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ABSTRACT

Jacossen, N.O. 1984, Estimates of pup production, age at first parturition and natural mortality
for hooded seals in the West Ice. FiskDir. Ser. HavUnders., 17: 483-498.

An analysis of the population of hooded seals breeding in the West Ice near Jan Mayen was
carried out on the basis of catch statistics for 1946-1978 and age samples comprising a total of
5094 four years old and older breeding females. A deterministic population model for females
without density dependent control was constructed and applied to estimate pup production, age at
first parturition and natural mortality. The method was based on minimizing devations between
the age structure of the hypothetic population generated by the model and the age composition in
samples.

The mean age at first parturition was estimated to 4.9 years. Production was estimated to 95 000
pups in 1956 (samples collected in 1961-1965) and 54 000 pups in 1978 (samples 1972-1978).
Combining these figures in the model, instantaneous natural mortality was estimated to 0.12. By
projection, pup production in 1979 was estimated to 50 000 pups from a population of 100 000
females. These figures are, however, very sensitive to the estimate of natural mortality.

INTRODUCTION

A study of the population dynamics of hooded seals (Cystophora cristata)
breeding in the West Ice near Jan Mayen in the Greenland Sea, was made in
1979 (Jacossen 1979). The study was based on catch statistics for the years
1946-1978 and age composition data from samples of breeding females
collected up.to 1978. A brief unpublished summary in English with selected
tables and graphs presenting the basis data and pertinent results, has been
available since 1980 (Jacossen MS 1980). However, the summary did not
describe the methods used in the analysis.

The West Ice population model has later been applied with slight
modifications to available data from hooded seals breeding at Newfoundland
(Jacossen and PritsLanp MS 1982), again without an adequate description of
the methods. The present paper therefore attempts to describe the method and
results from the 1979-analysis of the West Ice data in sufficient detail for
evaluation.

') Present adress: Syftesokbakken 37, N-4040 Madla, Norway
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MATERIALS AND METHODS

The data available for this study include statistics of total catches of hooded
seals in the West Ice and the Denmark Strait through 1946-1978 (Table 1) and
age composition data for a total of 2 580 four years old and older females in

Norwegian samples collected on the breeding grounds in the West Ice from
1972 to 1978 (Table 2).

Table 1. Total catches of hooded seals in the West Ice and the Denmark
Strait during the years 1946-1978.

West Ice Denmark
Year .
Pups I year + Strait
1946 8 482 3083 17 767
47 27 039 12 484 14 130
48 21 242 11671 16 020
49 48 698 7782 1 494
1950 49 131 18 568 17 742
51 47 485 35936 47 607
52 18 098 21 864 16 910
53 21 864 4160 2902
54 53 321 12 680 18 292
1955 45 266 11511 10 283
56 31 564 9224 12 840
57 13 238 8951 21 425
58 41497 23 344 14 950
59 23 305 5782 6 894
1960 28 213 6 031 8 703
61 47 250 31770 803
62 29 422 23 398 988
63 20 291 7 456 913
64 23 930 9 407 366
1965 28 787 12 312 .
66 34016 7072 748
67 21 390 20 351 371
68 11795 2 168 20
69 15 870 7057 —
1970 25 208 12 507 779
71 19 572 10678 —
72 16 052 4 164 869
73 22 455 3994 —
74 16 595 9 800 1201
1975 18 905 8290 —
76 4 831 2 465 323
77 14 198 4635 —
1978 16 356 2 680 1201

Sources: @ritsLanp 1972, 1976 and unpublished, Kaprsr 1975.
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Table 2. Age distributions of breeding female hooded seals in Norwegian samples collected in the
West Ice during the years 1972-1978.

Age 1972 1973 1974 1975 1976 1977 1978
1 (1 (5) (7) (47)
2 (2) (H ) (3)
3 (1) (1 9 (1
4 15 24 17 55 18 41 49
5 20 32 23 92 28 81 46
6 13 27 27 136 23 74 67
7 16 18 22 127 36 67 54
8 13 22 14 68 29 69 49
9 4 18 20 41 12 76 43

10 7 17 16 48 11 44 49

11 4 9 14 55 12 18 22

12 7 10 11 29 11 27 16

13 5 9 2 13 7 30 11

14 2 8 3 18 4 9 11

15 2 4 11 21 2 10 7

16 1 5 3 18 4 6 5

17 2 6 2 7 5 5 3

18 3 2 1 13 1 12 5

19 2 4 1 11 1 2 3

20 1 3 — 5 2 6 2

21 1 1 — 6 3 3 3

22 — 2 ] 2 1 — 3

23 1 — ] 2 — 5 2

24 2 4 — 5 — 4 1

25 1 2 — 4 — — —

26 — 2 — 1 — 3 3

27 1 — — 3 — — 2

28 - — — 1 — 2 1

29 — — — 2 — 2 —

30 — — — — — — —

3] — — — 1 — 1 1

39 —_ — — 1 — 1 —_

33 — - — 1 — — —

34 — — — 1 — — —

Sum 123 229 189 787 210 598 444

(incl. 1-3 years)  (124) (229) (190) (794) (212) (618) (495)

Most of this age material has been studied three or four times independently
by two readers, who later came together to establish the age of the animals
where there was uncertainty. For age groups 4-10 years 8.4 % of the individual
readings showed deviations from the established age. This deviation was
15.7 % for age groups 11-20 and 28.6 % for age groups over 20 years.

Additional age distributions of hooded seals in the West Ice were available
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for 1649 breeding females in samples collected by USSR scientists in
1961-1965 (Table 3), and for 314 females in Dutch samples collected in 1973
and 1975 and 551 females in USSR samples collected in 1975-1977 (Table 4).

Table 3. Age distributions of breeding female hooded seals in USSR samples from the West Ice,
collected during the years 1961-1965.

Age 1961 1962 1963 1964 1965
1 (7 (8) {3) (3) (4
(0 (2) — (3) (5)
3 (3) (7) (3) (6) (n
4 16 67 36 18 16
5 16 112 51 49 43
6 15 87 53 38 74
7 27 49 37 23 43
8 13 35 19 17 37
9 20 38 17 7 15
10 17 29 20 13 1
1 7 37 16 12 9
12 10 23 12 10 6
13 8 20 8 4 12
14 4 15 6 1
15 4 11 6 10 4
16 4 10 5 10 4
17 — 11 3 3 7
18 3 9 12 7 3
19 2 8 2 5 1
20 5 3 3 6 4
21 I 7 1 2 1
22 — 3 4 3 1
23 3 1 4 2 —
24 1 1 1 1 1
25 2 — — — 1
26 2 2 — — —
27 — — — i —
28 1 - — —
29 — — 1 - —
30 — 1 — — e
31 — — 1 - —
32 — — —- — 1
33 — - 2 — 1
34 — — — — 1
Sum 181 582 341 247 298
(incl.

1-3 years) (194) (599) (347) (259) (308)
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Table 4. Age distributions of breeding female hooded seals from the West Tee. Dutch and USSR

samples collected during the years 1973-1977.

Dutch samples*) USSR samples
1973 1975 1975 1976 1977
1
2
3 (3)

4 1 15 22 3 16
5 25 20 12 33
6 4 39 42 11 33
7 6 41 27 13 36
8 9 31 20 10 34
6 17 17 10 26

10 9 17 14 5 19
11 1 12 6 6 11
12 3 15 2 7 8
13 4 10 6 1 5
14 — 6 4 3 4
15 — 5 6 1 3
16 — 2 — — 4
17 1 1 5 — 3
18 — 3 1 1 3
19 — 1 2 3 2
20 — 2 3 i 2
21 1 3 4 — 1
22 1 2 3 — 1
23 — 3 4 ! !
24 — 1 i — —
25 — 1 1 — 1
26 — 1 1 - —
27 1 ! — — 1
28 — 1 — — —
29 — — — — —
30 — — — — e
31 — — 2 — —
32 I 1 — — —_—
33 — — 3 - —
34 — 1 — — —
Sum 35 259 216 88 247

(219)

*} courtesy E. Flipse (7).
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POPULATION PROJECTION

A population projection for females was constructed for the years from 1946
to 1986. To initiate the projection it was assumed that pup production in 1940,
1941 and 1942 was 80 %, production in 1943 was 85 %, and production in
1944 was 90 % of pup production in 1945. It was further assumed that the
number of 5 years old and older females was cqual to pup production in 1944,
The 1946 age vector (1-7 +) was then constructed from these assumptions and
assumptions about natural mortality, applying a sex rato at birth of I:1.

Pup production in 1946 was calculated assuming all females to be recruited
to the breeding stock at 7 years of age and assuming a pregnancy rate of 0.95
among mature females. Assumptions of partial recruitment for age groups 4,5
and 6 werc also necessary for this calculation.

Recorded West Ice catches were then distributed over age groups, assuming
that females constituted 75 % of subadult and adult (1 year +) catches
through 1946-1974. Recorded percentages of females in the seasons 1975-1978
are 72.7 %, 54.8 %, 52.3% and 54.6 %. It was also assumed that 94 % of these
catches of females consisted of mature seals taken without age selection. The
other 6 % were assumed to be cvenly distributed over age groups 1-3.

Cathes of moulting hooded seals in the Denmark Strait, which were
significant until 1960, were distributed over age groups assuming West Ice
seals to make up half of the catches, the other half being assigned to the
northwest Atlantic stock. It was also assumed that half of the Denmark Strait
catches were one year old and older females taken without age selection.

Having subtracted the age specific catches from the age vector, next year’s
age vector was calculated using the assumed natural mortality. Repeating this
procedure the population was projected forward to 1986, assuming total annual
catches of 20 000 pups and 1 500 adult females through the years from 1979 to
1985.

PARAMETER ESTIMATION

The parameters which are necessary to run the projection described above
are:
1) pup production in 1945,
i1) natural mortality, and
iii) partial recruitment to the breeding stock of 4, 5 and 6 years old females.

Assuming that the age samples collected from females on the West Ice
brecding grounds are representative of the breeding population, these
parameters werce estimated by comparing the age structure as generated by the
model to the observed age group frequencies. Two alternative principles were
applied for this comparison:
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a) The least squares principle, where deviations between observed age frequencies
and frequencies from the model were squared and summed. Each sample
was weighted according to size. The formula used for this comparison was

Ay A
J o p. .12
SQ = AT 2| — — By
' }\Ij
where )
ATj is the sample size in year j,
Ajj 1s the number of females of age i in the sample from year j, and
P;i is the fraction of the breeding population being i years old in year j
according to the model.

b) The maximum likelihood principle, based on the multinomiate distribution.
Excluding the multinomiate cocflicient which is a constant for cach sample, it is
shown in APPENDIX T that the likelihood formula can be arranged as

LLj =2 Ain < In Pi‘j

A number of different population projections were gencrated by varying the
input paramecters. The set which gave the closest fit to observed age
distributions was considered to represent the best estimates.

The two principles turned out to give approximately the same results. Since
the maximum likehood method is statistically optimal when the underlying
assumptions of the multinomiate distribution are satisfied (see APPENDIX T),
only the results from this method have been given. The parameter values which
gave a likchood value of 2 units (3 - ¢| .95) below the maximum, have been used
as approximate limits of 95 % confidence intervals (Cox and Hinkley 1974).
€1 095 is the upper 0.05 point of the chi-squared distribution with one degree of
freedom. These confidence intervals do not include crrors introduced by
non-random sampling or errors in age determinations, and the truc level of
confidence is probably considerably smaller than 95 %. However, they should
at least indicate the relative level of uncertainties in different estimates.

RESULTS

A summary of the results based on age samples of 3 445 females collected in
1972-1978 (Norwegian, Dutch and USSR samples, Tables 2 and 4), is given in
Table 5. The table shows that about 41 % of four years old, 75 % of five years
old and 96 % of 6 years old females are recruited to the breeding population,
and that these estimates arce fairly insensitive to varitions in assumed natural
mortality. The corresponding mean age at first parturition was calculated to
4.9 years.



490

Table 5. Results of population projections with maximum values of the likelihood function for

alternative values of natural mortality.

Estimates of:

Prod. Likelih.

M 1945 value Prod. PREC PREC PREC
1968 (4)* (5)* (6)*

0.08 64.350 - 8308.0 34 200 0.40 0.74 0.98

0.10 79 250 - 8305.7 54 000 0.40 0.74 0.97

0.12 98 900 -8303.8 33 600 0.41 0.75 0.96

0.14 125 500 - 83023 53.600 0.42 0.75 0.95

0.16 162 500 - 8301.2 54 400 0.42 0.74 0.94

*) PREC (i) is the proportion of i years old females being recruited to the whelping population.

While the estimate of production in 1945 depends heavily upon the mortality
rate chosen, the production estimate of about 54 000 in 1968 is quite insensitive
to variations in mortality. The corresponding 95 % confidence interval is
47 500-64 000.

By the same method, the USSR samples collected in the seasons 1961-1965
(Table 3) gave a production estimate of about 95 000 for 1956 with 85 000 and
113000 as 95 % confidence limits.

Combining the two production estimates, 95 000 in 1956 and 54 000 in 1968,
an estimate of 0.12 was obtained for natural mortality. The projection hased on
this mortality rate, given in detail in Table 6, shows a population which
increased slowly since 1976, with a pup production of 50 000 from a total
population of about 100 000 females in 1979 (Figure 1).

Attempts to estimate natural mortality from the 1972-1978 samples alone
broke down, giving the impossible rate of M = 0.20. With such a high natural
mortality the population would decline even in the absence of hunting. The
lower 95 % confidence limit is slightly lower than 0.14.

DISCUSSION

In order to start a population projection, it is necessary to make assumptions
not only about production, but also about the age distribution in the starting
year. Since there was no hunting during the Second World War, it seems likely
that production must have increased in this period, especially towards the end
of the period when the first unhunted years classes started to recruit the
whelping population. This is the background for the assumption that
production in 1940, 1941 and 1942 was 80 %, in 1943 85 % and in 1944 90 %
of the production in 1945. As the pregnancy rate is quite high and the mean age
at first parturition is close to b years, it was further assumed that the number of
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Fig. 1. Production cstimates of hooded scals in the West Tee for the years 19451986 for three alternative values of natural

mortality, M (age samples 1972-1978). Annual catches in 1979-1985 were assumed to be 20 000 pups and 1 500 adult lemales.
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Table 6. Qutprint from the population model, representing the estimated number of females in each age
group for the years 1946-1986. This projection is based on instantancous natural mortality 0.12 and a

YEAR 0 I 2 3 4 3 6 7

1946 54541. 43858. 35009. 29325. 24479. 21711, 19256. 70018.
1947 57213. 44612, 38149. 30443. 25494, 21147. 18632. 16457.
1948 57341. 38752. 38853. 33200. 26460. 21620. 17468. 15137,
1949 58199. 41437. 33671. 33759. 28825. 22441, 17892. 14234.
1950 61523, 30022. 36594. 29717. 29795. 25062. 19211. 15168.
1951 59929. 32778. 25909. 31635. 25643. 24863. 20149. 15083.
1952 51115. 32094. 27144. 21355. 26180. 19737. 17631. 13534.
1953 47357. 37309. 27599. 23297. 18267. 21387. 15271. 13171.
1954 49396. 32306. 32917, 24336. 20534. 15948. 18483. 13113,
1955 47828. 20164. 27861. 28392. 20947. 17175. 12926. 14684.
1956 48014. 22346. 17494. 24231. 24695. 7718. 14110. 10425.
1957 ‘ 48527. 28587. 19352. 15124. 20995. 20944. 14683. 11524,
1958 46668. 37169. 24495. 16543. 12903. 17605. 17173. 11871.
1959 40133. 22988. 32004. 20986. 14072. 10432. 13344. 12481.
1960 40261. 25259. 20107. 28023. 18349. 12109. 8825. 11168.
1961 42077. 23197. 22040. 17528. 24460. 15734 10200. 7351.
1962 36159. 16365. 20127. 19102. 15105. 19419. 11292. 6840.
1963 32541, 19022. 14178. 17508. 16601. 12181, 14388. 7909.
1964 33355. 19863. 16743. 12454. 15403. 14235. 10163. 11799.
1965 32609. 18972. 17479. 14714. 10913. 13122. 11722 8190.
1966 30776. 16155. 16662. 15339. 12887. 9177. 10535. 9135.
1967 30664. 12211. 14212. 14662. 13490. 11052. 7657. 8639.
1968 26806. 17711, 10551. 12324. 12723, 10865. 8160. 5337.
1969 28193. 18543. 15680. 9329. 10902. 11159. 9440. 7049.
1970 27261. 17968. 16353. 13813. 8180. 9337. 9275. 7699.
1971 24995. 13000. 15742, 14312. 12063. 6786. 7313. 6999.
1972 23979. 13489, 11388. 13820. 12552. 10071. 5373. 5595.
1973 25168. 14149, 11882. 10023. 12175. 10842. 8523. 4489.
1974 25738. 12363. 12496. 10485. 8836. 10563. 9233. 7174,
1975 24041. 15468. 10801. 10919. 9141. 7403. 8444. 7161.
1976 22962. 12939. 13612. 9473. 9577. 7735. 6015. 6684.
1977 23612. 18223. 11442. 12038. 8370. 8395. 6719. 5196.
1978 24130. 14646. 16119. 10105. 10634. 7284. 7190. 5697.
1979 24789. 14148. 12925. 14228. 8909. 9298. 6310. 6192.
1980 26063. 13117. 12521. 11437, 12592, 7814. 8080. 5451.
1981 27140. 14247. 11607. 11079. 10117. 11051, 6797. 6989.
1982 27941. 15202. 12609. 10268. 9799. 8882. 9620. 5886.
1983 28320. 15912. 13456. 11157. 9080. 8606. 7736. 8335.
1984 28650. 16248. 14086. 11908. 9868. 7975. 7497. 6706.
1985 29125. 16541. 14384. 12467. 10535. 8669. 6950. 6500.
1986 29792. 16963. 14644. 12731. 11030. 9255. 7556. 6028.
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pup production in 1945 of 98 900. It includes estimates of total production of about 95 000 in 1956
and about 54 000 in 1968.

8 9 10 11 12 13 14 15 16+

0. 0. 0. 0 0. 0 0. 0 0.
59793. 0. 0. 0 0. 0 0. 0 0.
13327. 484232, 0. 0 0. 0 0. 0 0.
12298. 10828. 39340. 0. 0. 0 0. 0 0.
12044. 10406. 9162. 33288. 0. 0. 0. 0 0.
11855. 9414. 8133. 7161. 26017. 0. 0. 0 0.
10024. 7879. 6256. 5405. 4759. 17291. 0. 0 0.
10042. 7438. 5846. 4642. 4010. 3531 12829. 0. 0.
11296. 8613. 6379. 5014. 3981. 3440. 3028. 11003. 0.
10378. 8940. 6816. 5049. 3968. 3151 2722. 2397. 8708.
11801. 8341. 7185, 5478. 4058. 3189. 2532, 2188. 8925,
8491. 9612. 6793. 5852. 4462. 3305. 2597. 2062. 9051.
9291 6846. 7749. 54717. 4718. 3597. 2664. 2094. 8960.
8557. 6697. 4935. 5586. 3948. 3401. 2593. 1921. 7968.
10424, 7147. 5594, 4122. 4666. 3297. 2841. 2166. 8259.
9283. 8665. 5941. 4650. 3426. 3878. 2741. 2361. 8666.
4863. 6142, 5733. 3930. 3076. 2267. 2566. 1813. 7295.
4730. 3369. 4255. 3971. 2723. 2131, 1570. 1777. 6310.
6464. 3873. 2754. 3478. 3246. 2225. 1742. 1283. 6610.
9469. 5188. 3108. 2210. 2791. 2605. 1786. 1398. 6335.
6346. 7337. 4020. 2408. 1712. 2162. 2018. 1384. 5991.
7466. 5187. 5996. 3285. 1968. 1399. 1767. 1650. 6028.
5953. 5145. 3574, 4132, 2264. 1356. 964. 1218. 5290.
4605. 5137. 4440. 3084. 3566. 1954. 1170. 832. 5616.
5728. 3742. 4174. 3607. 2506. 2897. 1587. 951. 5240.
5768. 4291, 2803. 3127. 2702. 1877. 2170. 1189. 4638.
3319. 4384. 3261. 2131. 2377. 2054. 1427. 1650. 4428.
4663. 4433. 3653. 2718. 1776. 1981. 1712. 1189. 5066.
3770. 3916. 3723. 3068. 2283. 1491, 1663. 1438. 5243,
3332, 2907. 3019. 2871. 2366. 1760. 1150. 1283. 5159.
5641. 4357. 2289. 2378. 2261. 1863. 1386. 906. 5074.
5767. 4867. 3760. 1975. 2052. 1951. 1608. 1196. 5159.
4397. 4881. 4119. 3182. 1672. 1737. 1651. 1361. 5378.
4901. 3782 4199, 3543. 27317. 1438. 1494. 1420. 5797.
5343. 4229. 3264, 3623. 3058. 2362. 1241. 1289. 6228.
4711. 4617, 3655. 2821. 3131 2642. 2041. 1072. 6496.
6046. 4075. 3994. 3161. 2440. 2708. 2286. 1766. 6547.
5095. 5234, 3528. 3458. 2737. 2112, 2345. 1979. 7196.
7218. 4412. 4532. 3055. 2994, 2370. 1829. 2030. 7945.
5808. 6252. 3822. 3926. 2646. 2593. 2053. 1584. 8640.

3633. 5033. 5418. 3311. 3402. 2293. 2247. 1779. 8860.




494

5 years old and older females in 1944 (the year classes up to and including
1939) was equal to the production the same year. As errors in assumed age
distribution in 1945 will have a minor effect on the age distribution after 1960
when the age samples bécome available, these assumptions are not discussed
any further.

The assumed pregnancy rate of 0.95 is based on research by @JRITSLAND
(1964, 1975) and Bor~ (1982), whose estimates by various methods fall in the
range from 0.918 to 0.98. The assumption of a 1:1 sex ratio at birth is based on
counts by @rrrsLanD (1964) and JritsLaND and Benjaminsen (1975a). A total
of 2434 pups were controlled, and 50.4% of these were males.

Data about sex composition of the subadult and adult catches through
1946-1974 are sparse, the assumption that 75 % of these catches were females
is in agreement with @RITSLAND and BENnjaminsEN (1975b). Though the
proportion of subadults in the catches vary from year to year (see age samples),
in order to simplify the model it was assumed that the catches included 6%
immature animals, 2% of cach of age groups 1-3 years.

There is no evidence to justify the assumption that West Ice seals make up
half of the Denmark Strait catches. Low catches in this area since 1961,
however, probably make this a non-critical assumption.

The age samples from the Denmark Strait show 46.8 % females in 1958-60
(OriTsLAND 1964) and 41.9 % in 1970-1978 (DriTsLAND unpubl.). As some
animals sink after being shot and are not recorded in the catch statistics, it has
been assumed that 50 % of this catch are females. All age groups except the
pups, which do not moult, seem to be well represented in these age samples,
and this is the basis for the assumption of no age selection in the Denmark
Strait.

The sexual maturity data obtained using the population projection agree
well with results from ovary analyses (JriTsLanp 1964 and 1975, JACOBSEN
1979, Born 1982). These analyses all indicate a mean age at first parturition of
about five years. This supports the critical assumption that the age samples are
representative of the breeding population.

Provided that this assumption holds, it is shown in APPENDIX II that the
expected value of the square function (SQj) for an individual sample should be
about 0.9. For the best projection (Table 6) the 1972-1978 samples gave a
mean SQ-value of 1.16, which must be considered acceptable. For the Soviet
samples collected in 1961-1965, however, the mean SQ-values was 2.54, and it
was not possible to generate projections with acceptably low SQ-values.
Whether this lack of fit between the Soviet samples and the projection is caused
by non-random sampling, errors in age determinations or factors inherent in
the model, is not known, but it does indicate that less confidence can be held in
the production estimate of 95 000 for 1956 than in the estimate of 54 000 for
1968.
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Table 7. Sealing regulations for hooded seals in the West Ice since the introduction of quotas in
1971 (ORITSLAND MS 1982).

Opening Closing Total quotas Scientific
permits

Season data data Overall Pups Females') Males

1971 20 March 5May 30000

1972-74 23 » » 30 000

1975 22 » »o» 31 800 1800

1976 »  » »o» 34 500 5000

1977 » » » » 33 500 2 500 10 000

1978 » » » » 31 500 1 000 » 500 females

1979 » o » » o» 23 600 1520 »

19802) »oo» 12 » 20 000 max 2% 400 females
of pups?) free 200 subad.

1981 » » » 20 000 » 4) » 400 pups

1982 »oo» » o» 20 000 »h) » 400 females

') Breeding females protected since 1969, but killing for compelling safety reasons is permitted.
%) Subadults protected.

%) One pup deducted for each female taken.

Two pups deducted for each female taken.

)
9

The estimate of 0.12 for natural mortality must be taken only as an
indication of the real value. When a population is projected through a fixed
point, changes in assumed natural mortality are compensated by changes in
estimated recruitment trends. This self-compensational effect makes it possible
to construct projections with quite different natural mortalities and different
trends in stock size which have very similar age structures, since apparent
mortality is equal to real mortality plus recruitment change. When the
maximum likelihood method is applied, the confidence interval therefore tends
to be very large. In addition to this even a minor overrepresentation of young
animals in the samples will give substantially overestimated natural mortali-
ties. This might explain the “impossible” estimate of 0.20 from the 1972-1978
age samples.

Figure 1 shows that an error as smail as 0.01-0.02 in the estimate of natural
mortality will have a considerable effect on the production level when the
population is projected from 1968 up to the present date. Because of the
uncertainty inherent in this estimate, it is not possible to give an exact
assessment of the status of the West Ice population of hooded seals. However,
on the basis of preliminary results from this study, total catch quotas for pups
and females were gradually reduced by 44 % from 1977 to 1980 (Table 7), and
adult females are now given nearly complete protection. Though it is not clear
whether the population has been increasing of decreasing during the last
decade, there should be no reason to fear depletion of the stock under the
present management policy.
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Monitoring of catches and biological sampling should be continued to ensure
that significant changes are discovered in time to maintain the population in a
robust state.
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APPENDIX 1
The likelihood function

According to standard statistical theory, the likelihood function for the multinomiate distribution
may be written as
n! 5
1= 3!
s i=
ITx;

i=

VP X

where n is the number of trials, x; is the number of times an individual trial resulits in the event A,
and P; is the probability that an individual trial will result in the event A;.

If it is assumed that ages of individual animals are independent of each other (no segregations
within the whelping area and small sample sizes compared to total populations), then the age
samples will show & multinominate distribution, and with the symbols defined on page 489, the
formula above may be written as

AT
=7 o Py
IL A=+

1= 4

For a given age sample the first term of this expression, the multinomiate coefficient, will be a
constant and may be omitted in the calculations.

We may then write
16
In *=2 Aj;-In Py
i=4

This simplified function is referred to in the text as the likelihood function, LL;.
The likelihood value for several age samples is found by summing the values for each sample.




498

APPENDIX T1

Expected value of the square function

We assume that a certain population projection corresponds to the population, so that

A ,
E (._"'..) = P;;. (Svmbols explained on page 489.)
AT,

For this projection we have:

. . A 2
E(SQ) = E(A1,~Z< - Pni) )
POAT,
= AT} .3 F ( Ai\i — P.\));
: AT,
— AT 2 Var| ')
i AT;
1
_ Var A
AT,
1
— T AT, - P (1-P;)
AT,

= Z(Pl‘i - (I)x,i)z) =1~ Z(I)l\i>2

i

The value of the term Z(Pm)ﬂ will vary from year to vear, but trail calculations have
i

shown it to be close to 0.10 for this population. Thus, the expected value for the square function for

one sample is close to 0.90, provided that sampling is random and that the projection correspond to
the true population.




