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INTRODUCTION

Although small offshore catches of (<1500 t) of capelin were taken in NAFO Div. 3L in 1972 and
1973, the first substantial catches were reported in 1974 when 57,700 t were caught. Catches declined
to about 34,000 t in 1975 and 1976, 27,000 t in 1977 and 25,000 t in 1978. No offshore fishing was
allowed in 1979 and 1980 but the capelin fishery inshore in Newfoundland increased in these years and
catches of 12,300 t in 1979 and 14,300 t (preliminary) in 1980 were reported.

In 1979, a sequential capelin abundance model for Div. 3L, SCAM 3L, was developed (Carscadden and
Miller 1979). This model used information from the offshore commercial fishery, including catch and
effort data to provide estimates of biomass and relative year-class strengths. However, the disappearance
of this offshore fishery severely limited the use of this model. This paper presents the results of
the use of this model incorporating information from the inshore fishery and information from SCAM 2J3K
(Miller and Carscadden 1979).

NUMBERS-AT-AGE AND MEAN WEIGHT-AT-AGE

Data from the Soviet fishery in Div. 3L (Bakanev, pers. comm.) were used as a basis for numbers-at-age
in the catch including the inshore catch in Div. 3L. The age-composition in the Soviet catch in
Div. 3NO was used to provide numbers-at-age for 1971. Numbers-at-age for 1967-1970 were estimated
using inshore catches in Div. 3L and age-composition and mean weight-at-age data from Winters and
Campbell (1974). Numbers-at-age for the inshore catch in 1979 and 1980 were derived from Canadian
sampling data.

Initially only data from 1972-1978 were usa2d in order to use CPUE data (see below) from the
offshore fishery to estimate terminal fishing mortality (Ft). From these initial runs of the model,
it was obvious that 1973 and 1975 biomass estimates did not fit the pattern of CPUE. The 1973 point
was eventually excluded because the catch was very low and it was early in the history of the fishery.
In 1975, Canadian authorities closed eastern Canadian seaports to some fishing vessels alleging that,
based on surveillance reports, the capelin quota was being exceeded by about 2 times by portions of
the capelin fleet. Thus, the catch numbers were doubled for 1975 only and the analysis continued.

The resulting numbers-at-age are given in Table 1. Mean weights-at-age derived from the same sources
as numbers-at-age are given in Table 2. Both sets of data were used throughout the analysis.

CATCH PER UNIT EFFORT

Estimates of catch per hour were derived from ICNAF Statistical Bulletins for USSR trawlers >2000
GRT fishing in 3L in April and May, 1973-1978 (Table 3). The estimates of catch per hour do not show
large fluctuations over the time series, ranging from 2.27 tons/hour in 1973 to 3.88 tons/hour in
1976.



PROPORTIONS MATURE-AT-AGE (p)

Estimates of proportions mature-at-age (Table 4) were derived from numbers-at-age and CPUE data
using the method of Winters et al. (1980). In years with missing data, an average was used.

SELECTION FACTORS AND FISHING MORTALITY

The SCAM was first run using only 1972-1978 data with selection factors set at 1.0. From these
initial runs, selection factors were calculated by expressing the mean estimates of F ‘at age each year
as a fraction of the highest mean F for that year. The model was then rerun with these selection
factors. The biomasses calculated did not show a good relationship with catch per hour and an examination
of the data suggested that the catch-at-age data may have been poor in some years, especially for
older ages. Consequently, ages 5 and 6 were combined, mean weight-at-age was weighted by number of
fish at ages 5 and 6, and proportions mature for age 5 were set at 1.0 for -all future runs of SCAM.
The model was also rerun such that fishing was considered to be incomplete on the final age in the
fishery each year.

With these changes, the model was run over a range of F's from 0.05 to .50 with selection factors
set at 1.0 for all ages. An examination of the matrix of F's in early years of the series suggested
that the selection factors should be 1.0 for all ages and these runs were used in the estimation of
terminal fishing mortality (Ft). The best fit between total biomass on Jan 1 and catch per hour
occurred at Ft = 0.10 (Fig. 1). Total biomass was used in this relationship because an examination of
the original Soviet sampling data showed that one and two year-old capelin were taken most years in
the fishery. Details of the SCAM run at Ft = 0.10 are given in Table 5.

The results from this run were then used as a guide in running the 14 year time series of data
from 1967-1980. A series of runs of SCAM were made with selection factors set at 1.0 and a series of
F's ranging from 0.01 to 0.20. The relationship between total biomass on Jan. 1 and catch per hour
for the years 1974-1978 was examined. The best fit occurred at Ft = 0.02 in 1980 (Fig 2) although the
relationship was not statistically significant (r = .81). However, the biomass estimates in the two
series were close except for 1978. The major difference in this year was the estimate of the 1975
year-class which is a function of Ft in 1980. Thus the run of SCAM with Ft = 0.02 in 1980 was accepted
and details of this run are given in Table 6.

REFiNEMENTS OF THE ESTIMATES

In an attempt to refine the estimates in the early and later years of the series, comparisons of
estimates of year-class strength of capelin at age 2+ in Div. 2J3K (Method 2 Carscadden and Miller 1981)
and at age 3 in this series were made (Fig. 3). There was a good correlation (r = .95) in estimates
of year-class strength between the two areas for year-classes 1970-1974. Although the 1969 year-class
was estimated to be weaker than the 1973 year-class in the Div. 2J3K stock, it was estimated to be
stronger than the 1973 year-class in Div. 3L stock. Another discrepancy in estimates of year-class
strengths occurred in the estimation of the size of the 1968 year-class. In the Div. 2J3K stock, the
1968 year-class was relatively weak (i.e. about 1/5 of the strong 1973 year-class) whereas in the
south, the 1968 year-class was estimated to be very strong. These differences may be real or may have
resulted from the use of average values of p for early years in the SCAM's. To illustrate the effect
of changing the values of p, two additional runs were made, both aimed at fixing the size of the 1969
year-class close te that predicted from Fig. 3 (about 12 x 10° individuals). In the first instance,
the value of p for the 1969 year-class at age 4 was reduced from 0.87 to 0.40 and this reduced the
size of the 1969 year-class at age 3 from 29.5 x 10° individuals to 12.7 x 10° individuals (Table 7).
The effect of this change in p also affects earlier years in the series because of the new estimate of
F and the way in which the model operates. In the second change, the p at age 3 of the 1969 year-class
was reduced from 0.47 to 0.05. In this case, although the value of p was drastically reduced, the
1969 year-class was reduced by about one-third from 29.5 x 10° individuals to 19.8 x 10° individuals

- (Table 8).

To provide estimates of relative year-class strengths in Div. 3L samples, the catch data were
converted to per mille compositions. Then, these values were summed by year-class to provide them
relative estimates (Table 9). These results suggest that in the 1l4-year time series, the 1973
year-class was strongest, followed by the 1964, 1968 and 1969 year-classes.

These indices of relative year-class strength were then plotted against estimates of year-class
strength in the mature population from the original SCAM run (Table 6) and the two illustrative runs
(Tables 7 and 8) where the values of p were changed. The relationship between estimated year-class
strength of mature fish from SCAM (p unchanged) and the indices of relative abundance is statistically
significant and curvilinear (Fig 4). The estimate of the 1973 year-class from SCAM would appear to be
too low in relation to the 1964, 1968 and 1969 year-classes. The relationship between the SCAM estimates




with p for the 1969 year-class changed at!age 4 and the indices of relative year-class strength is
statistically significant and linear (Fig% 5). 1In this case, the 1973 year-class appears to better
fit the pattern of relative year-class strengths provided from the catch data. The change in p in the

SCAM run did not change the estimated strength of the 1973 year-class but did lower the estimates for
the year-classes prior to 1969. |

The relationship between the estimates of year-class strength from SCAM when the p for the 1969
year-class at age 3 was changed and the indices of abundance from the catch data is not statistically
significant (Fig. 6). %

|

In summary, although the change in piat age.4 for the 1969 year-class was arbitrary, the results
of such a change fit well with the pattern of relative year-class strengths found by the catch data
and in the estimates from SCAM 2J3K (Carscadden and Miller 1981).

Estimates of the 1975-1378 year-c]asges at age 3 (Table 10) were made using the
regression in Fig. 3. These results showIs1ight improvement in recruitment in the 1977 and
1978 year-classes after relatively poor rﬁcruitment in the 1975 and 1976 year-classes.

The predicted size of the 1978 year-class |in 9.9 x 10% individuals. This year-class
accounts for a sizeable proportion of the\biomass in 1981.
|

\ DISCUSSION

Although the trends in biomass for DiL. 3L capelin agree reasonably well with trends in catch per
unit effort for the years 1974-1978, there‘is still some doubt about the relative sizes of the dominant
year-classes in the entire series - the 19?4, 1968, 1969 and 1973 year-classes. These are important
from a historical perspective but since they have disappeared from the population are relatively
unimportant for the purposes of projection% In this respect, the sizes of the 1976, 1977 and especially
the 1978 year-classes are of critical importance. The estimate for the size of the 1978 year-class is
highly dependent on the estimates of this year-class from the Div. 2J3K stock (Carscadden and Miller 1981).

These authors have discussed possible sources of error in the estimation of the strength of this
year-class. :
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Table 1. Number-at-age (x1073) in capelin catch from NAFO Div. 3L,
1967-1980. A

Age
Year 3 L3 5 6
1967 32,290 17,013 5,729 347
1968 18,445 21,232 2,521 398
1969 1,424 17,402 . 31,798 3,797
1970 40,561 18,581 8,158 1,813
1971 20,436 10,336 800 4
1972 21,213 26,704 2,485 0
1973 23,137 100,386 34,063 315
1974 1,044,986 756,598 584,872 36,505
1975 1,117,126 822,411 117,582 76,606
1976 1,156,032 278,413 50,663 3,056
1977 346,096 814,271 37,064 0
1978 70,315 412,760 409,020 14,715
1979 253,267 164,842 64,920 7,987
1980 328,236 208,811 8,940 1,831
Table 2. Mean weights-at-age (g) of capelin from Div. 3L, 1967-1980.

Age
Year 3 1 5 5
1967 29.4 33.7 32.2 43.0
1968 27.6 34.1 34.9 31.0
1969 24,2 31.4 31.2 33.6
1970 29.0 34.8 35.4 33.6
1971 23.8 31.9 37.4 25.9
1972 21.5 26.7 28.7 -
1973 17.4 21.3 28.7 35.4
1974 19.7 26.4 26.9 25.8
1975 20.2 31.5 33.2 33.0
1976 19.3 26.8 27.2 33.8
1977 15.3 24.4 31.5 -
1978 16.4 24.5 30.6 35.8
1979 15.7 23.8 28.1 27.2
1980 15.3 19.1 25.7 30.3




|
|
|
|
|
l
|

~Table 3. Estimates of catch per hour of Soviet trawlers,
> 2000 GRT fishinglin Div. 3L, April and May, 1973-1978.

. ‘ Catch/hour
1973 1974 | 1975 1976 1977 1978
2.27 3.42 3.40 3.88 3.68 3.31

i
T
\
i
|
\
!
|
i

Table 4. Values of p} proportion mature at age, for capelin used in
SCAM 3L. :

Age
Year 3 j 4 5 6
1967 .47 ; .87 .93 1.0
1968 47 .87 .93 1.0
1969 .47 | .87 .93 1.0
1970 .47 ‘ .87 .93 1.0
1971 47 .87 .93 1.0
1972 47 .87 .93 1.0
1973 39 .87 1.0 1.0
1974 62 | 1.0 .97 1.0
1975 61| 1.0 1.0 1.0
1976 .35 | .85 1.0 1.0
1977 .36 .62 .68 1.0
1978 .47 J .87 .93 1.0
1979 47| .87 .93 1.0
1980 .47 .87 .93 1.0
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age and FT = 0.10.

Table 5. Details of SCAM run using only 1972-1978 data with selection factors set at 1.0 for each

TOTAL POPULATION AT START OF YEAR

YEARS 1972 1973 1974
3 29603410, 9078927, 8248201,
4. 49577725, 14477526, A746941 .,
S 1583363, 4221422, 3038385,
TOTAL RIOMASS-BEGINNING OF YEAR
1204644, 581532, 369237,

MATURE POPULATION START OF YEAR

YEARS 1972 1973 1974
3 13929668, 3549082, 5109754,
4 17013479, 12334900, 4746941,
S 1583343, 4221422, 3038385,
MATURE BIOMASS-BREGINNING OF YEAR
799190, 446000, 307410,

MATURE POPULATION BEFORE SPAWNING

YEARS 1972 1973 - 1974
3 12272976, 3140324, 3530795,
4 14989276, 10788%%0. 3480090,
G5 1394980, 3693120, 2099497,
MATURE RIOMASS-BEFORE SPAWNING
704449, 3920278, 217698,

TOTAL POPULATION REFORE SPAWNING

YEARS 1972 1973 1974
3 26105005, 7990392, 6300464,
4 17252214, 12447350, 3480090,
S 1394980, 3693120, 2099497,
TOTAL RBIOMASS-BEFORE SPAUNING .
1061928, 509884, 272260,

FISHING MORTALITY ON MATURES

YEARS 1972 1973 1974
3 002 007 L 245
4 002 009 .48%
S 002 009 V245

WEIGHTED F. ON MATURES
002 008 L 223

1975
5086426,
3063265,

539053,

217081,

197%
31045065,
3063265,

539053,

176977,

1975
1693424,
1933826,

294313,

104858,

1975
3445499,
1933826,

294343,

140250,

1979
. 480
L 335

L 480

L4414

1976

24644323,

1824804,

299%42.

532808,

1976
B616751 .
1552528,

299542,

216178,

1976
6520743,
1409288,

214024,

161486,

1976
20664995,
1349974,
214024,

440940,

17276
154
L2144

214

164

1977
9934166
13236920,
373532,

486740,

1977
3583458,
8203637,

373532,

266762,

1977
2837982,
6476373,

294885,

210734,

£977
8442462,
10918230,
294885,

404863,

1977

108
1A

444

N ]

1978
1666400 .
5298108,

4731943,

302876,

1978
783208,
4609354,
4734943,

2741947,

1978
625404,
3680644,
3778540,

216810,

1978
1404849,
4288467 .
37785410

2444831

1978
JL00
100
400

L4100
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Age of year-class

Year 3 4 5 Year-class strength
1967 583 307 110 1964 1,735
1968 433 498 69 1965 897
1969 26 320 654 1966 320
1970 587" 269 144 1967 963
1971 647 327 25 1968 1,395
1972 421 530 49 1969 1,313
19}3 146 636 218 1970 549
1974 431 312 256 1971 852
1975 524 385 91 1972 782
1976 777 187 36 1973 1,924
1977 289 680 31 1974 892
1978 77 455 467 1975 433
1979 516 336 148

1980 599 381 20

Table 10. Total population and biomass estimates on January 1,

Table: 9.

- 10 -

matrix and relative indicies of year-class strength.

Relative index

Per mille age compositions of Div. 3L capelin from catch

1978-1981 are based on predicted values and 1967-77 are from the
SCAM run'in Table 7. _

Year 3 4 5 Biomass
1967 17,842,625 758,951 235,612 557,312
1968 2,167,854 8,551,817 161,225 356,996
1969 986,724 1,035,669 1,841,765 114,932
1970 3,072,810 473,113 220,780 113,325
1971 8,110,577 1,466,365 99,173 243,508
1972 12,704,065 3,884,391 314,267 385,870
- 1973 9,024,064 6,089,857 832,647 310,713
1974 8,215,489 4,718,189 3,027,483 367,542
1975 5,053,122 3,049,235 535,125 215,837
1976 24,451,589 ’1,8]2,7]0 297,626 528,711
1977 - 9,857,303 13,127,979 370,579 482,813
1978 5,120,000 5,255,535 4,690,241 357,188
1979 5,010,000 2,440,500 1,073,331 166,794
1980 6,020,000 3,351,836 501,285 150,310
1981 9,900,000 2,821,262 475,804 302,257
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CATCH PER HOUR

Fig. 2. Relationship betwee

using 1967-1980 data.

n catch-per hour and total biomass of capelin on January 1

600 .000 ‘
Y = “13B2.6 + 498.2 X
RSQ = .79 76
500 .00809] ’
Ft = G».iB
400.%#
300.004
200"’2{%‘6‘5 Z.500 3.000 7.000
Catch Per Hour
Fig. 1. Relationship between catch per hour and total biomass of capelin on January 1
using only 1972-1978 data.
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40000 RS@=.902
Y=4.46+8.088X
30.000
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x 72
@.000
. "'9.000 50,0600 100.060 260.0600 756 . 000
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RECRUITMENT AGE 2 DIV 2J3K (Billions)

Fig. 3. Relationship between recruitment of age 2 qﬂ Div. 2J3K and recruitment at age 3 in

Div. 3L capelin, 1970-1974 year-classes.

) The 1968 &Hd 1969 year-classes were not included
~in the regression. ‘
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RECRUITMENT INDEX
Fig. 4. Relationship between recruitment index from catch data and recruitment of mature

capelin at age 3 with values of p, proportion mature at age unchanged.
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RECRUITMENT INDEX

Fig. 5. Relationship between recruitment index from catch data and recruitment of mature

capelin at age 3 with the value of p changed for the 1969 year-class at age 4.
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Fig. 6. Relationship between recruitment index from catch data and recruitment of mature

capelin at age 3 with the value of p changed for the 1969 year-class at age 3.






	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14

