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Abstract

‘‘he paper gives an assessment of biomass commercial stock
and total allowable catch (TAC) of shrimb in some areas of the
Barents Sea; TAC and protection of mother aggregatiohs are sugges-—
ted to be used as measures of shrimp fiéhery regulation.

- Résumé

Dans certaines régiona de 1a mer de Barents on a procédé A
1'évaluation de la mesgse bielegique dee ressources commerciales et
de la peche totale admise (TAC) de la crevette. Le TAC et la protec-
tion des concentrations des femelles sont proposés en tant que mesuree

de la régulation de la peche.

L. PINRO‘, Murmansk, USSR,
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Introduction

In the early 70-ies fishery of northern pink shrimp (Pandalus -

borealis) got a considerable development in some marlne areas where
earller that spécies had not been praotlcally flshed out or had been
fished out in small amount. So, the catch of P, borealis in the Ba—
rents Sea (ICES area I) had increased for the period from 1970 till
1978 almost 17 times and equaled to 35681 t.; which was 2.4 tlmes
more than the shrimp landlngs in all other areas of the North-uast
Atlantic (ICES, 1979 a.l. Shrimp fishery.increased especlally fast '
in the Barents Sea after tbe quota had been introduced in the’Green—
land economic zone in 1977, |

An attempt to find biologically substantiated and effective -
meesures of protection and rational usage of :esoursesjof
one of the most important commercial Crmstaoea of‘the northern wa-

ters was made in the present paper.

. Material and methods
Materlal was collected in Aprll-July of 19?7-1979 and also 1nr
December of 1978 in the Barents Sea area and on the Jan Mayen Island
shelf. The stock survey in 1979 on the Goose and Demldov Banks and.

in the South Cape Deep area.

Bottom trawllngs were carrled out thh a speclal selective

- trawl havxng a minimal 1nner mesh size (19mm) For larvae flshlng

a 10-foot pattern of Isaacs-Kidd trawl w1th a fishlng area. of 6 sq.m,

net mesh of 3 mm, gauze 140 was used. 395 trawlings at depths 25 n
(April-lay) and 50 m (June-July) were made. ‘ _

Shrimp were measdred and their sex was detebmlned by tbe_Ras-“
mussen nmetiod (Rasmussen, 1953). o

The reproductxva potential of populations was calculated

accordlng to the number of embryos in 1000 shrlmps in a sample taken

|
:
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at random in the period previous to larvae hatching, i.e. by mul-
. tiplying the relative abundance of egg-bearing females by their
average absolutevfecundit5 (Xuznetsov, 1964; Haynes et al;,1976).

Katural rortality was determined according to Zaéésqv (1970).

Shrimp agpregations dénsity.cn the ground was evaluated by
a photogrammetric method using the pbevious technics (Sefebrov,
Chumakov, 1978). There we}e'carried out 73 accident-free trawlings,
26 of them with an automatlc caméra. The distance between camera
and the ground was determined by using a segment of a sertain
~ length situated in thé camera field of vision which was markad by
a sourse of narrow-beamed pulsc luminous radiation (Fig. 1). Avera-
ge accuracy of measurement of & diStance to the ground was ; 1,153
that of an area surveyed was = 2,2% and that of a voiume was + 3.%.

For calculation of an agpregation density only distinct
photos obtained at the camera renoteness of 1.3 - 2.1 m from the
ground were used.

Studying of the shrimp vertical distribution was carried
out during towing of a bottom btrawl in water masses at a distance
of 5-10, 15-20 and 30440 m from the ground. Trawl op§ning ana its
mouth shape were controlled with a cable trawl probe,

Shrinp abundance and biomass in the areas of the Goose LZank,
South Cape'Deep and greater part of the Demidov Bank were eQaluated
by a photogrammetric method. For that part of the Demidov Bank
where the photo survey was not carried out the biomass was determi-
ned by the catches with the trawl catcheability coefficient equal
to 17.%4 calculated by the éesults of 14 trawlings with a concomi-
tsut photo Survey conaucted in accordance witih previously described
technics (Z2afc¢rnan, Kiselev, 1974; Zaferman, 1976; Serebrov, Chuma-

¥ov, 1978). . ) .
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CLenn - .- Distribution and Ecology ‘
~ . Shrimps (P.borealis) are distributed almost in the whole ~

. . Barents Sea basin and adjucent Arctic areas northward of tho

Spitsbergen and Franz Josef Land Archipelages up to 82° N and

. also in the Kara Sea up to the Severnaya Zemlya Islands (Gorbunov,

19323 Retovsky, 1936; Ivanov, 1972; our observations). Neverthe-
~_less, commercial aggregations of this species are formed only in

~+the. areas where waters of Atlantic origin interact with Arctic

'or;transformed waters (Fig.2) which corroborates results of the
previous investigations ( Ivanov, 1967; Bryazgin, 1970; Berenboim
‘et al. 1976).

. Shrimps are mainly concentrated in the Barents Sea areas
with depths 200—5%0 m and water temperature near the bottom from
- 0.6 to 2.0°C. In western and qorth—westepn areas aggregations

. were registered at higher temperatures, though, when the tempera-

" ture exceeded %.0°C the aggregations density and, respectively,
catches per unit of e¢ffort became lower; . '
This phenomenon was observed in the Bear Island- Spitsber-

_gen area in 1972-1974. .

In the cold-water sub-ax.'ctic ’z‘meas having the water temper’

" ture near the bottom below -0,6°C P.borealis were met singly,‘
their reproductive potential being the lower the lower the ldng-
term mean water temperature in places of populations location;
(Berenboim, Berenbeim, 1979).

?he highest reproductive potential was begistered in the
West Murman coast populations. High reproductive capacities of
costal populations are confirmed by a high survival rate of egEs
and embryos during the incubation period and also by the fact

that dead eggs were found seldom.
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Populations structure

There;ére sceveral shrimp populaticns in the Barents Lou
whichr differ in zize and sex compositiony scne morghometric eatu-
"res,.duration of life and its certain stages (Bryszgin, 1970, Iva-
nov, 1972; Bryazgin,lusanova, 1474) and, as it has becone known
now, lhey differ in their reproduactive capacities,

The costal populations differ from the épen sc¢z aggregations

. not only in speci@‘ic reproductive capacities bvt alsc in the cha-

racter of si%e composition (Fig.3). Hystograms of the costal poiu~

3

1iclons length frcquénces have a polymodal character which givas

a eovizin neticen of their age struétlre. Shrinp males booene natu-
re in cosbtal areas by the age of 2-~3 years and the Tirst cpowniny
(lacvas ratching) takes place at the age of about 4 years.

Determination of the aggregations age composition in the Te-

rnicdov, Gocse, Novaya Zemlya Banks areas was less authentip;dué.to
lack of the size compositions pelyzodal structurc.

Fcr rational shrimp exploitaticn in the Barewnls Jca the knowe
ledge of population relationships between commercial agpresations

and location of the depen.lent, semi-dependent, indcpendent and

L ‘ " wmother" aggregations is of a great value,

Commercial aggregations of the Demidov and Goose Banks, Ho=
pen Island area and apparently South Cape Deep are populations of
semi-dependent and dependent type, the reproddction of_which more
or less depends on recruits coming from other populations, The
reproductive pcotential and other reproduftive indices of the oﬁen

3¢a areas ggprueguitions are'noticeably lower than those of tho

costal populations.lhe latter, according to Beklemishev's (1960)
definition, nay be ccnsidered as independent aggregaticns, 1 part
cf which arec mother aggregations.

Mother ag, 2¢wbtions in the opinion of Carlsson and Snidt




Goose Bank may serve as a confirmation of this fact.

( 10—50 spec/1000 m3) are observed in the North Norway and

’ perlod.‘“he direction of their prlmary tranoferoﬁce by some
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(1978) are located in the West Murman and Rorthern Norway costal
areas. The resultq of investigations on larvae drift in the
North Cape and Norwegian-Gurrents which takes place both iu the

direction of &he Hopen Island and Demidov Bank and also of the

Larvac distribution and 4drift

In April-llay the densest larvae concentrations

West Murman costal waters. Not numerous larvae Xeund in the se-
cond half’ of May in the open arecas of the Barents Sea South -
Western part are, according tolcheir sizes ( 5;2—5.6 mm )}, of
local corigin. -

Larvae abundance in the North Cape Current branches does

not exceed 1 spec/ﬂOOO mj in sprlng. Thus, in Aprll-May larvae

'drift‘with the North Cape Current waters is not yet pronohnced.

Their main concentrations are observed near the arcas of hatching.

In June—July the larvae dbundance in the gouth—ueotcrn
Barenta Sea increases congluerdbly in comparlson with ths sprmb
branches of the Ivorth Cape Current changes noticeably by years .

(Flg.4). In 1977 the greatest density of larvae distribution

( over 10 Spec/1000 m ) was registered in the Northern and Ccnt~

ral branches of the Current. In 1978 the prevailing way cf lar
vae trans“erence was with waters of the Central branch and hur—
mansk Current where larvae abundance on some stations reached
20-50 gpee/1000 mj. In Junc, 1979, the most intensive 1arvae
arlft took place in the north-eastcrn direction w1th the Northern
branch waters;. their abundance there (up to 70 spcc/1000 m )
turncd out an order higher than that in the costal branch. In

the Spitsbergen Current zone of ‘action the main larvae concent-



rationé»are régistered in late June on the Bear Igland‘latitude;‘
Their density is on. the average ‘about 10 opec/1000 m3 and changps
slightly wlth years.

With concideration of~tbe-minimal drift specd (.6 -;7 miles
.per day ) larvae during their iifé-time in blanktoﬁ (about 4 months)
cén bé transferred by the Currents {rom:the North Norwéy'shorés to
the distances over 500 miles. Hencé, by the beéiﬁning'of settling
the majority of the.costal shoals‘of larvae reaches the moétMrémo-
te commerciél aggregations of the sgrimp'in the Barents Sea ( the
Hopen-Island and Goose Bank areas ).

Stock and TAC assessment

The instrﬁment and trawl survey of stocks was carriéd out
in the perlod of the polar day 1979 when catches per uhitiof effort
and denSLty of shrlmp concentratlon near the botton durlng a day
were comparatively constant which may be explained according to
Smidt (Smidt, 1978) by the decrease of daiiy vertical migra%idns'
in this period ‘and also by the fact that the 1nd1v1dualg are loca—
ted mainly near the bottom during day and night. It allows to sup-
gest that the obtained results of an assessment of biomass are
close to the true value. - | S

Shrimp aggregations biomass values iﬁ the Goéée Bank and
South Cape Deep areas which were estimated by the instrument and
instrument-trawl methods turned out to Be very simiiar (Table 1).
This similarity confirms a sufficiently high accuracy ofvtbe inst-
rument-trawl method. The commercial stdck‘was determined with due
regard that the trawls with the inner mesh size of 55.mm wére )
usod'ﬁuring fishery. Experimants on mesh selectivity studyipgvin
the Barents Sea‘shrimp fishery which were hade>by tbe PINRO‘écie;-

tists Sakhno V.A.and Sadokhin M.K. showed thaf the trawls w1th the

35 mm mesh hold about 60% of shrimp caught.
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The TAC calculatlon has been done using the data characuerlzlng
the costal pOpulatlons structure: age of entering the commercial
stock /r/ - 3 years, age of the first spawning / r+t / - & years,
natural mortality after entering the c-.ulercial stock‘(M) - 1:55.
natural mortality uft = the Jirst spawnin_ { iarvae hatchin, 3
( My°) - 2.624. The ratio of the exploited spawning stock “nd the
virgin spawning stock ( S/8q ) at diilerent F and t=1 vilues was
calculated according to Ulltang ( Ulltang, 1978 ). The ICNAF wor-
king @roup (Redbock, 1977) considers thas.8/8; should be SO0% for
normal reproductioh of the shrimp stock in the West Greenland .
area, Fof the Barents Bea shrimp the coelf.cient F=0,65 (Table 2;
corresponds to the ratio 8/5, =0.50.
L Pable 2

thiO'of the exploited spawning stock apd the virgin
.~ spawning stock of shrimp in the Barents Sea at diffe-

.rent F values

0. 551
The rate of the stock exploitation.‘ff was calculated by

tbe.fopmula borrowed from Zasosov (1970).

jpr : ___[ e -{F+M)]

. F+M

The rate'of the stock exploitation was within \Pfi='0.262.

Tekimg into consideration tho pcpulation dependence of the main

Burents ééa commeréial aggregations the rate of ex@loitation'of-
the Barents Sea shrimp stocks shouls oo baken as 0.3. Then TAC for
the Demidov Bank aggresatlons should be 1%2,3, for bhe Goose Bank

- 5 9, for the South Cape Deer - 2 5 and Sotal - 21 Vi thou t.




Uiscussion of regulation measures
'he ICES Shrimp Working Group (ICEZ, 1979 b) recommends the
.owing regulation measures: to change the wesh size, to prohi-
bit fishery in certain seasons and in areas of mother aggbegations,
to control a fishing effort and to determine the TAC.

The investigations carried out in the Barents Sea allow us
to consider that the main measures for regulating Ghe shrimp fishe-
ry in this area are a restriction.or complete prohibition of fish-
ing in the areas of mother aggregations and shortening of the to-
tal catch volume of shrimp in order to ensure the normal stock
reproduction. To the authors! mind the mother aggregations are
located in the West liurman and North Norway costul areas and

~

fjords. L4C for the Demidov and Goose Banks and for the Soutl:

Cape Deep may be taken within 21.7 thou t which accounts for 20%
of the estimated commerciél stock.

'here are some difficulties in Linding out the key parame-
ters of calculation of natural and fishing mortality coefficients;
these difficulties are connected with a low authenticity of the
Barents Sea shrimp age characteristics. That is why the obtained
TAC values should be used as draft reccmmendaticas, For preventing
the possible negative consequences of the error in the TAC assess-
ment a control of the fishing effort may be used.

Change of the minimal allowable mesh size and possible
application of a fishing length for shrimp cannot, apparently,
be sufficiently effective measures of stock preservation as the
abundance reproduction of the Barents Sea main commercial aggre-

mainly at the expence of recruits coming from

-
<
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of the CPUn are oiten caused not by changes of *he stock ulze
but by pecullarltleg cf dlstrlbutlon of an obaect of flsh1n~

which are connected w1bn the hydrologlcal factoru, vertlcal

migrations and, poss;bly,Abyrother reasons.
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Fig. 4. Shrimp larvae abundance (spec/1000 mj} in the Norwegian
and North Cépe Currents branches in June~-July 1977 -
(hatched arrows), 1978 (shaded arrows) and 1979 (unsha-
ded arrows). T'he lines show the standard sections lo-

cation.



_Table 1
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Density, biomsss and commercial stiock of the shrimu
N 3

P. borealis in come areas of the Rarents Sea.
(Zaszed on the June 1979 survey nuterial)
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. . : Instrur-nis~-trawl

. Irstruments survey . Lavey
TSt FDensity : Piowacz in thou : :
. y - " - ‘ . . . D o .
:  Fhote - Shrivp e e e MW L Area : _ _ tung  _ _ tAres in :Biomass Commerci-
. . number T T . . - : A : . ‘by cat— ¢ )

Arep . munber o or " apec/sc. ,1 1N sg.icn the | the . fq' P oches :al stock
: s ’ :SPeC/9Get spec/m”: : - :  near : uiles ¢ ¢ :
. . - . : aites ¢ o ¢ botton tthsue t @ thou t

‘ : : pbcto . ; . :RJgu“ ! layer : i Cn

- Demidov Eank 314 117 0,71 1,2¢ 1712 14,3 52,4 2697 73,9 44,
Goose Eank | 591 232 0,83 1,46 9¢4 - 14,0 3?,5» 924 32,8 19,7

Scuth Cape Deep 7 v 0,74 L,ze 314 2,3 19,5 3i9 14,7 8,2

Total a4 307 2085 29,6 08,2 2940 121,4 72,3




