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Abstract

The Nain assessment unit, made up of Anaktalik Bay, Nain Bay, Tikkoatokak
Bay, Webb Bay, Black Island, and Dog Island, was first assessed as a
homogeneous unit at the end of the 1985 fishery. Annual landings from this
assessment unit have ranged from 34 to 76 t (mean = 54 t) and from 1977 to 1986
have rgpre§ented 36% of the total commercial production of Arctic charr from
the Nain Fishing Region. Total allowable catch in 1986 was 43 t. Landings in
1986 were 37 t or 86% of the TAC. Effort decreased by 27% while catch per unit
effort was 23% higher than in 1985. A sequential population analysis was
carried out on catch at age data from 1977 to 1986 and suggested a reference
Tevel catch in 1987 from 45.5 to 53.5 t.

Résumé

L'unitd d'évaluation de Nain, qui est constituée de la baie
d'Anaktalik, de la baie de Nain, de la baie de Tikkoatokak, de la baie de
Webb, de Black Island et de Dog Island, a &t& &valuée pour la premiére fois
comme une entit® homogéne 3 la fin de la saison de péche de 1985. Les
débarquements annuels dans cette unité d'évaluation ont varié de 34 a 76 t
(moyenne = 54 t) et, de 1977 3 1986, ils ont constitué 36 % de 1a péche
commerciale totale d'omble chevalier dans la zone de péche de Nain. En
1986, le TPA était de 43 t et les débarquements ont &té& de 37 t, ou 86 % du
TPA. L'effort de péche a diminué de 27 %, tandis que les prises par unite
d'effort ont &té supérieures de 23 % 3 celles de 1985. Une analyse
séquentielle de population a &té réalisée d partir des données sur les
prises par dge pour 1977 & 1986; cette analyse indique que Te taux de prise
de référence en 1987 devrait se situer entre 45,5 et 53,5 t.




Introduction

The Nain assessment unit (Fig. 1) consists of an inshore zone made up of
Anaktalik Bay, Nain Bay, Tikkoatokak Bay, and Webb Bay subareas, and an
of fshore zone consisting of the Dog Island and Black Island subareas (Dempson
et al. 1986). It was first assessed as a homogeneous unit in 1985 (Dempson and
LeDrew 1986). Prior to this, individual assessments were conducted separately
on Arctic charr populations from Nain-Tikkoatokak Bay and Anaktalik Bay.
Commercial removals from the other subareas within the assessment unit were
only partially accounted for in the assessment. Annual landings from the Nain
assessment unit have ranged from 34 to 76 t (mean = 54 t) (Table 1) and from
1977 to 1986 have represented 36% of the total commercial production from the
entire Nain Fishing Region. The TAC recommended for 1986 was 43 t.

This paper summarizes results of the 1986 fishery and provides a forecast
of available harvest, or a 'reference level' catch, for 1987.

Stock Assessment

Catch and effort data for the Nain assessment unit are summarized in
Table 1 for 19/4-86. The highest catch of 76 t occurred in 1977, the lowest of
34 t was in 1975. No quotas were in effect on any subarea during these two
years. The quotas listed in Table 1 for 1979-83 applied only to the specific
subareas of Anaktalik Bay and Nain-Tikkoatokak Bay. In 1984 and 1985, an
offshore component was included in the TAC. The quota area catch in Table 1,
therefore, summarizes landings for those subareas specifically under quota
restrictions only prior to the derivation of assessment units in 1986. In
1986, the TAC applied to the entire assessment unit.

Landings in 1986 totaled 37 t and were 1U% lower than the previous year.
Effort decreased by 27%, while catch per unit effort (CUE) was 23% higher than
in 1985. The 1986 catch, however, was 86% of the TAC for the assessment unit.

The trend for increased landings and abundance of fish in the offshore
zone continued in 1986 (Table 1). This was the first time that over 50% of the
catch occurred in the offshore zone. Since 1976 the proportion of the catch
taken in the offshore zone has been correlated with total landings (r = -0.73,
P = 0.010); total landings are lower in years when a greater proportion of the
catch occurs in the offshore zone. Based on catch data from 1977 to 1985,
July 21 was calculated to be the overall mean date of the fishery as estimated
by a migratory timing statistic (Dempson and Kristofferson 1987). Thus fish
caught after July 22 are classified as 'late'. Fishing in the offshore zone
usually occurs later in the season in comparison with fishing in the inshore
areas. Therefore, there is also a highly significant relationship between the
proportion of the catch taken in the offshore zone and the proportion of the
catch which is taken 'later' in the fishing season (r = 0.92, P = 0.0001). It
follows then that as the proportion of the catch taken later in the season
increases, total catch should decrease. In fact total catch is negatively
correlated to the proportion of the catch taken 'late' (r = -0.79, P = 0.004).
From counting fence operations it is known that charr begin returning to the
rivers during the second two weeks of July. It is possible that the



availability of fish to the fishery is less when landings are concentrated in
the offshore zone later in the fishing season. Thus overall landings may not
necessarily be expected to be as high as if catches were concentrated in the
inshore zone earlier in the fishing season.

Numbers at age were available since 1977 and are summarized in Table 2.
Data were derived from annual commercial sampling programs. Mean age has
ranged from 8.5 to 9.8 years with a slight trend to a younger mean age during
the past three years. From 1977 to 1986, 66% of the catch has been made up of
8-, 9-, and 10-year-old fish. Only 5% of the fish are older than age 12.

Weights at age were calculated from commercial samples obtained from 1977
to 1986. Gutted head-on weights were converted to whole weight using the
conversion factor 1.22 (Dempson 1984). For the yield per recruit analysis,
mean weight at age for the period 1977-79 was used. This tends to reflect more
of the 'original’ characteristics of the stock. For stock projections, mean
weight at age for the period 1984-86 was used (Table 3).

Mean weight at age has changed over time. For 7- to 10-year-old Arctic
charr the average percentage decrease in weight is 8% (0.16 kg) (average
1977-79 to 1984-86), while the average decline for 11- to l4-year-old fish is
23% (0.66 kg). It is possible that the large catches during the late 1970s,
primarily in the inshore subareas of Anaktalik Bay and Tikkoatokak Bay, have
effectively removed the larger individuals from the stock. The percentage of
the catch of 'large' charr (fish greater than 2.3 kg gutted head-on weight) in
Anaktalik Bay from 1977 to 1979 ranged from 20 to 38% but dropped to 11% for
1982-84 (Dempson et al. 1986). Similarly in Tikkoatokak Bay, the percentage of
‘large' charr in the catch was between 14 and 20% in 1977-79, but only 5 to 8%
in 1982-84. These two subareas dominated the landings from the Nain assessment
unit from 1977 to 1979 ranging from 79 to 92% of the total catch. From 1984 to
1986 only 11-33% of the total catch was taken from these two subareas. The
change in mean weight at age would appear to reflect the removal of these
larger fish.

Total mortality (Z) was calculated using the Paloheimo method (Ricker

1975) and the average value from all years (1977-78 to 1985-86) was 0.57.
Average Z of 0.60 for the past three years (1983-84 to 1985-86) was

reasonably constant. Assuming a natural mortality rate as in past assessments
of 0.2 yields an estimate of fishing mortality of 0.40. An estimate of total
mortality was also derived from a catch curve using catch per unit effort at
age data from 1984-86. This indicated a £ of 0.62.

As in past years, an estimate of fishing mortality was derived from:
p=1-eTF (Ricker 1975)

where p was estimated from tag recaptures. Using last year's value of 10% for
an estimate of tagging mortality, tag loss or non-reporting of tags results in
a value of p of

u = 151 = 0.347.
435



Rate of fishing mortality was calculated to be 0.43 (95% C.L. = 0.35 - 0.52).

An initial cohort analysis was run using partial recruitment values and
terminal fishing mortality (F;) from last year's assessment (Dempson and LeDrew

1986) (Fy = 0.45). An iterative procedure was used to obtain estimates of
fishing mortality for the oldest age group (Fg). The iteration process stops

when the input and output values differ by 0.005 or less (Rivard 1982).
Following this the cohort analysis procedure was rerun using the newly-derived
values for Fp.

Partial recruitment rates were calculated using the historical averaging
method from the matrix of fishing mortality rates generated from the last
sequential population analysis (SPA)} and are presented in Table 3.

Yield per recruit was calculated by the method of Thompson and Bell
(Ricker 1975) using partial recruitment rates and mean weight at age. Fo.1 Was
0.40 at a yield per recruit of 0.89 kg.

Cohort analyses were performed using a range of terminal fishing mortality
(FT) rates from 0.2 to 0.6 using the newly-derived estimates of partial

recruitment. In each run, fishing mortality rates for the oldest age group
(FB) were re-evaluated using the iterative procedure. Regressions of F

(weighted mean F for fully-recruited fish) on fishing effort and population
biomass on catch per unit effort of fully-recruited fish were used in tuning
the analysis to key in on an appropriate value for Fy in 1986. Data from 1977

to 1986 were included in the regression analyses.

Regressions of F on effort showed a decrease in the correlation
coefficient with an increase in Fy (Table 4). The distance of the last point

(1986) to the regression Tine decreased as Fr increased. The intercept value,
however, was Towest when Fy = 0.25. Two additional indices were used in trying
to identify an appropriate value for Fy. The sum of the residuals for the last
three years (1984-86) was the lowest when Fr = 0.35, while the sum of squares
of the residuals for the last three years was minimal when F; = 0.3.

With respect of the regressions of population biomass on CUE, the
correlation coefficient had the highest value when F; = 0.3. The residual of
the last year to the regression line was lowest when F; = 0.35, while the
residuals for the Tast three years were also lowest when Fy = 0.3

In summary, regression analyses suggest a value of Fy of 0.3-0.35.
Estimates derived from the Paloheimo and catch curve methods (FT = 0.4), in

addition to the tagging results (Fy = 0.43) suggest a slightly higher value of
terminal fishing mortality.



Stock projections, therefore, were run with Fy varying from 0.35 to

0.45. Recruitment for the projections was estimated from the geometric mean of
population numbers for age 6- and 7-year-old fish for years 1977-84. Weights
at age were based on 1984-86 data. Table 5 summarizes the population numbers
and fishing mortality matrix for the cohort analysis run with Fy = 0.40.

Results of the projections are summarized in Table 6. The 'reference
Tevel' catch in 1987 ranges from 45.5 to 53.5 t with the highest value
occurring with Fr = 0.35. The 1987 reference level catch resulting from the

cohort analysis run with Fy = 0.40 is virtually identical to the projected

available harvest two years in advance from last year's assessment (47.7 t).
The reference level catch projected two years in advance (for 1988), with FT =
0.40, would be 50 t. A reference level catch of 47 t for 1987 would be 9%
higher than last year, but still 19% lower than the average catch in this
assessment unit over the past 10 years (mean = 58.2 t, 1977-86).

The reference level catch could be apportioned using the proportionate
distribution of total landings in the Nain assessment unit inshore and offshore
zones during the past five years. These values are:

Average 1982-86
Inshore 0.620
Offshore 0.380

Applying these values to a reference level catch of 47 t, for example, would
result in the following distribution of allowable landings for 1987:

Inshore 29.1 t
Of fshore 17.9 t

The inshore component could also be subdivided into respective subareas to
avoid concentrating effort in any one location.
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Table 1. Summary of catch and effort statistics for the Nain assessment unit, 1974-86.
Quotas and landings are in kg round weight, effort is expressed as man-weeks fished. Refer
to text for information on quotas and quota area catch.
Inshore Offshore Total
Quota
area
Catch Effort CUE Catch Effort CUE Catch Effort* CUE Quota catch
1974 30,822 6,923 18.1 37,745
1975 31,076 2,754 8.1 33,830
1976 50,813 146 348 2,500 52 48 4.7 53,313 196 272
1977 7,098 183 387 5,347 114 47 7.0 76,255 291 262
1978 70,465 212 332 3,298 106 31 4.5 73,763 314 235
1979 54,967 189 291 11,877 152 78 17.8 66,844 336 199 61,000 52,832
1980 52,328 183 286 22,727 215 106 30.3 75,055 390 192 61,000 50,176
1981 49,956 157 318 15,676 131 120 23.9 65,632 278 236 37,160 37,223
1982 43,108 119 362 12,509 117 107 22.2 55,617 235 237 43,660 39,119
1983 33,603 147 229 17,599 149 118 34.4 51,202 289 177 51,000 19,102
1984 24,558 131 187 14,342 128 112 36.9 38,900 244 159 43,200 29,063
1985 21,527 125 172 19,631 130 151 47.7 41,158 252 163 30,500 36,019
1986 16,347 91 180 20,748 101 205 55.9 37,095 185 201 43,000

effort.

*Total effort should be equal to or less than the sum of the inshore and offshore
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Table 3. Summary of weight (kg-round) at age data, partial recruitment rates
and calculated F, , for the Nain assessment unit Arctic charr populations.

Weight
Partial
Age 1977-79  1980-83 1984-86 recruitment

6 1.05 1.13 1.15 0.012
7 1.52 1.41 1.40 0.105
8 1.83 1.62 1.75 0.420
9 2.12 1.91 2.01 0.762
10 2.45 2.01 2.12 1.00
11 2.59 2.01 2.12 1.00
12 2.63 2.08 2.09 1.00
13 2.74 2.16 2.13 1.00
14 3.13 2.09 2.10 1.00
15 3.05 2.18 2.10 1.00
16 3.05 2.10 2.10 1.00
17 3.05 2.10 2.10 1.00

Foep = 0.40 at a Y/R of 0.893 kg
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Table 4. Results of regressions (1977-86) of F on effort and population biomass on catch
per unit effort for various terminal fishing mortality rates (Fy) for the Nain assessment

unit.
Terminal F
Regression Parameter 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.6
F (weighted mean
for fully-recruited NS
fish) on effort r 0.85 0.83 0.79 0.73 0.65 0.54 0.42 0.15
residual - 1986 -0.11 -0.11 -0.11 -0.10 -0.09 -0.08 -0.06 -0.03
normalized -0.21 -0.20 -0.19 -0.17 -0.15 -0.12 -0.10 -0.04
intercept -0.10 0.00 0.10 0.19 0.27 0.35 0.43 0.58
normalized -0.20 0.00 0.17 0.32 0.45 0.58 0.69 0.88
% residuals -0.15 -0.10 -0.05 -0.01 0.03 0.06 0.10 0.16
(1984-86)
£ (residuals)? 0.01 0.01 0.00 0.01 0.02 0.02 0.02 0.03
(1984-86)
Population biomass
(fully-recruited
fish) on CUE r 0.66 0.82 0.8 0.8 0.8 0.79 0.77 0.74
residual (t) - 1986 16 8 2 -2 -5 -7 -9 -11
normalized 0.32 0.17 0.05 -0.04 -0.11 -0.17 -0.21 -0.29
intercept (t) 26 21 17 14 12 10 9 7
normalized 0.54 0.45 0.38 0.33 0.29 0.26 0.23 0.19
% residuals 15 3 -6 -12 -17 -20 -23 =27
(1984-86)
£ (residuals)? 248 70 39 59 98 142 186 266

(1984-86)
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Table 5.
the cohort analysis run at F

assessment unit Arctic charr population.
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Summary of the population numbers and fishing mortality matrix for
= 0.40 on the catch at age data for the Nain
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0.751

75435 98794

37101 43200



12

Table 6. Summary of projected reference level catch (t) for 1987 and 1988 with
Fr in 1986 varying from 0.35 to 0.45.

FT in 1986
Reference level catch 0.35 0.40 0.45
1987 53.5 47.5 45.5

1988 54.9 50.2 49.1
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Fig. 1. General patterns of ocean movements of anadromous Arctic charr in

northern Labrador showing number of fish tagged and release locations.
Unit areas are also indicated.
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