NOT T0 BE CITED WITHOUT PRIOR
) REFERENCE TO THE AUTHCR(S)

Northwest Atlantic Fisheries Qrganization

Serial No. N2121 ‘ '  NAFC SCR Dog. 92/67

SCIENTIFIC COUNCIL MEETING - JUNE 1982

Raport on a Stratified-Random Trawl Survey for Shrim?
{Pandalus boreslis) in NAFQ Subareas 0+l in July-September
1991, and a Ceomparison with Earlier Surveys. -

by
Dan M, Carlsson and Per. Kahnewosz
Greenland Fisheries Research Institute, Tagensvej 135. 1.
DK-2200 Copenhagen N, Denmark o
INTRODUCTION
In July-September 19%1 a random-stratified trawl survey was carried out in the
main part of shrimp distribution area in NAFO Divisions 1A-1E and a part of
Subarea O. . .
The survey was carried out in almost the same area as similar surveys in 1988-90
with the scope of assessing the trawlable biocmass of the offshore SAG+1l shrimp

stock; -and to collect biological samples to estimate the gize comp051tion of thias T
stock. - . ) ) ) T

Surveying coﬁditions'were-favo:able without ice problems or bad weather.

MATERIALS AND METHODS

The survey was carried out in the offshore area between - 61“52‘5N and 72°30'N in
Davis Strait from the 3-mile limit off the Greenland coast in deptha between 150
m and 600 m including that part of Subarea 0 which is adjacent to the 5hr1mp
areas in Subarea.l.

The survey was .conducted wilth the 722 GRT stern trawler M/T PRAMIUT which 15 of
the same size as the trawlers used since 1%88 in the :trawl surveys, Also, the
same. trawling gear as earlier was used (Skjervoy 3000/20 with bobbin gear and a
‘double-bag with 44 mm mesh size in the codend}, The trawl doors used were of the
type ‘PERFECT GREENLAND’, s3ize 370%230 ¢m, weight 2420 kg. The wing spread was
estimated by use of SCANMAR equipment to an average of 27.7 m. The mean trawling:
distance wag 4.39% km, giving a mean swept area of 0.127 km? per haul,

The duration of the hauls was held as close as possible to 60 minutes. In order
to minimize the influence of vertical migration of shrimp the trawl cperations -
were carried out only in the daytime (0Q300-1%00 UTC). - . . . ‘e.a

In the area between.61“52’5N and 69°30'N the stratification was made on basis of
depth contours. As in the stratification scheme for the earlier surveya this area
was divided into subareas (Fig. 1). Each of thése subareas was further divided
into four depth strata {150-200 m, 200-300 m, 300-400 m and 400-600 m) .

Due to scarce information on bottom topography the area between 69°30'N and

71°00*N was divided into separate shrimp grounds as defined by the.distribution
of the fishery. However, some reduction of one stratum in this area (N3) was made
compared to earlier years, based on better knowledge of the shrlmp dlStIlbUthﬂ
from recent years. .

It was estlmated ‘from the time available for the survey that about 110-120 hauls
could ke taken with trawling operations in'the  day-time only.-In most ¢f the
survey area-the coverage would then be about 750 km? per haul.” In Some of the
strata in the nerthern area a lower coverage was accepted belng areas with known
very low shrimp densities. The average coverage in the northern area was thus
about 1409 km? per haul. . "

Hauls were allocated tc a stratum proporticnally teo' its size. However, a minimum
of two hauls per stratum was always acheduled, so¢ additional hauls were placed.
in some of the smaller strata. Within the strata the trawling sites were chosen
at random according tc the NAFC ‘Manual of Groundfish Surveys in the Northwest
Atlantic’ {Doubleday, 1981). The sites of the trawl hauls are shown in Fig. 2a-d.

The mean biomass with standard deviation by stratum was calculated by means of
the swept area methed and assuming a catchability coefficient of 1. Sums of the
calculated biomasses were made by region (North of 69°305'N, . South of 69°30'N in-
the Greenland zone, and the Canadian zone), and further, a’ pooled standard

deviation by region was derived to indicate the level of confldence for the final
bilomass estimate.




Biological samples were taken from all catches, 1f the catch was not too small
or damaged to give a proper sample. Shrimp were sorted by sexual characteristics
and obligue carapace length was measured to the nearest 0.1 mm and afterwards
pooled in 0.5 mm groups. Samples were weighted by catch and stratum area, to
obtain estimates of total number of shrimp by sex and length group for each
stratum and for the total survey area. These estlmates were compared to results

from earlier surveys to yleld indications of changea in abundance of size groups.

A new method has been introduced for describing the distribution cf shrimp
bioméss in the area scuth of 6%°30‘N, Shrimp densities in the depth range 150-600

meters were estimated on basis of. the survey stations by the computer programme .
’Spline Survey Pesigner Software System’ (Stolyarenke, 1987}, and maps with

iseclines for different levels of density were produced for presentation.

RESULTS AND DISCUSSION

Shrimp catches from the trawl hauls were used to estimate the trawlable biomass
for all strata. Table la-c gives. a 1llat of all catches taken., The biomass
eatimates for all strata in the three reglons are shown in. Table 2a-c.

When comparing the sizé of the estimated total blomass from the recent survey
with the results from corresponding surveys in 1988-90. (Carlsson & Kanneworff,
1989; 1990; 1991}, a decline through the years is indicated (Table 3, Fig. 3).
However, .some uncertainty remains concerning the high figure for 1989 due t¢ the
possible influence of a significantly smaller trawl wing spread used that year
than in the three other years. The calculated absolute biomass levels through all
four years can therefore only be compared with caution. However, some information
may be cbtained on a.o. displacement of the stock from year to year by analysing
fiqures for the proportion of biomass in different strata relative to the yearly
totals (Table 4). .

In relation to 1988 and 1990-a larger part of the stock was found in the southern
astrata (W3-W5/W6) than in 1989 and 1931. A steady decline in biomass is seen
through the four years in the northernmost areas, N1-N7 (Tables 3~4),

In 1389 the stock was concentrated in strata with depths between 200 and 300
meters, while in 1990 shrimp were more concentrated in depths between 300 and 400

weters. Through all four years a displacemant of the stock to deeper waters is
indicated, the stock being nearly absent in depths between 150 and 200 meters in

1990 and 1991 (Table 5}. In 1951 20% of the biomass was estimated in the depth
‘stratum 400-600 meters, the highest figure on record. :

When examining the geographical distribution of the shrimp biomass as estimated
by the "spline’-method (Stolyarenko, 1%87} it is cbwvious that large fluctuations
in the distribution occur (Fig. 4-7) and that high concentrations of shrimp may
be found at different locatlons from year to year. This phenomenon hampers an

optimal stragification for a traditional stratified-random survey. This sampling -

problem might be solved by carrying out a two-stage survey or a two- vessel
survey, in which the second part of the survey or the .second vessel could make
a 'more-intense sampling in areas with high shrimp densities to obtain a better
description of the distribution.

The ’Spline Survey Designer Software System’ (loc. cit.). alsc ‘offers a
possibility of designing.a sampling scheme on basis of previcusly obtained
information on shrimp distribution {or other factors influencing stock .density,
&€.g. bottom teémperature). The sampling might be optimized by this method,
especially in connecticn with a two-stage survey, but in the lack of a series of
parallel surveys applying both methods a direct comparison of the results is
difficult. However, biomass calculations from both metheds based on the
stratified-random samplings during 1988-91 are in good. agreement.

Length-frequency distributions of shrimp for the total survey area in 1988-91 are
givgn in Fig. 8 and for 1991 in Table 6. A direct comparison of total numbers of
shr%mp by sex from year to year is complicated not only by differences in trawl
design and minor changes in the area surveyed between years. Furthermore, samples
could not be obtained from all strata in all years, however most strata without
samples contain very small blomass estimates, _

The text table below shows an increase in number of males . -from 1988 to 1989, and
a decrease through 1689 to 1991. Numbers of primiparous females decrease from
1988 to 198%, increase in 1990 almost to the level of 1988, and decreased. in
1991, indicating a poor recruitment in 1991 to- the female group.-Multiparbué
females decreased from 1988 to.1989, but remsined stable in the following yeaxs,
The stable number of multiparous femalés hetw

e /een 1990 and 1991 may be explained
by -a good recruitment to the female group in 1990 as evidenced by the relatively
high number of primiparcus females this year: :

No. of shrimp . o

{billions) 1588 . 1989 1990 © 1991
males ’ 19.8 34.0 19.4 12.5
prim.fem. 3.5 2.6 3.3 1.3
mult. fem. 4.6 3.7 2.4 3.4
Total ' 27.9 40,3 26.1 17.2




- 3 -

Savard et al, {1989) used modal analysis on shrimp samples ccllected during
Greenland trawl surveys in Davis Strait in 1983 to 1987 and summarized age and
growth data as shown in Table 7. Using these data as a length-at-~age key on the
total length-frequency distributions from the surveys in 1988 to 1991 (Flg. &),
consistency is found from year to year. In 1388 a dominant mode is found around
20 mm CL .and another mode at 22.5 mm CL, representing 5 and 6 years old males.
In 198% these modes have moved to 22 mm and 24.5-25 mm CL, respectively, now
representing 6 years old males and 7 years old primiparous females. A new mode
of males is indicated around 20 mm CL (5 years old), but the distribution is
characterized by a dominant mode at 17.5 mm CL, showing a significant recruitment
to the fishery of probably 4 years old males. In 1990 this 'year-class’ is still
significant, now at 1%.5 mm ClL, while there are no indicatiens of a significant
new recrultment to the fishery of smaller shrimp. The 22 mm group from 1%89 is
present as primary females in 1990. As would be expected, the 1985 "year—class’
is found in 1991 at 21.5 mm, naturally with a lower abundance. Also a new mode
ia found around 17.5 mm {the 1987 ‘year-class’). This mode is, however, .
significantly lower than was indicated for the 1985 fyear-c¢lass’ in the 1989
material. . : . -
Figures %a-e show length-frequencies of the total number of shrimp by stratum and
years. All depth strata are combilned, the strata north of 69°30'N are combined
in two main strata (stratum NW = stratum N1-N4, NS = N5-N7) and all strata on the
Canadian side of the midline combined in cne stratum (C)  {refer to Fig. 1), Both
main strata north of §9°30'N (Fig. 9b) show a significant decrease in abundance
of shrimp for all sizes over the four years, except for some recruitment of the
1985 fyear-claas’ in stratum NS in 1591, In stratum C (Fig. %a) all size groups
decrease from 1988 to 1989, while in 1990 numbers of females Iincrease and a
dominant male group around 20 mm CL is evident. In 1991 the female compcnent has
. been drastically reduced and the distributlon is now totally dominated by the
1985 'year-class’ around 22 m CL., In strata Wi, W2 and W3 the female component
haa decreased In abundance from 1990 to 1991 (Flgures 9¢~d), and the distribu-
tions are in 1991 totally dominated by the 1565 "year-class’. On the other hand,
.in strata W4, W5 and W6 there is an increasing number of females. In stratum Wé
some recrultment of the 1987 ‘year-class’ {arcund 18 mm CL} is indicated. Figures.
10a-e show the numbers of shrimp by stratum (stratum Wl - W6) and depth from 1388
to 1991 for males, primiparous females, multiparous femalas and for all sex
groups combined. From 1988 to 1990 an axis is indicated from shallow water in
southern areas with smaller shrimp to deeper water to the north with larger .
shrimp. In 1991 the distribution over the area is more even, however, still with
amaller shrimp being more abundant in shallower water and larger shrimp more
abundant in deeper water. In 19%0 and 1991 practically no shrimp were found in
the shallow water area {150-200 m). ‘

" CONCLUSIONS

The total biomass estimate from the stratified trawl surveys indicate a general
decline when comparing the results of the surveys through the years 13%88-91.
While the figures for 1989 were about 30% higher than in 1988, the 19%0-biomass
was at the level of 1988, and the 1991-biomass was reduced to 70% compared to the
year before. In 1989 and 1991 a southward displacement of the stock was
indicated. In 1990 a displacement in the opposite direction was found in the
areas south of 69°30’N., The biomass in the areas north of €9°30'N exhibit a
significant decrease through the perlod. o .

‘A migration towards deeper water through the years is indicated, the stock being
- nearly absent in shallow water in 1991, and with 20% of the stock 'in the depth
stratum 400-600 meters. ) -

Doubts whether the estimates of absolute biomass from the four trawl surveys are
comparable have been expressed. The arguments are based on the differences in
gear design between years. When looking at the total biomasses in terms of
length-frequency distributions the recruitment of a significant group cof males
in 1989 may, however, explain at least in parts the high biomass estimate ob-
tained in 1989. ) : . :

_Also, there 1 some c¢onsistency with regard to the progression of identifiable
size groups of shrimp between the years. In 1989 a significant recruitment to the
fishery of small shrimp around 19.5 mm CL is obvious. L5C is at the mesh size
used in the surveys (about 43 mm stretched meszh) around 16.5 mm CL (Lehmann &
Degel, 1991). The same ‘year-class’ can be ldentified not only in 1990 but alsc
in 1991, o

The primary females found in 1990 contributed to the multiparous females in 1991.
In 1991 the recrultment to the primiparous females was relatively small, and in
1992 it may be expected that the number of multiparous females will decrease. On
the other hand the deminant 1985 fyear-class’ will contribute to the group of’
primiparous females in 1992, but the significance of this will depend heavily on
the impact of the fishing presaure before this happens. Thore are no indications
of a good recruitment of new male groups in 1991, '
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Table la. List of trawl stations in étrata west of fhg’ﬁidlinﬁ in the
Davis Strait survey 1991, Catches are gilven in kg. ‘

STATION- AREA- TR=
IDENTIFICATION CODE DEPTH TIME SHR €O GHL . RED  MIX TOTAL
STRATUM C1-3 !
91PAOO70026 026 XXA36 322.0 60 508 ° 4 11 o 523
91PAO0T0027 027 LA436 341.5 61 165 Q 5 37 ) 207
STRATUM ¢1-4 ) :
S1PAOOTO02S 025 KX434 537.5 461 ] [+] 14 27 Q 45
STRATUM €3-2 )
‘91PAOOTO024 024 KVA36 295.0 58 1 o 1 Q 77
STRATUM €3.3° - o . . - R S
91PA00TOC2L 021 KF438 370.0 - 60 o8 0 7 25 o 130 )
91PAC070020 020 .KP439 301.0 63 459 o .1 10 o a7
91PAOO70022 021 KR439 332.5 60 185 0 11 221 - 0 418.
STRATUM C3-4
91PADOTO023 023 Ks435 543.0 63 i, o 18 7 o 67 >

table 1b. List of .trawl statioﬁs in strata north of 69°30'N in the
Davis Strait survey 1991, Catches are given in kg. . . :

STATION= ARER= TR- .

IDERTIFICATION CODE DE;"_I'H TIME SHR cop CHL RED HIX TOTAL

STRATUM N1

91PAOOBOC14 080 MLOD2 266.0 6% 2 0 . [ ] 4

91PACOANOLY 081 MMOO3 304.0 62 56 ] . [ 30 a5 .

91PACOB0009 082 MMODS 272.0 64 14 0 . . 11 15

' 9LFADOBOO1Z 078 MM439 124.5 61 200 [} [} T 247

91PAOGEO010 079 MNOOL 239.0 61 1 ] 2 ‘2 '

STRATUM N2 N :

91PAOOBOOLS 114 MD43? 315.5 &2 o [ [} ] o a ‘ B

91PAGOBLOLS 118 ME438 307.5 62 ¢ -0 o L] [] - Q-

91PAODBOQOA 116 MKOOS 168.0 61 [} o 0. 0 [} a

STRATUM N3 .

91PAGOEN006 UB4 MFDOT 296.5 60 422 0 1 0 37 450

91PACOBOOOT 083 MGO0E 189.5° 61 10 0 Q [+) . 10 R

STRATUM N4

91PAOOBOOLY 0B6 'MAOOS 460.0 62 3z [} 11 a 8 . 51

‘91PAOCS001T 085 MBOO4 329.0 60 39 [} . a 3 ey

91PAODACDDI 112 "MBOOS 465.5 60 43 [ o 7 23 104

91PAOQACOD4 0BT MDOLC .345.0 62 278 [} -} 0 . 278

91PAGOBGOOS 113 MDOIC 172.5 61 23 - [} o 0 23

STRATUM NS

91FAOCB00ZE 070 LM439 337.% "60 L] [} [ [} ? 7

S1PAOOBOOZ6 072 LN438 303.5 61 1,. 0 1 0 -7 9

91PASOB002T 071 LN43B 295.0° 61 0. 0 [} B 2 2

21PAO0BO02S 073 LP439 347.5 60 3 o 1 1 19 25

S1PAQUBON23 079 LR437- . 327.5 62 2 -0 [} 2 5 L

9LPAOOBO0OZ4 074 LR43J® 341.0 61 7 [} o 0 4 11 B

91PAOCBCO22 076 LT437 485.% 65 [ [} 3. 4 14 20

91PRO0S0O21 077 1LV438 %67.5 61 1 [ o, 0 1 '
1 - —————— - e At A e m e E - —————————————————

STRRTUM N6 : '

91PROOB0031 107 LMGOB 137.5 64 a Q [ [} 1 1

91PAO0BO029 108 LPOOS 237.5 61 a 0 3 Q [} [}

91PROOBOOAL 109 LPOO6 16B.5 60 [} o .0 o 1 1

91PAOOBOO2C 110 LX003 S534.5 63 7 [} 30 [} 18 54
. S1PA0QBQ018 111 MAGO4 424.% &1 .58 [+} . . 32 89

STRATUM N7 .

91PRO0CACOCL 089 1rC11 20B.0 60 0 0 2 .0 1 3 '

91PAOOB00GZ 088 LVOI1 227.0 60 ? 9 [} o 13 21




Table lc. List of trawl stations in strata south of 69°30'N east of the
midline in the Davig Strait survey 1991. Catches are given in kg.

ATATION- AREA- TR- : ‘

IDENTIFICATION CODE  DEPTH TIMK 3HR cop OHL RED MIX TCTAL
3TRATUM W1l-1 . 5
91FRCO700%8 051 LFQOT 185.0 62 0 Q 4 e [+ ] e
91PACOTO05T 050 LGOCA 162.5 &0 o ] [} 0 ) Q s
91PROO70063 063 LGOS 1&9.5 &0 21 [+ o a 0 21
FIPAOQTO0SE 048 LHGIC 179.5 81 o a o ] 0 o

STRATUM W1-2

1PAOOTO060 053 LDOOS 284.0 62 17 -] -] -] [+ 7 .o
S1PACOTCO0SL 052 LEOOS 265.5 57 2 [} [ [+ [} 2 o
91PACOADO4O 083 LFOO3  230.5 40 1 [} [} [ -] 1 N
91PACOGOC4L D64 LFOQ4 223.0 51 -} [ . 6 1 1 ' .
91PADOTO062 065 * LHOO3 234.5 &3 o [ [ L] ] [}
91PAGOB0GIZ 106 LJIOO3 227.0 41 [} [} [+ L] 0 0
STRATUM W1-3 . !
91PAJQTOQ31 058 KIQC3 381.0 50 127 L] 24 EE] 0 184 ,
91PACOTO033 057 Xz0OS 361.5 61 356 ] 54 148 o . 558 3
91PACOTCO29 0S9 LAOOL 305.5 63 110 9 6 5 -} 121 '
91PAOOTO02E ©28 LA43B 321,059 40 0 0 2 0 42 .
91PAOCTO0IC G60 LBOO2 334,80 . 82 311 [} 8 16 o 33%
91PACOTO059 C54 LBOOS 333.5 61 1475 .0 [} o 1 1476 .
91PADOBO0I9 062 TF440 309.0 &2 28 [ 1 1 23 53
91PAD080035 057 LH439 331.5 &2 159 ] 7. 12 45 262
21PAO0BOO3T 066 LH43% 359.0 &3 234 9 23 21 23 302
PLPAQDECO33 068 1439 333.0 60 [ 0 0 o s 13
STRATUM Wl1-4 . ;
91PROOEO0IA 061 LP437 536.% 5B 3 o s 10 k] 21 - Cy
21PAO0BO034 068 LJI43B 443.0 63 + o 3 1 2 18 o
STRATUM W2=-1
91PAGOTOOSS 045 LEOL1 153.5 €0 ] [ [} Q L] -} (
91PADOTO064 047 LFOLS 158.5 &3 ] [ B ] -0 9
STRATUM w2-2 : b
91PAQOTODSZ 043 LBO14 221.0 &9 13 a 11 11 [+ as . b
91PAQOT0O53 099 1LDO12 250.0 63 .6 0 Q z 0. 2 . . . :
Y1PROOTCOS4 O46 LEQLZ 210.0 60 [} 0 o ‘Q 0 [+] . :
STRATUM W2-3
91PAOO70034 055 LAOCY 3%6.0 &0 723 0 Y] 24 o 8a7
91PAJ0T003S 035 LACLL 372.0 &0 1352 0 30 34 [} 1418
91PAQQTOOSC 041 LAOLI3 358.5 &0 851 ] 30 34 0 916
STRATUM W2—4 Lo i . : .
JLPAOCTOOSL 042 LBOLGE 542.% 50 806 [} 97 3z [} 935 . )
STRATUM Wi-1 o . ' et ’
91PAOOTO016 093 KMOOSE 1B4.0 5% 4] 0 a 1 0 1
FIPAOQTO042 034 KBODS 164.0 60 Q Q 1] ] ] 0
91PAOOTO041 035 K007 154.5 &3 -] [} [+] o L] 1]
STRATUM Wi-3 N : . '
91PACO70018 091 KLOO3 277.5 62 104 c ., 0 1996 [ 2100 ; .
91PAO0T001T 092 KLOGS Z34.0 &9 [} 0 Q 9 0 [} :
$1PAOQ7Q019 090 NMOOZ 269.0 60 142 [} [} 416 0 558 ;
P1IPADOTOC43 033 NROO4 269.0 61 256 [} V] 1 ] 257 15
1PACOT0040 034 KWOO6 23%.0 59 1 [} [} Q Q- 4 .
9IPACOTOO4T 037  KVOLO 248.5 40 10 [ 3 b4 [} 97 ;
STRATUM W3-3 . . i
91PAOCTO03S 031  kS001 325.0 63 574 9 12z 45 ] (X1 N
91PAOOTC039 030 KS440 327.0 61 242 0 2 18 o 281 .
S1PROCTCOAT 032 XTQOZ 342.5 £Q 662 Q 4 .21 @ 686 ' .

-+ STRATUM Wi-4 . - i
91PROATO044 B4 KIOOE S04.0 62 3 0 17 .70 [ 90 I3

. 91PA0070036 029 Kv44D 418.0 ° g2 e 0 11 F1 0 429 L

- S1PAGOTOCIZ 056 KXDD5 440.0 61 217 o kL] 27 0 283 :
91PACOT0C48 038 KXOLL 479.0 65 . 769 [ 79 60 Q 9a7 :
91PASOTO049 040 KZOL12 445.0 &3 761 c 120 100 o . 982 1

D I een : '

STRATUM Wi-1 . )
S1PACOT7QCL 103 KAQOB 185.5 &0 ] o [} [ ] -}
G1PACOT70CL4 098 KDODY 1¥7.0 60 o i} [} 1 0 i

T 91PACO70015 102 KDO1l 191.0 60 [} [ [+ 0 [} o .
91PACO70010 099 KDOL3 191.0 &0 ] [ 4 [} ] [+]




Table lc continued.

STATION- AREA- TR=-

IDENTIFICATION CODE DEPTH TIME S5HR [a{e}] GHL RED MIX TOTAL
91PACOTCO46 096 KGOO7 188.5 59 1% o 1 15 o 34
STRATUM Wé-2 .
91PRO0TO012 104 KBOO7 . 298.5 64 0 o 0 & 0 9.
$1PROOTO008 100 KBO13 -2B9.5 60 775 0 g 57° 0 ‘B4z
STRATUM W4-3 - I
91PROQT0009 101 XDO13 312.0 60 1759 0 14 142 o 1915
91PACO70045 095 KHOOT7 362.5 62 391~ 0 2 72 0 465
STRATUM We-4 , ‘
91PACOTC007 105 KACOS 568.5 62 o o 6 26 0 33
91PROO70013 097 KDOOS 503.5 60 3 1 11 o 0 45
STRATUM W5-1 .
91PROG7000L 014 " JHO19 173.0 60 0 0 o o 0 0
91PACOTO004 017 JLO14 175.0 60 0 0 1 8 o 10
STRATUM W5-2 _
91PAOCEODLL 009 . JBO1® 241.5 &0 60 0 1 75 6 141
91PROOS0009 011 JEOLE 295.0 60 489 0 0 95 4 588
91PACOB0010 010 JFO17 241.5 60 195 .0 0 4 1 200
S1PACOTO006 019 JTO11 - 278.5 - 62 .360 0 o 24 o 384
STRATUM W5-3 ‘ ' o
91PACCS0OC08 012  JFO19 | 341.5 &1 545 12 4 48 8 618
91PAO070002 015 JKOL3 378.5 60 o 0 " 6 0 g
STRATUM WS5-4 . . .

S91PAGCKEO007 013  JF0O20 454.0 &80 430 ) [} 15 1].‘ 466
91PRO070003 016 JLO13 497.0 60 0 1 3. 5 - o 8
91PAOO70005 018 JROL1 558.0 60 0 0 3 10 0 13
STRATUM WE-1 . . ' .
91PAGOE0002 003 -HS026 172.0 60 7 ) 0 0 10 17.
91PROO600C4 005 HTO23 - 190.5 60 10 o 0 2 2 13
STRATUM W6-2 o _
91PACOS0012 008 JBO23. 236.0 60 526 0 4 40 a5 604
STRATUM Wé-3 ‘

91PAGOGO006 007 HZO24 358.5 54 61 2. ) 22 11 96 -

_ STRATUM W6-4 . . }

91PAO06000L 002 HPOZ6 * 456.Q0 &0 arTe a1 2 5. 12 439
91PA0060003 004 HS023 520.5 58 -0 o 1 66 32 99
91PAC0G0005 006 HVO25 406.0 60 749 9 7 60 9 863
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Eatimeted trowlsble bicmass in wtrata wasmt of' the midline in,

. Tablas 2a.
the Davim Strait survey 1991. .
STRATUM SOKM AIOMASS IN STRATA
TONS HAULS ETD BTDERR MIN MAX
AREA C1 £55 )
300-400 M 1643.7 2 1069.8 756.5 8a7 2400
AREA C1° 312
400-600 K | ° 0.5 1 . . 0 0
AREA 3 &50
200-300 M 311.8 1 - . iz 32
AREA C3 1192 .
300-400 M 2210.3 3 1e41.9 832.5 . 850 3722
AREM C3 523
400-600 ™ 13.5 1 . 14 14

Tabla 2b. Estimated trawlsbles biomass in strata

Davis Strait survey 1991.

north of 69°30'N in tha -

STRATUM SOKM PBIOMASS IN STRATA
ToNS |HAuLs| sTD STDERR | MIN MAX
AREA N1 3649 , 1517.5 5| -2586.9 1156.9 13 16023 '
AREA N2 11799 0.0 ] 0.0 0.0 0 ‘o
AREA N3 367 586.4 2 785.2 555.2 ait 1142
MREA N4 2249 1551.5 5| 2155.0 963.8 s0s| sass
AREA NS 5990 85.3 8 100.3 35.5 4 272
"|arEN NE 15926 1625.4 5| 3199.4] 1430.8) o 7314
AREA N7 1159 34.3 2 44.3 31.3 3 66
Tabls 2c. Eatimated trawlable bicwmass in strata south ot 69*30'N emst af
tha midline in the Davis Strait survey 1991.
STRATUM SORM BIOMASS IN STRATA
Tons  |uavns| sTD STDERR | MIN MAX
AREA W1 [2363 B
150-200 M 9e.3 4 196.6 98.3 o 1393
AREA W1 5213 . .
200-30C M 121.0 6 J244.4 59.8 1] 617
AREA W1 9239
300-400 M 19864.4 10| 27756.4 8777.3 664 94945
AREA W1 752
400-600 M 24,6 -2 6.9 4.9 20 29
|aner w2 1499 ’ )
150-200 M 49.7 2 70.3 49.7 -] 99
AREA W2 2477
|200-300 M 8s.1 3 149.2 86.1 o 258
AREA W2 1453 ’
300-400 M 10538.0| 3| 2469.5] 1428.8 8881| 13376
AREA W2 , [559 .
400-600 M 3910.5% 1 - - 3910 3910f.
‘| ARER W3 22158 .
150-200 M 0.0 3 0.0 0.0 4] 0
AREA W3 4810
200-300 M 3082.8 6 3697.4 1509.4 4 9239
AREA W1 2714 .
-1300-400 H 10339.4 k] S155.3] 2976.4} 4739 14887
AREA W3 3361 .
400-600 M 10442.7 5 8119.3 3631.1 75 19408}
AREM W4 4204 .
150-200 M 15%.5( 5 356.5 159.5 [+] 797"
AREA W4 © [1736 : . oo
2G0-300 M 6347.0 2 BoeA 4 6241,6 5 12609
AREA W4 748 R
300-400 M 6402.9 2 5630.2 Js81.2 2423 103a8s
AREA w4 1913 - N
400-600 M 27.4 2 35.1 24.8 3. 52
AREA W5 1995
150-200 M 1.5 2 2.1 1.5 . Q 3
AREA W5  [3454 ) )
200-300 M 6863.7 4 3934.0 1%67.0 2236 11414
AREA W5 1797
300-400 M 3808.1 2| s53a85.4| 3808.1 0 7616
AREA WS 2806 .
400-600 M . 3174.7 3 549B8.8(. 3174.7 0 9524
AREA W6 1085 ) )
150-200 M 73.3 2 24.8 17.5 56 91
AREA W6 1491
200-300 M 6592.1 1 6592 $592
AREA W6 1200
300-400 M. 773.8 1 T4 'J_"N
AREA W6 884 - .
400-600 M : 2629.2 3] 2630.9( 1518.9 2 5264

e e —— A
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Tabla 3. fuma

of eatimated biomasmes in matn raglona 1988-91.

AREA ?9;50 M Algﬂg ' N19gOE R l!19‘31

WEST 122323 | 16aoiz | 131977 | 95411
CANADA ar11 1992 9559 4180
" NORTHWEST 25177 | 11805 | 10228 5400

TOTAL 155611 | 19929 [ 152164 104991 |

\

Table 4. Stratum areas {n & of total Survey ares in 19%1, and caloulated biomass
astimates In % of total yearly biomass from surveys 1938-31 in the area £1*52'5N

~ T2*30*N,
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Table 5. Relative distribution (%) of estimated biomssses

DEPTH STRATUHM
YEAR | 150-200 200-30¢ 300-400 400-600

1988 8.9 28.2 49.9 13,2
1989 ‘5.7 57.3 30.7 6.3
1390 0.3 25.8 s8.8 15,51
1991 0.4 . 235 55.8 20,3

1988-91 in

-




'rab:l.n . Numbars

-0 -

ot shrimp par length group (carspace length) in totel

Iomass sstimate in 1991, based on pooling of individual semplea
waighted by catch and stratum area.

LENGTH, CPL MALES PRIM.FEM MULTI. FEM TOTAL

7.5 841280 1] [} 941280
8.5 224329 L] 0 224329
10 979552 & [} 979552
10.5 498008 .0 0 498008
11. 5261927 o 0 5261927
11.5 9954480 o 1] §954480
i2 22117098 L] 0 22117098
12.5 30803574 o] - [+ 080574
13 42794618 0 o} 42794618
13.5 39527621 ° Q 39527621
14 22000107 o 0 22000157
14.5 40133672 0 8] 40133673
15 67268924 o] 0 67268924
15.5 149587933 [} 4] 149587933
16 245251501 [} ] 245251501
16.5 327685338 0 [ 327685338
17 3%1986985 1} g 391986985
17.5 434309524 0 Q 434309524
18 433710305 0 224329(- 433934634
18.5 359336269 D o 389336269
19 440335438 0 410287 440745775
19.5 58B66I259 0 243255 560926514
20 829260190 224329 3000693 832485212
20.5 1168841444 3202664 2885108| 1174929216
2 1425487790 2239040 B463291 1426190121
21.5 1489669273 9610402 11430858 1510710533
22 1340679403 34814770 2B187304| 1411661477
22.5 1131540289 74856991 64891000] 1271288260Q|
23 707898429 150921979 123769274 982609682
23.5 394675417 237746978 216262157 848684552
24 1926668919 274084345 250711101 717464365
24.5 B2679532 216308810 358349354 637337796
25 31451394] 158852916 367941788 5508245098
25.5 23960649 91811889 365382125 477154663
26 10394109 47631057 325681338 3683706504
26.5 1903739 17958656 284068150 303930545
27 2421008 9086873 265527291 277035262
27.5 141861% 4140380 240492029 246051228
28 1523337 518797¢ 158846962 165558269
28.5 6088 2890701 122086805 124993594
29 274609 369351 65014244 65658214
29.5 102708 0 45680435 46763143
el 0 255335 Z707642% 27331764
30.5 0 .0 12962306 12962306
3l 0 0 13212380 13212380
.5 - o} 139800 1677831 1817631
n 0 o 1150177 1190177
3.5 0 o 1904822 1904822
TOTAL 12508149129] 1342335246] 3364593123 17215077498

Tabla 7. Summary bf age and growth date for wamples of narthlrn shrimp frow

Davim Stratt, 1983-87, combined (from Savard at al., 1989).
: + Hin - max Hean tncrement]
Aga lengths (mm)| Ranga langth (mm} (mm)

i 7.4 - 9.8 2.4 8.4
> 3.9

2 1¢.9 - 13.1 2,2 12.3
W - > a.4

k] 14,5 - 16.6 2.1, 15.7
: > 2.8

4 17.6 - 19.4 1.8 18.5
. > 2.1

5 19.1 - 2.1 3.0 20.6
. > 2.1

] 21.3 - 23.8 2.5 122.7 .

i > 2.2

7 23.0 - 26.56 3.6 24.9
. > 1.4

] 4.4 - 28,0 3.8 26.3
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Figure 2a. Topographic map for the area 62°N-65°N with trawl statlons in
. tha ghrimp survey in 1991. :

Figure 2b. Topegraphic msp for the ares 64°30'N-67°30'N with trawl
stations in the shrimp survey in 1991. ' .
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Figura 2c. Topographic mep for the area 67°*N-70*N with trawl stations in
the shrimp survey in 1991. . X
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Figure 2d. Map of the area 53°30'N-72°30'N with stratum numbering,.and
trawl stations in the shrimp survey 1991.
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Figure 3. Estimated total biomass 1983 :91 for the three main reg:l.ons in |
the Davis Strait from trawl surveys. -
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Figure 4a. Contour map with estimated shrimp dansities 1988 for the area

62*N-65°"N as -calculated with the

survey data from 1988 Sampling sites are also given

'spline’ method, based on trawl




- 14 -

Figure 4b. Contour map with astimated gshrimp densities 1988 for tﬁa area : ST
64°30'N-67°30'N @s calculated with the 'spline’ method, based on R
trawl gurvey data from 1988. Sampling sites are-also given., = . B
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Figure 4c: Contour map with estimated shrimp‘dedsities 1988 for the area
67*N-70°N as calculated with the 'spline’ method, based on trawl
survey data from 1988. Sampling sites are alsoc given.
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Figure 5a. Contour map with estimated shrimp densities 1989 for the area

62°N-65°N as calculated with the 'spline’' method, based on trawl

survey data from 1989, Sampling sites are alsc given.
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Figure 5b. Contour map with estimated shrimp densities 1989 for the area
: 64°30'N-67°30'N as calculated with the 'spline’ method, based on

trawl survey data from 1989. Sampling sites are also given.




Figure 5c. Contour map with estimated shrimp densities 1989 for the area
67°N-70°N as calculated with the ‘'spline' method, based on trawl
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Figura 6b. Cantour map with estimated shrimp densities 1990 for the area
64°30'N-67"30'N_ss calculated with the 'spline' method, based on
trawl survey data from 1990. Sampling gites are also given.
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Figure 6c. Contour map with estimated shrimp densities 1990 for the nreu
67°N-70°N as calculated with the 'spline' method, based on trawl
survey data from 1990. Sampling sites are also given.
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Figure 7a.. Contour map ui;h esgimafed shrimp densities 1991 for the area
62*N-65°N aa calculated with thae 'splina' method, based on trawl
survey data from 19%1. Sampling sites are also given.
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Filgure 7b. Contour map‘witﬁ estimated shrimp densitias 1991 for the area
64°30'N-67"30'N. as calculated with the ‘spline’ method, baged on
trawl survey data from 1991. Sampling sites are also given.
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Figure 7c. chtour map with estimated shrimp densities 1991 for the area
67°N-70°N as calculated with the 'spline’' method, based on trawl.
survey data from 1991. Sampling sites are also given.
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Figure 9d. Numbers of shrimp by length group (CL) in stratum W3, right

column, and w4, left column (see Fig. 1) in 1988-91, based on
pooling of samples weighted by catch and stratum area. :
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Figure 104. Total numbers of shrimp by
stratum and depth in 1988-91, hased
on pooling of samples (see text).

Figure 10c. Numbers of multiparcus females
by stratum and depth in 1988-91,
based on pooling of samplas (see
text).
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