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INTRCDUCTICN

Quota reports {prefiminary to November 3, 1993) show that 4882 t of shrimp have been
taken in Division 0A so far in 1993. Eleven vessels participated, compared to 12 in 1992, and the
number of licences remained at 17. The fleet was late starting due to their involvement in the new
Flemish Cap {Div. 3M) shrimp fishery which began’in the spring. The provisional quota of 6800
tin Div. 0A was adjusted upwards to 8500 t following the June Meeting when STACFIS advised
that the TAC for Subarea 0+1 in both 1993 and 1994 be set at 50,000 t (NAFQO, 1993}

Vessel log book records and daily vessel hails, covering as much of the fishing activity as
possible, provided information on fleet parfarmance in 1993. Catch, effort and size composition
data for shrimp from the 1993 fishery are compared to previous years and information is provided
on shrimp discards and by-catches. :

MATERIALS AND METHQODS

_Catch (kilograms) and effort (hours fished} were compited from vessel logs for the period
1979 to 1992 and from available logs and hails up to October, 1993, Since 1981, tishing has been
restricted to NAFO Div. 0A in an area extending from about 67° to 69° N-and 58° to 60° W on the
Canadian side of the Midline. The data, from 1881 onward, were surmmarized by year, month and
vessel for effort standardization. Catch and effort were totalled and catch per unit effort (CPUE)
caiculated within each cell {n = 498}. No vessel fished in every year.

" Unstandardized and standardized CPUE's (kg/hr)-were calculated for each year according
to the methods used by Parsons and Veitch (1993). Size composition of the 1893 catches
samplac by observors wiss sutanagizod by aooth and a singlo longth - teguancy distiibution: of
otal nuimbets caught 10 date in 1993 was constructed. The latter was cooverted to. age
composition by modal analysis using the methods and rationale described’in Parsons and Veitch
{1991). : ‘

Data on by-catches from 1981 to 1993 were compiled as percentages of the total
observed catch and catch rates {kg/hr} for redfish and Greenland halibut were compared over the
same period. Estimates of the proportions of discarded shrimp also were derived from the
observer data. ' )




RESULTS
Catch, effort and CPUE

Shrimp catch, effort and CPUE by month and year as derived from the data sources are
given in Tables 1, 2 and 3, respectively. The fishery usually begins in Jung and continues into
late November or early December. However, most of the catch is taken and most of the effort
expended in the July to October period. From 1984 to 1992, both catch and effort showed an
increasing trend {Fig. 1 and 2a). The 1993 fishery has not yet finished but, given the pattern of
fishing.in past years, it is anticipated that both total catch and effort levels will be the lowest
observed in the last five years. The seasonality of the fishery is evident in the monthly CPUE data
{Table 3). In most years, catch rates were refatively high during the June - July pericd, declining
during August - September and either stabilize or increase again in October and November. This
general pattern was evident in 1893. In 1992, catch rates fluctuated over the year, similar to the
events observed in the 1990 fishery. Annual, unstandardized catch rates (Fig. 3a) were fairly
stable up to 1985, increased to a substantiaily higher level from 1986 to 1988 and subsequently
declined to 1991. Some improvement in catch rates over the 1991 level was evident in both 1992
and 1993.

The results of the multiple regression analysis 10 standardize the catch rates (Table 4a)
show that the model explains about 70% of the total variation. All three c¢lass variables {year,
month and vessel) were highly significant. T-values indicate that only the 1981, 82, 87 and 88
catch rates were higher than the 1893 estimate (P < 0.05), the other years not being significantly
different from 1993 (P > 0.05).

The standardized effort (Fig. 2b) showed the same pattern as the unstandardized series
except the increase from 1984 to 1992 becomes more proncunced. Log CPUE values were
retranstormed (Table 4b) to provide the standardized estimates in the originat units (kg/hr). The
interpretation of these predicted, mean catch rates differs from the unstandardized values. Except
for the high CPUE’s in 1981-82 and 1987-88, the series indicates stability (Fig. 3b). Also, there
is no indication of a substantial increase in CPUE between 1985 and 1986, as seen in the
unstandardized data, rather the increase occurs between 1886 and 1987, A complete summary
of TAC, catch, effort and CPUE for the Canadian fishery is given in Table 5.

Catch increased with both unstandardized and standardized eftort (Fig. 4a and b} but, for
the former, no substantial increase in catch is seen beyond approximately 12,000 hours of fishing.
The standardized effort, on the other hand, does suggest continued increases in catch beyond
17,000 hours. Catch rates, unstandardized and standardized, are not clearly related to fishing
effort, even when two and three year averaging of effort are used (Fig. 5, 6 and 7). A negative
slope is evident for the 1987 - 1992 peried but the relationship is dependent on the high 1987
and 1988 values. If the 1981-82 and 1987-88 data points are omitted from the standardized
series, stable catch rates are evident over a broad effort range.

Length and age distributions

Length frequencies for the monthly sampled catches in 1993 {Fig. 8) show the occurrenco
of two distinct size groups - one of males with a modal length of approximately 21 mm and
another of females at 25 mm. The male component spans a broad size range from about 17 to
24 mm and includes, primarily, 5 and 6 year-old animals. Males at age 4 occur at the lower end
of this size range but appear to be poorly represented. Age 3 males are also evident, forming a
minor but distinct component between 12 and 16 mm CL. The female compcnent (ages 7+} is
dominant in July, declining in importance over the season. There are no separate size/age groups
evident within the female component.

Catch-at-length in the Canadian zone in 1993 (Fig. 9) differed substantially from the
previous six years but was similar to that observed in 1986 when two well-separated size groups,
one of males and one of females, were deminant (Parsons and Veitch, 1993). The appearance
of males in the sampling data at approximately 14 mm CL (age 3) is also notoworthy - the only
othor occurrence being in 1988 whoen the strong 1985 yedr class began to recrult 1o tha fishory .

Ageing-of the 1983 commercial fength distribution by modal analysis produced expected
counts that were similar (P > 0.30) to the observed (Fig. 9} and the estimated mean lengths
{Table 6) agreed well with those produced from previcus analyses {Parsens and Veitch, 1983).
In order to define a component with mean length about 18 mm, it was necessary to constrain the
second mean to be held fixed at a previously estimated. value in the final run. About 48% of
animals in the pooled and weighted samples were females of ages 7 and 8+ (primarily the 1985
and 1986 year classes), another 30% were 6 year-old males (1987 year class) and the remaining
22% comprised younger males of the 1988, 1989 and 1990 year classes. The available data on




size distribution in 1893 were not considered sufficient to provide a representative estimate of the
catch-at-age for comparison with previcus years. They represent iess than 25% of the totat data
base up to October and the fishery in Div. 0A has not yet ended. They are presented here as
preliminary to consider in relation 1o other data sources frem both the fishery and research vessel
surveys.

Shrimp discards

The percentages of shrimp discards estimated by observers (Table 7) declined in recent
years from a high of 6.54% in 1991 to 1.99% in 1993, the lowest level achieved during the 1981 -
1983 period. The increasing trend from 1987 to 1991, followed by a decrease in 1992, is
consistent with the recruitment of the 1985 year class through the late 1980's and its occurrence
as large, female (and male?) shrimp in the 1992 catches. The further decrease in 1993 is
consistent with the domination of the catches by the 1985 (female) and 1987 (male) year classes

but might also reflect an effort by industry to reduce discards of the small, “industrial grade”
shrimp.

By-catches

Catch composition data by species for the 1993 fishery (Table 8} show that by-catch
accounted for approximately 21% of the total catch weight of all species and that redfish was
agam the most prevalent fish species in the catches, representing just over 10% of the total |
observed caich weight. Greenland halibut comprised less than 3% of the catch, similar to the
proportion cbserved in 1392, Arctfc cod (Boreggadus saida} occurred more frequently as by-catch
in 1933 compared to previous years, accounting for aimost 6% of the catch. No Amercian plaice
have been observed since 1588 and the proportion ef catch weight due to Greenland sharks has
declined over the past five years.

Catch rates (kg/hr - unstandardized) for redfish and Greenland halibut (turbot) from 1981
to 1993 were: '

Sp.JYear | 81 | 82 | B3 | 84 | B5 [ B6 | 87 | 88 | 89 | 90 | 91 | 92 | 83
Redfish 32 | 20 9 15 | 20 | 85 | 119 | 78 | 72 | 59 | 86 | 73 | 45
Turbot 3 4 5 6 4 8 13 | 15 | 12 | 12 9 17 | 12

Redfish CPUE's increased substantially from 1983 o 1987, decreased to 1990, increased again
in 1891 and declined further in 1992 and 1993. Based an the estimated unstandardized effort
{Table 5), over 500 t of primarily smail redfish have been taken as by-catch and discarded in the
Div. 0A fishery so far in 1993. The highest removals were in 1987 when about 1500 1 were
caught. Catch rates for Greenland halibut showed a gradually increasing trend to 1987 and a
period of higher but, more or less, stable CPUE's from 1987 to 1993. It is estimated that the
removals of Greenland halibut {mostly small) to date in 1993 have been approximately 150 t.

DISCUSSICON

The inclusion of a predicted annual CPUE for 1993 in the standardized catch rate series
showed a continuation of the period of stability which began in 1989. This stabilization was largely
due to the recruitment of the strong 1985 year class, appearing for the first time as females in
1992. At the 1993 June Meeting, STACFIS noted the possibility that part of the 1985 year class
did not change sex between 1991 and 1892 (NAFC, 1993). Assuming the data from Div. OA in
1993 are representative of the total stock area, it appears that sex inversion for this year class
{and, presumably, most of the weak 1986 year class) is now complete, The 1987 year class
contributed substantially to the catches in 1993 as age 6 males and should contribute further in
1994 as females.

The 1992 junonsmont conchednd thit tha 1986, 1987 and 1984 yoar clinsos appaaroed
to be much weaker than the 1985, thus raising concerns for racruitment and the status of the
spawning biomass (NAFQC,.1992). The conclusion was, for the most part, correct but the
associated concerns were overly pessimistic. The 1984 year class is history and the status (past,
present and future) of the 1986 year class will never be resolved due to the domination of the
1985 year class in recent years and the uncertainty associated with its sexual development. The
1987 year class, however, showed some potential based on its occurrence in the 1992 survey
(NAFO, 1993} and did contribute in 1993, as stated above. t is likely, therefore, that the success
of the 1994 fishery will depend on what remains of the 1985 year class and the actual strength
of the 1987 year class as it becomes fully recruited as age 7 females {Parsons and Veitch, 1993).



STACFIS also noted the possibility of a strong 1989 year class, based on the results of,
the 1992 survey (NAFO, 1993}. The 1393 fishery data in Div.0A do not support that observation
but commercial fishery data are not particularly useful for evaluating year class strengths at the
younger ages. The appearance of the 1990 year ¢lass in the same data, however, does deserve
mention. The presence of an identifiable component of age 3 animals in the commercial catches
in Div. 0A was observed only once, prior to 1993. That was in 1988 and represented the first
indication of the strong 1485 year class. Should the 1990 year class prove to be strong, it might
contribute substantially to the fishery as early as 1995.
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Table 1. Catehd) by month/year - NAFO Division 01

\,1979-1993

Year 79 80 81 82 8 84 8 8 87 88
4 0 0
6 347 17 290 3% 144 42 509 1659
7 54 756 373 752 379 924 603 505 763 2105 890 1003 963 258 10328
8 665 650 1241 354 604 363 1157 1284 1280 1200 1591 1776 1247 13411
9 @ 565 458 798 398 Al4  24] 1183 989 642 850 792 2956 1469 11838
10 71 833 335 092 324 582 240 2057 1294 1264 1214 1233 1214 775 12627
1 24 743 249 257 A0 255 604 2 831 607 1157 476 524 5692
12 6 6 7 7 0 157
Jolal 3% 116 001 2064 4057 1495 3069 2362 5244 4910 642 B34 5295 7432 3749 55912

Table 2. Eftort (Hrs) by month/year - Nofo Division

Yeoor 79 80 81 82 83 84 ~ 85 86

Month
4 4 4 .
& 746 33 597 471 166 59 937 3009
7 121 1804 617 1928 845 2502 1340 519 1188 5391 2079 1906 1847 464 22651
8 2170 183 4100 ' 1360 2412 995 234] 3237 3738 3745 5482 4460 3349 39225
9 81 1968 1504 3151 1641 1784 731 2714 2695 1734 1826 3028 5773 3802 32332
10 325 3220 1248 3995 1370 1804 577 4944 2197 3210 3089 3233 3882 1676 34379
11 1072 2980 953 1074 129 827 119} 3 1167 1423 2370 2377 1806 17372
12 1&4 203 483 80 4 854

;Iohdl 1592 324 13380 6158 14281 5349 9926 5305 10687 10493 16433 13109 16026 17472 9191 149726

Table 3. CPUE by month/year - NAFO Division DA, 1979:1993

Year 79 80 a1 82 83 84 85 B4

Month

4 122

6 466 508 486 656 868 10 543

7 445 419 804 390 448 369 450 973 642 391 A28 526 521 56
8 306 354 303 260 250 365 494 397 342 321 290 398 372
9 513 297 304 253 243 232 330 43 381 382 466 261 512 386
0 218 258 268 248 236 323 419 4% 5% 394 393 381 339 40
1 231 240 261 239 311 308 507 522 45 4% 488 285 290

12 10 306 149 130 93
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Table 5. Northern shrimp data from the Canadian fishery in NAFO

Subareas 0 and 1,

1979 - 1993.

UNSTANDARDIZED STANDARDIZED

YEAR TAC CATCH! .CPUE INDEX EFFORT? CPUE INDEX EFFORT?

(T) (T) (KG/H) _(HR) (KG/H) (HR)
;979‘ 2000 1732 236 7339
1980 2500 2726 358 7615
1981 5000 5284 299 1.00 17672 300 1.00 17613
1982 5000 2064 335 1.12 6161 355 1.18 5814
1983 5000 5413 284  0.95 19060 268 0.89 20198
198& 5000 2142 280 0.94 7650 257 0.86 8335
1985 6120 3069 309 1.03 9932 226 0.75 13580
1986 © 6120 2995 445 1.49 6730 253 0.84 11838
1987 6120 6095 191  1.64 12413 349 1.16 17464
1988 6120 5881 468 1.57 12566 314 1.05 18729
1989 7520 7235 391  1.31 18504 244  0.81 29652
1990 7520 6177 405 1.35 15252 257 0.86 24035
1991 8500 6788 330 1.10 20570 231 0.77 '29385'
1992 8500 - 7493 425 1.42 17631 247 0.82 30336
1993 8500 4882 408 1.36 11966 249 0.83 19606

1

2

Catch (tons) from statistics as reported in economic assessment
of the northern shrimp fishery (MacDonald and Collins, 1990) or
vessel logs, whichever is greater. Division OA only

to 1993,

and the 1993 incomplete (up to November 3).

from 1981

inclusive. The 1990, 91 and 92 data are provisional:

Effort calculated from catch/CPUE. CPUE calculated from vessel
log data. Reference month for standardization is August.
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TABLE 6. MACDONALD & PITCHER MIXTURE ANALYSIS - 1993 AGE comosmour;_.
INTERVAL ~ EXPECTED COUNIOBSERVED COUN? LEFT BOUNDARY
1 0.1184 2 12
2 08111 3 125
3 34916 5 13
4 8.7472 5 135
5 12.7702 9 14
6 10.88 8 145
7 5.4854 7 15
8 2.0592 6 155
9 © 2511 5 6
10 5073 5 165
il 9.6797 9 17
12 13.8074 n 175
13 16.2524 16 18
14 19.2668 20 185
15 262917 30 19
16 37.3049 3 19.5
17 49,5385 50 20
18 60.2039 59 205
19 66.3217 72 ‘ 2)
20 64.3937 81 215
21 54,2996 54 y2)
2 42,3132 39 25
23 371607 4 23
24 429633 9 235
2% 56.3032 57 24
2 68.9026 &5 245
27 73.0392 76 25
28 66.1421 &7 255
2 51,6138 54 2%
30 355512 23 2.5
EY 22,5132 7] ' 27
32 13.7733 14 275
33 8.3922 .8 28
34 5.0277 .6 285
35 2.8397 3 2
3% 1.4523 1 25
37 1.0349 I
Proportions and their standard efrors -7 TR EEIEAINE R
004413 0.0532 0.12734 03 0.42643 0.04889
0.00657 0.01048 0.05798
Means and thelr slandard errors . - 7. Ty
14.3506 17.8997 20037 21 6409 25.1485 27.3773
0.1085 FIXED 04326 0.2407 01388 05408
Sigmas (FIXED COEF. OF VAR. = 0.0480) - © ol
06648 0.8352 09378 10148 11831 12901
Degrees of freedom = 24 Chi-squared = 29.0064 (P=0.3108) ~ ©~ i#ii.t o ot
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Fig.1. Shrimp catch SA 0+ 11979-1993

8000 T
B |
7000 + / \ I/
4000 + IH-" 2
__ 5000 -+ n
S 4000 +
3
2000 + B——n
/
2000 J—/ -] ]
1000 +
0 } t t t } : + . t : t } i
79 80 81 82 83 84 85 86 87 88 89 %0 21 92 93
Year
fig.2a. Unstandardized effort Fig.2b. Standardized effort
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Fig.3a. Unsiandardized CPUE Fig.3b. Standardized CPUE
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Fig.4a. Shrimp catch vs Unstandardized fishing effort
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Fig.4b. Shrimp catch vs standardized fishing effort
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Fig.5a. CPUE vs Effort Fig.5b, CPUE vs Effort
(Unstandardized) (Standardized)
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Fig. 8. Commercial length frequencies by month, 1993 (N=number per hour, n=number measured, ——-- female).
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Fig. 9 Separation of ages from commercial length frequency data (broken line = commercial frequency),

NAFQ Div. OA, 1993,
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