using each of the values of M (M=0.067, M=0.10). 

The projections were run in the following manner. Numbers at age and catch 
at age for 1980 were projected forward using each of the above M values and 
their partial recruitment vectors. The vectors were calculated for each value 
of M from the final F vectors given previously. 

Fi 
------= PRi 
Fmax 
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where Fi is the hunting mortality experienced at age i. Fmax is the 
maximum hunting mortality experienced by all ages and PRi 1s the partial 
recruitment to hunting at age i. 

The resulting partial recruitment vectors used in the analyses were: 

M = 0.067 

Age 0 1 2 3 4 5 6 
PR 1.00 0.1695 0.0769 0.0769 0.1003 0.1561 0.2341 

M = 0.10 

Age 0 1 2 3 4 5· 6 
PR 1.00 0.1754 0.0866 0.0866 0.0987 0.1535 0.2522 

To establish a stable population. a constant recruitment equal to that 
calculated for 1980 was used over the 10 year period from 1981 to 1990. The 
resulting age structure was used to calculate pup productions in each of the 10 
years and these calculated values were used as the recruitment input to a second 
iteration. This iterative procedure was repeated until: 

1) the desired population levels in each of the years was reached. and 

2) the pup productions generated from the resulting numbers at age values. 
remained constant after the final iteration. 

To achieve the requisite reduction in population number. the final value 
for 1+ animals required by 1990 was calculated and an approximate vector of 
recruits entered for the initial run. The iterations were again continued until 
the above mentioned criteria were met. 

With a natural mortality of 0.100 the population will remain constant at 
approximately 45,000 1+ animals (Table 13a) under the hunting pressures given 
in Table 13b. Reducing this population by 33% (Table 14a) requires removing 
8000 animals from 1981-1985. 6000 animals in 1986 and 1987 and 5000 animals in 
1988-1990 (Table 14b). To reduce this population by 66%. (Table 15a) a total of 
8000 animals should be removed between 1981 and 1986 whereafter the kill should 
be increased to 9000 animals for the next four years (Table 15b). These three 
hunting strategies are summarized in Figure 1. 

With a natural mortality of 0.067 the population remains at approximately 
48.000 1+ animals (Table 16a) under the hunting pressures given in Table 16b. 
In this case. 10.000 animals. as opposed to the 8,000 in the previous scenario, 
should be removed for the first two years; after which the hunt can be gradually 
reduced to 7.000 animals in 1989. Reducing this population by 33% (Table 17a) 
requires culling 10.000 animals from 1981-1987 followed by three years of 
hunting at 9,000 animals per year (Table 17b). A reduction of 66% (Table 18a) 
requires the removal of 10,000 animals from 1981-1985. 15.000 animals for the 
next two years a reduced kill of 10.000 animals in 1988, and a further reduction 
to a cull of 9.000 animals in 1989 and 1990 (Table 18b). These three hunting 
strategies are summarized in Figure 2. 
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In each of Tables 13 through 18 the sums of population numbers i.e. 1+, 2+, 
etc., refer to total numbers from age 1-20, 2-20 etc. In the figures following 
each set of tables the 1+ numbers refer to the actual totals including those 
animals aged 21 and older. This segment of the population comprises some 8% of 
the total 1-20 population numbers. 

In each of the preceding hunting strategies previously the partial 
recruitment vectors, calculated from the F vectors given were maintained, 
because they were felt to reflect the hunting patterns actually impinging on the 
population. This recruitment vector indicates high hunting pressures on pups, 
which are most heavily exploited during the cull, a decreased hunting pressure 
on juveniles, which do not occur on the breeding grounds where a large 
proportion of the animals are killed, and a somewhat higher hunting mortality on 
adults. This hunting pattern requires that of the total number of animals 
killed each year approximately half are pups (Tables 13-18b}. 

Since these projections are based on estimates of population parameters 
with wide variance estimates, caution should be used in their interpretation. 
Implementation of the long-term hunting strategies presented would not be 
advisable in the absence of further, more long-term estimates of the input 
parameters. However, in light of the fact that the population appears to 
expanding any measures to check their growth in the future would become more and 
more difficult. It is therefore recommended that, as a short-term strategy, 
aimed at either stabilization or future reduction of the grey seal population, 
between 8,000 and 10,000 animals be killed each year for the next two years. 
Approximately half this number should be pups with the other half composed of 
juveniles and adults. 
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Table 1 • Age distributions of collector killed samples. 

Total 
Age 1968 1969 1970 1975 1968-1975 

0 10 46 110 30 196 
1 2 6 28 19 55 
2 5 10 28 17 60 
3 9 11 28 8 56 
4 7 9 21 16 53 
5 6 11 19 8 44 
6 0 7 15 5 27 
7 4 4 4 3 15 
8 4 8 8 1 21 
9 2 7 2 3 14 

10 4 6 8 0 18 
11 2 1 6 1 10 
12 1 3 8 0 12 
13 1 0 2 0 3 
14 0 1 2 1 4 
15 1 1 1 1 4 
16 0 1 0 1 2 
17 8* 8* 15* 4* 5 
18 3 
19 3 
20 4 
21 20 

Total 1+ 56 94 195 88 433 

Total 0+ 66 140 305 118 629 

*Indicates that these include animals older than 17. The data on detailed 17+ 
distribution for individual years was 1 ost. 
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Table 2. Controlled cul11. 

Year Males Females Total Adults2 Pups Total 

1967 14 3 17 212 229 

1968 16 2 18 134 152 

1969 3 19 189 589 778 

1970 125 520 645 

1971 122 743 865 

1972 22 110 132 599 731 

1973 4 35 64 558 622 

1974 17 109 126 1042 1168 

1975 54 480 534 1619 2153 

1976 13 83 96 545 641 

1977 150 192 342 1046 1388 

1978 59 88 147 569 716 

1979 15 30 45 269 314 

1980 46 165 211 921 1132 

1981 119 277 396 1212 1608 

1 Includes seals killed by others and found during the cull. 

2 Not all adults are sexed so the total may be different from males plus 
females. 
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Table 3. Age di stri buti ons of bounty kill samples. 

Age 1976 1977 19781 1979 1980 

0 188 202 363 420 379 
1 51 29 63 133 81 
2 66 31 17 51 so 
3 53 30 33 26 35 
4 61 24 9 28 19 
5 48 32 22 22 24 
6 45 31 14 29 24 
7 26 27 15 32 30 
8 35 32 17 23 26 
9 16 24 9 29 28 

10 16 19 7 23 23 
11 24 19 9 21 19 
12 18 16 14 18 22 
13 7 16 5 14 15 
14 14 15 10 9 22 
15 13 10 3 13 9 
16 14 11 3 13 9 
17 5 8 14 13 8 
18 4 6 3 8 8 
19 5 5 2 4 9 
20 5 5 3 0 6 
21+ 20 21 15 32 38 

Total 0+ 734 613 650 961 884 

Total 1+ 546 411 287 541 505 

1 See text for explanation. 
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Table. 4. Mark and recapture results, and pup production estimates. M = total 
numbers marked, n =total numbers of animals caught at age i, and 
m =the total numbers of marked ani~als caught at age ;. 

1977 ~M = 1967) 

Age at Recapture n m 

0 187 55 
1 62 13 
2 50 10 
3 35 8 

1978 ~M = 2266} 

Age at Recapture n m 

0 175 48 
_..,1 132 29 

2 48 12 

1979 (M = 3180) 

Age at Recapture n m 

A. "' m/n N N* 

0.2941 6,688 6,607 
0.2097 9,381 . 8,856 
0.2000 9,835 9,124 
0.2286 8,606 7,872 

"' " m/n N N* 

0.2743 8,262 8,143 
0.2197 10,314 10,050 
0.2500 9,064 

A 

m/n N 

8,545 

,. 
N* 

/'-
v[N*J~ V[~]i 

757.65 733.27 
2,313.04 2,016.60 
2,781.76 2,436.40 
2,672.30 2,155.84 

" ,. V[N]i 
.. . 
V[N*]i 

1,015.8 978.2 
1 ,691. 9 1,588.5 
2,266.0 1,957.5 

0 
1 

385 131 0.3403 9,345 9,301 663.23 654.30 
79 25 0.3165 10,047 9,788 1,661.55 1,547.57 

1980 (M = 3410} 

Age at Recapture n m 

0 

Note: 

II. 
N* = 

349 72 

( M+ 1 )( n+ 1 ) ,. 
----,v[N*J = 

(m+1) 

A 
m/n N 

A 

N* 
,. . 
V[N*]i 

0.2063 16,529 16,349 1,735.43 1,691.29 

(M+1)2 (n+1) (n-m) 

(m+1)2 (m+2) 
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Table 5. Grey seal pup production estimates from tag recapture data. 

Total Pup Total Pup Gulf Pup Sable Pup 
Year Population Production* Production Production 

1977 8856 9902 7721 2181 

1978 10050 10619 7932 2687 

1979 9788 10057 7057 3000 

1980 16349 17270 13525 3745 

*Total pup production was calculated by adding the number of pups removed by the 
departmental cull (Table 2) to our estimates of total pup population from age 1+ 
recaptures (Table 4). 
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Table 6. Pup production on Sable Island. 

Year Number of Pups1 

1962 350 
1963 400 
1964 550 
1965 660 
1966 
1967 580 
1968 750 
1969 836 
1970 930 
1971 1060 
1972 982 
1973 1226 
1974 1278 
1975 
1976 2006 
1977 2181 
1978 26872 
1979 3000 
1980 3745 
1981 3142 

1 These data include-both actual counts and estimates of actual counts from a 
figure in Mansfield and Beck (1977). 

2 This total may include part of the Camp Island group disturbed by hunters 
early in the pupping season. 
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Table 7. Pregnancy rates for females grey seals from Mansfield and Beck 1977 • 

Age Percent Pregnant 

0 0 

1 0 

2 0 

3 0 

4 0.16 

5 0.71 

6 0.85 

7 0.85 

8 0.85 



Table 8. Grey seal removals at age. 

AGE 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

0 212 144 635 630 743 599 558 1042 1649 733 1248 932 689 1300 
1 0 2 6 28 0 0 0 0 19 51 29 63 133 81 
2 0 5 10 28 0 0 0 0 17 66 31 17 51 50 
3 0 9 11 28 0 0 0 0 8 53 30 33 26 35 
4 1 8 15 26 6 6 3 6 70 64 29 11 29 21 
5 3 9 41 41 21 23 11 22 128 60 63 39 25 · 37 
6 2 0 30 36 16 17 8 16 95 59 67 27 33 40 
7 1 6 17 10 9 9 5 9 57 34 58 29 37 50 
8 2 6 34 19 12 13 6 13 19 46 69 32 26 43 
9 1 3 30 5 8 9 4 8 57 21 52 17 33 46 

10 2 6 26 19 10 11 5 11 0 21 41 13 26 38 
11 1 3 4 14 6 6 3 6 19 31 41 17 24 32 
12 1 2 13 19 7 7 4 7 0 23 34 27 21 37 _. 
13 0 2 0 5 2 2 1 2 0 9 34 10 16 25 ()) 

14 0 0 4 5 2 3 1 2 19 18 32 19 10 37 
15 0 2 4 2 2 3 1 2 19 17 22 5 15 15 
16 0 0 4 0 1 1 1 1 19 18 24 5 15 15 
17 1 3 4 2 3 3 2 3 19 7 17 27 15 13 
18 0 0 9 0 2 2 1 2 19 5 13 5 9 13 
19 0 2 4 2 2 2 1 2 0 7 11 4 5 15 
20 0 2 0 5 2 3 1 2 19 7 11 5 0 10 
21+ 2 6 17 26 11 12 6 12 19 26 45 29 37 63 

1+ 17 76 283 320 122 132 64 126 622 643 753 434 586 716 

0+ 229 220 918 950 865 731 622 1168 2271 1376 2001 1366 1275 2016 

NK 2 9 0 57 11 
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Table 9. Calculation of F at-age using pup production estimates from Petersen 
mark recapture data. 

A. Assume M ; 0.067 and is constant at all ages. 

1977 1978 1979 
AGE N1(Ci) N.(C.) , , N. (C.) , , 

0 9902 (1233) 10619 (895) 10057 

1 8067 (62) 9065 

2 7484 

3 

F in 1979 at age 0 1 2 

0.0897 0.0152 0.0069 

B. Assume M = 0.10 and is constant at all ages. 

1977 1978 1979 
AGE N.(c.) , , N.(c.) , , Ni(Ci) 

0 9902 (1233) 10619 (895) 10057 

1 7787 (62) 8757 

2 6987 

3 

F in 1979 at 0 1 2 

0.0912 0.0160 0.0079 

(834) 

(132) 

(50) 

(834) 

(132) 

(50) 

1980 
N.(C.) , , 

8598 

8350 

6951 

8307 

7798 

6274 
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Table 10. Observed and expected values (in brackets) of grey seal recoveries. 

Year of release 

1977 

1978 

1979 

1980 

0 

70(69 .11) 

85(93.85) 

166(158) 

103(103) 

AGE OF RECAPTURE 

1 2 

14(15.29) 

30(20.76) 

27(34.96) 

11(10.6) 

14(14.4) 

3 

8(8) 



Table 11. Population numbers-at-age and pup oroduction resulting from cohort 
I 

an· a lysis with M = 0.067 (cons tarat) 

F'OF· Ul.~'f :a: C1N H 11 •u11m li 15/lO/IH 

J 9b'l J96B 1969 1970 1971 191~~ :l9l:i ~'Ill:. 19/:i 1'7'/6 :i.97/ :l9lH 1'7'79 1980 
---· +-~------------------------------------------------------------------------------------------------

1 4850 ~q Hi "~~a :J~)4(1 ~i9~· 1 4~6.~ :J6'11 :J936 :1'/f,7 :s l (,(1 :w4:! 61 ~~H HUt, 5551 
2 2091 4~i3~i 2911 397~ ~~2~:( :JI>b'l :J98'1 :s4~~! :JbB1 :U4l :Hbl :.!B17 :St.H(I 7517 
3 2162 19:'\b 4231 :~11 ~~ :J691 :J071 :HMI :Sl:\0 :i;~;.·H :J-1 :u, ;~:Wb :il~ J ;~ ;~(, 18 5262 
4 1779 ;~o:n 1920 :s9~; 1 ~~~jj 0 :~A\r'i? :~a-;;~ :s::! o 7 ~4B9 :s<• 11 :u~:s :~:i 14 :~Yl~~ 2423 
5 1759 lbb2 1883 16.8£1 ~~" 70 ;~~H :l :s2:-:s :MB~ ?994 ]195 :rn;-1 ;:~9? 1 :.! 1 :',4 2751 
6 206.~( 16.42 1~46 17~~2 1 ~)39 ~'\., 12 :H67 :soo:s :~48/ ;.! (, l (, :'9 30 :~ ~-J l ~) :~cW4 1990 
7 314 1927 1536 1416 l57f) 1424 :un; :HI1 'I :~79:~ ;.!:·.134 :H4:.'i :~t, nj :~ :s 2 (, 248?' 
8 162 293 1797 1420 cur) 146.~ :t :s:~:s ~!96.4 188(1 2:5~7 :!<•::.7 ~!2 :i ~ :!'ll4 2139 

9 156 149 4'6tt ib4l 1~~09 121ft 1 :s~··7 12:s l :!'/59 :l/4() :>:H 'l 1H.bb :!(l~;:·i 2?.f.IB 
10 177 144 131 2~~2 Hi36 1~17 11:Hl 1265 H44 :~~)?.5 :t606 :Lt4'1 il?9 1890 
11 74 164 1:.?9 l () :s 189 1427 H~!l l(l~i2 Ul:S :l (1/(1 ?.341 Hb~~ :i. '19:i 1592 
1? 157 68 150 H'l 83 171 1:s2a 1 (I~; 1 9'/8 HI'/H 9'/0 :~ l ~-j() :lJ5? 1041 
13 27 146 62 1~B 91 70 1~3 t:!3B Y77 'I :i. ~) 98b H'l~ 1 'IH~i 1 :~44 
14 21 ~~~i 135 ~j 13 115 83 64 1•H 11~i6 'It ~i H47 IHJ'~ ao8 1841 
15 25 20 23 1 ., ':• ,_ .. 49 lOb 7~ ~9 :t :41 1 () 6 :~ H37 l61 H:Li 7JI6 
16 27 23 17 18 J 1? ""' 96 6.9 53 :i (14 YlH 76.1 ](l} 741.. I 

17 31 26 22 12 17 104 40 89 6.4 :H 80 1-{91 l(ll 1!;47 N 

18 7 28 21 17 9 13 94 J6 80 11 23 59 BO'l 64'.7 ~ 

19 9 7 27 l1 16 7 10 87 31 5/ 34 9 50 7·16 I 

20 4 8 4 :?.1 8 13 " ~ 80 ~19 46 ?1 " 42 
---+--------------------------------~-------------------------------------------------------·----------

1+ I 15EI9b 17962 20982 2~~9(11 :~~i(l4(1 :a~:ib9 2Y348 :u :i~!4 :-s:.:-t:i:-) :s:H 'l:i :~:544H :J6 7 :t;.l 4:.'1(1:! 44390 
2+1 110.,6 14£141 16i'24 19:~6;~ ~! 111 ~ ~!:S304 256~)7 :uJ~l :~91 78 :!'14 H :i0-\(16 :iMi'/4 :n9;~6 :~88.l'J 

3+1 895~ lO~H ;,- l 381 :( 1 !·i:Hi5 1783~ :l9b:.Cb :H669 23936 :n,4Y~> ~)(,6.66 :M94(1 :nn;-; :~1-{:!4'1 :H312 
4+1 6792 8356 9577 :l :?6'/~i 14144 16~66. 1l:t~!:J9 :W.?(l~j :~2:?6H :!:i;~·tO ?4-1:H :!4:',4:) :~:·;t, :! y 26060 

PUPS 

23l:S 2944 :~51-1 4200 5?.~B 1-U~·i '1029 la44 £1659 926~ 9'/9?. 1.(1141 :i(l-1:)0 lOEI06 



Table 11 a. F values for the cohort analys1s g1ven ln 1an1e 11. 

FlfiiUHfi f.tOFi:l AI. X ·r·,· 15/10/81 

1911/ 1969 1969 ~970 1971 19/2 ~~n=i 1Y74 :tYn:, :lY/6 j_ 9/'J :i. 9"JH :l9"19 1980 

.---+----------------------------------------------------------------------------------------------
1 o.ooo O.OOl 0.001 o.ooa OeOOO (I, (l(l(l 0. (1(1(1 (I, (l(l(l (I 1 (1(17 (I 1 (l 1 4 (II (11 (l (II (Ill (),(11} 0.015 

2 o.ooo o.oo1 0.004 OeOO"J 0. (1(1(1 (l • (1 (I (I (1 • (1(1 0 (I 1 (l(l (I (II (l(l~, (I I (I:~::; (1 1 (I(ICJ (l • (1(1"' (l 1 (1(1 C,' O.OOl 

3 o.ooo o.oos 0. 00~~ (l. 011 (l, (l('l(l (I • 000 (I 0 (I (I (f () • (l (l(l (l ' (l (l :~ (II (1l6 (I t 01 ~! ()I (111 (II (11(1 O.OOl 

4 0.001 0.004 0.009 (1100"/ o.oo?. (),00?. (l. (1(11 (1. (102 (l,(l21 (I 1 (l;~~~ (1,()1(l (ll(l(l~j (I 1 (1:1. () (1. 009 

5 0.002 0.006 0. 02:i o.o2r, 0.006 0 .(110 (l' (1(14 (l. (1()9 (1 • (l 4 ~·j o~ (I:W () 1 () :~ 4 ()I (114 () I (11 :~ 0.014 

6 o.oo1 o.ooo 0.020 o.o;~:?. O.(l11 01005 (l • (I (l 4 (l. (l(l b (l • (l 4 (l (1 • (1::!:~ ()10;~4 (II (111 (),()L~ 0.021 

7 o. oo:-< 0.003 0.012 OeOOi' Oe006 (l • (1(1 i' (l • 0 (J:? (1, (l(l ~ (l,(l:~1 (II 016 o I o:~t; (l, (I 11 0.01"7 0.021 

9 o.Ol;\ 0.021 0.020 (),(114 010()9 (),009 (ll (l(l~ (I 1 (l(l~j 0 I (111 Ol(lt9 0. 0~~() o~ol:'i (l 1 (1 ~. 1 o.o:~1 

.9 0.007 0.021 0.123 0.003 0.006 o.ooa (I, (1(1;~ (l • (l (I'J () 1 (l :2:? (l • 0 l :i ()1(12:~ () 1 (l09 (\~<H7 0.021 

10 0.012 0.044 o.;!l9 0.093 0.007 0.009 (l,(l(l~j 01(109 (1, ()(l(l (II (l(lS' <•. <•:n (I 1 ()(If, (I 1 (i l6 0.021 

11 o.oJ4 o.Ol9 0.032 0 .15?. o. o:n 0.004 (l. (IO=i (1, <lOb O.(H"l (\I (130 010111 (),012 o.M.:~ (h 021 

12 1),()07 l),():il 0.094 0.1 R:i 0. 09".-! () • 0 4 :i 0 1 C) 0 :i 0. 00"1 (),()01) 1).0~2 o .o:i7 o.ot3 0.01.6 ().021 

13 o,ooo 0.014 o.ooo 0.041 (). 0~!~ 0.030 (l,OO/ (l. 0(12 (I , (l (\ (\ (1, (l1(l (l • () ~i 6 ()I 01 ~~ (I 1 (l(lfi 0.021 

14 o.ooo. o.ooo o.o:H (I o (I 9 4 o.o1H 0.039 (l ' (116 (l. (11 ~) (l. (11 "7 (Jt 0?.1 01040 0 I ~~:~2 (1 1 (11 :~ 0.021 

15 o.ooo 0 .ll 0 0 .19~ 0.017 0.04~~ 0.03() (l,(l14 o. o:i6 (1,16:~ 0 .<H 7 0 • (l ;~A (1, (1(17 () I (11 9 0.021 
16 1) 1 000 C). ()C) C) c). ~!tH C) • 1)0 C) 0.009 0.0~14 0. ou. c). 0 t ~-; 4) •• , .~ 0 0. t 96 0 dY~6 0.007 0.022 (),021. N 

<•, M,f{ (li24"J o. o:42 ('II(\;~:? 
N 

17 0.034 0. 1 :?9 0. ~~09 0.193 o.:~o~; <•. o :-<o (l .{1~)3 0 .(l:i() (l I;~ 62 0.021 

19 o.ooo o.ooo 0. ~.\fW o.ooo 0.2fJ9 0.177 (ll(l11 ()I (\A (I <• , :~ H ~- (II :i.:H (1. B9R o.oc;o2 (I • (1:1. :~ 0.021 
19 o.ooo 0.379 0.169 0.207 0 I 143 0.379 (I 1 1 () 9 0. (12-1 (I 1 (\ (l (I (i I :t:H 0.410 (l I h:-'IL (\It (1 1/ ().021 

20 0.021 0.021 o.o:.u 0.(1~~1 0.021 0.021 (ll(l:~t (h (\;~ 1 ().0?:1. (1 I (l :~ 1 (I 1 (I:~ 1 (l 1 (I;~ :1. (1, (l;.! 1 o .o:n 

---+---------------------------------------------------------------------------------------------1+1 C) I OOl ()I ()C)4 0. tH 4 c).() t:i C) t ()():_) () I()()., 1).()02 0. 00-1 0.01.9 o.o~.9 o .o·.:!2 O.Otl 0. 01.4 o,015 



Table 12. Population numbers at age and pup production resulting from cohort analysis with M = 01 (constant) 

Age 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 

1 6875 4271 5659 4549 4886 5150 4319 4457 3237 4345 3408 5834 7519 5362 
2 2944 6221 3862 5114 4089 4421 4660 3908 4033 2911 3883 3056 5219 6677 
3 3037 2664 5624 3485 4601 3700 4000 4217 3536 3633 2571 3484 2749 4674 
4 2508 2748 2402 5079 3127 4163 3348 3620 3815 3192 3237 2298 3121 2463 
5 2486 2268 2479 2159 4571 2824 3761 3027 3269 3386 2827 2901 2069 2796 

6 2914 2246 2044 2204 1914 4116 2533 3393 2718 2837 3007 2498 2588 1848 
7 470 2635 2032 1821 1960 1717 3708 2285 3055 2369 2511 2657 2235 2310 
8 209 424 2379 1823 1638 1765 1545 3350 2059 2710 2111 2217 2376 1987 
9 221 187 378 2120 1631 1471 1585 1392 3019 1845 2408 1854 1975 2126 

10 268 199 166 314 1914 1469 1322 1430 1252 2678 1649 2130 1661 1756 

11 115 241 175 126 266 1722 1318 1192 1283 1133 2403 1453 1915 1479 
12 250 104 215 154 101 235 1552 1190 1072 1143 996 2130 1299 1710 
13 37 226 92 182 122 84 206 1401 1070 970 1013 869 1906 1155 
14 27 33 202 83 160 108 74 185 1266 968 870 884 777 1710 
15 35 24 30 179 70 143 95 66 166 1127 859 756 782 693 I 

N 

16 34 31 20 23 160 62 127 85 58 132 1004 756 680 693 w 

17 42 31 28 14 21 144 55 114 76 35 102 885 680 601 I 

18 9 37 25 22 11 16 127 48 100 51 25 76 775 601 
19 12 8 34 14 20 8 13 114 41 72 41 10 64 693 
20 5 11 5 27 11 16 5 11 102 37 59 27 5 53 

1+ 22498 24609 27851 29492 31273 33334 34354 35483 35227 35573 34982 36781 40395 41386 
2+ 15623 20338 22193 24943 26387 28183 30036 31026 31990 31228 31574 30947 32876 36024 
3+ 12679 14117 18330 19829 22297 23762 25376 27118 27957 28317 27691 27981 27657 29347 
4+ 9642 11453 12706 16343 17696 20062 21375 22902 24422 24684 25120 24467 24908 24673 

Pups 3290 4045 4731 5424 6585 7413 8245 8898 9501 9844 10069 10085 10072 10154 



Table 12a: F values for the cohort analysis given in Table 12. 

F I !'H:Hifi WOF:TAL J. T 'f 15/10/01 

1967 1968 1969 19/0 1Y71 1972 197J 1974 l9ni :i. C,'"/ 6 t9T/ 197~ :lY79 1900 
---+----------------------------------------------- - ---------------------------------------------

1 o.ooo o.ooo 0.001 0.006 (). (1(1(\ o.ooo ()1(10(1 (I 1 (\(10 (l, 006 (I 1 (l 12 (),(l(19 (\l(ltl O.(ltY 0.016 

2 o.ooo OeOOJ 0,003 0,006 0. (100 (1, 000 (I I (l (I (I (l 1 (lOO (l. 00.., 01 (I:H (l 1 (1(18 01006 0.010 o.ooa 

3 o.ooo 0.004 O,OO? o.ooa 0. (1(10 (1. 000 (1 I (lOO (I • (1(1(1 (l 1 (l(l2 (I t (11 ~) (I .(11 :~ (l I (11 0 (l. 0 1(1 o.ooo 

-4 o.ooo 0.003 0 .00'/ o. (1(1~. 0. (1(12 (I , (10 ~~ (l 1 (l (11 (1.(1(12 (ll(ll9 (I, (l:l 1 (1. 009 0 1 ()(1~:1 (I 1 (l j, (I (1,009 

5 o.ooJ 0.004 0.018 (l, (\2(l (\. (l(l~i 0.009 (l, <•O:i (l.(l(l8 () I (I 4 :~ (I o (119 (l. (1:.•4 01(\14 (I 1 (I \:i 0.014 

6 o.ooJ o.ooo 0.0:16 Oe017 (l. (109 0.004 (I .(1(1 :i (I I (l(lf, c1, o:-<7 o I o:n (l. (1:~4 0.(111 () 1 () t:~ 0.023 

7 0.002 0.002 0.009 0.006 o. oo~. 0.006 (1, (1(11 (l,0(14 (1. ()~!(I (I , (I 1 ~) (I I (12~) (l • (It~~ 0,01R 0.023 

0 o.oto 0.0:15 O.OJ:i o.oJJ (l, 008 (I, OOFt (It ()0-\ (I , ()(I 4 (1, (11 0 (If (11 H (I , (I;~ (I o. M.fl (\ • (I j, ~! (1.023 

9 o.oos 0.017 0.087 0.002 0, OO~i o.oo/1 (1, (IO~C (1. (l(l6 c1, c1:w (I 1 (l12 (1. 023 0 .(lj 0 (1,(\tfi 0.023 

10 o.ooa 0.032 o. :179 0.066 0. (106 O.OOfl (11(\(14 (1, (l(\~} (1,(\(1(1 (I , (l(18 (It 0/6 (l. ()(II, (I I (It 'J 0.023 

11 o.oo9 0.013 0,024 0.124 o.o7-t 0.004 () 1 (l(l2 (I • (105 O.(ll/1 (I c (I ::!9 (I. (It 8 (l.(l t:~ (I 1 (11] 0.023 

12 I) 1 1)1)4 C) t I)~~ 1 1). C) I, 6 C). 1 :so I) • () 'J 6 I) ,I) .J2 o, t>cn I) t ()06 o.ooo (). o:u o. o:i7 o.o1 :5 0.017 (). 02:\ 

13 o.ooo 0.009 o.ooo 0.029 (l • 0 l ') (l,(l25 (1, (1(1:; (1. (102 (I , ()(1(1 (1 I (11(1 (I 1 ()]6 (1,(1:12 (\. (1(1'1 0.023 

14 o.ooo o.ooo o.o21 o.o6:l (1,01~~ o. o:-<o (l,(ll4 (l • (111 (I , (l16 (I 1 (l;~() (11(1:~9 (I 1 0?;-:t 01 (IH (1. 023 

15 o.ooo 0.091 0 .1t'i0 (l.012 (l. (130 (l, 022 (I .(l11 (I , (I :i?. (l, t 2H (I , (116 o. o:a (1, 007 (I , (I ;~(I (1. 023 

16 I) • I) I) I) •>. f) I) I) I). 2=il I) 1 I)()() I) t 007 I) ,1)17 () • 1)08 I) , 1) 1 2 o .. ua lj • J. ~'j !'j 0. 0:.~5 0.007 0. 0';! :3 0.023 N 

17 0.02~ 0.109 0.160 (1,160 0.161 0.022 (l, (l:i9 (l,(I;Jfi (I c :i(\4 <'.:nu (l. 1 9 :~ (I .,(1;\3 0. (\:~:i 0.023 
... 

18 0,()00 o.ooo 0.478 o.ooo o.~n:s 0.1 ~~~ (I 1 (l(lfi 0. 04~i O, ~~:B (I I l(ICJ (It '/96 (l. (171 (I • (\ 1 ~~ 0.023 

19 o.ooo 0.304 0.133 0. :16~.( 0.1:1~! (). ~-<04 (l, (18:; 0.019 (I 1 (I (I (I (I, :i (I'J (I, :~29 0 t ~:i::\f"i 0 I ()fi~' j 0.023 

20 (). 02:i I) • 02:i I) ,I) 2 :i o. o~:i I). 02=i o .o2:i 0. 02~i I). 02:i I). 02=i (). 02:~ o.o2J 0.023 0.023 (), 02~S 
' 

---+----------------~-----~----------------------------------------------------------------------

1+1 0.001 0.003 o.oto 0.010 0,004 0.004 (1, (l(l;! (I 1 (1(1 :i (I. o 1 a (I • (11 H (1,(1:!1 (I c (112 (I 1 (114 0.017 



Table 13a. Grey seal population age structure at population numbers stable between 1980 and 1990 (M = 0.10) 

f·Of·lll. AT T. 01-1 1-1 II M J': r: f": !i 

1980 1981 1982 191B HB4 19A:'i :1.986 lq8::' 1 s· f\8 :i 9AS' 1 s·qo 
---+-------------------------------------------------------------------------- - --

0 10RA2 u.o:H l0~9 J. 1()0~0 990R '· OJ4l lt110 1 l 0 1):"\.~, 1. ()()?:') 1.01.41 l(; 12/., 
1 5::lb2 f.lb12 5980 ~3~9 59~.~ 6BJ3 6709 bf.<i'"\ 6;; 7(:. ,,, 1 ·" ('• c:.o t, 1.~ 

2 6677 1775 7122 490::l ·H'iO? ~138 !'i8~2 :'P ·:! 8 ~/fl9 :)~2l 5·13t, 
3 4647 599·1 4\1J 61313 .4277 J979 ·1~ 17 :')1 -. f! :=; () :~ 'I 501b 4~120 

4 2463 4172 51RR J:'lf.? 5354 ~780 ~49R ~~-. -·~, , 1 I · .. ·1 f'j('o f. 4423 4 3l 1l 

5 279f. :?:?09 3f.BR 4441 J('•91 4717 JJH• :;\(I,L,,, :H76 :~9~ :~ 30<'12 

6 1A4R 2495 1A47 2978 17MI 2.SA3 11)!'-j:) 2:i·V, H]'~ 2985 3~54H 

7 2310 1634 1984 14~1 ?-12:;-~ J1R? 22~?. 3.3? "· 2](-.:'1 2~8(-, ~434 

B 19B7 2043 1299 1::0:-'iR l160 ?047 :?6-17 :i 8~8 :~ fl (i ~j :l9b4 1 7 fl ·:.~ 

9 212b 1757 1b2-1 10?0 12c.7 997 1.7('13 22\"1'\ 1 :-:; •\ •l ~!33(• lMd 
10 '· 756 lARO '· J97 1275 83() l07() ~:!9 1-11.7 urs 1 12132 189S' 
11 1-179 1553 1495 1097 1037 7(11 R90 ,':, r;•(J t:l. :J A 1::i2:1. 1•) ·~ :'·j 
12 1710 1308 123~ q 7-1 R92 R76 ::iAJ 7 1ll :"i7·1 978 1240 
13 11.f'j:-i t:11?. 10~() 91,9 9r:::"'" >J.) 7:')4 7?.9 'I :~i .', .H.~ 476 797 

1 4 1710 1021 1?0?. Bl7 7fHl B07 6?7 .~·."17 40~ ~12 30B 
15 b9~ 1512 IH?. 94·1 f,f-.4 bf-.6 f.71 ~-.; '?. ;.· ::;(ul :n~i •\ 1 / 
16 69J 613 1~()?. .t,1ij 7Ml :)61. 3:14 :;·-:;9 JLH 1\19 2"?J N 

U1 
17 601 613 4R7 944 :-'i19 b49 4f..7 'l f, I o\,t..4 )f,(i : .. ; ·11 
18 601 5::l1 4R7 3A3 7f.A 438 :"i'lO ·z.tW "38:~ 3R:'i ~1 94 

19 691 :'iJl _,?. :i :iFJ3 1H 1,49 1.~5 1'1'7' :r~3 31 :i 31 •: 
20 53 613 423 :n? 311 263 ~;40 :~ ;",:. :~ ·,~ 268 :.·c.() 
---+---------------------------------------------------------------------------·--

0+1 5?.2·12 :),l,·H l :')136() :')()416 ·19:=i.~~ :'i u. ?.9 ~H~Of) ~ 1. :~·~··) 11.~54 !=;13:?·1 511011 
l+l 4136(1 45377 J1?.9b9 40~6b )9b~6 I\07RR ~1299 4 j •1 (~·:'j t\1b':"•'? ·Hf.oAJ ,\ () S' t: ·t 

2+1 3599fl 3b765 36989 3~(J0f. J370j 33955 ] 1 ~wo l•l 8 r. <"• J~1.:i:~ ~·~~?? :~ :~ 4 9 t·• 
3+1 ?9321 31990 ?9866 301(1~ :?.9,9R :~RR1 7 2B7:"iR ~! r;· (,-, I ?S' 1H4 :~970? ')'"f 4 ;' ,!, 



Table l3b. Removals at age necessary to achieve the stable population shown in Table 13a. 

CAT£'11 1-1 II ~I fa F:" r.: r. 

1980 19R1 1982 19R3 1984 19A5 19fl6 1987 I.'!'RR 1.989 1990 
---+------------------------------------------------------------------

0 1300 4229 4272 3~1? 224R 2793 ?.7b9 2747 ~~7~ ·1 :i279 3293 
1 81 705 535 3.-'.5 264 369 3,1,(1 167 ., r.· ' 

~ ·' ' ' '"' ·UO 407 
2 :10 l97 122 l.I,A 100 119 1.~7 l37 157 185 183 
3 35 248 187 210 95 lOA 1?J 141 ~:w U,B 162 
4 21 196 267 D9 13::0 Hb l\17 12·1 1. ·11 I.AB 16B 
5 :n l:19 ~82 ~.l,.t, 12() 2~4 1~6 11fl 1.68 231 226 
6 40 288 233 2B7 ?J7 ?ot. ~09 22? ?(1(-, ~,IL! 310 
7 5() 1fl9 250 140 1~3 ?44 t70 263 Jfl5 :~{) t. 231 
8 43 236 164 1 :)I) 74 1.:)7 7-!02 14~ 219 18~i 169 
9 46 203 205 9B fl(J 7~ 130 17? ., :~ .1. ::.!/(1 1ti2 

10 38 217 176 1?3 52 A2 63 PO H:~ :l :~ .l lBO 
11 J?. 179 18A 101, 65 :)4 .t,A ~4 9~! 113 99 
l2 37 151 155 113 ~~ 67 44 ~R .,~ 9? 11B 
13 25 175 131 93 6(1 :)A ~6 3A ,, 8 ,.-,, 76 
11 37 UR 15~. 79 50 6?. 18 47 3'7! 48 37 
15 15 175 1 0~· 9~ 4? ~1 ~1 41 :~9 ·~2 40 N 

16 15 71 151 b1 4R 4.~ 42 43 ~4 ;;9 U! (J\ 

17 13 71. 61. 91 :n :)() 36 1.t, 3.S 3'1 32 
18 13 61 61 37 4f: 34 41 J(J 1(a :H. 28 
19 15 61 53 37 20 50 ?R 1~ 

..,,. 
.... ,, :~o 30 

20 10 71 51 3::! 20 ::.!() <H 24 2'7 '")t::-

~""· 
..,,,. 
,:.d 

---+------------------------------------------------------------------
0+1 1953 8000 8000 60(1(1 4 (1(1(1 ~(I (I (I r.ooo ~)("I (I (I ~) (1(1 (I 6(i(a(', 6000 
1+1 653 3771 372B ?nBB j7~? ?207 223:1 :n~~ :~:-'46 272:1 2707 
2+1 ~7?. 3{)66 J191 212~! t48fl HB9 HJ71. HHi.t, 1889 2::.!91 23()0 
3+1 ~~2 ?869 ::!871 2154 1~R8 1700 17H 1. 7~')8 '· 'lJ 2 2:1 (•6 211, ' 



Table 14a. Grey seal population age structure under a hunting strategy which reduces the population by -33% 
of its 1980 level (f-1=0.10) 

f ·Of'lll.AT :t CHI 1-!l'Mf:r.r::n 

19RO 1981 1982 198~ 198.., l9fl5 .1. 9P.f. l9f:. ::· 19B8 l9AS· 1 9 '.i-'(i 

---+------------------------------------------------ - -------------- - ---------- -- -
0 10AR2 u. ()34 lQ39l \0050 9:"i:'i?. 92.'>:~ HM'.i9 81 .~ .. "'! /,l, 91 THO 70:23 
J 5362 B612 ft980 :'i3ft9 50?7 4f.OO ·1 '297 1\'/(1 "1, ·1300 431!1 40\:J~ .~ 

2 6677 4775 71?2 49(13 437l 4073 37\•2 3~~,~ 3870 3:'iR4 3.~ :~ I. 
3 4647 ~994 4133 cld ~8 4?14 374fi :H78 3::-•(J!'.'i :Wll9 :nb3 310B 
4 2 .,~, ,\ 4l72 :H8R 15.s~ ;)?.7.'> :\,', u :H9R 301 1 ?.767 2667 291/t 
5 279/. 2209 3f.BR 444l 304() 44R6 :~0~9 :!7~~~1 2~fC~ 2:~91 22'1'~ 

6 1B4fl 2495 1B47 297R 3669 2497 361-."' "")C"" r C' , . .., ,,, . .., :~?91. 217;, 2•J06 
7 2310 1634 l9R-1 1451. ?.321 2R32 1.909 2914 ~(i~i() 184~ 1731,> 
8 19R7 2043 1299 1~~A 1l3(1 1791 2165 l:il'i 2)(ll lb211 lPJ 
9 2126 1757 1624 10:?0 121'1 B7:? 13t.9 l7?2 11S'9 :i.R50 1',:!.'?9 

10 1756 1.AHO l.397 t271 793 937 /:,,',7 tl't89 1.16~) 961 1 4 7',• 
11 1479 1553 149ft 1097 994 f.l4 7l6 :··;~ ~ 8/.-.(• :i.093 7 ·.:· 1 

12 1710 :1308 123~ 1174 8flr'i 767 469 :; 7 (• H9 C>9?. f:l/4 
13 U.!'i5 1. 51.2 lf)-10 969 9):) (,/,() :)Al; :n., lj :7; (l 337 5~d 

14 1710 10?1 1202 B17 7~):-:; 706 5('11 "f. c, ;! s·;, 3f,? 4t'''/ 
15 693 1512 IH2 944 636 ~R3 5~(1 ·~ (' 1 :if, A 2:1'7 .2 B'.T' 
16 693 b\3 1:~02 ·'>18 736 -19l •H.s 'I ~ ·:1 31.? 29,S 18S1 N 

17 t.01 613 4B7 94~ 497 ~bB ]7!) · ,~rr." . n9 255 ~~ .5 , ....... 
,J,,,I 

18 601 531 487 3B3 736 383 ~~1 :~s· ·;· ~~RO 27~ :! ,,,, 
19 b9:~ :)31 -1?3 38~i 29A !'ii!R ?.93 "5.1\ ') 23 .S 225 :il II 
20 53 613 4?~ 332 29R 23(1 ~34 '17 l ,·, . ~ .. . ?7.~ :1. 9(1 J\:10 
---+---------------------------------------------------------------------------- -

0+1 522-12 564U. 5J3,'>0 50<\t .', ·1 732R ~.1\274 109,'>4 391.9 ' 17::!89 36119 34811 
1+ I 4136(1 4ft377 42969 40366 37777 3!"i013 3?30~ 3HO:~ I :~9~91 2R779 1?7HH 
2+1 3599R 3f.765 36989 35006 327·19 ~(lft.~.:? 28()('•9 :~t-,~3~'8 ~:~::->91 244l8 :~37':'3 

3+1 29321 31990 29Rt.6 ]()l(l3 2B379 /63·10 2~ 3(tf.. :??7/' .·; ? '4? ,, 2()f~34 2010:~ 



Table 14b. Removals at age necessary to reduce the population by 33% over 10 years (f't=O.lO) 

CATrl: II I 11·1 fc r: 10: S 

l9BO 19R1 1982 19R3 1984 1985 l9Ril l9A7 :i '7'RR :i.9A9 1990 
---+------------------------------------------------------------------

0 1300 42~9 ·1?7~~ 1\2911 4274 4ll9 :noR 1?.~~ 2747 2720 2708 
1 B1 705 535 fi04 fi01 4A5 3::-iO 40f. 3~3 3·13 33~.:; 

2 50 197 322 ?34 2?1 ?18 1:'i2 l:'i:'i lt\ f, t42 1~H 
3 35 248 187 ~9~ 213 ~00 143 t -1 i) 1. 1. .~ 133 129 
4 ?1 191!- ?.67 193 :HI3 :?. J. 9 l fi (', l4'7' U9 l:W DB 
5 37 ~fl9 282 3nR 267 416 ::-•19 2f•9 l7f• lMi 167 
6 -10 288 ?.:n 394 S14 ln9 4"" -·· 1 ~ :1. ?'U ·~11 2~4 
7 50 1B9 250 192 3?5 418 ??(i 3~) ,, ;~' ~ ~)() ~ 202 
8 43 ?.36 164 206 1:'i8 ?.65 ?49 1H:'; 24·1 l Rf1 :Lll 
9 4,', ?.03 ?.05 t3:=; 170 1.?9 PHi ?o·:? 127 205 151. 

10 38 217 176 l/.9 111 l3R 7'7 1 :~ :~ 114 l (•7 17:! 
11 32 179 188 H:'i t39 91 R? . , . 

() ' I S'l l :H 90 
12 37 l5t 1 :=;~) t:=;:-=; 120 ttl ~)1\ .1.,9 44 77 1 o:i 
13 25 17ft 131 1 ?8 12B 97 67 ·l :·; 4R 37 b~l 

14 37 1 1 8 151 1 (If! H•l- 104 5B :)7 ;~ 1 40 31 
15 l5 l7~) 102 1.2:1 A9 A.S ,~:~ ·19 39 26 34 N 

co 
16 15 71 1fil R4 103 73 :) 1. r: ,~, :H :n 'l ' ) d :: ...:... ... 
17 13 71 61 125 70 84 43 . ~ . ., .~. :~t-. 2R 20 
18 1.3 6t • .t,l :'il 1 i)l :=.ii' ~50 1,1., 30 30 24 
19 15 61 ~3 ~1 4? 84 34 ,\? :~~ ''Jr.' 

'"" 
~ -,a; :-
;;, ,t 

20 10 71 53 44 42 34 :-;(, :·: B ;:~9 ?1 2:1 

---+--------- - ---------------------~---------------- - ----------- - ---- -
0+1 19~3 ROOO 8000 8000 AOM• 8000 t~OOO 600(). :'j()(J('I :".i ()(I (I :')()()!') 

1 +I 653 ~771 37?8 ~7(1/ 3'72f, 3ofH ?69? 27~l ?~~] ;:~?A(I 22'1 ::; 
2+1 :)7?. 3066 3t93 3J.9R 12~!7, 31.97 ?34J 2:n1 t 9~~0 1.937 1. 95(. 
3+1 522 2869 ?.871 ::!9f.:'j 3004 2979 ?1R9 ;~ 1 7 ·'· 1 7R·1 1.?9fi l B~l~'i 



Table l5a. Grey seal population age structure under a hunting strategy which reduces the population by -66% 
of its 1980 level (M :::::0.10) 

POf' UI .. .:.T :tOil 11111-iF<rr.: ~ 

1980 1981 198? 1983 1984 1985 19A6 :1987 1988 17'89 1990 
---+-----------------------------------------------------------------------------

0 10AA:.:! u.o:H 1039l H>05t) 9 ::=;:·;?. 92ll2 8.1,39 7"1 91 67?1 5540 4~34 

1 5362 Af-1.2 59fW 5359 50?7 •1M•O -1297 3B02 /f>A9 UBA 906 
2 6677 4775 71?2 4903 4371 4073 3/'02 ~~ •!? ~·~ 2S'f•:=i 1972 12:11 
3 46·17 ~99·1 ·H13 6118 4?1.4 3743 347A ~ 11'.7 ::!fl51 2370 15~i() 

4 2463 4172 5188 J;.r..2 ~276 3f. l1 3198 2'i'~.it. 21:.19 2325 1Bb:~ 
C" 
.J 2796 2209 3:'if.IB 4441 30'1(1 4-186 3059 2<:';94 2~3:? :?.106 17'}? 
6 1848 2495 1A47 2978 3669 2497 31,/,4 ::~1\77 21(1/ 1.8~1 l4B~i 

7 21l0 1634 1.9fl~ 145l 2:·n1 2fl3~ 190'1 "l "I L ·"t 
.··. ; '!·.'. t7:)7 1407 1100 

a 1987 2043 1299 1:-'ir-iR u. ~(I 1791 ?165 :1 ·1.~ ';> :1. ,,. (; (• 1176 8 4~'j 

9 2126 1757 1624 1020 l /14 87? 1369 16 :~~:. l ('I:~~ :l3ll 706 
10 17:"ib tARO '· 397 1275 79:) 937 .1,.1,7 1 !)3] 11!18 681 liHi 
11 1479 l:'i~3 H95 1097 99·1 td4 l'6 

, •. ,. "'1 ,·,,_,,. 733 77:'i 4 lo:i 
12 1710 1308 1235 U74 A;,;, 767 -1f.9 ~H• ~57 490 46~i 

13 ll.~!"i 1:-H2 1040 969 91") .t,~,,) 386 :~ :=; .1) 181 239 :!9 ·~ 
14 171 (I 1021 1202 817 7:J!"i 706 504 -1 ·~ -.. :1 :-:; j 2:-if. 1·13 
15 693 1512 R12 944 63b 583 !"i-10 :~13fl ~ 1•l l6R 1 :) ·1 
16 1>93 b j, .i l::!02 .1,38 73.1, .1)91. 116 ·hP ?.70 210 101 N 

17 601 613 I\R7 944 4'7'7 56B :~/!"i :~](-. 289 181 1 2,'; 
\D 

18 6(}1 531 487 3R3 7'"!ob 393 434 ;·.>1{;7, ~~A 1.9~ IOU 
19 1>93 !)11 423 3s:J3 ~9ii !),t,A ?91 :L~7 ':101. 160 11(.; 
20 53 613 423 332 298 ;~]0 4?.4 :~:! 1 2~2 1.3~ 'ltl 
---+-----------------------------------------------------------------------------

0+1 r)~;!-12 ~b4U. . 53160 ~O·Hn 47128 ~,4'27'1 409.~4 3.~9:;;~ 31. 'lA.t, 25167 1861] 
1 +I 41360 45377 •12969 4(131-f.. 37777 35013 323(•;, 2'7'1 f,l ?4/'f..2 l9R/7 14:~/9 
2+1 3599R 36765 36989 ?o:'iOOb 32749 30412 28(J09 25~:'iR ~~ ?(•7 t\ 1.79AR 13]?3 
3 ·H 29321 31.990 '::!9flb,t, 301.0] :-!83 79 ~6140 ?1106 21·:n,1 l9t.s9 1.601,', 1 ? 1 ·l :1 



Table 15b. Removals at age necessary to reduce the population by 66% over 10 years (M=O.lO) 

CATr.H 1·11 u.: r.• r:: f.: fi 

l980 1981 19fl2 ~. 9R:~ i9R-1 t985 1986 19fl7 l ~·f.: A 1S'89 1990 
---+--------------------------------------------------- ---------------

0 1300 4229 4272 4298 -1274 43~9 42117 l+b:?.J /.1 :-:;(,8 4290 3831 
1 81 70:=i 535 504 ~01 4R5 4RB 564 4R5 ":~ !i :554 
2 ~() 197 3?? -·· 23-1 221 ~1.8 :nl\ ~,ld, ,7., :?47 248 
3 35 248 1R7 29? ?1~ 200 201 ?4(• ·~~-· 7 2.97 307 
4 21 196 2b7 19~ 303 219 210 2:=i6 :•7B ~?9 414 
5 17 l:=i9 ?~2 1bR :?.67 •H6 Jl),t, 3:=i~i -~8 ·1 441 570 
6 40 ?fl8 233 394 !'i 1. 4 J69 5A::-' fo10 ~.)23 ~iRfl 699 
7 50 189 250 19::-• 325 418 303 fobR ·l1'7 ,, :12 518 
8 43 2:16 :1.6<\ 206 l:5R ~6::'; .i4 4 ?.9.1, •\87 378 398 
'I 46 ?0~ 20~ 135 170 .129 21R :i J I> '2') 4 421 333 

10 38 217 176 169 111 C{B 106 213 .-, F:li 2.19 371. 

11 32 1.79 lRa:J J. 4:-'i 139 91 t14 10J U:l~ 249 193 
12 37 151 155 J.~~ l?O 113 7:-i 1 l 1 89 :i :"17 21.9 
13 '1"' .:...J 17~ 13 j 12R 128 97 9J 7J , .. .. 

'·' 77 139 
1 4 17 HR J. ~ t tOR 1 o.s 101 81) 9~ 6?. 82 60 
15 15 175 102 125 A9 R6 A6 7R 7F.i :H 73 (.rJ 

0 
16 15 71 151 A .I\ H•3 73 71 R4 f-7 67 48 
17 lJ 7l .H 12~) 70 R4 1,0 -~9 72 58 59 
18 13 6l cH !it 103 fi7 69 5R !i9 62 51 
19 1~ bl 53 51 4?. R4 47 67 5(1 ~1 55 
20 ll) n ~1 14 12 14 69 4:=i 58 41 45 
---+-----------~------------------------------------------------------

0+1 1953 RM•O BOOO 8000 BOOO flOOO ROM• 90(1(1 0:,• (I(J (i 900() 9000 
1 +I 6:=i~ J77l J72R ~702 172,1, 1MH 1713 41r' ·1'19 ') 1\71 c) 516~1 

2+1 572 3066 3193 319B :~22~ :\ ~ 97 3::''46 ~813 •I l'tf't7 4:?.75 1\El:l ~ 
3+1 522 2869 ?871 29/.:'i 3001 '1979 3032 :l:iS? ·•1 'i VI '' 02 A 4~.'i6 7 



Table l6a. Grey seal population age structure under a hunttng str(ltegy which maintains approxi.m~tel¥ stable 
population numbers between 1980 and 1990 {M= 0.067) 

F· QF·lJLAT I Oil 1·11 1M r;;r: r. r, 

1980 1981 1982 19R3 19R~ 19R~ l9Rt'. -~ qr:: / l9Rf< 19B9 1 '.1 ,,. (l 

---+----------------- - ---------~--~----------------------- · --------------- -- -- - - · 
0 1.1. ::i92 12134 U.7-17 11713 1th09 H7AA l17l6 l 1161. HHI1 11028 lt:·o~.~ 

1 5551 9585 6/0/. ::i7:'i3 6131 6057 664B 6 t, :~ .'·. 6 :1 ·. 'I 611.-R 6511-l 
2 7517 5113 8092 ::i?.Oj 4R7A. ftl93 :-i199 ~ -7(·(~ 567:-'.i ::i412 ~ .. ],~ 7 

3 ~2~2 69A~ ·1 '16 ~) ]::~()() -16:-'.i~ 41.'11) 167:~ .,,') -.'f-1 ;:;1:H 5097 488{, 
4 2423 '1B87 6233 4062 644(1 4159 3922 1\ ·~· ·· · -~ 4204 4l,(l7 4b0l 
5 2751 ?.216 430/ 54b3 3584 5c'.RO 3697 :HB7 :n:n 37?.9 41 t:'i 
6 1990 2~·i37 19U 31,37 1\~6.~ 10.~1) 4909 1197 100A 32111 3~.·46 

7 2487 1822 2060 153t. 29b9 3807 2~'12 ~(I : =: 1 :~64B /486 2699 
8 2139 /277 1480 1651.- 1254 2422 3162 11. 13 3~8(; :UA9 2()(;fi 

9 2~AR l9:=i9 J.A49 '· t 89 13:=i?. 102:i ?.01.~ ?b -:·q 1. r;c, 2791 18.Hl 
10 1890 :?095 1~91 1486 97t 11<'13 B~O l f-, :• -~ /17A H ·17 23-17 
11 1592 1731 1701 l27f< 1? 1 :~ 79? 9U-. 7t,7 l3P.6 18(1(1 1215 
12 J.A·H 1. 45A 1.405 116/ 104 ·1 990 63A 7 ,L., ~~ 581 1145 1512 
13 1?.44 ·16B6 1184 1130 1116 B51 R?2 ~) ·P t'.~1 4R-1 9b2 
14 1B41 1139 1369 952 9:?.2 911 707 toR4 4ft3 ::i:?.1 40 
1~ 746 1.1,86 9?.:-'.i J.100 777 7<::•) 7'17 :) .=j:=j 566 375 43U w 

·J<. ~ 

16 74f.. 6R3 1~b9 744 R9B 63·1 6.25 f,:-:.9 4B7 4f..A 315 
17 647 683 ~:=if- 11(10 607 733 5:;!6 5?0 5::.!1. Jl (I~ :~ljl :5 
18 1,47 591 ::;~~ 4 ·16 A9R 49:) 1,09 -nH 430 431 331:1 
19 7'16 593 481 '14b 364 7~3 'IU ::-i,.•t'. ]t',3 35b 362 
20 42 683 481 3R7 364 297 6(19 ·q:! 4~9 ~00 2 1?1.7' 

---+------------- - --------------------------------------- - - -- ------------------ - -
0+1 fo59B2 62572 bOO ~.(I fo7R47 ::i6708 :'ifoB41 5r.9n ~f"ii~ .,7 5ft()~j9 544~·2' fo51:l7 
1+1 44390 5(1437 48313 4b1~4 4fo099 440~? ,4:?~-1 ·1-11 If, 43B7R ·n4::.!-1 43 1i' 1 :') 
2+1 3RR39 -10A:-'i2 4'1.07 ·101A t 189."8 37995 17 .S/M 17·~·;· 1 17:"i48 ~i7 25.~, 3739·:· 
3+1 31322 3fo739 3•1015 3~1RO ~409 :' 3/R<i? 32407 31 781 ]1873 .~lA-13 :~20M) 



Table 16b. Removals at age necessary to maintain the stable population shown in Table 16a. 

CATCH NUME<Ef.:5 

:1.980 1 981 1982 1983 1984 1985 :~ 9Rb 19R7 1988 1. 9B9 1990 
---+--------------------------------------------------------------------

0 1J()() !"i:n.~ 5431. !';()()~ 4980 4:=i19 449~ 4 1 :=;~::; H-19 393.S 3942 
1 81 90? 6?4 f.??. ~59 482 ::126 ~)39 :·i24 ·1-17 41~4 

2 50 ~24 380 ?20 ?07 192 191 21t. :~18 1.8? 176 
3 ~~ 306 ~14 304 198 16 J. 171. 1.77 1.97 171 16l 
4 21 278 379 ??2 3~i4 199 lR7 20f. ?'1.0 2(11. 1177 
5 37 19~ 400 458 302 4l7 ;J 7(1 21! :} '~R6 ?~9 271 
6 4() l~~4 2.so 447 :=i77 l3t 1~!8 1:-i3 :ns 317 31 ~:; 

7 50 232 280 189 3f.7 411 ?73 4~i 1 ?9R ?4:'i 262 
8 43 290 201 ?OJ! 1!'5 ~62 ~40 23•l ~1,80 216 20:? 
9 411 ~:)() 2:-l~! J ,,~, 1ll7 111 ~! 1.1, ~91 197 275 1711 

10 38 267 216 183 :1:~ 0 H9 91 18~:; :?45 H~ 227 
11 32 221 231 1~7 1~0 86 98 /F: :1. ~'j6 l77 11El 
12 .17 tAb 19 J. tl,R 1~9 107 7l 8i! .s6 113 14:.' 
13 "lC" 

... ··' 215 161 139 UB 9? fiR t. (• 71 ~A 1]3 
14 37 145 1A6 1 1 7 :IH 98 71:. 'lf, ::it ~H 39 
15 1::1 ~1~ 126 Dri 91:, 8:1. IH .s1 64 37 42 
16 JS 87 H~6 9:1 111 f.R 67 /(1 55 46 30 w 

1\) 

17 J 3 87 75 135 7:'i 79 57 ... ., 
d/ ::;c;· 'H' 3B 

18 13 76 73 55 1U 54 6~ 4ti 48 4~ 3~5 

19 15 76 65 55 45 79 "'' 
.... 
,)(", H 1~ 3 ~) 

20 10 87 65 4R 45 :'\2 6~ :·~R -17 :H• 29 
---+---------------·-----------~-------------------------· --- _ ... ·-- ------ -··· 

0 .. ·1 l953 10000 10000 900() 9000 AOOO aooo B(•Of• n (\(I(', 'i' (\(o('J 7000 
1 +I 653 4i-64 4:'ib9 ;:\99~ 4020 ]4/.1 ~~OR 354r-i ·~ Cj 51 3064 305B 
2+1 ~72 376~ 19116 ~47~i 14.1)1 ?.979 ~98::! 300·" :r, ~)?.? 2618 25·;~., 

3+1 5~~2 3:'i38 3566 3?~4 ~:?.~·4 2788 ?791 ?79(• ·.!R('o9 24~'\f, ?4lB 



Table 17a. Grey seal population age structure under a hunting strategy which reduces the population by 33% 
of the 1980 level (M= 0.067) 

F' 0 F· lll A T :t n H 1-11• M F< r r.: r. 

198(.1 1981 1982 19fl3 19P..., 1985 198t. l9 H:7 l98F: ~- 9A9 1 S''IO 

---+--------------------------------------- -------------- - ·- ---------------------
0 11 ::';9~! l:.:!t:H 1 t7·17 u. 7l:i 11423 11197 1092!1 101 n 93·:n 8772 813? 
1 5551 9585 ~?Ob ~753 5663 541b 53?'1 4919 42t.9 H•t.? 3~j 3 .3 
2 7517 ::i113 8092 ~?(d -1811 "1720 -15(12 ·1'1 '•' ') 1HI:~~ 3503 3 :1 '1 •l 
3 5262 1,9R2 -1~1,~) 7~0() 162·1 -1::!71 ·11 fl!) 198 ') 387 ? 3556 3071 
4 2423 4887 6233 40/-.2 64CH 4104 :·~7Rb 3 '1{,1 ~i ~) f·~ :~ ·1:1 2 3 .II./ 
5 2751 ?246 4~02 fe463 3555 ~592 ~~fl('l 32c;o··~ :31'7'5 ·.~('·~:? 29:·B 
6 1990 :!!')17 '· 9U. J,S37 4609 2991) 1692 ~·yFI'~ ~718 2649 2486 
7 2487 1822 2060 1536 ?914 3677 2~77 3'/•:0:' 211 s· 21?2 2034 
8 2139 2'277 1480 1656 1231 2325 29?3 1 a;::; :?.B7:::• \1 R 1 1 162 1.;' 

9 :::!:.:!fJA 1.9~9 lH49 ltf)9 1127 98::! 18118 :'. 3\).~ 1453 2212 1390 
10 1890 ?095 1~91 H86 953 ~- <"•5B 71H l·1 ::.•8 1789 11 :~f. 1 7'1'') 

~ -... 
11 1592 1731 1701 l/78 1191 7~0 IH1 ,.:.1 A 1CH 1397 EP :~ 

12 1A4l ~- 4 :)fl l10~ 13,S7 1 02~) 9:)1) 604 ,'l ,L, ,, 478 933 107:•.1 

13 1244 1686 1184 1130 109(;. R17 755 1 7 7 ::tJ~ 373 f·, '7 B 
14 1841 1139 1369 952 90~ R7_., 650 t: .-, i. 

,J, I, I 3'/0 40:' :•.18!; w 
15 74,t, l. .SfJn 92!') 1.1.00 763 7">') .S91 ""jp 462 28 't 3() ~) 

w .... 
16 746 6R3 1369 744 R82 608 574 ~;. ~ 8 39R- 3~l ·:> ') ') 

17 647 683 f-~5 11 (I (i ~96 703 4A1 'l ~:; ~ ·~2~ 310 ') .. , .. 
· .. I : 

18 ,t,•17 59 ~i !)!)5 ·1'1·S 88:? 4/!"i :'):)·~ :~81. 3:)1. 332 :!30 
19 746 593 481 446 357 7(13 378 ·H1 296 ~71 2~.i~.:j 

20 42 6133 "B1 387 357 n<5 ~i~9 ;~~9 8 ~"~ 2:"H :.:- :1 :1 

---+-----------------------------------------------------------------------------· 
0+1 55982 62572 (;.()(.160 57B_.,7 fl5565 53431 ~~ (•2? 47 7 ·f· \ 44188 4 J ~ ~ t 377t, l 
HI 4·1390 5(•437 48313 46134 44142 42034 •l00S''7 :uf. ~-q :~4 796 :~:~379 /9630 
2·t-l 3fiA39 ·10A~?. 421()7 401iH 184/9 16.HfJ 34771 32,t, ·7'1 30:5.?f:. 21331.6 26097 
:hi 31322 3~7 :~9 34015 35180 33668 ].1R9B ,HI?7 .1. :~8290 :~ 6'1 ':7'1 ~~4HL:t 22EIIJ3 



Table 17b. Remova 1 s at age necessary to reduce the population by 33% over 10 years (M =0.067) 

CAT~Ii Ht.J;.mr::~:S 

1980 1981 1982 1983 1984 :1985 :l9Bf.. :1. 9f:7 :1988 1989 1990 
---+------------------------------------------------------- ·-----------------
0 13 ()() 5T36 34Jl ~49::! :"il\613 5:)39 5191 :";41'! 4'N"' 4852 480[1 
1 81 902 6?4 :'i89 596 ~B? ~97 f,(••l :106 ~;~~ 5()2 
2 50 224 380 2-19 ?J7 237 :!37 ;:>~~ '')")r.' ..... -,. ?13 221 
3 3:) 1c).S ~14 345 228 21:5 22() 2::-!7\ 216 216 206 
4 21 :n8 379 ?52 408 ?f-7 2~8 27~) 252 26"/ 270 
5 37 195 400 517 346 556 J72 37~ ]5~ :~f,2 :~at, 

6 ·10 J24 260 :)()4 656 434 7U 491 1\35 459 474 
.7 so ?32 280 213 115 ~)~4 360 610 371 ~~f,B 38.8 
8 43 290 201 229 175 338 443 :~(•'i l\:"i9 314 ~HO 

9 46 2:"i0 ,., r:"l) 
-:.,.,, .. 165 189 11J ?80 380 233 389 265 

10 38 267 216 206 136 1~4 j18 24(1 :!H.~ :t 97 328 
11 32 221 231 177 170 :I HI 127 HI? 181 ?~? 166 
12 37 186 t•H Hl9 14,', 138 9''.1 .. 109 76 153 20•1 
13 25 21S 161 156 1~6 :t19 ll~ 7'7' A' '.I 6S 129 
14 37 145 1B6 132 129 127 98 9tl 59 7(1 .::· &:" 

.JJ 

15 15 21!) l ~.s 15:::! 109 105 105 8·1 7·1 so 59 w 
16 15 87 186 1(13 126 88 87 lj•oj 6·1 63 42 ~ 

17 13 87 75 152 85 102 73 75 t.B ~)4 ::; :5 
18 13 76 75 .s~ 126 69 85 63 56 58 4 L" ·' 19 15 76 65 62 51 102 57 73 ,,7 48 •19 
20 10 87 65 54 51 41 85 49 ~~) ·H) 40 
---+-------------------------------------------------------------------------· 0+1 1953 1 (1000 10000 10(100 10000 HJ(H•(i 10000 :i. (•0('1() '7'(J0(J 9\I(J(I 9000 

1 +I 653 4664 4569 450B 4:'i32 44b1 4!'i19 ·1~17'{1 H•9fl 4148 4192 
2 ·H 572 ;p,t,2 391\6 39 J. 9 3936 397'>' 392~ 398/. 3~)·jt) 362-1 3691 
:3+1 522 3538 3566 3670 3699 ~o4~ 3685 373:? :~~i6~ 341? 346'7 



Table 18a. Grey seal population age structure under 
of its 1980 level (M::;: 0.067) 

a hunting strategy which reduces the population by 66% 

f·Of'IJI.ATJ:f.\1-1 1-11.11-i E< F. r.: :. 

1980 1981 1982 1983 19R4 1985 1986 l s·t=:7 lS'f>fl l9B9 1990 
---+-----------------------------------------------------------------------------

0 U~92 CH34 t1747 1 t713 114?3 11397 1092~ 91)9 'i 7116 606~ 501 ~~ 
1 5551 9585 f,20t!- ~7:';3 ~M.3 5416 ~324 ?7· '.~~ 1 ~;68 l7('19 12 ., ~~ 
2 7517 5113 8092 5201 ·HH 1 4720 4~(12 1(1::'8 ?():'it\ U6fl. 12·\ 1 
3 5::!62 o9fl~~ 4:)6~ 7~00 41.1::!4 4271 418~ 3 f;):) :no7 1730 971 
4 2423 4BB7 6233 4062 bt\01 t\104 3'7~6 :~:~55 3H1 :~7Rt. 1442 
5 2751 2246 ·l~O? 5-163 ~f-55 [.592 35~0 :H~~:~ ?liOo ::!563 22·\ ,5 
6 199() 2517 t 911 31.137 4609 ?990 4.~9~ 275·1 2241 2122 189~l 

7 24B7 1822 2060 1536 2911 3677 2~77 :\ ~i 7,1 ' .. ... 1'1':~~ :~ ~26 1:599 
B 2139 ?277 1480 1656 1?31 23?:" 29?3 l t.5'1' 20f..1 U79. 100b 
9 22flfl l9:59 Ht49 l\89 1327 9fl~~ j,S:j 4 Fl ?('d9 101\4 H02 770 

10 1890 2095 1~91 H~b 953 10:"B i'IH 1 :··9() 128·~ 7HJ 9'')0::' ... _ ,,1 

11 1592 1731 1701 1278 1191 76() F:l\1 ,-,..c,-, .. ,,, F:l? 873 -16£! 
12 1FI4l 14:-'ifl HI)~ l367 1025 9:-'iO 1,04 ~::·B / 113 552 "' -~ I ..J!d 

13 12,\4 1686 1184 1130 1096 B17 7 ~ifi 't -~:: :~ 7 () ?33 :564 
14 1841 11~9 1369 9~2 905 ~74 65('1 :-:;:·.!7 265 :?51 1. 5·1 
15 74.t, 1 ,t, Fl ,t, 92~ 1l00 763 722 1,9~ 'l :.i 1 TP 181 l.Sb 
16 716 683 1~69 714 882 bOB 574 I)F::') ;~A:-; 226 1 l ijl 

w 
<.n 

17 647 683 ~~~ 11 00 ~91> 703 -1 f:4 'l(d • ., ,. C' 
\I \I,·. 194 149 

18 ,t,4 7 !)93 "'="~'=" ... ,., 44,t, 982 -17~ !3~9 :~ ~~? 
, ~ ,., 
,;.,.\.11.. 208 120 

19 7'1f. 593 t\~1 446 3::i7 703 378 3~· fj ::.!P ~I? 13'? 
20 42 683 481 387 3!:.7 2B~ ~·i:'i9 ~,~. 4 ?·16 H4 113 
---+-----------------------------------------------------------------------------· 

0+1 55982 62572 60060 ~7~·17 55f-t.!) ~:H31 ~1 (1/? ·119N. ~1779 25992 ~O~SbO 

1+1 44390 ~(1437 48313 46134 4"14? 42034 40(•97 32E:8:: 246/-.~ 199:?7 .15~.=;~:;3 

2+1 :iFIA39 408~2 4~! 107 ·10381 18 17'} v,,t, 1 a 14771 ? 9 S'' ~· i' 230·i~) 18218 11::!7(1 
3+1 31322 3~739 3401~ J~JBO 33668 J1B9B :i('l271 2!) ~· ~: ~· ? 1(1·12 1705:~ 1303'7 



Table l8b. Removals at age necessary to reduce the population by 66% over 10 years (M=0.067) 

CATCH I·IIIIH• E 1': S 

1980 1981 1982 19B3 1981\ 1985 1986 19H7 1988 1989 1990 
--r+-----------------------------------~-------------------------------------

0 130() ~:n.~ :'i431 :=i49~! 3468 :'.i::'i19 719-1 7:1 •FI 1153 4585 129EI 
1 81 902 ~.2•1 589 596 ~"iB? 9A~ 7('• .. ~ :H2 370 U:19 
2 50 224 380 ?19 737 2~7 t1 (10 ·P~i l-97 122 l.?B 
3 l::; ]06 214 145 228 2l1 37l 4:-i 1 318 182 140 
4 21 ~7B 3'79 ?~? -108 ?.67 4:~2 , .. -· '1 

.J ·=· .' 387 375 264 
5 37 19~ 400 517 3'16 556 615 7(•? 519 3lc\ 60~) 

0 -1() 124 ~6() 504 656 4:44 1 15 l) 8~"3 S'i2 607 71] 
7 50 232 280 213 115 ~i34 5A5 :lC•:.B ·158 4Jc\ C" I] 1;:' 

~J ... tJ 

8 43 290 201 ??9 175 338 719 !_t;-1 f .. :'i44 337 :na 
9 46 ~!)0 2~~ 1.~5 189 1'41 4J4 6 I; ,L, 276 401 292 

10 38 267 216 206 136 154 192 4 ()C! 339 2('•3 34'7 
11 32 221 231 177 170 11 0 2(17 17 -~ 214 ?~HI 176 
12 17 liM 191 189 146 118 t.t\9 1 :=< ·"~ 91 l.SB 216 
13 25 215 161 156 :1 ::;t. 119 1A6 1 ~.:'I ~·A f,7 :L ::P 
14 37 1·15 186 13? 129 127 16(1 1c' -~ 70 72 ~j8 w 
15 1:-i 215 :1.)6 152 109 tO!"i 171 l'l ': 88 52 '') 

(:, ··-
0\ 

16 15 87 186 H/3 j2f, 88 141 l ~ ~~ 75 6:"i 4 ~'j 
17 13 87 75 152 85 10:? 1 l 9 l .,.., 7 81 5~ ~'16 

18 13 76 75 62 126 .~9 1111 1 (! ·:; .~ 7 59 4F.I 
19 15 76 65 62 51 :102 'i'3 1 ;·; ·l 56 49 ~j 1 
20 1(1 87 65 54 51 41 138 E::l f,:'j 4:1 42 
---+--------------------------------~-----------------------------------------

0+1 1953 10000 10000 10000 1 000('1 10(100 1 :';('•()(• 1 :'i{l(l(l I. (i{l(}() '7'(1\1(1 9000 
1 +I 653 4664 4569 4508 4~3/ ·\4~.1 74(16 77 ,t,t, ·1 A 1\7 ·1'11~ 4702 
2-t-1 !"i72 :-iU12 39 .t).t, 1919 3936 Vt/9 .S.I\2~ 70:-; 1 '\31~ '1045 4334 
3+1 522 3~38 3::io6 ~t.7C• 3699 364? f.022 f. r:- ") ;.:;· 

J ,,I I' .' ,, 338 3'i'2~ 415~'i 
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.,.igure 1. Grey seal population responses to hunting strategies outlined in Tables l3b, 14b, and 15b. M= 0.10 
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Figure 2. Grey seal population responses to hunting strategies outlined in Tables 16b, 17b, 18b. M= 0.067. 
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