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INTRODUCTION

Only two vessels participated in the Canadian fishery for shrimp in Div. 3M from March to June, 1998, with reported catches of 426
tons. This compares to 3 vessels and 807 tons in 1997. Data from the fishery since it began in 1993 were obtained each year from
fishing logbooks and from observers' reports and biological sampling. Distribution of catch and effort, catch per unit effort (CPUE)
and size composition of the catches are presented along with information on by-catches and shrimp discards.

MATERIALS AND METHODS

Catch (kilograms) and effort (hours fished) data from individual fishing sets, as recorded in vessel logs for 1993 to 1996 and from
observer set-and-catch records for 1997 and 1998, were available for all six years. Information for years prior to 1998 was updated
from that reported previously (Parsons and Veitch, 1997) and the 1998 data are preliminary for the March to June period.
Unstandardised CPUE's (kg/hr) were calculated by month and year and standardised, annual rates were estimated by multiple
regresston analysis to account for month and vessel effects. Also, the distribution of fishing effort and catch rate pattern over the
grounds were examined by month for each year of the fishery. '

Size composition of shrimp catches sampled by observers before processing were summarised by month and a single length frequency
distribution representing the total Canadian catch at carapace length (CL) was constructed for each year. Observers sorted the samples
by sex (Rasmussen, 1953) and separated females inte primiparous, multiparous (McCrary, 1971) and ovigerous groups. Oblique
carapace lengths were then measured to the nearest 0.5 mm using Vernier calipers. The database was updated from that reported in
Parsons and Veitch {1997) for the 1993-1997 period.

Age compositions of the Canadian catches are included in a standardised analysis which estimates catch at age (numbers and weights)
based on sampling data from several nations (Skuladottir, 1998).

Data on by-catches were compiled as percentages of the total observed catch and estimates of the proportions of discarded shrimp
were derived from the observer set and catch data.

RESULTS

Catch and effort

Records showed that, in 1993, most of the catch and effort (>50%) occurred in June. Substantial fishing activity alse was reported
in May and July but only a few hours were fished at the end of April and beginning of August. In 1994, 82% of the catch and 75%
of the effort occurred during May - June with considerably less fishing in March, April and December. The fishery extended from
March to July in 1993, with June accounting for 32% and 27% of the catch and effort, respectivety, Most of the fishery occurred in
April and May in both 1996 and 1997 with more than 80% of the catch and effort reported for those months. Information for 1998
is incomplete but April and May again appear to have been the most important months, accounting for 72% and 75% of the catch
and effort, respectively. A summary of catch (tons) and effert (hours fished) by month and year, as provided in vessel logs and
observer records, is given in the table below.,
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Year Month Feb. March April May June July Aug. Dec. Sum Total
Tons <1 550 1652 729 11 2943 3724

1993
Hours 4 840 3896 2539 22 7301 9239
Tons 66 86 513 252 13 930 1041

1594
. Hours 383 407 1831 826 97 3544 3967
Tons 73 106 196 295 149 23 931 970

19935
Hours 466 860 484 1062 968 125 3965 4131
Tons 24 20 420 356 70 891 06

1996
Hours 137 104 1844 1533 266 3884 3949
Tons 111 507 176 13 807 807

1997
Hours 326 1305 672 36 2359 2359
Teons 37 169 139 80 426 426

1998
Hours 113 495 344 172 1124 1124

The "Tatal" column, above, refers to the estimated total catch for the year (provisional) and to the estimated total effort, The latter
was calculated by dividing the total catch by the ratio of catch and effort obtained trom the logbook data. Observer set-and-catch
records for 1997 and 1998 provided the most complete source of fishery information for those years and no effort adjustment was
necessary.

Fishing positions of Canadian vessels showed that the fishery in 1993 was initiated on the western edge in April and expanded atong
the northwestern slope in May {Fig. 1). Fishing records for June and July indicated a concentration of activity north of 47°N in an
arc extending from approximately 46°30' W to 44°W, in close association with the 400 m contour. Catch rates greater than 500 kg/hr
occurred throughout the area fished in June but were less frequent along the eastern slope in July.

In 1994, most fishing occurred west of 45°W, especially in May and June when most of the catch was taken. Substantiat effort was
located in western (May) and southwestern regions (June), in contrast to the previous year. High catch rates (>3500 kg/hr) occurred
sporadically throughout the westem areas in May and June but were encountered infrequently earlier in the year. Only a small amount
of activity was reported for December.

The fishery in most months of 1995 also was concentrated west of 45" W but cffort was more widespread, especially from April to
June, extending into much shallower waters than in the previous two years. Highest catch rates (>500 kg/hr) occurred occasionally
throughout the western area in May and June and were most frequent in shallower water. The extreme western and southwestern
slopes, which were productive in May and June of 1994, yielded lower catch rates in 1995. A small amount of fishing was conducted
in December but indicated low shrimp densities over a large area.

Fishing resumed at low effort in the southwest in February 1996 and shifted to the north in March but catch rates were low in both
cases. In April, effort increased markedly and was spread over a large area of the Cap in depths greater than 200 m. The area fished
by Canadian vessels in April, 1996, was greater than that fished in any other period since the fishery began. Catch rates greater than
500 kghr occurred sporadically throughout the area, particularly in shallow water. Fishing activity shifted to the west and deeper
water in May and areas of high density (=500 kg/hr) were scarce. June activity was reported from the northernmost grounds.

In March and April 1997, fishing was concentrated west of 45°W in depths between 200 and 300 m. Effort shifted to the west and
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deeper water in May and to the north in Junc. High catch rates were observed only sporadically in March and April.

Another shift in fishing activity was observed in 1998. Effort was concentrated in the north and east, particularly in May when some
high catch rates were obtained.

CPUE

Single trawls were used exclusively from 1993 to 1996 but doubie trawling dominated in 1997 and 1998. Effort was doubled in those
instances for the calculation of CPUE but it is recognised that this might underestimate the single trawl caich rate (i.e. actual
conversion factor <2).

Monthly catch rates in 1993 decreased sharply from over 650 kg/hr in May to about 290 in July, increasing to 506 kg/hr in August.
In 1994, therc was a steady increase from 173 kg/hr in March to 305 in June followed by a low rate of 132 kg/hr in December when
vessels returned briefly to the area. In 1995, catch rates increased from 156 kg/hr in March to 404 in May but then declined to 154
kg/hr in July. The December rate again was low compared to those of the April - June period. CPUE's in 1996 increased steadily trom
178 kg/hr in February to 262 kg/hr in June, The catch rate in March 1997 was higher than those for the same month in previous years
while the April rate was similar. Values for May and June were the lowest observed for those months. Catch rates in 1998 remained
low but increased steadily from 162 kg/hr in March to 240 kg/hr in June.

Year Month Feb. Mar. April May June July Aug. Dee. Annual
1993 kg/hr 63 655 424 287 506 403
1994 kg/hr 173 212 280 305 132 263
1995 kg/hr 156 227 404 278 154 181 235
1996 kg/hr 178 196 228 232 262 229
1997 kg/hr 341 218 134 112 198
1998 kg/hr 162 172 221 240 196

Annual, unstandardized CPUE estimates showed a large decrease from 1993 to 1994 and a further, less dramatic decrease to 1998.
The catch per effort data were investigated for year, month, area and vessel effects using a SAS multiple regression procedure (GLM)
to produce a standardized, annual catch rate series. A preliminary run showed that AREA was not a significant class variable and



it was excluded from further analyses. The final model, with one outlier removed based on the penultimate run (IF -
1.00<RESIDUAL<1.00), included records for the March-July period where CATCH > 0 kg and EFFORT > 10 hrs for vessels with
a history of at least two years in the fishery. The number of tows associated with each catch/cffort record was used as a weighting
factor.

The model explained 78% of the variation and all class variables (YEAR VESSEL and MONTH) were highly significant using type
I sum of squares (Table 1). Results showed that the pesitive coefficients for 1993 and 1995 were significantly different (P <0.05)
from zero, the 1998 standard, whereas the other YEAR coefficients were not (P >0.10). The standardized series showed a decline
between 1993 and 1994, an increase in 1993 followed by another decline.

Except for the lower estimate in 1994, the trend was similar to the unstandardized seres.
Length distributions

The estimated size compositions of the 1993 Canadian catches in May and June (Fig. 2) showed that large, female shrimp with a
modal length of about 26 mm CL dominated both by number and weight. Three size groups of males were consistently represented
with modes at approximately 17, 21 and 24 mm.

Similarly, male modes occurred at roughly 16, 20 and 23 mum in the 1994 sampling data. However, males of the first two size groups
were dominant by number in the 1994 catches, in contrast to 1993, and the male component at roughly 23 mm was poorly
represented, Further, the female component showed bimodality and separation of primiparous and multiparous animals by sternal
spines revealed that the former comprised two modes at 25 and 27 mm and the latter was unimodal at 27 mm.

In 1995, catches in numbers again consisted mainly of males with modal lengths of approximately 15 and 20 mm, the smaller size
group dominating in May and June. However, there was no evidence of the size group of males at 23 - 24 mm, present in the previous
two years. Further, as many as three female size groups were evident at, roughly, 22, 25 and 27 mm CL. Separation of primiparous
and multiparous females showed that there were two distinct size groups of primiparous females at 22 and 25 mm but no component
at 27 mm as seen in 1994. The modal structure was unclear within the multiparous group.

Samples for 1996 indicated that catches in all months were composed primanly of male shrimp that formed a single mode about 19-
20 mm CL. Other male and female size groups, which were evident in previous years, were notably lacking in the Canadian catches
of 1996. Primiparous female size compositions were, again, bimodal at 22 and 25 mm.

The 1997 data showed the dominance of a male component at approximately 18 mm CL. Other male components were represented
in very low numbers near 14 and 22 mm. Primiparous females formed a mode at 23 mm and multiparous at 25 mm. There also was
an indication of smaller primiparous females at 18 mm,
The male component at 17-18 mm again dominated the 1998 catches but overlapped with a size group of larger males near 20 mm.
Also, smaller males about 12 mm were present, particularly in April. Primiparous females formed a mode at 23 mm and occurred
only in small numbers at sizes less than 20 mm. Multiparous females were unimodal at 25 mm.
By-catches
Catch composition data from observer records showed that redfish (Sebastes spp.) occurred most frequently as by-catch while other
commercially valuable species, such as cod and Greenland halibut, were taken only in small quantities, In 1993 and 1994, redfish
by-catch was problematic but in 1995 conditions improved and, from 1996 to 1998, redfish comprised less than 1% of the total catch
of all species. In both 1997 and 1998, the estimated by-catch of all species was only about 2%.
Shrimp discards
Despite the dominance of small shrimp in the catches since 1995, discard levels remained low and were estimated at less than 2%,
annually, for the 1995-1958 period.

DISCUSSION

Commercial catch rates of Canadian vessels from 1994 to 1998 were substantially lower than those achieved in the first year of the
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fishery. Standardisation of the CPUE showed that the low catch rates of 1996 and 1997 were not significantly different from the 1998
estimate. Associated with the changes in CPUE are major shifis in the distribution of fishing effort - to the west and southwest in
1994 and over much shallower depths since then. High catch rates (=500 kg/br), which were frequent throughout the area fished in
1993 occurred only sporadically in recent years.

Samples analysed for size and sex composition showed major changes over time. In 1993, calches were dominated by females with
moda! length of about 26 mm CL, many of which belonged to the abundant 1988 year-class. The cffects of fnorlality"on this group
were apparent in 1994 when CPUE's were lower and the catches contained higher proportions of males. From 1995 to 1998, the
catches by Canadian vessels depended, to a large extent, upon males {assumed as mostly 2 and 3 year olds in 1995 and 3 year olds
in 1996, 1997 and 1998). ‘ '

Details of estimated age compaosition of the catches were described in Parsons and Veitch (1997) and Skuladottir (1998). A reduction
in the size/age at sex reversal over time have been noted previousty (e.g. NAFO. 1998). Apparent changes in mean length at age over
time might reflect differences in growth between cohorts but also might result from sampling catches from different areas and depths
between years.

By-catch of redfish and other specics was low in the Canadian fishery for shrimp on Flemish Cap in 1998, Assuming that the use
of sorting grates with 22 mm bar spacings or less will continue in 1999 and that ne strong year class of redfish or other species with
small individual size emerges. by-catch is expected to remain fow. ‘
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