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Abstract

Catches of Arctic charr in Tikkoatokak Bay increased steadily from 1974
to 1978 when 55 t were removed. Since 1979 this stock has been under quota
management with a TAC of 28.5 t in 1981. Stock projections for 1982 were
calculated from cohort analyses although only five years of data were available.
Population numbers generated from terminal fishing mortalities of 0.4-0.6
indicated an Fg.; yield in 1982 between 21.3 and 34.9 t.

Résumé

Les prises d'omble chevalier ont augmenté réguliérement dans la
baje Tikkoatokak de 1974 a 1978, année oiti 1'on captura 55 t. Depuis
1979, ce stock est soumis a un contingent, le TPA de 1981 ayant été
fixé 3 28,5 t. Bien que les données disponibles ne couvrent que 5 ans,
nous avons fait des projections pour 1982 a 1'aide d'analyses de
cohortes. Les effectifs de population déduits d'une mortalité par
péche de derniére année de 0,4 - 0,6 indiquent un rendement 3
Fo,1 de 21,3 & 34,9 t en 1982.



Introduction

Catch statistics for the northern Labrador Arctic charr fishery have been
available from individual fishing areas since 1974. The largest catches of
charr from 1975 to 1980 were from Tikkoatokak Bay (Fig. 1). Landings in this
area increased steadily from 1974-78 and in excess of 200 t of charr have been
removed during the past five years. This stock has been under quota management
since 1979. The total allowable catch (TAC) for 1979 and 1980 was 39.5 t.

The TAC in 1981 was 28.5 t (Dempson 1981).

This document updates the 1980 stock assessment utilizing data from the
commercial fisheries from 1977-81 and information derived from the Fraser
River charr population from 1975-79.

Stock determination

Biological and morphological studies indicated that Tikkoatokak Bay
Arctic charr can be defined as one stock complex distinctly different from
charr populations to the south in Anaktalik and Voisey Bay and from those to
the north in the Okak and Hebron regions (Dempson 1982). Tagging investigations
have shown that there is minimal interchange between inner bays from other
areas although annual movement into offshore feeding areas does occur but in
varying proportions. Nain Bay (Fraser River) charr contribute substantially
to the Tikkoatokak Bay fishery and are considered, therefore, as part of the
same stock complex (Fig. 2 and 3).

Tagging studies

Beginning in 1979 Arctic charr have been tagged during the period of
their spring seaward migration in Nain and/or Tikkoatokak Bay in order to
provide information on within season movement and relative exploitation (u= R/M,
Ricker 1975). The weighted mean within season exploitation over two years on
Nain Bay charr was p = 51/228 = 0.22 (95% C.L. = 0.17 - 0.29). Similarly the
weighted mean within season rate of exploitation on Tikkoatokak Bay Arctic
charr was p = 41/106 = 0.39 (95% C.L. = 0.28 - 0.52). For Tikkoatokak Bay
charr caught only in Tikkoatokak Bay and in no other area, the rate of exploitation
reduces to: p = 36/106 = 0.34 (95% C.L. = 0.24 ~ 0.47).

Stock Assessment

Catch and effort data

Catch and effort data for Tikkoatokak Bay are summarized in Table 1 for
1974-81. The highest catch occurred in 1978 when in excess of 55 t were
removed. A quota of 39.5 t was in effect for 1979 and 1980. A further reduction
of the quota in 1981 to 28.5 t has effectively reduced the high catch of 1978
by approximately 50%. Catch per unit effort increased in 1981 to 351 kg/man-week
but it has generally remained steady for the past four years. Average C/E
from 1978 to 1981 was 350 kg/man-week.




Substantial changes have occurred in the weight composition of the landings.
The proportion of charr over 2.3 kg (gutted head-on weight) has declined from
an average of 19.1% from 1976-78 to 10.3% in 1980 and only 4.8% in 1981.
Length distribution of landings, however has remained virtually constant
during the past three years (Fig. 4).

Numbers at age were available from the commercial fishery since 1977 and
are summarized 1n Table 2. Data were derived from age length keys and length
frequencies and extrapolated to the total catch.

Weights at age were calculated from commercial samples and converted from
gutted head-on to whole condition using the conversion factor 1.24 (Coady and
Best 1976) (Table 3).

Partial recruitment rates were derived in two ways. First partial recruitment
values were calculated from a matrix of fishing mortality rates generated from
a cohort analysis (Rivard 1980) run on the 1977-81 data. F values were averaged
at age for the years 1977-79 only. Values are listed in Table 3. In addition,
partial recruitment values were calculated using Fraser River counting fence
data as an index of the population. The percent at age in the Tikkoatokak Bay
catch (1980-81) was compared to the percent at age from the Fraser River fence
data (1975-79) (Table 4). The ratio of these percentages provides a measure
of selectivity with the highest value assigned the value of 1.0 for fully
recruited fish.

Yield per recruit was calculated by the method of Thompson and Bell
(Ricker 1975) using partial recruitment values and mean weight at age. Natural
mortality was assumed constant at 0.2. Fg.; calculated from partial recruitment
rates derived from cohort analysis was 0.425. Fg.; calculated from partial
recruitment rates derived from Fraser River fence data was 0.466.

Total mortality (#) was calculated using the Palcheimo method where
catch per unit effort at age data are required (Table 2). Average Z calculated
was 0.59. Mean 7 during the past two seasons was 0.48. A separate estimate
of fishing mortality was also derived from tag recaptures of Tikkoatokak Bay
charr. Assuming a Type I fishery:

w=1-er (Ricker 1975).

Rate of fishing mortality was 0.49 or 0.41 for those Tikkoatokak Bay Arctic
charr caught only within Tikkoatokak Bay.

Stock projections were performed using a range of terminal fishing mortality
rates (FT) from 0.4 to 0.6 with both sets of partial recruitment data. Although

only five gears of information were available, regressions of F on effort

produced r4 values of 0.83, 0.80 and 0.66 for terminal F values of 0.4, 0.5

and 0.6 using partial recruitment values derived from cohort analyses (Table 5).
Similarly, r% values from the regressions of F on effort using partial recruitment
rates from counting fence data were 0.95, 0.89 and 0.81 for terminal F's of

0.4, 0.5 and 0.6 respectively (Table 5). Recruitment estimates for the projections
were calculated from the geometric mean of the age six population numbers for

the years 1977-79.




Results of the projections are shown in Tables 6 and 7. Fishing at Fp.4
indicates a catch of 15.2 - 24.8 t is available in 1982 using partial recruitment
values for cohort analysis. Similarly, using counting fence recruitment rates
the projected catch for 1982 is 21.3 - 34.9 +t.

Discussion

Relative estimates of within season exploitation, as derived from tag
recaptures, suggests a high rate of fishing in Tikkoatokak Bay. Adult stock
size has undoubtedly decreased since the mid to latter 1970's, but despite the
apparent high exploitation, catch per unit effort has remained quite high and
constant. Similarly, size composition of landings in terms of length distribution
has changed 1ittle during the past three years but there has been a decrease
in the number of charr less than 50 cm and greater than 60 cm in comparison
with 1977-78. Variation in mean length from 1979-81 was 0.9 cm and from
1977-81 it was 2.9 cm. There has also been a noticeable decline in the proportion
of heavier fish in the catches.

This decline in stock size, coupled with an initial change in size structure
but Tlater consistency,has been observed in other exploited charr populations
(Johnson 1980). Johnson (pers. commun.) suggests charr populations respond to
exploitation through a community interaction which "results in a uniformity in
the population, irrespective of age, so that instead of getting a population
of charr of various sizes, of increasing age, we get a population of very
uniform size but non-uniform age." Figure 5 illustrates the length distribution
of the Fraser River adult population from 1975-79. Again there has been a
decrease in the number of charr in larger length groups in comparison with
1975, but a fairly constant distribution in 1977 and 1979. Mean length has
varied by only 1.3 cm for 1975 to 1979, however weight of charr at size also
appears to have declined (Table 8). When age groups are superimposed on
Jength strata a large overlap, and non-uniform distribution of age at size
results (Fig. 6). Charr of any age exploited by the commercial fishery in
Tikkoatokak Bay can virtually be found in any length group greater than 40 cm.

It is suggested that a surplus of pre-recruit juveniles was built up in
the Nain-Tikkoatokak system during years of low exploitation (pre-1976).
Owing to variations in growth rate and age at first seaward migration, many of
these juveniles are still being recruited into the fishery and maintaining the
high catch rates of 8-10 year old fish. If catch had not been reduced from
the 1978 level, recruitment overfishing would have undoubtedly occurred. The
present quota of 28.5 t represents a substantial decline from catches and
TAC's from 1977-80 and should have a corresponding effect of increasing escapement
into these systems.

The present assessment was conducted using partial recruitment rates

derived from two sources. Since relatively few years of data are available it

is felt that the PR's generated from the non-selective counting fence data are

more accurate. In addition, regressions of F on effort were correspondingly

higher using partial recruitment rates generated by this method. Projections

for 1982 indicate that an Fg.; catch of between 21.2 - 34.9 t is available for
1982. Average total mortality obtained from the Paloheimo method was approximately
0.6 (F = 0.4) which would give a TAC of 34.9 t. Estimated fishing mortality
derived from recaptures of Tikkoatokak Bay charr caught within the same area



(F = 0.41) would also yield a similar TAC. Based upon the long term projection
of F

at 0.6 a yield of 0.827 kg (age 6 population of 41,179), a TAC of 35 t
is rlcommended for 1982.
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Table 1., Summary of catch (kg round), effort, and size composition statistics from
Tikkoatokak Bay, 1974-198l. Size composition expressed as percentage of
landings greater than 2.3 kg (gutted head on weight).

SUMM™ ¥ OF CATCHy EFFOKT,AND SIZE COMPOSITION

TEAR | 1974 1978 1976 1977 1978 1979 1980 1981
———————————————————— .’.—o—-——n-—--—-——ov-———---a--—-n-—-—-o————-—n-——-.g-.u....«-———-----.—u—--—.——
TIKKOATOKAK EAY

39500 39500 2BI00

99460 27698 31568 29477 G5047 37912 42127 28063
28 74 81 94 147 108 130 80
356 364 390 420 - 374 351 324 351
19,0 20,0 18.0 14.0 10.0 5.0

AUOTAS

CATCH (KG)

EFFORT (MAMN-WEEKS)
C/E {(KG)

D/O > 2,3K06
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Table 2. Estimated numbers at age and catch per unit effort at age
for Tikkoatokak Bay Arctic charr, 1977-81.

Age 1977 1978 1979 1980 1981
6 1,365 209 257 0 67
7 6,197 3,973 2,508 489 522
8 6670 10, 037 7,395 7,260 2,850
9 3,887 6,273 5,402 9,143 6,774

10 1,996 3,555 1,865 4,663 4,355

11 735 1,951 772 1,837 1,287

12 368 1,394 772 . 349 171

13 105 209 129 253 64

14 53 209 129 84 8

15 70 30

16 70

17 11

Total 21,376 27,950 19,229 24,089 16,128

Effort 94 147 108 130 80

CATCH PER UNIT EFFORT AT AGE

6 13.5 1.4 2.4 - 0.8
7 65.9 27.0 23.2 3.8 6.5
8 71.0 68.3 68.5 55.8 35.6
9 41.4 42.7 50.0 70.3 84.7
10 21.2 24.2 17.3 34.3 54.4
11 7.8 13.3 7.1 14.1 16.1
12 3.9 9.5 7.1 2.7 2.1
13 1.1 1.4 1.2 1.2 0.8
14 0.6 1.4 1.2 0.6 0.1
15 0.5 0.4
£ 10-14 = 49.8 = 33.9 = 52.9 = 73.5
£ 9-13 75.4 91.1 82.7 122.6
Z = 0.41= 0.99= 0.45= 0.51
Average < = 0.59




Table 3. Summary of weight at age and partial recruitment
rates as derived from fishing mortality values generated
from cohort analysis.

Age Weight (kg-round) Partial Recruitment
6 0.91 0.04
7 1.32 0.20
8 1.61 0.64
9 1.94 1.00
10 2.14 1.00
11 2.27 1.00
12 2.57 1.00
13 2.81 1.00
14 2.62 1.00




Table 4. Partial recruitment values derived from comparisons of percent
at age in the commercial catch from Tikkoatokak Bay with percent at age
from the Fraser River counting fence.

Percent at age

Tikkoatokak (A} Fraser River (B) Ratio Partial
Age 1980-81 1975-79 A/B Recruitment
6 0.2 .2 0.02 0.01
7 2.6 23.9 0.11 0.05
8 23.9 27.8 0. 86 0.36
9 40.0 17.7 2.26 0.95
10 23.2 9.7 2.39 1.00
11 7.8 5.1 1.53 1.00
12 1.2 5.1 0.24 1.00
13 0.8 0.6 1.33 1.00
14 0.3 0.9 0.33 1.00
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Table 5. Regressions of average F (ages 9-14) on effort.

Effort F. 1 F.2

T T

Year (man-weeks) 0.40 0.50 0.60 0.40 0.50 0.60
1977 94 0.420 0.424 0.427 0.374 0.378 0.381
1978 147 0.891 0.909 0.922 1.078 1.101 1.118
1979 108 0.475 0.505 0.526 0.649 0.673 (0.691
1980 130 0.575 0.659 0.730 0.821 0.926 1.013
1981 80 0.400 0.500 0.600 0.400 0.500 0.600

r2 (1977-80) 0.87 0.96 0.99 0.97 0.98 0.95

r2 (1977-81) 0.83 0.80 0.66 0.95 0.89 .81

with

l1ysing partial recruitment rates derived from cohort analysis.

2Using partial recruitment rates derived from counting fence comparisons
commercial catch data.
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Table 6. Projection to 1982 from cohort analyses run at (A) F=0.4, (B) F=0.5,
and (C) F=0,6 with partial recruitment values generated from cohort
analyses and Fg_1=0.425.

FOFULATIDM MUMBERS CATCH MUMEERS CATCOH ZIOMASS
! 1981 1982 ! 1981 1982 I 1981 1982
e o s e ———— e e e s s o e ————f—— e e v
6 | 7428 43813 6 1 &7 670 & | &1 809
7 7481 &024 7 1 S22 445 71 489 S88
8 | 13475 5454 8 | 2850 1224 8 1 4589 1574
9 | 22521 8433 9 |1 4774  272¢ g | 13142 5292
10 | 14478 12340 10 | 4355 37064 10 1 ?320 8357
11 1 4279 7946 11 1287 2511 11 1 2921 5700
12 1 568 2348 12 1| 171 742 12 i 439 1907
31 213 312 13 | &4 98 13 | 180 277
14 1 57 117 14 | 38 37 14 | 100 97
B T e o ot e s et e e s = —— B T T
&+1 70700 €7203 &+1 14128 12343 é+1 31440 24803
7+l 63272 43390 7+l 160861 11494 7+ 31379 24174
3+1 §5791 37347 8+1 15339 11249 8+1 30870 2356046
P+ 42116 31715 P+ 12489 10023 9+ 28102 21832
FOPULATION MUMBERS CARaTOM MUMBERS CATOH BIOMASS
I 1981 1982 | 1981 1982 I 1981 1982
o o - o 1 2 o o e o weem— o ————em—— e o st e s s s s e s e
& | 3732 3844% 6 | 67 591 & | - 81 537
7} 4042 2995 71 522 222 7 489 292
8 I 11422 4474 8 1 2850 970 8 | 45389 15462
9 | 18839 4771 9 1 4774 2144 9 | 13142  416%
10 1 12114 9355 10 | 4355 29548 10 9320 6327
11 1} 3572 4016 13t 1287 1901 11 | X331 4316
12 1 476 1777 12 1 171 542 12 1 439 1443
13 | 178 237 3 i &4 75 13 1 180 210
14 | 53 88 14 1 38 28 14 1 100 73
e e i o s s e s s e e e e e s e i e e e st ot s e
é+1 56435 70385 s+1 16128 9451 6+1 31340 18925
7+1 52703 31736 7+l 16061 8840 7+1 31379 18388
B+l 46881 28741 g8+t 135539 B&37 8+1 30890 18095
9+l 35239 24263 o+l 12689 75848 P+l 281032 146532

i I 1981 1982 1 1981 1982
-------------------- o e et s b s s e - i — e s e e s o e, e s o e
6 | 3732 35142 6 | &7 537 &1 &1 489
7 1 5083 2995 71 522 222 7 1 489 262
8 1 9884 3691 81 2850 800 8 | 4589 10288
9 | 14402 5534 ® 1 6774 1749 ® I 13142 3393
10 | 10545 7370 10 | 4358 2329 10 1 9320 4984
11 1 31146 4733 11 | 1287 1457 11 1 2921 3399
12 | 414 14090 12 | 171 442 12 | 43% 1137
13 | 159 184 13 | 44 59 13 1 180 145
14 | 51 76 14 | 38 22 14 1| 100 S8
e sane s o s o W o - o - e T ot g e 0 0 o s ot o o e o
6+1 49382 41126 6+1 14128 7457 6+1 31440 15204
7+1 45650 257324 741 14061 - 7120 7+¢1 31379 13717
8+ A0DZ4LET7 2298 8+1 183539 4899 8+] 30890 144275
9+l . 30433 1929 P+l 12489 40979 9+1  2&102 13134
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Table 7. Projection to 1982 from cohort analyses run at (A) F=0.4, (B) F=0.5
and (C) F=0.6 with partial recruitment values generated from compar{sons

of commercial catches with counting fence data

FOFRULATION MUMBERS

CATOH MUMBERS CATCH EIOMASS
___i_-”ufgfi“_m,ifﬁf 1981 1982 I 1981 1982
1 18517 53042 YT T, os it
1 2 6 | 47 224
B RS G om o W
9 I gggég ;333ﬁ g 1 2850 3275 8 1 4589 S273
10 | 14478 7072 9 1 6774 5582 9 1 13142 10829
13154 10 | 4355 4475 '
11 | 4279 7944 10 | 9320 9377
11 | 1287 2703 7
12 | 568 2348 11 | 2921 4134
13 | 213 =47 121 171 799 12 1 439 2053
14 1 “57 2 13 1 64 108 13 1 180 298
S A 141 38 40 14 1 100 104
&+l 114495 132445 T4l 16128 17520 -t -
S : &= e * 214
7¥1 96178 79403 7+1 16061 17296 - gy 33891
8+i 67102 64303 e

P+ 43088 40959 9+l 12689 13705

1 1981 1982 I 1981 1982 I 1981 1982
———————————————————— e o e £ s e s e
6 | 7428 43B33 6 1 67 193 é T &1 1746
7 1 19478 6021 7 1 522 124 71 489 146
8 | 19032 15476 8 | 2850 2172 8 1 4589 3493
g | 19450 13015 ? | 6774 4251 9 1 13142 8244
10 1 12111 9854 = -
i 0 I 4355 3352 10 | 9320 7174
11 | 3579 6014 11 1 1287 2044 11 1 2904 4645
12 | 476 1777 12 1 171 4605 12 | 439 1554
13 | 178 237 13 | &4 B0 13 | 180 225
A S O S S 141 w0 70
6+1 81785 98315 é+1 14128 12854 : 57
7+1 74357 52482 7+1 14061 12442 Sr1 S0 Zalas
8+1 54479 46461 g+ 15539 12537 g+ 30690 25421
P+1 35847 30985 9+ 12689 10344 9+1 D410 21994
FOPULATION MUMEERS CATOH LIOMASS CATOH NUMBERS
{ 1981 1982 H 1981 19232 1 1981 1982
o e st i e e i LI o e ot s e v e
5 1 7428 41179 & 1 &1 158 6 1 47 174
7 1 19472 4021 7 1 689 165 71 522 126
8 | 19845 15474 81 4589 3498 8 1 285 2172
9 1 17041 10424 ? 1 13142 6404 71 6774 3404
10 1 10545 7890 10 1 9320 5745 16 1 4355 2484
11 1| 3114 4733 11 ] 292 3459 11 i 1287 1612
12 | 414 1400 12 | 439 1224 121 171 476
13 | 155 184 13 ) 180 178 13 | 64 63
14 | 51 70 14 | 100 42 14 | 38 24
e e e s st s e g st e ot e o o e e e e e vt e et e i o o s
&+1 74093 87384 S+ 31440 21294 S+1 14128 10734
741 86645 44205 7+1 31379 21134 7+1 16051 10582
E+1 471387 401243 8+1 30490 20970 "B+l 15539 10437

9+l 31322 24704 9+ 26192 17473 9+l 125689 8244
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Table 8, Mean Yength (cm) and weight (kg) by week of upstream migrant Arctic charr in the Fraser River, Labrador, 1975-1979.

Fork Length

Whole Weight

Date 1975 1376 1977 1979 1975-1979 1975 1876 1977 1979 1975-1979
N Mean N Mean N Mean N Mean N Mean N Mean N Hean N HMean N Mean N Mean

July 15-21 24 52.9 15 49.4 39 51.6 24 2.41 15 1.30 39 1.98
22-28 143 51.8 121 50.3 264 51,1 121 1.45 121 1.45

294 361  49.7 226 48.9 66 46.3 429 47.1 1082 48.3 420 1.95 226 2.01 64 1.65 157 1.38 867 1.84

Aug. 5-11 1030 47.9 426 47.1 444 46.5 773 46,7 2673 A7.2 1029 1.58 426 1.80 444 1.41 502 1.29 2501 1.53
12-18 318 44.9 199 43.2 587 44.9 712 45.4 1816 44,9 314 1.36 198 1.40 489 1.29 603 1,30 1604 1.32
19-25 541 45.1 513 44,2 165 42.1 756 42.1 1975 43.5 %37 1.31 513 1.56 165 1,06 733 1.08 1948 1.27

26~1 230 42.7 253 42.9 357 44.2 537 41.2 1437 42.% 289 1.07 253 1.44 357 1.26 520 1.06 1419 1.18
Sept, 2-8 264 34.5 39 41.0 303 35.3 206 0.78 39 0.84 245 0.79
9-15 18 40.9 18 40,9 18 0.84 18 0.84

16~22 231 41.9 ' 231 41,9 231 0.87 231 0.87
Total 2947 45.8 1641 45.4 1907 44.5 3343 44.7 9838 45.1 2795 1.45 1640 1.66 1807 1.24 2651 1.20 8893 1.37
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