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INTRODUCTION.

In the period 1977-85 regular sampling of data on shrimp abundance
has beaen carcled out in part of NAFO SA1 by means of bottom photegraphy
aquipment, The different problema involvad in the sampling method are
raviawed and discusaed, and the blomass aestimates obtalned are
evaluated 1in connection with CPUE-indices from part of the commercial
fighery and number and size dlstribution in biological samples from the
photographic sampling asites.

THE PHOTOGRAPHIC METHOD.

Throughout the period of assessment of the Greenland shrimp stocks
catch and effort data together with analyses of biological asamples have
baen used to examine the distribution and atate of the atocke. This
assessmant method 1s 8till the basis for aclentific advice on
management of the Greenland stocks, but in 1375 a new sampling method
based on bottom photography was Llntroduced in West Greenland to obtain
furthar data on the dansity of shrimp (Kanneworff, 1978a; 1979a}. The
axpected advantages of this method over aampling methods based on
travwling gear were:

1. A falrly guick method for obtalning density indicea from
the large areas of shrimp dAlstribution.

2. A more direct observation method without mash selsction
problems cffaring denslty estlmates in absolute terms.

3. Sampling could also be carried out in areas with rough
bottom unfit for trawling.

4. Detection of smaller shrimp than those retained by trawling

gear, offsring posseibility of an early information on changen
in recruitment.

" Some dismadvantages and 1limiting factors 1n the use of thls
technlique wars aleo anticipated or experlenced latar:

i. Although a detection of smaller individuals than retainad
by the trawl would be possible, this gsampling had also a
minlmum detectable size depending on the optical asystem and the
type of film used,

2. The sampling would be very gensitive to suspendsd bottom
matarial, This has proven to be a problem at certain gampling
aites, A more or lesa raduced vislbility close t¢ the bottem
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increasea the minimum daetactable aize of the cshrimp to an
unknown level and causes severe troubles in entimating the
numbecs and mean weights in the affected size groups.

3. Wworking with a short aexposure distance from the bottom
sampling would be sensitive to the movements of the ahip.'Thus;
working with a fairly small vessel {167 GRT), the sampling was
limited to good weather conditlions (i.e, winds below 10 m/sac
and' only light awell),

4. It wae not posslble to determine optimal sampla size {i.e,
number of photographks per station) during the sampling
operation. Both shrimp density and distrlbutional pattacn, as
well as aventual problems connected with par. 2 and 3 above,
wara unknown until after development and reading of the filma,
5. Photographic mampling wlth this technigque would only detect
shrimp actually situated on the bottom. If a lLarger proportion
of the stock waa awimming above the bottom, it would require
knowledge about diurnal and annual vertical migrations, so that
sultable correction factors could be applied. Sampling in the
free water magses was not rzgarded as a possible way of getting
information on the alze of the atock, partly because of the
immanse volumes of water from which a reasonabls amount of
samples should be taken, and partly because tha sampled volume
would not be sufficiently well definad.

6. For an optlmal szampling procedure the degrae of patchinesa
of the shrimp on the bottom should be known beforehand, so that
a weultable sampllng unlt (i.e, exposure distance) and a

sufficient number of photographs per sampling aite could be
choaen.

7. It proved to be lmpossible to daetarmline precisely the
limite between the established size groups. This was due to the
following:

a. A different anlargement in different part of the photo-
graphs, because technical reasonas made it necessary to work
with a minor camera tilt angle (10 degreses from vertical}, and
b. A measurement of the shrimp on tha reading scresen which
could be correlated with e.g. the carapace length in-blological
sample could only be carried ocut very roughly.

8. The reading of the €fllms 1involved scme Llaterpretaion
preblems, Thus a fairly long period of tralning for the
different readers proved to be necessary to avoeid personal.
biasa. :

9. Working with finer 1instruments from a smallar vessel in
offshore areas very often leads to functional problems. Even
though thle equipment was bullt very robust some malfunctlons
due to rough handling were encountaered from tlme to time. As it
has not always been possible to detect certain technlcal
failures during the sampling procedure or even durlng the
cruise, many sgites have showed to be vary poorly sampled when
the fllms were davelopad and read after the cruisa.

HISTORICAL VIEW.

In 1976 a stratified trawl survey was carried out in the west
Graesnland area by the Greenland Fisheries and Environment Research
Institute (Horsted, 1978), and a fishable biomass for the area survayed
was eatigated on basis of the “swept area” method be to about 55000
tons. Dgrlng the firet two years of offshore phbtographtc qaepling the
measured densitfes of shrimp and the calculated biomasses per unit area
wera used directly as stratum indices in the same stratum aystem as
used in . the trawl aurvey, in order to <compare tha two methods
{Kanneworff, 1978b; 1979b). Having obtained a better knowledge of the
raglon during tha first yearse of operation, most of tha atrata used in
the trawl survay wavre found to be too large to ba treated as unlt areas
with uniform conditlons for the shrimp population. Therefore a new
stratification system was introduced in 1979 (Carlsson & Kannewortf,
1979), and this has been used as basis for all the photographic
aanpling since then.
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The sampling acheme covered the arsas bhetween 66000’N and 69030’N
in water depths from 100 to 600 meters (parts of pDiv, O0A, 1A, 1B and
i), iotalling 56406 square kilometers. The planned statlon grid Eor
tha surveys haas been the same throughoat the years, but the success of
sampling has varled much from year to year with an almost completa
coverage in the last three years only (Fig. 1).

. The biomass astimataes obtained by meana of photography
{Kanneworff, 1979b) ware much higher than the estimate for tha flshable
biomass from the trawl survey, and the lncreaasing trend Iln the years
1977-79 (Flg. 2} was ln contrast to thea rather gsteap decreass in
CPUE-tndices.for the same area and paricd (Anon., 1930). Sowme doubt was
tharefore raised, whather the photographic figures could be used
directly as density indices for the different strata.

Following an earllecr attempt to use a simple mathematical model
bagad on analyalas of varlance (Kanneworff, 1978a), a multiplicativa
shrimp distribution model was introduced (J¢rgensen & FKanneworff,
1980). By means of thias model biomass {indices for the strata as
measurad by the photographic sampling were analysed for their
dependency on a serles of variables. When for each of the years in
which thle model was 1n use (Kanneworff, 1981; 1983; 1984; 1985; 19886),
an optimal combination of varlables had been determined, and estimates
of those variables were found, a calculation of total biomass for all
atrats within the reglon surveyed (66000' - 69°30° ¥ in depths between
100 and 600 m) was carried out,

After a saerles of years with good coverage of the planned atatlon
grid a examination of the year to year variation In shrimp denaity
could he carrled cut including a wmajor part of the sampling weites
(Kannevorff, 19861} . Thia atudy showed that the five size groups had
clearly Aifferent distribution patterns, 8sc that analyses of the
variationa 1in denslty necessarily had to be carried out separately for
the groups, Howevar, analysia runs wilth separate groups dld not
increase the goodnesa of fit for the models teasted, and it was thua
concluded, that other measures should be taken to refine this type of
models for describlng shrimp denaity variations,

A comparlason of CPUE-indices from part of the commercial shrlmp
fliahery (Carlsson, 1987} with the photographic hiomasg estimates from
all the different models used through the years ia given In Fig. 2.
Apart from tha 1985-model none of the models exhibit an acceptable
corralation with the CPUE-figures, but all of them raeaflect the maln
trends in the CPUE, howevar with some dlatortion.

The apparent good corralatlon of the figqures from the 1985-mondel
was discussed by Kanneworff (1986). This model was not regarded as
rallable, exhibiting too low correlatlion coefficlents.

FURTHER ANALYSES.

buring the photographic surveyas trawling was performed at all
stations with sultable bottom conditions with the purpose to collect
biological sampleas of shrimp and compara the qtstributlon i1n theae with
the distributlon Iin the photographic materctal. tThe CPUE figuresa Ffrom
the research vensel ware not uzmed, as they were not consaldered reliablae
dus to the aize of tha cramearch vemaal and variationr itn crew. The
ralative componitions and the estimatad mean Individual welghta from
the two sampling methods have been compared and discussed by KanneworfEf
{1981; 1983). Thias <¢omparison was based on a size grouplng of only
threes, which was ia use at that time, and some dlscrepancles from the

expected pattern were noted. A larger amnunt onf amall shrimp in the
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photographic samples ia to ba axpectad, as wall as & lowar avarage
Individual weight, but the material =howed no real conaiatency.

When comparing the distribution of =slze groupm in the photographic
and the trawl material for the period 1981-85 (Table 1}, it {s evident
that 1In far the most astatlons there 1s a teadency to celatively larger
animals in trawl samplea, At the game time the lnformation that therca
has been a development in commecclal flshing gears towacrda trawis with
higher opening (from 5-10 m in the beginning of the flahery up to 20 m
ln the newest modela) resulting in hlghar catch rates {(Cacrlsson, 1987)
might explain the obvicus low comparablblity between the two naeta of
data (Figs. 3-8).

CONCLUSTION.

Comparisen of the biomass estimates and informatian on abundance
of different slze groups obtalned by means of bottom photography with
data on CPUE frem the commercial fishery and size diatributions Ffrom
biologlc;l mamples has shown a poor agreement batween the photographlic
data and data from the other aoucces. Sampling by thls method will thus
be diacontinued until further analysis, 1including a.n, a atudy of
diurnal migration of the shrimp, might show that suitable correction
tactore could be appliad to the photographle data,
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Table, 1. "bisttibution of  5hr1mp. o éamples”fromnphotographic‘and trawl
samples -in the beriod 1981-85, The. relative numbers given are permille of

the largest size group. . ) .

YEAR STNO GEAR RELATIVE HUMBERS In AV, YEAR . STNO GEAR RELATIVE NUMBERS i AV

) GR2__GRI_GRL GRY WGT _ * _GRI__GR2__GRY)__GRA,_ GRS HST
198) 6019 PHOTO . 690 6§31 1000 1000 34Q 6.0 “1983 6446 PHOTa 128 10G0 396 88 ta 1.8
TRAWL 96 157 448 657 1000 8,6 TRAWL 334  TI? 1900 189 26 | 4.9
k341 9030 PHOTO 84190 1008 291 " L] 1.8 1983 &454¢ PHETO I64 &S50 1000 13) n 1.8
TRAWL  d19 &d4 1004 571 366 6.7 - TAAAL 215 4%6 1000 Jé2 )72 - 4.6
1981 #9021 PHGTO 42 86 1300 E21 118 6.8 L 1943 645% PHOTO 32 128 1000 35! 53 6.1
TRAWL T . 46 S3s 1000 soT 5.8 TAAWL @ 148 1000 127 489 7.8
1941 6021 PHOTO 161 627 1049 F}) 19 5.2 1981 6457 PROTO 15¢ 769 1000 148 18" 5.4
TRANL 912 "B40 1000 166 488 5.a . TRAWL 240 275 1004 927 315 7.6
1981, 6024 PHOTG 920 1G00 3BT 16T 42 ' 1983 €458 PNCTQ 543 B?9 1000 248 45 4.9
TRAML 977 688 114 590 1004 5.4 TRAWL 263 94 167 1080 351 a.0
1981 6026 PHOTO T3 246 aSy 1000 257 1.2 1983 €439 PHOTO 179 148 1000 445 Q 5.9
.o TRAML 28 )4 &3 167 1000 10,3 TRAWL 6 16 37 SB2.10G5  19.1
1981 8027 PHOTG 1000 863 3071 LF] 11 3.8 198 6460 PHOTO 748 110 1080 517 L] 5.4
T . TRANL 636 409 1000 480 160 5.2 . TRAWL 0 -9 )15 478 1009 9.9
1981 S0ZR PNGID 981 1040 4354 474 94 1 1983 6462 PHOTO 4 57 1008 393 57 6.3
TRAWSL 1237 al4 1000 912 583 6.9 TRANL o 62 191 571 i000 9.1
1481 60329  PHOTO IT 125 1000 658 143 6.5 19864 €71)  PHOTO @ 512 1600 488 3 8.0
TARWL 43 686 1000 651 €81 7.1 TRAWL 91 334 1004 652 220 5.4
1981 6010  phHOTO o @ 49 1000 17T 2.1 1984 6714 PHOTO 0 o 1040 333 ] 5.8
TRANL P o f& 211 1000 1.1 TRAML 250 40¢ 100¢ 150 150 4.8
1581 6013 PHOTC 1040 B3 24u 77 3 1.9 1984 6216  PHOTY 0 o 1000 0 ] 5.1
TRANL 6 120 s18 1000 4316 T.9 TRAML o 100 (008 167 a 5.8
1983 6434 PHOTO 615 342 1000 763 8 5.5 1344 &719 PHOTO 1000 331 | 6 3 1.0
TRANL 157 841 Ted 2000 555 6.8 TRAWL 1000 941 430 263 118 4.4
1981 6037 PHEOTO 485 1000 768 138 5 .5 1984 $720 PHOTO 179 1000 435 117 24 4.8
TRAWL 1020 %25 846 100 &7 4.5 TRAWL 270 1000 %92 202 54 5.0
1982 6116 PAOTO 1000 IT7 421 156 ] 0 1944 &721' PNOTD 1000 %41 )70 41 14 1.8
TAANL 384 1000 477 194 199 5.0 TAAWL  §44 570 1000 211 457 [
1982 6218 PHGTO 16 121 1000 599 14% 6.4 1984 6732 PaOTO 6% 236 1000 42% L 5.1
TRAWL 87 603 1000 614 707 7.2 TRAWL 11 J&1 1000 8ap 490 7.3
1987 6219 PHGTO 1000 &78 311 54 & 1.7 I984 672) PHOTO 175 100 1000 100 100 5.6
TRAML 971 1000 364 193 175 ‘.4 TRAWL 340 745 1000 426 189 6.2
1987 6222 PHOTO 20 185 1000 347 4a 6.2 1984 6724 PHOTOD a7 378 1000 18 11 5.3
TRANL 86 265 1600 17 601 11 TRAWL 15 251 1080 ) &) L]
1982 6223 PHOTO 31 37 1do0 s41 9@ Tt 1984 5723 FPHOTO 6 0% 1080 9T) & 5.8
TRAYLL 41 33 555 @98 1000 8.6 TRAWL 193 31¢ 1000 598 133 6.1
1982 6224 PROTO 173 125 1000 7Ted 168 6.5 1984 §726 FHOTO o 279 1000 54 ] 5.3
TRAWL 28 148 44 100G 484 41 TRAWL ¥zs 972 1000 40§ 110 §.4
' 1384 67286 FHOTO 237 448 1000 364 24 3.8
1982 &¥25 PHOTO 7213 994 1040 72} 12} 5.2 TRAWL 327 - %71 1000 @16 29} &.2
TRARL 107 307 1096 90) 676 7.3
. 1904 6725 PHOTO 718 1000 e8¢ 260 2 4.5 !
1982 6327 'PHOTO 258 174 1008 545 30 6.9 . TRANL 87 283 1000 673 IT6 6.8
TAANL 52 116 480 651 1040 a.8
; 1984 67311 PHOTO 495 2M7 1000 196 6% LI
t983 228 PHOTO 983 §%% 1000 30§ 10 4.6 . TRAWL 11179 576 748 1000 3.8
TRAVL 14 89§75 ETe 1000 a.e
1984 6734 PHOTOD 17133 1000 62y 1L 4.8
1962 6229 PEOTG 1000 9%% 783 236 a7 4.4 TRAWL H 37 384 1000 674 8.7
TRARL 109 184 1000 4837 753 L
1981 8737 PHOTO 00O 108 101 159 L] 1.8
1982 §732 PHOTO 303 655 1000 S8 70 4.9 TRAWL 16 6% 150 308 1000 9.3
TRANL TE 1000 34d 134 56 1.9
1984 738" PHOTO 1000 117 1l &2 [ 1.7
1982 6334 Puoro 36 3312 1000 328 de 6.1 TRAWL 117 438 1800 doa 115 6.0
TRAWL 5 172 951 8§31 1000 8.2
L9984 6740 PHOTG - 631 1000 A6} 15 L] “3
1983 6235 PHOTO 8T 143 BT 1004 173 7.2 TRANL 970 940 1000 231 40 4.
TRANL 4 331 259 4%0 1000 9.3
1984 6745 PHOTG 495 1000 111 0 ] 3.8
19861 §736 PWOTO 685 957 1000 1%1 b 4.9 TRANL 1DaO 394 46 54 3 E
TRANL 117 599 1000 687 196 6.2
. 1985 1 FHOTO 13 244 1000 17% 6 5.1
1982 6237 PHOTG 1000 553 TS 5 1,9 TRANL a8 3196 1000 AL 175 6.6
TRAWL 74 526 1000 €14 314 6.6
198% 5 PHOTO o 73 1000 681 1O, 6.9
1981 6438 PHOTO o 71 1000 803 73 6.9 TRAWL 3 55 1000 618 24% 7.
TRANL 30 &7 1000 340 1000 8.4
1583 T PHOTO o igop [} o o 1.3
1983 6429 PHOTO {06 622 100G 124 27 5.8 - TRAWL 949 1000 620 133 165 4.4
THAML 271 751 1008 134 ez 5.3
1585 B PHOTO (000 338 118 | [ 1.4
1981 6430 PHOTO 592 1000 327 47 a 4.4 TRAWL 61 414 (000 37 282 6.8
TRAWL 435 A58 1000 541 103 5. .
. 1985 9 PHOTC 29 29 1000 514 51 6.7
1983 6435 PHOTO 14 288 1000 207 14 5.7 TRANL t 52 136 1008 M T.6
TRANL 71 133 1000 08 62 5.1
R 1985 19 PaOTO Q213 1000 449 3125 5.5
19831 4417  PHOTO [ 0 1000 330 0 6.3 TRAWL ) 9 368 1006 967 5.3
TRAWL [ G 609 $65 1000 g1
‘1905 11 PHoTO 17«86 1040 3da 1 5.7
1983 6438  PUOTO 500 6 1040 ] o 4.7 . TRANL ¢ 117 8re 21 1000 8.1
TRAWL G132 1000 105 26 5.8
1985 13 PHOTO 399 100D 525 414 11 5.1
Y981 6440 PHOTO 300 1008 sep 222 ) 4.7 . TAANL  1H1 28B4 639 1080 119 1.1
TRAWL 1900 706 579 421 278 5.1
' 1 4 B 65 7 N
1983 6442 PHOTO 229 1000 314 3% 1 6.2 83 ! ‘:::2 '003 5,‘ e:: 1;;: 1;:' ; :
TRAWL  £22 1000 635 140 34 ) N
1981 G443 PWOTO 530 1000 313 37 0 4.9 RS it e 135 vaso ese sie 43
TRA¥L 1000 127 33 29 14 7.8 ”
1985 21 PHOTO o 1211 1000 220 0| 6.0
1983 6444  FPHOTO B5 493 1000 141 17 5.0 TRAWL o 6% [720 799 000 8.7
TRAWL 8% - 473 1000 374 )2 6.1 '
1905 13 PHOTO  &719 000 (483 51 ] 4
1983 €445 PHGTO 190 015 1000 482 47 §.3 TRAWL 23 412 1000 247 135 6.1
TRAWL 345 241 1000 116 478 7.0
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Fig. 1. Map of sampling stations in 1977-85. The shadad areas in the
circles denote years in which sampling has been carried out, anrd the
‘"exploded” parts of the circles show years in which small ehrimp
(groups one and two)'hnva bean dominating.
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Fig. 2. Photographic blomass estimates from mcdels uaed through the yeaza
1977-85% and from a stratified trawl aurvey 1In 1976 comparad with
CPUE-1indlces from part of the commercial shrimp filshery. Triangles are
results Ffrom the trawl seurvey and from photographic surveys based on the
trawl survey stratification. Circles show the basic years for the diffarant
photographic models, which are shown by the thin curves, The thlck curve
gives the CPUE-indices,
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Fig. 2. Shrimp numbear per 1000 saguaraemeters in trawlramplea versuna
photosamples 1981-85., All slza groupn.'rhe‘straiqht curve indicates the 1:1

ratio between ths two datasats.
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Fig. 4. Shrimp number per 1000 nmgquaremeters 1in trawlsamples varaum

photemamples 1981-85. Slze group one. The straight curve indicates the 1:1
ratio betwesn the two datasmets.
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rig. 5. Shrimp numbar perc 1000 Agquarsmatera {n trawlmamplem varaus

photosamples 1981-8%. Slza group two. The stralght curvae indicatas the 1:1
ratio betwaen the two datamata.
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Frig. 6. Shrimp number pet 1000 aguaremetars In trawlsamples veraus

photonamples 1981-85, Size group three. The stralght curve indicatea the 1:1
ratlic betwean the two datasets.
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Pig. 7. Bhrigp number parc 1000 ‘sguarameter= {in trawlaamplea versus

photosamples 1981-85. Size group Cfour. The atraight curve indicates the 1:1
ratlio betwaen the two datasets,.




- 11 -

SIZE GROUP FIVE
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Pig., B8, Shrimp number per 1000 Aaquaremeters 1in trawlmamnles

versus

photosamples 1981-85., Siza group five. The stralght curve indicates the 1

ratio between the two datasets.
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