Serial

1

Northwest Atlantic Fisheries Organization

No. N639 NAFO SCR Doc. 83/I/1

SPECTAL SCIENTIFICj COUNCIL MEETING - JANUARY 1983

Biomass of Shrimp (Pandalus borealis) in NAFO Subarea 1 in 1977 - 1982

Estimated by Mpans of Bottom Photographyi

by

Pler Kanneworff

Grénlands Fiskeriundlersggelser, Tagensvej 135
DK-2200 Kobenhavn N, Denmark

ARSTRACT

A shrimp survey using ﬁhotagraphic sanpling technique was carried
out in July-August 1982 in NAFO SAL  in order to sample dsts for shrimp
stock assessment.

The msterial obtsined Hy this survey is combined with similar
data from previous ysars to lproduce hiomass estimstes for the shriap
distribution ares between 46007 N and &69%307 N.

A rough biomass estimatle for the asres betwesn 69%30°N and 71%30°N
is given sepasrately for 1982,

The biomass estimates fsre obizined by means of 8 mathematical
model introduced in an e2arlier document.

INTRODUCTION

Since 1977 shrinp dengity and biomass indices obtained by means
of hottom photography hsve been used to describe the stock size of shrisp
in the offshors areas of NAFO 941 a8nd 3 smaller adjacent area of 540
between 66007 N and 69%307 N. |

During the years 1977 to 1979 wstimstes of the totsl biowass
warae derived in relation to estifmates from 3 trawl survey in 1976 (Kanne-
worff, 1978). 1In 1980 & masthematicel wmodel for the photographic materisl
was introduced (Jorgensen & Kenneworff, 1980) to describe the biomass
independent of the foramerly usej trawl indices. This model hes bean used
to assess the shrimp stock during 1980 and 1981.

The present paper uses {this model, including materisl from the
1982 survey. A slight changse injthe model is introduced and new sstimnates
for 1977-82 are obtained. |

A preliminary biomass dstimate for the sres 69+307 N to 71307 N
is given on basis of samnple staﬁions in that ares in 1982.

MATERLAL AND METHODS

Pottom photography a8s a8 tool for estimsting the hiowmass of
shrimp (Fandslus borezlis) hes peen used at West Greenland since 1977
(Kanneworff, 1979). Most of thlz photographic sampling has been csrried
out in the area from 66%00°N to| 69%30°N, being &lso the mein area for the
commercial fishery. Dspth laysgrs within the range 100 to 600 weters
have been sampled throughout thle years as shown on Fig. 1.

As a8 considerahle part of the fishery has been carried out north
of the sampling srea during the lest two or three years, the photographic
sanpling in 1982 has bean extended into the sres between 69%30°N  and
71#00°N (Fig. 2). Samnpling north of 69%30'N was slready planned for 1981,
but dus to technical problems it was not carrisd out.

Further biomass calculations for Subarea 1 are given in Appendix I.
|
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The sampling sites 2re not randomly distributed, but they have
been chosen s0 3s to give the best covering of the different depth strats
in the blocks of the stratum systew according to Carlsson & Kenneworff
(1979). The stratum sraas have besn remncssuresd by neans of & planimeter
and the new figures sre given in Table 1., However, these figures arse
still to be considered a5 preliminsry until new measursments  have bean
carried out on more precise charts thsn the presently used. The biomass
calculations in this papar have been bssed on the new figures, totalling

to 56406 squarekilometers for the ares 66%00°N - 69%30°N.

The chart for the ares north of &6%9#30°N (Fig. 2) has bean made
on basis of see charts with very few depth soundings. Severe deviations
from observed depths are to bs expected, and the aress mneasursed from this
chart (part of Table 1) should thus be trested with grest care.

A total of 30 sampling sites were occupisd during July and

CAugust in 1982, A total of 4363 photographs from this sampling have now

been included in the present wmaterial, totalling 11729 photographs from
from the whole period 1977 - 82 (Teble 2)., In the biomass cslculations,
howaver, only stations within the arezas in question have besn  included,
viz. 10260 photographs in the ares corresponding to Fig. 1, and 1206
photographs corresponding to the ares shown on Fig. 2.

In order to minimize the effect of diurnal varistions in  the
shrimp density on the bottom the sampling has besn limited to July-August
heing & period of the year with relstively smsll diurnsl  zeplitudes  in
the catch rates (Carlsson =t al., 1978). Furthsrmore, the sasepling has
bheen carried out only during the dsy-time, becsuse most of the shrimp
population is supposed to be situsted on the bottom in  the hours wWwith
daylight. However, as a smaller part of the shrimp populstion is still
supposad to swim off bottom in the middie of the day, the daensity figures
as read from the photographs must be regearded as miniaun values when used
as biomass indices in the calculations.

During the resding of the photogreaphs the shrimps were s
praviously classified into thres size categories in order to obtain an
indication of the asversge individusl weight on which the biomass indices
could be based. The thres size categoriss are deterained by the following
values:

Size category Carapace length Est. mesn weight
i gramns
small % 18-20 3.5
mediumn * 18-20 and < 28-30 7.5
large o 28-30 13.0

The size distribution as read from the photographs have been compared to
samples from catches taken by shrisp trawl in connection with the photo-
graphic sampling.

Biomass indices, i.2. grams per squarameter, were used s input
values in a8 shrinp distribution model (Jergensen & Kanneworff, 1980).
This model uses the yesr, depth and geograsphic degres of latitude as
parameters in 8 squarad =quation under the assuaption that the materisl
is lognormal distributed. In the wmodel sverasge biomass indices for
30-minute sampling periods have besn used 3s & standard in  order to
minimize the effect of & large varistion in shrisp density from photo-
graph to photograph, asnd to lavel out the class effect in the reading,
using one shrimnp as 8 resding unit. The 30-winute periods were chosen to
perait an analysis of diurnal varistion in order to correct the input
values for this sort of veristion. This anslysis hss, however, not yet
been carried out, so it is propossd that sverasg: biomass indices
per sampling stetion should be used as input values to the wmodel.

In this paper an extension of the model to include degrese of
longitude and tempersture is discussed. A wultiple regression snalysis
is used to calculate the parameters of the model, on which the biowmass
estimates sre bhased.

RESULTS AND DISCUSSION

CSize distribution.

The distributions of shrisps in the three size groups sre given
in Figs. 3-8 for six sampling sites betwueen 66 and 69%30°'N, representing




-3 -
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input parameters better, not regarding that the variances of the bhasic
material are still unknoun. )

Some trials with introducing new perameters have heen made, and
the final model now includes two morse parassters?  longitude and botton
tenperature. The regression analysis using the five parameters snd their
interactions now produces a correlsation coaefficient for the mwmodel of
0.65 (Table 4). The corresponding analysis using 40-minute periods and
number of photographs as weighing factor offsrs a correlation cosffi-
cient of 0.59.

Biomass calculations.

By means of the parameter coefficients from the regression
analysis (Tahle 4) shrimp densities and biomass indices for the diffe-
rent strats can be calculated. This celculation ic made for each stratum
by inserting local values for the different parasmeters in the stratum.
As regards to the latitude and longitude values 2 rough widpoint posi-
tion has besn chosen. An sverage of six calculations of biomass for =ach

stratum have been made by inserting & series of depths ranging from the-

minimum to the asxinum depth observed in the strstum in  gquastion. The
temperasture has shown to be one of the most sencitive parasmeters in the
model. Unfortunately the bottom temperatures are only well known at ths
sampling positions. The observed temperstures hsve fluctusted rather
much through the six yesrs of sasapling with & tendency of daecressing
average temperatures. As & best sstimste of the kottom tempersture  in
the differaent  strats ths yesrly sversges of the observed values have

been used in the biomsss calculations, not tsking into consideration the

variations in sanpling pattern in the different years. The observed
sverage temperstures are the following:

year 1977 1978 1979 1980 1981 1982
tenperasture 3.4 2.2 2.7 1.3 1.6 1.5

This method causas most likely.sn overastimaete of the biomsss in the
later years, the northern aress being more sparsely sasmpled the first
years, whereas the sanpling in the later ysars hos baen  lass  concen-
trated in the southern aress. The observed colder tesmperstures in the
later years ars, howsver, also confirmaed by the hydrographic data  from

surveys i july (Erik Buch, pers.comm.).

Fig. 9 shows levels of shrimp densitiss for 1982 in all strata
included in the snalysis. High densities are observed sround "Godhavn
Rendz" in the northesst and in the desper aress north of Store Helle-

fiskebanke and in the southwestern aress.’

Tha results of the biomass calculations for the ares betwesn
66%00°N and 69#30'N are shown in Fig. 10.  The incresse in totsl biomass
from 1980 to 1981, which was also observed in an  s=arlier work (Kenne-
worff, 1981), was not reflected by the catch rates in the commercial
fishary (Carlsson, 1981). It has bean stated (Kannsworff, 1981.) that
the increasse was mainly due to & significsnt incresse of very small
shrinps, =sspecially on soms sasnpling stations in the ares northwest of
Store Hellefiskebanke. It wes slso proposed thest s large anount o very
small shrimps could be taken as & potentisl for 8 good recruitment to
the stock the following year. The increasse in biomsss from 1981 to 1982
of about 40 7% could be the effect of the large group of small shrimps in
1981. :

In Table % snd Fig. 11 & more detailed anslysis of the hiomsss
calculations is shown. It is very intaresting to nots, thst the northern
aresas show 8 sharp decresse from 1977 to 1978 followed by &
stahilization, while the southern arazs show s8n increase in the biomass
through the last 2-3 ysars. A significent ihcrezse is noted in the ares
west of Holsteinshorg Deep in 1981 and 1982. These variations of ths
hiomsss in the different sress indicate & southuwsrd displscenent of the
stock which could possibly be related to the observed decreasse in bottom
temperstures.

Assessment of the stock biomese for the cres north of $9%30°N
is still vary doubtful. In 1982 sight sampling sites were occupied, as
shown in Fig. 2, but &s  the topographical hknowledge 1s rathaer sparse,
it is not possible to trest the photographic dsts from this ares in  the
same way s the datz from the sres to the south. The bhiomsss index
figures from seven of the sight ssmpling sites in the northern ares
(Table 2, station numbers 6240 -~ 6247) appear to be somewhzt lower thean
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Table 2a: List of sampling stations 1977.

density biomass index
Date Station no. Area kode Da‘pth no. of photographs : no/sgm grams/sgm
770724 5444 Kz012 55 89 0,19 1,88
770725 5446 KT001 50 17 0,20 1,49
770726 5447 KP440 278 82 0,37 2,77
770726 5448 KR438 88 64 0,21 1,56
770727 5449 KR004 %11 116 0,71 5,19
770804 5453 KB006 168 282 0,11 0,84
770805 5454 KF006 571 23 0,04 0,29
770805 5455 KX005 420 204 0,15 1,15
770806 5456 KX438 ;344 190 0,1 0.82
Table 2b: List of sampling stations 1978.

j density boimass index

Date Station no. Area kode jepth no. of photographs no/sqm grams/sgm
780721 5601 KR004 229 154 0,58 . 4,13
780722 5602 KK004 1412 162 o o0,Mn 0,85
780724 5603 KK008 121 126 0 0
780724 5604 KK006 250 107 0,07 0,54
780724 5605 KF007 351 172 0,01 0,04
780725 5606 KF008 173 174 0,10 0,76
780725 5607 KAO011 228 3 0,49 3,29
780725 5608 KB006 509 21 » 0,11 0,86
780726 5609 ) KAO011 229 178 0,47 3,14
780727 5610 JF019 ‘358 181 0,60 3,67
780802 5612 Kv002 426 59 0,16 1,23
780802 " 5613 Kz002 327 169 1,48 7,83
780803 5614 . LB003 1323 38 0,26 1,68
Tabie 2c: Lis‘t of sampling stations 1979.

density biomass index
Date Station no. Area kode Depth no. of photographs no/sqgm grams/sgm
790723 5734 KV007 213 6 0,49 : 3,69
790730 5737 LJO11 262 ‘ 49 1,94 10,20
790731 5738 LE0O5 | 219 1 1,56 8,38
790801 5739 KN0O3 | 239 36 0,13 0,95
790801 5740 KRO04 | 265 16 3,30 19,88
790805 5741 ) KX014 259 7 1,01 7,25
790805 5742 Kz012 463 16 0,33 2,82
790810 5743 ‘ LB00S 320 12 1,23 5,48
790810 5744 KX438 334 5 0,30 1,98




~Table 2d: List of sampling stations 1980.

density biomas‘_sv.index
Date Station no. Area kode Depth no. of photographs no/sgm " grams/sdgm
800810 5855 KP440 285 116 0,22 1,65
800811 5856 KRO04 208 167 0,46 3,02
800811 5857 Kv007 217 49 0,11 0,79
800811 5858 LB00S 321 39 0,69 4,11
800812 5859 Kz014 265 110 0,92 6,69
800812 5860 Kz012 462 188 0,14 0,99
800813 5861 LDO012 260 71 0,78 5,66
800813 5862 LE0OS 251 82 1,41 9,04
800815 5863 LHO14 261 134 2,38 17,56
800817 5865 LJOo11 257 189 3,27 15,81
800820 5866 LA438 323 167 0,07 0,49
800821 5867 KT001 348 40 4,28 31,34
800821 5868 Kv002 408 116 0,91 4,76
800822 5869 LH440 288 68 1,36 10,28
800822 5870 LHO004 203 22 0,56 4,14
800823 5871 LD439 330 89 0,02 0,12
800823 5872 Kz002 346 148 1,71 7,17
Table 2e: Lisztw;fﬂsampling stations 1981.
density biomass index

Date Station no. Area kode Depth no. of photographs no/sgm grams/sgm
810726 6019 KP440 281 99 0,37 2,64
810727 6020 KLO06 207 101 0,05 0,23
810728 6021 KF007 338 177 0,09 0,65
810728 6022 JL020 374 82 1,74 10,58
810805 6023 KAO11 221 178 0,44 2,99
810806 6024 KR004 215 191 1,62 8,56
810808 6025 Kz015 274 169 2,09 12,41
810808 6026 Kz012 469 171 0,27 1,88
810809 6027 LE0OS 256 181 2,13 10,00
810809 6028 LB00S 321 162 0,81 4,17
810810 6029 KX438 344 | 147 0,22 1,54
810810 6030 KT436 278 ‘ 194 0,53 3,97
810811 6031 KT001 346 192 0,86 5,93
810811 6033 Kv002 405 173 0,62 3,13
810811 6034 Kz003 330 169 0,93 5,97
810817 6036 LHO14 241 161 0,71 4,31
810817 6037 LJO11 252 64 1,97 11,13
810818 6038 LS014 261 191 0,90 4,85




Table 2f: List of sampling stations 1982,

" “biomass index

; density
Date Station no. Area kode Depth - no. of photographs no/sgm grams/sgm
820726 6216 KL006 185 76 0,66 3,13
820727 6217 KNO0O03 214 106 3,10 22,35
820729 6218 KRO04 213 139 0,99 7,40
820729 6219 KR006 186 179 3,34 15,07
820805 6221 KV007 202 190 0,78 4,75
820806 6222 KX438 342 170 0,29 2,18
820806 6223 KT436 284 186 0,50 3,77
820807 6224 KX007 440 197 0,74 5,15
820807 6225 LB0OOS 327 194 0,79 4,72
820808 6226 Kz003 344 173 0,74 4,70
820808 6227 Kv002 420 191 0,37 2,26
820809 6228 KT001 350 131 2,10 11,22
820809 6229 KP440 280 151 0,95 5,17
820810 6231 KF007 332 166 0,05 0,30
820810 6232 KAO11 | 220 136 0,42 2,70
820816 6234 Kz014 260 83 0,65 4,45
820816 6235 Kz012 469 197 0,41 3,02
820817 6236 LDO12 255 147 0,92 5,36
820817 6237 LE0O5 258 130 1,22 6,64
820818 6238 LH440 284 104 0,79 6,07
820818 6239 LHO04 205 119 0,59 3,42
820820 6240 LS014 264 184 1,46 7,97
820820 6241 LROO8 114 53 0,07 0,37
820821 6242 LVO011 341 139 2,13 15,31
820821 6243 LX008 500 140 0,17 1,03
820822 6244 LT001 425 150 0,06 0,35
820822 6245 LT004 | 345 124 0,25 1,91
820822 6246 LM002 256 119 0,59 4,23
820823 6247 LMOO6 173 106 1,10 6,23
820823 6249 LHO14 260 183 1,79 9,40
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Table 3: Percentage size distribution and average weight of shrimps in the
photographic material and in samples from research trawl catches

in 1982,

& - av.weight
St. no. area kode type small medium - ' large ' drams
6212 KL006 photo 69.6 30.4 0.0 4.7
trawl 65.0 34.6 0.4 4.9
6218 » KR0OO04 photo 0.4 99.6 0.0 7.5
trawl 24,9 74.6 0.5 6.5
6219 KR0OO06 photo 74.7 25.3 0.0 4.5
trawl 74.4 25.5 0.1 4.5
6222 KX438 photo 2.4 96.4 1.2 7.5
trawl 15.7 84.1 0.2 6.9
6224 KX007 photo 12.2 87.8 0.0 7.0
trawl 9.0 90.1 1.0 7.2

6225 LB005 photo 37.7 62.1 0.2 6.0
trawl 16.0 82.9 1.1 6.9
6227 . Kv002 photo 36.5 63.1 0.4 6.1
‘ trawl 8.0 90.2 1.8 7.3
6228 KT001 photo 55.4 43.6 1.1 5.3
trawl 5.4 93.5 1.2 7.4
6229 KP440 photo 50.8 49,2 0.0 5.5
trawl 11.3 87.3 1.4 7.1
6232 KAO11 photo 25.5 74.5 0.0 6.5
trawl 47.8 52.0 0.2 5.6
6234 Kz014 photo 19.0 79.9 1.1 6.8
trawl " 8.3 90.8 1.0 7.2
6235 . Kz012 photo 16.6 ' 75.5 7.9 7.3
trawl 0.0 97.5 2.5 7.6
6236 LD012 photo 43.0 56.5 0.4 5.8
trawl 31.6 68.3 0.1 6.2
6237 LE0OS photo 50.9 49,1 0.0 5.5
trawl 26.8 72,2 1.0 6.5
6240 LS014 photo 51.5 48.4 0.1 5.4
trawl 32.1 67.0 0.9 6.3




ts.

icien

th calculated parameter coeff

lysis wi

10n ana

Output from the regress

°
°

Table 4

1982

77 -

TH LAT LON TEMF

19
ON
EF

SHRIMF
PARAMETERS INCL

GENERAL LINEAR MODELS PROCEDURE

LNE
sSQn

E
16

DEPENDENT VARIABLE:
WEIGHT:
SOURCE

1745.4411
LNBIALL MEAN

F VALUE PR > F R-SQUARE

SQUARE

MEAN
1686.17726323

SUM OF SQUARES

35409.7225

0.646269

0.0001
STD DEV

18.12444760

5.13

2781

4

AODEL
ERROR

328.49560089

19381.2404

1.03838780

54790.96298040

80

CORRECTED TOTAL

PR

TYFE IV SS F VALUE

DF

F

FR

F VALUE

TYFE I SS

'S
Q

SOUKRCE

- 11 -

NI A B IINNT O~ O IO~ T T

[xi'pigl th [ 1)

NS CINON T MM~ w0

DM OO VOV =GO AN O D
wmmgombooommmm0¢~-cw~

R
OQOOODE!OODOQOOOOOQDOO

VIOV R e TP T =T BMNOON
~tl\0~cf‘)~r--‘~o°~(‘d\1‘m~t~t'\~07\cm~0'\

. a2 e e

ODOO"’O(DI\P’OOOﬁO\P O—-‘l‘d—n—u—c

N OO vy
N OOV
00O
I 0Oy
DAHIMOO
OMNOCICY
O 0T

@I O TININCID~OCIOW
NI O~TDRMWI~MN M0
LN OVHRODINO =MD
MNOOMONN~OOO0RHIO
DNNN IO DD T D
DN 0NN DI O vt N
0@ DV T U= O Wt NI
M- OMO O~ NDOT 0
I A R I N
~+ OISO T DD w00 i Tt
OO0 T G OTWVICNONN N0
nNo~N¢nmNnommm
Cavty

9t 5 9t ) e o ot Tt i 9 4 9ot 3 vt vt et e et

M0 D

DN O T I N =N O
MR IO N TN NN~ OND
RONCIM T OT I~ INMOOW®m
0O CN~ODNO TN O vt

: emesseeTT e
coocoob00000000000000

fvlfif\(‘%l“l‘o‘
OO M

Rep R el eTo s
-H’JN*OM()I
NCIONMILICY
(=R ehclehy
Cdwt N O
QOO CM
OO~
MO OO
e e s e

NO® 0l

>t vt 9t vt e v

CONTMDIT~ARNNNIONMN
-cnmvnn\owr\n—ooor\

o IR R R R R
3No-~mr\oowocruom.-
-

VOOV TOWIMNING
Tt TOBN O 0D =M T IO L
ROMIN™ VO ~DNNANDO
NO—~~-DONDDVOMMON
NPV ERNCIT VIO ID
N ONTIO T O O O UIN
O~ ORIV OINT N
T ONN OO0~ 00O 0T 0
R I R R I A A )

OO M T T NN Q0 QO

NmONMIT~MOOMO~0D

o TN O «mnmn
[y} -

= vt vt vt vt vt vt 74 v v vl vt wd vt

x

- a

o o @ €

<Tw o EqQOoiw
Wo wWwaoWid~ ao
* % oJdu-a Kk EE
x ATQO* # ¥ £ ¥ TXTTOWW
X~ G- 0 XL b d
o EXL A4 ECTTTLAL * & &
WUCOWHLCoOWWWWWLWLT IO

D> O ddRr Q> > >a0ad

T

FR

ESTIMATE

PARAMETER
INTERCEFT
H

NN OO~ N IO
HNMOOVrNINOOCO®XO0
OTO=IM—MMENORCIT
OWIMOCIDIM N CINEI00 N
0O ~DVPVPVOTINT0
VOGO M VNI =IO )
CO—OONONONNDON
Of\cﬂ’oOﬂOo—dQ—nc-ﬂ
< s e e e . .
QN\I’O—'ONOQOOOOO
00wt CdvM)

o

OT00mMMIns
NFI@N G CIMILD
BN OO T D
oI Y oD
TN OMOc
TOICICND T O
NMOOONNC
O~oO0O~M~

v et et g
oococococ

-

NN~ O rtMANNT O O TMO~ T
OO OTINN IR TMIM@D— ~ 0
MOOMVOOLCONIm=0M OM— N0~
ou‘}mr‘)uOnﬂoOou‘:mrJ NOT~—OcN—

OODOODODOOOOOO [=]a=l=lwlelots]

T ON DI NOMOTO0 0 NEBCImMoM
ﬂom')~0~0~0~?l\0~m~oo~~ oM TN
e v et 8 ----..,.
NOOOO"’ODNﬂNOc-n O“'vlc—'—'ﬂ---q
[ 1

N OO VW~ CINNOW BOMTON 1D
CITANINN OO M vt oty T NNm&—nt‘lv—-
WONOVINIO | FNO-R VRTDONT
0OV~ VOINWVOOLI0 CONDINS O
HOTXOIMIMINCIMT MOTONO—
WINPT T =N QOO SMIFCIMGCIcLT
ONOMNOMGNTOMHOT OO~
mcl\'ﬁor\oonm—‘—no—n omMmocoewc:
R R
—nwoamaonoococu:oocoﬁcﬂ
N Uple]
™~ t .

(%] ~0
] i
ps
- x Q.
4% - o k=4
<Tw Ea €qoiu
LUQ Wuas oW ud- Lo
>4 O b #

KL TO* & & k4
=X .zx‘!,—t—p—..h—
< ECA ¥k EQEC Tl a+ «
wwcouwucouuuuuuuuuQQO
DO Ud>Qd > > > >000 . ud




=12 -

96vVvET vog8col 88LEOL S1L656 L96€E8 LOOLEL 0€569 =-.00099
0098¢€ L1691 cevy L68l 9€EL 0€S 0€099 -.00699
SvoLl 0€ss 068¢ 9avviL 6901 LSS .000L9 =-_.0€,599
wmwom 8LECL 6667 €voe cLoc SELL \0€0L9 = _.000L9
Zs0ve Levee 90LL1L 00s8 9999 LLLS 00089 - .0€0L9
08¥0¥ 9L68¢ 8€T61L 91%91 68V1L1L creLt .0€089 - .00089
€cvey 90€VE 2696¢C Le8ve 2180¢ 0€0¥E 00069 - .0€4,89
69907 Z8E6E LLLYE 98L6¢ ¥866¢ €0L9L .0€069 —-.00,69
2861 L86l 0861 6L61 8L61 LL6l ©31yY

SSVWOIg TY.IOL

UT N_00o69 PUR N _00,99 UTUITM ©3el3ls [Te 103J SSPWOTIQ Te303 pa3le[nored :g orqel

‘w 009 - 001 syidep is3em




ﬁ’fﬁ%
x x =
n w -

KH
KG
KF
KE

P

)
0

TS
AR

54

)]

N
)

w
x
) o

AN

|3Il4||5[‘5

ns 1977 -|1982

in the area 60°0'l to 69°50'N,







*78-086T Ut
c00dT @poo eoie je paTdues sydeiloizoyd syl

woxj peax se sduwrays yo uorarsodwod 9zF§ ‘4 *3Td

*78-6/L6T UT %TOHT pPue TTO[T S3pO> E21E 3B
perdues sydei8ojoyd ay3 woxay peax se sdwrays jo uorlrsodwod 9zTS ¢ *J14

_ aBiej wnipaw  jjews aBie)] wnipaw llews obie| wnipaw llews
-0T -0¢C -oe
-ov K%i4 oY
-09 09 -09
\
, -0 o 08
Bg's = “}Bm ‘e ¢ £'G = ‘16m Ae o8 62'g = "16m ‘ae
2861 0oL z86l -oor 6161 oot
% ¥ %% %y
~ eBie) wnipaw  jews obie) wnpaw Jlews
-02 (74
]
w FOY 144
' 09 -09
By = .wm.s ‘AR 08 6'S = "3Bm ‘e 08
1861 0ol 1861 oo
% % ¥
o eBie|] wnipsw  jjews efie] wnipow jlews
o2 -0
oY ~Ov
-09 -09
lo o
By'g = 1BMm A 8 62'G = "}Bm ‘AR 08
086l -0oL 0861 -00L
% v %




- 16 -

pa1dues sydeaSozoyd ay3 woxy pea1 se sdurays jo uorirsodwod 9zZT§ °g

oBie|

*¢8-086T PU® 8/6T UT £00ZM PUB 700ZM S9pod B2iE 3I®

wnipaw

lews

€'9 = "16m Ae
2861

abie|

wnipaw

llews

%

Y

$'Q = ‘}6m ‘Ae
1861

aBuiej

wnipow

liews

%0

001

2'p = 1Bm .»n
0864

%\

oot

*78-T86T PU®B 6/6T ‘LL6T UT 8EHX) 9P0Od B3iIe® 3¥

*314 potdues sydea3ojoyd 243 woij pes1 sSe sdutays jo uworirsodwod 9zTIS ¢ 814
9Big) WNIpAW  pews aBie| wnipaw llews
L |
oV -0,
-09 09
ros . 08
BgY = '}Bm e 12'9 = "1BMm ne
t4:]8 oot 6461 oot
% %
o ebie| wnipew  jjews eBie} wnipow  |jews
- < I ]
ﬁow - 02
-Fov oY
09 09
i -08
Bg's = 16m e o8 B = 1Bm ‘Ae -
8161 00t L86L oot
% %V
eBie] wnipsw  jjews
Loz -
oY
09
-08
9‘L = “1Bm Ae
L2161 o0t
%




*78-LL6T UT %00¥A °2pod ea1® 1B

*78-086T PUB 6/6T ‘LL6T UT ZT0Z 2po> BRIE 3®

j perdwes sydea8ojoyd 92y3z woij peax se sdwrays jo uorirsodwod 9zT§ *g °*311 peTdues sydeaSojoyd ayj woij pea1 se sdurays jo uoritsodwoo 9z1S 7/ ‘3131
- abie| wnipaw |lews B abie] wnipow llews obie|  wnipaw jlews eBie| wnpaw  |jews
‘ - X ¥
0¢ 02 —.Il._ Loz — _ 02
ptid -0p Lov -op
-09 09 Loo -09
o - . 08 -08 i 08
6g°2 = }6m e 60‘g = "1bm Ae BgY = 1B A 08 6g‘g = "16m Ae
- 8 ~ |-
[4:113 o 00 6.61 oot 2861 OOt QNQF oot
Tov o\.:ﬁ % % ﬁ
B abiej wnipaw  jjews obie| wnipaw  [jews oBie] wmpaw  |ews
, -02Z 02 oz
~
— - oy - oY
' oY
-09 09 -09
-08 =05
6¢g‘g = }B6Mm ‘Ae 617 = "16m AR N Be'o = 16M A N -08
1861 -oot 8.6l [ oot 1961 oot
%V %V %
> abie|  wnipaw llews ~ abie; wnipaw lews eBie]  wnipew liews eBie| wnpaw  jlews
- « T i S
-oe - 02 Loz - 02
fov - Ov Lov -0t
-09 -09 -09 09
08 . - 08 . o8
6g‘g = "}6m AR 6g2 = "16M ‘A Boiz = 1Bm AG 08 Z'0L =1BM “Ae @
0861 -oot. LL61 ﬁ:OO— 0861 -00L 1161 00t
: %y %o % ’ % ﬁ |




- 18 -

Density < 0,1

0,1 < density < 0,5

1

0,5 < density <1,0

1,0 <density <2,0

Density > 2,0

| l m
LEGENDS X
' )

J

439 [ ase [ ass| asa | oar [ie8 | 30 [ ea0

AN

alvo]nln

Fige 9. Levels of shrimp densities,

the five~parameter model.

grams per squaremeter, as calculated from
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APPENDIX I. FURTHER BIOMASS CALCULATIONS BASED ON BOTTOM PHOTOGRAPHY

by

Per Kanneworff

Grgnlands Fiskerxiundersggelser
Copenhagen, Denmark

Realizing that the temperature is a highly sensitive parameter
in the calculation of total biomass, a recalculation with a more

graduated hydrography pattern has been made.

Bottom temperatures measured at the hydrography sections III-IV
(Fig. 1) were used to establish average temperatures through 1977-82.
Only section III has been occupied in all six years, whereas sections
IV and V have only been occupied in 1980-82. These sections have no
observations deeper than 300/ and 250 meters respectively, so for the
deeper water. layers the observed temperatures from section III have
been used for the whole area| in 1980-82. For the period 1977-79 the

temperatures from section III have been used.

The estimated mean temperatures used in the new biomass calcula-
tions are given in Table 1 and Fig. 2. The recalculated biomass
estimates are shown in Fig. (3 together with the former ones as given

in the main part of this document. Fig. 4 shows the calculated bio-

mass in 30-minute strips, nwmbered from north to south.
u _
Table 1. Bottom temperaturés in different water layers 1977-82 as
used in the biomass calculations.

Depth 1977 1978 1979 1980 1981 1982
100 2.0 1.1 1.8 0.2 0.6
200 2.2 1.8 2.0 1.3 1.1
300 3.2 4.2 3.9 3.1 2.1
400 4.1 4.5 4.1 3.7 3.3
500 4.5 4.7 4.1 4.2 3.3
600 4.6 4.8 4.0 4.5 3.5




- 22 -

,' ;
7’ = X IY T = y . 0
famanme 4 s & Gamarw v » & 7"
70°H .
H70
1 V " 8
N d obhawn I
“. | J
: DISKO BUGT Heo
L]
!
L'.. IV‘ » s
M B a .
, L hes
] !
" !
:
1 o
ler'H :ef
/
! . [
i My = °
|
|
m ‘ “‘
|
u. S || s .
: Ies
1
>
\
“ﬁn 6‘.
- d
I \ |
|
&‘umu_,; e S e o X W cwwrwe o 63.
55 50

Fige 1. Oceanographic stations in NAFO SAl. Sections I - IV are international

slandard sections,



°SUOT3BTNOTED SSPUWOTQ Y} UT pasn saanjexadud) woj30q wesy °g *9td

A'w ‘Yidaqg
o] Ne=O
N N 0000
S 229
4 009
~00S
a_a ~O00Vp
oNd
~00¢
-00¢
- -001
= T T : ] ¥ ]
S 1 4 € rA 3

D, ‘@injesaduidjwoljog




- 24 -

A Thousand tons

3004 Total biomass

2004

100+

1979 1980 1981 Year

Fig. 3. Total biomass of shrimps in the area 66°00'N to 69°30'N calculated with two
different hydrography patterns as explained in the text.
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