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Compilation of Papers Presented at the
INTERNATIONAL SYMPOSIUM ON BERING SEA FISHERIES
KHABAROVSK, U.S.S.R.

APRIL 2-5, 1990

{Remarks by Loh-Lee Low)

INTRODUCTION

This is a compilation of the papers presented at the second
international symposium on Bering Sea Fisheries. The
Proceedings of the symposium is being compiled by VNIRO (the Al
Union Research Institute of Marine Fisheries and Oceanography),
Moscow, U.S.S.R.

GENERAL INFORMATION
Symposium Title: International Scientific Symposium on

Bering Sea Fisheries
Dates of the Symposium: April 2-5, 1990

Location: Khabarovsk, U.S.S.R.
Head of Delegation: U.5.8.R. (Studenetsky, Novikov; 40)
and Delegation size U.s. (Aron; 6)
Japan (Morimoto, Sasaki, 14)
ROK (Chong Kab Lae, Yeong Gong;
PRC (Song ZhiWen; 3)
Poland (Karnizki; 4)
Canada (Shaw, 1)
U.S. Participants: (From AFSC) William Aron, Loh-Lee Low
Jimmie Traynor, Neal
Williamson

(From ADF&G) Douglas Eggers
(From Univ. of Alaska) Ole A. Mathisen

ORGANIZATION OF THE SYMPOSIUM

The symposium was organized in five Panels with a session on
Research Planning:

Panel 1 Oceanography {Chair: Rodionov, USSR)
(Rapporteur: Khen, USSR)

Panel 2 Reproduction and Early Life History
(Chair: Bulatov, USSR)
(Rapporteur: Serebrigkov, USSR)

Panel 3 Population Structure (Chair: Traynor, U.S.)
(Rapporteur: Eggers, U.S.)

1-
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Panel 4 Commercial Fisheries (Chadir: Karnizki, Poland
{Rapporteur: Stepanenko, USSR)

Panel 5 Stock Assessment (Chair: Shaw, Canada and
Sasaki, Japan)
(Rapporteur: Low, U.S.)

The papers presented are listed in the Agenda. There were more
papers submitted than presented. All the papers submitted are
anticipated to be published in the proceedings of the symposium.

PAPERS PRESENTED AT EACH PANEL

A summary of papers presented at each Panel was made by the
Rapporteur and a rough draft has been circulated for comment.
Each national section has been asked to review the draft and
submit comments to VNIRO for compilation into the final
Proceedings.

Most of the papers that are of special relevance to Bering Sea
donut pollock issues were discussed in Panels 3 and 5.

Catch Statistics: The history of pollock catches (in thousands
of metric tons) from 1980 to 1989 are listed below:

Donut Hole Zone U.8. U.S5.S.R.

Donut EEZ EEZ
hole All

YR PRC JAPAN ROK PPR USSR total nations

80 2.4 12.5 958.3

81 0.2 0 973.5

B2 1.2 2.9 955.9

83 4.1 66.6 982.4

84 100.9 80.3 181.2 1,098.8 756

85 1.6 136.5 82.4 115.8 336.3 1,178.8 662

86 3.2 698.0 155.7 163.2 41 1,061.1 1,189.4 838

87 4.1 802.6 241.9 230.3 158 1,436.9 1,253.5 688

88 17.4 749.2 268.6 298.7 135 1,468.9 1,228.0 1,253

89 - 647.1 302.0 268.6 - - - -

P.R.C. - People's Republic of China.

R.O.K. - Republic of Korea.

P.P.R. - Polish People's Republic.

EEZ - Exclusive Economic Zone.
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Stock Structure: Papers on stock structure presented in Panels 3
and 5 portrayed that there are three major stocks of pollock in
the Bering Sea: a western Bering Sea stock, an Aleutian Basin
stock, and an eastern Bering Sea stock. There was no evidence of
a unique self-sustaining stock in the donut hole area.

The most comprehensive diagram of stock migration pattern was
presented in a paper by Dr. Fadeyev from the U.S.S.R. (see Figure
1 of this summary). The migratory pattern suggests that most of
the pollock that are found in the Aleutian Basin resulted from
spawning in the U.S. EEZ (Bogoslof and eastern Bering Sea shelf-
slope areas) and reared on the eastern Bering Sea shelf as
juveniles (until age 5).

Stock assessment, conditions of the stocks, and allowable catch
levels: There were three major papers presented on stock
assessments that estimated stock biomass and allowable catch
levels. The first paper was by Mito (Japan) who conducted a
cohort analysis of the three major stocks. The second paper was
by Horbowy and Janusz (Poland) who presented a cohort analysis of
the Aleutian Basin stock. The third paper was by Low (U.S.) who
suggested allowable catch levels of pollock resources for the
Bering Sea.

The Japanese paper suggested that the allowable catch for 1990
for the entire Bering Sea should be about 4.29-6.31 million
metric tons. The Polish paper suggested that the exploitable
biomass for the Aleutian Basin stock was about 15.3 million
metric tons in 1989 and that the present rate of harvest in the
donut hole (about 1.3 million mt) is very low. The U.S. paper
reported on the conclusions reached by the Bering Sea Fisheries
Advisory Body (BSFAB) that suggested the appropriate harvest
level for 1990 at 2.63 million mt.

The differences in estimates (in million metric tons) for 1990
can best be illustrated for the three stocks presented in the
papers as:

Biomass Estimates (MMT) Allowable Harvest (MMT)

Japanese Polish U.s. Japanese Polish U.S.
EBS stock 9.5 - 6.5 1.71 - 1.6
Aleutian Basin 20.8 15.3 2.0 2.16 - 0.5
WBS stock - - 1.5 0.43 - 0.4

There are substantial differences in the numbers above,
especially for the biomass of the Aleutian Basin stock (15-21
million mt from the Japanese and Polish papers and 2 million mt
from the U.S. paper). There was considerable debate at the
symposium of these estimates and the participants agreed that a
technical workshop on stock assessment would hawve to be conducted
later to rescolve the differences.



Despite these differences, the symposium brought together much
expertise, new data, and many papers on marine resources in the
Bering Sea that would not have been made available otherwise.
Therefore, the symposium was a very constructive forum for
bringing together major scientists to address Bering Sea donut
pollock issues and to plan coordinated reseaxrch.

RESEARCH PLANNING AND COORDINATION

The participants agreed to the following research and

coordination:

1. Conduct a workshop on ageing techniques in Poland
this vear to standardize age determination (
methodology.

2. Agreed that all nations provide detailed catch-

effort statistics according to a standard format.
We also agreed that the U.S. will be the "clearing
house" for the data base. =

3. Conduct a workshop on bicmass estimation and age-

' structured analysis in Seattle. This workshop will
be used to examine all of the data and different
combinations of cohort analyses will be performed
to arrive at a closer understanding of pollock
stock biomass and allowable harvests. This
workshop would take place after data are derived
from the ageing workshop.

4. Agreed that all the countries cooperate on surveys.
Details of these surveys and national participation f
are to be worked out later.

5. Stressed that research must be conducted throughout
the range of Bering Sea pollock stocks, which
include the need to enter USSR waters to conduct
research.

FUTURE SYMPOSIUM

This topic was not addressed, although there was informal desire
and agreement to hold further symposia of a similar nature. |



.

Figure 1. Representation of pollock stocks in the Bering Sea and
their migration paths as presented in a paper by
N. Fadeyev entitled "The walleye pollcck migrations in
the Bering Sea".

Notations: indicates spawning locations

indicates distributions of juveniles ages 1 to 4

indicates distribution of adults ages 5 and above

indicates paths of eggs and larvel drift
indicates migration paths of juveniles ages 1 to 4
indicates migration of adults ages 5 and above

o U WK
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AGENDA FOR THE SECOND
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Working meeting of the delegations' heads
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G. Khen, S. Glebova. Warming of the
Bering and Okhotsk Seas in the last
decade.

A. Krovnin, 8. Rodinov. Interannual
variability of thermal conditions in the
Bering Sea.

D. Schumacher, R. Reed. Suggestion for a
fishery oceanography coordinated
investigation cruise for the Bering Sea.

Coffee break

PANEL 2: Reproduction and Early Life Stages

12noon -~ 12:30pm

12:30pm - 1pm

ipm - 3pm

L. Halderson, 0. Mathisen. A study on
pollock spawning and level of food supply.
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Sea pollock fecundity.

Lunch break

PANEL 3: Population Studies

3pm - 3:30pm

3:30 pm - 4pm

4pm -~ 4:30pm
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P. Dawson. Information on the stock
structure of Bering Sea pollock.

A. Nitta, T. Sasaki. S8Study on stock
identification of walleye pollock based on
morphometric data.

Coffee break

Yong Hee Hur. Comparison of meristic
characteristics of Alaska pollock from



5pm ~ 5:30pm

5:30pm - 6pm
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seven geographical areas of the North
Pacific.

T. Sasaki. Preliminary report on the
second research cruise by Kaiyo maru for
fiscal 1989. Research on pollock stock in
the international waters of the Bering
Sea.

Ye. Ilyinsky et al. The hypothesis of the
existence of near-bottom and pelagic
pollock.
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Yong Gong. Status of the Korean trawl
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Sea in 1987-1988.
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international waters of Bering Sea (1986-
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M. Kowalewska-Pahlke. Biological
information on walleye pollock based on
Polish catches in the international waters
of the Bering Sea in 1988.
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Symposium.

Summary.
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Draft Summary of Papers Presented at
Khabarovsk Symposium on Bering Sea Fisheries

Panel 1 Qceanography
Chairmsn - Dr Hodionov S.N.
Rapporteur - Dr.G.Khen
Briel resulis of the Panel discussions

The Pensl discussed the most imporbant tasks of commercial
oceanography in the Bering sea. Huch time vwag snent reviewing
regulor patterns of year-to-yocar variations in enviroumsnial
conditions =and characterizing the currents in the infternatio-

nal waters of the Bering ses.
At the Panel three papers were presented. Iloin idesas and rs
sults of the pazers =sre zivesn velow.

fepending on the modern stabe of fhe problems conansci i
tc the Berinz sec comumercial otjech
mary tasks for the fisheriesz o
g

1. Studies of mulbfi-annucl voriation regularities of the cuviron-
mental condibtions, and the nroblsms of long-texrm forecasting.
2e The detalization of currsniz in the Eering Seo contral osxd.

Presentations by Soviebt scientisgts Drs. Khen ond &lzbova,
and Xrovnin end Rodionov, declt with the regulsr pabticrns of larg:
~scale variations of Sthermal conditio;s in tha Eerin; Sea t

™
¥ ]

l.‘l'
L)
herd

»
14!
-

existzs the large-sccle variation of fthermie condiii

After sharp cooling thet took vlace in 1970s,warm ragime was esba-
blished 12-13 latar,such 2 regime iz still cheractariztic of the
Bering Sea. The sea warming in 1880s can be explained by the b
culiaorities of the atmospheric processes development,but the du-
ration of this period is rather surpriszing. If thig warming is con-
nected to atmospheric processes,then,according to Zhon and Glebeova
in the nearest fuiure the nex¥y sca cooling will take nlace.
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The question of the exact time of fhe modern existing rezime
change is rather complicabed,so the forecagts are so far preliming

l_l

-

If one takes into congideration the temporal scals of the quag

tationary climevic processes (5-15 years),it is posszible that ¢

1

)

)
-

+

{0
fte

verm regime of bths Dexing ses is ncgy ite end. On the obther hend,

[92]

taking info conasideration that the soler activity meximam will

&5
QY =2 a D—”O.'x“‘c.. ¥ in 39 Drs. Krovni a1 i 100V sun-
take Dl ce "’l:.’l"tely 1 1, Urs Krovnin and fodiono S1U0

poce that the existing vegime will continune into the sald yeaw,
But if the nizh temperature backzround of the Bering Sea is con-
ected to the global climsbte werming,then the 19E0s process will
ont inue. In this case,bthe conszquoncsg of the continuing warming
111 be unpredictahle.In any case, i3 is proposed §o study teth
Varlants.

he wallaye polloc‘ year-clas:

of cooldnzs or warming iz evident from the srecen
Xrovanin and Rodionov. So we have some hope ©
years! year-classeg are more obundant then =
-clasges of the cold 1970s.

The suggestions by Drs. Schumazchner and Reed regzarding the cooper-
ative sbtudics of the Bering Sea central deco-wabter part,includ-
e

inz the USSR zone,in 1551, is worth discussing,in more defail.
problemgs of the fisheriss oceanograophy in those arecas es

Ths
cially concernm the dirvections and speeds of currents,bthe sirength

e

of tidal currenbs over btae chirshov Ridge,2nd the waber mauses
exchange via the straita.

If it is possible to carry out the speciclized cooperative res-—
arch, it will be vossible to dizcuss the problems of the whole

e
Bering Sea currents a2}t one of the future Symposia abt the Jccanog-
-

aphy Pemel.

z
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Panel 2. Reproduction =ud Zorly Iife EHistoxry
Chairman - Bulatov O.4.

Rappopteur « Serebriakov V.P.

™vio paperg vere presenisd in which mein resultg of gtudies
on poll i s Bari i T 1

ck fecundity in ths Dering Sea arc given. The reseawch
the most modarm tachnical level. Zrief veview ia

The papexc presenbed ab the Panel werc
L.Haldgrgon and Q.kathisen A study on pollock spovming ound
level of food sudply”.

ZeVoronina,A.Privalikhin and Heouchkovs “Dering Sea noLloc-é/wﬂ .

fecundity®. The firsst paver i3 cdevotbe
- Avke [ a..t-( o
of larvae in Fe—erinz ™ gmell local ﬂﬂo“ystemi donendino
Fe 73 { is clfolg-c,b !3_5 Fﬂa-‘ﬁ a—g—l#q.qu
Sr—vIra deveWODment of ?Fl::f‘ production, yxssense conanode
P.a.a- ofloeled
nauplii and{density orAlarvas, L i
e . v s " o e, Tre e 4
’ Thﬁ?,lﬁ wing somehow verification of uf.§30f.J
crifie
nypnothesis aboul "exweiax neriod in the davelopmont ofjlorvoe’.
In the second paper the resulig of study on maturity and fecund-

ity of pollock are given. It was found oubt that pollock saam

[‘.

oneca i;r and that in sonads unto 6-16% of undeveloped qﬂbcyue:
are +This fact should be itakon into considersbiion when iTying
to determine individual fecundiby. It wes glso found that thexe
gre dirferences in individusl fzeundify,of zzc groups during
different ysars,and that during the last three yoors the posulaitic

fecundlity decrcased 4 times.

{.
Loth napsr demonstratad tve dgiferent agirga:hes to tue pro-
. iy}
vlom of rec“uiuaert. In the Tirst paper a F===F o3 made fto .cleor-
. n f”‘f" N L @RS
ify whatyin the ﬂ .gbnm§n31 gere the most importont fackores dao-
,‘u’.:‘_}’.&u o7Ln

termining 33&3~e}385—~-fﬁﬁg%ﬂ. in the second now this value san

defermine the nrocess of fszcundity forming. This ca be used for
izcundlty and

5ocks.Defermination

‘:{

determination of asnavming lsvels of populatio

r
u

according thz flrreshold biomags of spavming
of fecundity chould be a standerd procedure,tne =ame as age de-
awg.i. Azf} ‘o edege
termination. I'o gtudy the process of copepod cbhbundance feznin,
ib wiould be desirable to uge gatelllte information abeout vater
as on

temperature and currents duriaz spavming and drift of pollock
ezza and larvae.
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Ponel 3. Ponulasiow studx

Chairman: Sr.Trsyaor

nerg Vigre nresen c
exring Sea pollock po;ulatien study were fevi ad. et
I tric data were zhovm,comparative
anglysig of ne r1~tlc cp“":cberistics of pollcck sitocks in the
Herbh Peclfic was glv: n,qv;othetic theory of pollock
£

- A o YV - Ay
conbants of o vassys

i 2 DD .. u, R I T 3 AR am —r o ] . - o n el L
Fiye 4ifferent sroczdurcsn inmcluding age coxmionitvisn,lonizih ot

- g le 3 Y ems =5 STA a2 [ . o TS Sy e Y e R
cge,mitockondrial N suudicg,d AIETE O FONVIIiLT, fuxy OCQOXIDLNAe
swlaar mirmens et by mrm S i m b At - L T e~ = i =
POy wers vEed 5o ermoming zhock sirmuckture of Zering oza 201Llosi.
T S T, SR T s .y L2 % e I S R R
Zne ccmbingoiion ol oo cc::cnlulxl,lg_q,g’.:_z at age cad T.&2 o5uilzs

- L 9, [N T IS L3 () oA
indicas2 fhal ncllock in fhe daﬁ?u holz and in the U3 nortion

= 5 L3 =2 1 1. ) A s
of bhe Alouiign Racin ave members the came gtock. Hecenid sur-—

- - -
T [=4

nolleock soamﬁ;ng in the dougimut hole
arze ajavming posulation in bhe south-
8 sutien Zagsin in the vicinity of Bogoslof Islaad.
Zecauzc no juverils or younger mature pollock have beca found
sinand tecause the preveiling dareciion and

3

velocity of curranbs irn the “ososlof area would caxyy lervoe
G I shelf,nollock in the douzhnui ox

oato tne =as
elsevhers in conriob 2 o a=2lf contasin-

ed stock but are
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ent from out-iic the islsub-

ioanl Lagizns

Paper by Nitia and Sesski

- - -

Lbrphcmetric meanurenenis torouzh g truss network measurement
gystem {I1; were takten on nollock from three diffzront areas,
off TachnlAdng in ihe northresbtarn .acific,the intsmmational wa-
ters f the Lering sca,and the conbinental shelf of the castern
Lering cca. “he measurcments were shandardized to longbh and
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classifisd basged on discriment zrnalysis. The cl%fsification
S£2
accuracy was high for the three zamples enalysiss

Paper by Gong, Hur end Kim

seristic measurements,iﬁcluding the number of rays of the three
dorsal and two anal fins,the number of gillrakers oan bthe firgt
gill area,and the aumber of vertebrae were taken of poilock from
gseven areas of the Lorth Pacific. The :ssian areas 1nc-aiﬂne two
aress avound Iokksido are two sreas from the sea of Jan b
Lering sea areas included the central 2nd southeasteriy ..
ITasin and the eastern Lew z 3ea shelf. “he mean numvers of
vertebrae and gillrakers were significahidy diffsrsat beitiveen

2niion

l-..l
\I.‘

the Lering Sea and ision ares groups,however,these diffoxences
were not significant for zress within the asisn groun cxr for
areazs withln the terinszy wza groupn.

Paper by Sasaki

Preliminary reculbts of Sha second cruise by “faiyo ..oz’ thaot
oécurred 20 January - 15 February,i1990 in th
0

& Internatioanl zone
of the central Tering Iez,Were prescnied. <ollock veres obsexved

in extremely low densitics. 93,7.. of the female pollock had ma-
vure overies,hovever,only G,Tﬁ of” the fsmale pollock had hydrsted
osocytes,ikdicating thai no active spovning was occurring =2t the
tilme of the survey.

Faper by Ilyinsky et

~nalysis of pollock cateh cnd effort daba for the westerm lering

Jea suggests that two dissinctive groups of pollock occur thore.

The first groun ig a 1asgﬁhundant bottom oricunted group reghbiic-

ted to the coniinental shslif. The second group is the mors abund-
er.

znt and is orientef%}p mll—robe “here arec distinet differances

in thesgg;no sltlondbebiiecn the two groups,with the first belng
greater than 55¢m end the cecond 40-45cm in lengbh.The mid-vaber
group appears to migrabe baitwesn the shelf and the sleutiom ond
Xomandorsky . esing.icecause: the botbom-orienbted group has s much

ldrger length =t age;thﬂ the mid-viater zroup,the &wo grouns
are thought to be separate stacks.
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Panel 4. SGMB DATA REGARDING FISHEERILS RESULTLS

Chalrman. Dr. {arnicky

Rapporteur: Dr.Stepanenko
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che M ensinichas] ia a t
vy horean snd Folish fizhing vesoels were considered,as well as

the A/V "Kaiyo Maru*invsstigatiosng in 1388-1575.

- -

“he contents of the nregenihsz
sr.yeoug Gong: ne steabus of the

. . . o all
coreon sroawl fighexy fox
- LRy ] - - - = e - - - -t
laska péllock’ in the Lerxing wea in 1987-15E80. Ihe -orezn gids
- L H ke T v gy R ) i 1 - 1n
resented fhe dalds on above,nobing fhont the CF hos conziderab-

s k4 . T lmpmnn o I - .
ried eul in Octoher-Jenuczy. Thers is substogcial seasoncal Yaris-
2a
- A

1 T I L4 : T A A . Y I
£ thne CFUE., I% is minimol in August-Sepntember ond mexizel -

vertical disfribution: ix wintar it inheobits great
200=3C0n, in spring and summer 1
layer of 100-200m
The Alasksa no
o
o
o)

recently in the ns
Roreen trialers otarbed io i onagiderzbly

smploy thne trwals with a ¢

1

srger vertical

Dr.TeSageki presanbed the resulbz of the pelagic trawl cuzvysy
s

carrizd out in bthe Aleutien Tosin im the wintor season of 13388/1%%
The comparison of the resullbe of bthds gurvey wita the same of She
pzst showed that the C2UZ has rccenily dscreased. The main Lol
vesbing of Aleuntian pollock takes place in Cciober-Janucry; uwasic
tihie second period of the intengive commereigl activity is obooz-
ved in April-Moy,viben the fishiny flcoet operates on the affer-

-3oavmed Alaska pollock.

Degpite the main commercial Alaska pollock harvesting taling
rlace in the southern part of the Central Lering Sea ("Doughnui
holeiarea), bthere exists the considersble sessonal variation of
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$he commercial activibties' disbribution. The japanese commercial
fishing foxr Alaska pollock 1g practically susiained Zhroughout
the whole Central Bering Sea.

Drx.

Dr.RKowalevisha-Panlke: Piolosical information on Alaska pollock
1989+ The total Alaska pollock harvest by Folznd in 1989 in the Do-
ughnut hole srea smounbted $o 285.0 bthousand Soans.That year bthw
main Alaska nollock couacent

baged on Polish calbches in the Iering Sea internationsgl waberz in

]
4]

. L3 ? - e Ty e PO 3
aticns were cohoervsl in bae censral
'|

and south-eastern nari of tre dougmub hols. The Pizh sized 3U-%3ex
H o v

s
. . LY LN b
vos observed in the catelicges

o

de qmrm— t..-; [ . [, S
5 vz noted thai in comparison

the previous years,ithe
The 1977 and 1
the 1981 and 1
studiso of 1859 didnot :GVGal any subgtencial variation in fhe
Alaska pollock blomass in the dousghnut hole arsz.,

At the game time,i: was ncied that the CFUE in 1989 was siizhs-
1y less ¢han in 1988, On the »osisz of that dato,23 wa

359 Alagka pollock wes iar

Py

o

[
978 year—classes vwere dominant.In Sestembesr-Cciobex
983 2

age structure stzbilify,the conclusion is drawm that the exissing
fishing does not influsnce the Alaska pollock siocks stabo. 4g in
the douzhnut holc area ihe counsbtanily Spavming alszka pol

it

obgervsd, the supvosision iy madse

ot

- . ) -
nat at least socme nart o

Alaske pollock spavms within thiz areae.

PANEL 5. STOCK ASSESSUENT
CHATRMAY: Dr.SHAW,Dr.SASAKL
RAPPORTZUR: Dr.'ijoh-Lee T.0W

— ————

(This section was drafted but had not'been
typed for distribution at the symposium)

e
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Agreement Reached on Planning and Coordination of Research
at International Symposium on Bering Sea Fisheries
held at
Khabarovsk, U.S.S.R.

aApril 5, 1990

Based upon the papers presented and discussed at the Symposium,
the participants noted that there was further needs to conduct
coordinated studies and workshops to resolve a variety of
questions. The participants agreed that:

(1) A workshop on ageing methodology be convened in
Poland later this year to standardize age
determination technigues for pollock.

(2) All participating nations provide data on their
commercial fisheries in the Bering Sea according to
a format suggested by Japan. It was further agreed
that Japan coordinate the receipt of these data and
the U.S. would serve as "clearing house" for their

computerization.

(3) A workshop on biomass estimation and age structure
analysis be convened in Seattle after the ageing
workshop.

(4) Research on pollock and oceanography should be

coordinated and conducted throughout the Bering
Sea. Details of such cruises and their
coordination are to be pursued through
correspondence.

In the course of further discussions, the following points were
also made:

(1) Poland extended an invitation for participants to
visit its plankton sorting and identification
center to exchange views on methodology and
procedures used for egg and larvae studies.

(2) Poland also urged that the classification criteria
used for gonad maturity be standardized. The
participants agreed that these exercises can be
conducted via correspondence.

(3) All the nations that have research vessels
conducting cruises on pollock resources expressed a
willingness to accept participation by scientists
of the other nations, subject of course, to normal
practical constraints.
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Draft Proposal for Standardizing Data Collection and Reporting

COMPILER's NOTES

The following proposal to collect data from Bering Sea pollock
fisheries was presented by the Fisheries Agency of Japan. The
proposal was based upon a conclusion made at a Bering Sea pollock
symposium held in Shimizu, Japan in the summer of 1989. The
participants at that symposium were from Japan, Poland, and the
Republic of Korea.

It was agreed at the Khabarovsk symposium that such a
standardized data collection system will be useful and that
national participants will submit comments about the data to be
collected to the Fishery Agency of Japan.

It was also agreed that:

1. The Fisheries Agency of Japan will coordinate timely
receipt of the data, and

2., The United States (the Alaska Fisheries Science Center in
Seattle) will serve as the "clearing house" and
computerize the data.
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A DRAFT OF STANDARDIZED PROCEDURES FOR REPORTING
CATCH AND EFFORT DATA OF THE BERING SEA POLLOCK FISHERY

FISHERIES AGENCY OF JAPAN
APRIL 19890

On the basis of the mutual understanding reached at the
Scientific Meeting on International Cooperation for Pollock
Research in the Bering Sea held at Shimizu, Japan in August,
1889, Japan has prepared a draft format for reporiting catch
and effort data as attached.

With regard to the standardized procedures for handling
reported data submitted in accordance with the agreed format,
Japan believes we need more discussions on such matters as;

(i) What are the necessary steps for handling the data ?
(ii) What are the necessary capacities to process the data ?
(iii) Who should be "the clearing house" ?

(iv) How should the processed data be utilized ?

(v) How should the processed data be publisized, when
: necessary ?
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IDRA%T'

Fishing Data Format for the Bering Sea
Pollock Fishieries { to be submitted
to the clearing House )

! 2 34 5 678 910~1516 171819 20~ 24 25~30
Year|Month| Country]| P| S| Area Position] G|Number of]Duration of| Catch
llauling Hauling
g iglol2 1{§§ seo/df '1/8'§_,_L,__Q O12]%[0] 0 Oldanhys
- _ | AN Y G W Ao
JRY N SR P — 1_{..-

b e

Year ( lower two digits of the year ) : column 1,2
Honth : columan 3,4
Country : column 5

P ( Type of'operation ) : : column 6

§ ( Class of Tonnage of Vessel ) : column 7

Area _ : coluan 8,9
Position ( Longitude & Latitude ) : column 10 ~ [5
6 { Fishing Method ) : column 16
Number of Hauling ( times ) : column 17,18,19
Duration of Hauling ( houurs )} ¢ coluan 20 ~ 24

Catch { metric tons : pollock only ) : column 25 ~30

-~
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Code Table and Untt

Country ( column 5 )

(W

PEOPLE'S REPUBLIC OF CHINA :
JAPAN :
REPUBLIC OF KOREA :
REPUBLIC OF POLAND :
UNION OF SOVIET SOCIALIST REPUBLICS :
UNITED STATES OF AHMERICA

Lo T B I R A R

P : Type of Operation { column 6 )
Mothership ( processing ) : - | Mothership { other } : 2
(L.Joint Venture { catcher } : 3 Trawl ( processing ) : & :)

Trawl { other } .

Move detailed definition wreded or vegrooping) €4. Cogher ( Sorimi procesior, 0 thew
procesioy, €reeitr and ouey) e
S : Class of Tonnage of Fishing Vessel { column 7 )

~ 300 ton : O ~ 350 : 1 ~ 400 : 2
~ 500 : 3 ~ 1,000 : 4 ~ 1,500 : 5
~ 2,500 : 6 ~ 3,500 : 7 ~ 4,500 : 8
4,500 ~ 9

Area { column 8,9 )
By the five areas { |,1,0,§,Y¥ ) plus international waters as
independent Block |

Position { column 10 ~ 15 ) _
By subarea of | degree in longitude and 30 minutes in latitude
* Distinction of 0 ~ 30 minutes and30 ~ 60 ( © ) minutes 1in
longitude identified by the third digit of Pesition column
0 ~ 30 minutes : 0, 30 ~ 60 ( 0 ) minutes : |

Distintion of the east longitude and wesL longitude 1is
identified by the first digit of last four digit numbers.
- East Longitude : 0 , HWest Longitude : |

G : Fishing Method ( column 16 )
On-bottom Trawl | Demarsal 2
Hid-water Trawl : 03

Duration of Hauling ( column 20 ~ 24 )
Unit ¢ hours

Catch ( column 25 ~ 30 b
Unit : metric ton
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Closing Etatements
Y
Each National Section
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Closing Remarks by Canada

Given by: William Shaw
Pacific Biological Station
Nanaimo, Canada

On behalf of thoe Canadion delepation I wowld lilko to
thank Dr.Noviliov and s8ll of our Joviet colleazuecs for organi-
2

ng tho Symposinm nnd for the wearn hospitality exbenrded to
1l of us.

'r-;

during the course of this Symposium a lsrgs pumber of
paperg have been pregented. It is through forums as Chis which
onable all of us to come bogebhcy and to conbtxibute to tho Emow-
ledge of the biology of Bering Soa pollock and to dizcuss the
development of rotional moncgenent.
As I mentionod in ny opening remarks Canada is not on-

gaged in a pollock fisnery in the Bering Seu yet 1 con soe thad
we are pursuing the same goals, as for pollock off of our

£
2]
O
SJ

L5
and that is to abtain a better L4derstanﬂlno of tihc policcii pe~
source,

when I was participabing for the first bize on the wall-
eye pollock cooperative survey abeard the Japaness reseaxrch ves—
sel. KAIXO MARU, I wa:
Bering Sea. This is not oxly due to suca adverse weather buv
cbeeérying the cooplaxity of Beriag Sea pollock. There are man
unitnowns, yeot I am impresse’ ab the great strides cveryone hag
talzen to reveal ithese unknowns.

We have heard how very large sbtocks of certain commer-
cially important species have existed in the past, however they
can only be found in texibooks. ill of us are deeply commilied

“to consorving tais yory valuable regource aund to provent histo-
ry from repeating itself. I zdmire 21l of you for your sbtroug
committment to continued ccoperation rescarch and will coabi~
nue Yo support this effork.

]

amazad how hexd ib wes Vo wornx in the

.
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Closing Remarks by the Chinese Delegation

Given by: Song ZhiWen
Ministry of Agriculture, Fisheries and
Animal Husbandry
Beijing, People's Republic of China

Mr. Chairman, ladies and gentlemen:

First of all, please allow me on behalf of the Chinese delegation
to express our heartfelt gratitude to the host of the Symposium,
our Soviet colleagues, particularly to Mrxr. Chairman, Dr. Novikov,
and Dr. Studentsky, and all the organizers who successfully
arranged the Symposium for the enthusiastic and friendly
reception given to us.

It is over one year and a half since the International Scientific
Symposium on Bering Sea Fisheries held in July of 1988 in Sitka,
U.S.A. At the end of that Symposium, all of us showed concern
over the Bering Sea fishery and deemed it-necessary to carry out
scientific investigations continuously and to further strengthen
our cooperation in this sea area. Now once again we meet here to
attend this International Scientific Symposium on Bering Sea
Fisheries. It is of great importance and significance to us.

Walleye pollock is the most abundant fishery resource in North
Pacific and provides a huge scurce for human food supplies.
Chinese vessels have been using the resources in the high seas of
the Bering Sea since 1985, catching about 32,000 metric tons in
1989. It is still a developing fishery, but has become more
important for our developing long distance fishing operations.

We pay a great attention to the sustained and steady state of the
fishery resources.

At this Symposium, many scientists and fishery experts have
furnished some information of the progress they have made in
fishery production and investigations on fishery resources and
put forth their views and opinions which will contribute to a
better understanding of the present state of fishery resources,
particularly ‘the walleye pollock resource in this sea area. As
we know, fishery resources are renewable living resources which
have their own characteristics. It is very difficult to carry
out fishery investigations for there exist many limiting factors.
It is a time-consuming and very expensive activity. It is
specifically noted that many of the views at this Symposium are
quite different and, as a whole, the information on the fishery
resources and the fisheries is extremely scant in this area. No
clear explanation for some changes has been given so far, and the
major causes are probably natural and that a direct 1link with the
effects of fishing may be very weak. Further intensified
research and documentation in this area is still urgently
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awaited. In this regard, we should make sustained efforts to
accumulate data over a long period of time and maybe no immediate
effects can be brought about in a short period of time.
Meanwhile, we all know that if scientific ewvaluations lack for
fishery resources, the views and opinions on the development of
the fishery in a sea area will be groundless. Therefore, it is
really a complicated and difficult task, a long-term task before
us. We should cooperate fully with each other in the work and
make prompt evaluations of the progress we will make so as to
develop the fishery in the Bering high seas and in the whole
Bering Sea on a sustained basis.

Thank you.
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Closing Remarks by the Japanese Delegation

Given by: Dr. Takashi Sasaki
National Research Institute for Far Seas Fisheries
Fisheries Agency of Japan
Shimizu, Japan '

Mr. Chairman, ladies and gentlemen and distinguished
delegateé. I would like to express my highest appreciation
to the government and scientists of the USSR as well as to
Khabarovskrybprom and the city of Khabarovsk who have given
us their wholehearted hospitality here in Khabarovsk and who
have quite successfully carried out this important inter-
national meeting. ‘

During the last three davs we have had meaningful and frank
scientific discussions on subjects such as oceanography,
reproduction, population structure, fisheries data, and
stock assessment. I believe this scientific symposiunm has
succeeded in presenting a significant amount of nes

 scientific knowledge obtained on the pollock resources of
the Bering Sea since the Sitka and Shimizu meetings.

However, there exists some differences of opinion among the
participants of this meeting. For example, Japanese data
and study demonstrates that there is an abundant and stable
pollock resource in the Aleutian Basin. Although this data
and study is recognized by some scientists, others disagree.
There also seems to be some differing hypotheses on stock
structure.

The very existence of these differences in opinions supports
our long-standing belief that we should be discussing these
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issues of the Bering Sea pollock fisheries within an
international forum in whick all nations concerned,
including both the fishing and coastal nations, would
participate on an equal basis. As we are all committed to
rationally conserving, managing, and utilizing the pollock
resources in the Bering Sea for years to come, we should

not impose a particular opinion upon others. We also should
not disregard any scientific opinions. What we should do

is to discuss these issues within an international forum
with all the necessary data available.

From this point of view, earlier today we proposed a draft
format of standardized procedures for reporting catch and
effort data in the Bering Sea pollock fisheries. This
format was completed by the help and suggestions from
Poland and the Republic of Xorea on the basis of our mutual
understanding reached at the international mecting for
scientific research cooperation on the pollock resources in
the Bering Sea which was held in Shimizu, Japan, in 1989.
Although we could not adéquately discuss tnis draft format
2t this meeting because of the linited time avzilable, let
me stress that it is most important to report catch and
effort on thie pollock fisheries both within and outside the
Bering high seas in order to have a better understanding of
the pollock resources. It seems to be necessary to=have=a
vozkshom to study more extensively the draft format and the
procedures for compiling and utilizing the data.

We also proposed research in the Commandor Basin of the
western Bering Sea within the 200-mile zone of the USSR.

It is essential to conduct research in this area to have a
comprehensive understanding of the entire Bering Sea,
particularly the Aleutian Basin. The significant increase
in the pollock catch by the Soviet fleet in this area in
1988 also gives us an obligation to study this area.
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Japan supports the proposal made by the delegation of Poland
to hold a workshop in Poland this fall on the subject of
age determination technology. This proposal is in line with
the agreement at the Shimizu meeting to hold technical work-
shops on particular subjects regarding pollock studies.

We understand that the gnlted States has agreed to host a
NSfosk =t
workshop on g;%@ia;ﬁﬂﬁ%ﬁysz& techniques. This is a very
important subject and there are obviously significant
disagreements between us in this area, as shown by some of
the presentations and discussions at this symposium.
Therefore, we would strongly support the formation of such a
workshop.

Furthermore, Japan intends to continue and strengthen its
research and study activities with the cooperation of
scientists from the nations participating in this symposium.
As I explained earlier today, we will conduct a mid-water
trawl survey this summer employing a quantitative echo-
sounder system. The construction of a new Kaiyo Maru
rescarch vessel will also be completed in 1891 for further

improvement of our future research capability.

Finally, as an interim measure until a true international
fisheries organization dealing with pollock resources in the
Bering high seas is established, let me express my support
for the idea to hold international scientific discussions
like this symposium on a periodic basis to further the
scientific knowledge on the pollock resources of the entire
Bering Sea. '

Thank you Mr. Chairman.
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Closing Remarks by the Korean Delegation

Given by: Chong Kab Lae
Director-General
National Fisheries Research and Development Agency
Republic of Korea

Dear Chairman.

It is my great pleasure to have an opportunity to express my
express my opinion on the discuss in this symposium by the
extensive research work from the coastal and fishing nations

since last symposium

I fﬁgnd that many useful information on the Alaska pollock
in the Bering Sea were presented to the symposium oy the
extensive research work from tha coastal and fishing nations
since last symposium.

However,TI noticed +that there are split ideas in the discussion
on the stock structure and population size which were main Topics
in thas symposium. '

This means that we need much more resesarch works and information
on the fishery to get generally to get generally acceptive
results on the topics.

I would like to suggest that every nations inv@lwed in tThe fishery
in the fishery in the entire Bering Sea should exchanse every in-
formation from research vessels as well as from commercial fisning
activities between the scientific groups.

It seems to me that an integration of groups be organised and
through which all the opinions of the countries involved in tne
fishery in this area be reflected for tne effective utilization
of the pollock resources in tne hign seas of the Bering HSea.

Finally, I would like to express my sincere thanks %o the Khabarovsk
governor and the staffs of VNIRO and TINRO.

Thakk you.
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Cloéing Remarks by the Polish Delegation

Given by: Dr. Z. S. Karnicki
Sea Fisheries Institute
Gdynia, Poland

(The closing statement by Dr. Karnicki was not
given out at the symposium)
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Cleosing Remarks by United States Delegation

Given by: Dr. William Aron

J

Science and Researcll Director
Alaska Fisheries Science Center
National Marine Fisheries Service
Seattle, Washington

It is with pleasure that I begin my closing comments with a strong
sense of gratitude to our hosts feor thelr many kindnesses, their
effective organization of a challenging meeting and their warm
hospitelity. I must also tharnk eazh of the Symposium participants
for the excellence of their presentations and analyses. All of us
learned a great deal at this Symposium both in terms of clarify-
irg past uncertainties end, of no less importance, providing =
sense of the direction that must be followed to close c¢critical
gaps of our kiowledge.”

What have we learned?

1. Based on investigations of stock identification by sci-

entists from Japan, Korea, the USER and the US there is a broad
agreement on the existence of at least three stocks in the Bering
Sea. These papers provided no support for the existence of a unigue,
self-sustaining stock in the "doughnut nole".

2, Studies by Soviet scientists on the dﬁstrlbuulon of esggs,
larvae and the movement of pollock in the Rering Sea ere consisteat
with the above conclusions.

3.We listened to important contributions from Japan, Korea
_nd Peoland regarding their commercial fisheries in the "doughnut
hole". These papers all showed a downward trend in CPUE data, con-
sistent with the downward trends in the Bering Sea reported by the
USSR and the USA. Queations were raised by some delegates abcut
the value of using CPFUE data for assessing these trends.

4, There was little agreement on the health of poilock popu-
lations, widely disparate views on the status of stocks were pre-
sented, Currently available data and analysis do not permit a sa-
tisfactory resolution of these differences. '

What must we do?

1. The grave unceftainty that exists virtually demands that
fishing practices be conservative. Foolish optimism carries the
risks of repeating the History of other geographic regions and des-
troying a world class natural resource.
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2. With the clear, recognition that conservative fisning prac-
tices have a cost in terms of human food rescurces our differences
of views must be urgently resolved through:

a. Expanded research to gather necessary data about pollock
populations, their distribution, abundance and the impacts of envi-

ronmental change on these perzmeters.
b. Strengthened ccoperation between all scientists working

on the problem to minimize duplication, resolve disagreements
about scientific analises, assure comparability of field data.
Interchange of scientists and the development of joint research
cruises can essist these efforts.

c. For some critical areas of concern including aging
methods, analytical approaches, especially cohort analysis,
workshops should te held to standardize methods and resolve
differences. Accordingly the US supgort Foland's proposal to
host an aging workshop and also offers +to host a workshov on
Age-Btructured Analysis of Beriﬁg Sea Pollock, We will pe pleass
to provide the necessary computer facilities and be pleased
to examine all of the data provided by the participants through

appropriate combinations of anzlysis.

The U.3. is, of course, prepared to fully cooperate in
the efforts essential to build the understanding rejuired to
menage the pollock resource of the Bering Sea.
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Closing Remarks by Soviet Delegation

Given by: Dr. S.A. Studenetsky
Director, VNIRO, Moscow

Dear colleagues, I would like to note the importance of our
symposium, and I hope it is going to be a good tradition from now
on.

I should say that the problem of exploitation of the Bering
Sea pollock is vitally important for us, not only for the Far
East fishermen to follow the development of this problem very
closely, but also the pecople of the Far East who are connected
with the develcopment of this region's economy. All of them want
to be sure that pollock catches will be .stable for the future
years. Naturally, we are greatly concerned with the pollock
stock stake.

On the basis of scientific study carried out by Soviet
scientists in the past during the two years after the Sitka
Symposium and on judging from our colleagues, scientists from
other countries' presentations at this symposium, the Soviet
delegation believes that modern knowledge on biology and Bering
Sea pollock population structure allows us to a very high degree
of certainty to come to the conclusion that the international
water's fishery is mainly directed on the pollock of mixed U.S.
and U.S.S.R. origin. At the same time, we believe that we should
go on with the intensive study of polliock and other species of
the Bering Sea, as well as environmental cconditions study.

In conclusion, I would like to note that exchange of results
of scientific research and exchange of ideas are very important
for national use of the Bering Sea resocurces. 1 suppose we are
on the right tract, and we should go on with organization of this
kind of symposium.

Thank you for your attention.
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Warming of the Bering acpd the Okhotsk Seas in the Last Decade

Khen. G.V. and S.¥. Glebova
TINRO, Vladivostok, U.5.8.R.

When analyzing interannual variations of thermal conditions,
revealing apparent and oblique regularity,it is always necessa-
ry to be supported by a series of observatlons for many years,
while dradlngpa series of forecasts.The more number of periods
of one or ancther temporary extect is in a series,the safsr the
forecast of appropriate scale of priority.That is why one of the
primary tasks of commercial oceanographh is a search of such cri-
terion that could allow to bave the maximum long serivs <f obser-
vations in actual commercial area.

Unfortunately,there is no szetion like Kolsiy in the 3arent
5--2 both in the Bering sea and the sea of Okhotsk. 3ut -vzx in
case it were,it would be izpossible to have a notion about ther-
zu) state of the s=ntire Basin by one section,for in fhe Tur-fast
seas cases of apparent counterphase between north and soutl,
east and west are not infrequent,the data of shore statio:s can-
not reflect the essence of processes taking place in high seas.
That is why icing was taken as a criterion of thermal state,ragmu-
lar observations of icing have been conducted sirces 1960 in the
Hering sea wsnd since 1957 - in the sea of Ckhotsk.

Vhile studying intevamunl variations of wny  oceanological
porameter it is necessary to exclude interannual fluctuations;
amplitude of which is rather ﬁigh to conceal a course [or wsiny

years. It might be possible te choose any decade or month For an

analysis but it is diffieult to determine the most informative
among them. Even the term of maximum icing is changzd frcm|year
to year from the third decade of February v the first decade of
April.Averaging of ieing was conducted in January-April o avoid
errors that allowed to derive average winter icing for each year.
Average winter icing was subjected to high interannual flu-
ctuations (Fig.1) within the limits of observed series in hoti
s2as.inplitude of fluctuations was Zﬁ% in the Zering sea: from
18% - in the warmest year,1979 up to he% - in the coldest 1976.
The amplitude of fluctuations ia higher in the sea of Okhotsk
(3€#) but total iciog is also higher: from 30 to 86% in extrewe

years.
Spectral analysis didnot reveal apparent rrevalence of =¥

regularity.The best contribution is made by 11-year-old cycle
in beth seas,then 5-6 year-old cycle comes as for the level ol
significance. 2-year-old regularity is additionally distin-
guished in the sen of Okhotsk.

The availability of 11-year-old c¢ycle is probvably related
to the fluctuations of solar activity.lt i=s not-by chance that
as solar activity increases in the Bering sea,the level of icing
considerably decrzases mnd in the s¢az of Okhotsk it is just vies
versa,-the level of ieing increases.When Wolf's numbers:are re-

duced,the change of signs of anomalies takes place in one of

the seas, but counterphase of processes is the same. Counterpheze

was revealed particularly clear in extrems years.The colder in
cne sea the warmer in another QDé.

Grouping of adjacent years of the same type (table 1) was
carried out to have clearer ideﬁ of counterphase of processes.

Alternation of worm and cold veriocds is clear from the table
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both inm %he Bering sea and the sea of Okhotsk.Therefore,cool-
ing with increased level of icing was observed in the Bering
sea in 1960-1965,1971-1977, and warking with low-icing winters
- in 1966-1970,1978-1963.Cold periods for the sea ol Okhotsx
are 1960-1961,7966-1973,1978-1963 and warm perieds - 1962-1065,
19741977, 1984-1929. Therefore, thermal conditions were actually
developed in counterphase in beth sesz. till 1983. Nevertheless,
ice processes lLnvs been developing by type of warm or mean
yeurs in both seas starting since 1985 and up to nowadags.
Icing was qqite below the norm in the Bering sea even in extreme-
1y warn year for bhe sea.of COkhotsk,1989. .

Waraiag of the sea of Okhotsk in the second hg.lf of the
80s proves 1i-year-old rhythmics of interannual fluctuations,
wHheress the warm background is likely to be an anomaly in the
Baring sea. By analogy with past years alternation of signs
of aorslices Msd €9 oeeur i the Dering sea in the nid 80s
and up to nowadays icing in w.;inter must be above the norm.

By present state of thermal conditions {zaducsd level of
icing is in beth seas for tke last 5 years) it can be conclud-
=g about change of ccuntarphase of processes.ls it really so?
Let us go back o the seliadule of course for xudyy yesrs bk
with S-year-old sliding averaging (Fig.2). "‘herefore,?,—iyear-old
and 5-6 year-old fluctuabions were artificiaily exeluded fiom
the course for many years,that.'allowed to demonstra.t:e 11i-year-ol
cycle more vigwally. As it can be noted,notwithstanding the
low icing during the last years,11 year-old cycle has been
violated in the Bering sea.An increase of icir 3 with regard to
previous phase ol Low leing winters ocvureé here in the mid

805 in conlorrity with 1 year-cld rivthnics Fevertheless, it

Table I.
Indices of warm conditions of the Bering Sea and the sea of
Okhotslk :
Years! The Bering sea : | The sea of Okhotsk
Signs of I types of 1 signs of | types of | T
3 od
anomalles’ years | periods ' angmaliesljggrs ! periods
19560 + A . c + 0
1961 + C + g CDLD
1962 0 A 0 - Y W
1963 0 A - Vi
I9%4 + C L - c A
I965 + C - W H
D .
M
1966 - W W + c
1967 - W + c C
1966 - W A - A c
I%69 - W R 4] A 0
1970 - A N + A O L
L L 1 - U . N D N
1971 . c c r(_l r Ani ] lc.ﬁ—l(—f «Cl—(
1972 + c 0 + A C
1972 + A L + C D C
1974 + A D = L} i
1975 + C - W A
1976 + [ .- W H
1977 + ¢ + A i
1978 - ki + C Cc
1979 - W + c
1980 - A W + c 0
ISBI - A 4] A
1982 - w A + A
1983 -~ A + c *
1984 + A R - W D
1985 - W H
1985 - A : ;}{ ¥
1387 - ¥ - W A
1988 - A - A
I98% - W - W R
M

C-GOLD, A-AVERAGE,W—WARM
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is much lewer than that of previous celd periods,even lower
than average meaning for many years.

The given 51tuat10n is very likely to be related to pens-
ral waraing of the Berlng sea,the reasons could he e1ther ano-
malous development of atmospheric processes or the globrl wern-
ing of the Earth climate.

It is no doubt that fluctuations of icing ere related to

. peculiarities of atmospheric processes that occur over the

North Pacific and counterphase of the sea of Okhotsk and the
Bering sea are related to location sné inkensity of high-alti-
tude ridges and hollows that have direct influencs upon cyclo-
nic aetivity off the Earta surface. Three types of macropro-
cesses are distinguished by Girse A.A. by the state of high-
~altitude frontal afea in the Far-Eastern yegion: [irst - meridio-
nal (M), second - meridional (ﬁa),zonal (3) (Fig-3).

At 1, vast ridge is located over the North-western Facific,

high—altitudé hollows are by both sides of it: one hoilow Qs

diregted southward Irom the avciiicareas along the eastern cosst

of Asia (Far-easternh hollow) and the second hollow - to the
west areas of American coatinent. At h2 the sign of baric¢ field
ig alternated: large-scale hollow is locabted over the ligilh-
~-western Pacific,and well-developed ridges are to the right
and left of that hg;low. Both types of processSes are sn exenple
of meridional form of circulation.

Tropospherical waves either completely disappear or theinr
amplitude is very low at zonal state of high-altitude £rontal
zone besides they are changed over some areas but repicly shift
in the direction from the west to eastwardg.

At M1 development highly-gradient zons with severe northern

winds appears to be over the sea of Ckhotsk transfering cold
masses of Arcﬁic'aic:from”Chukotka that promotes 1ntensive
cool1n5 of tha Okhotsk sea’ waters and ag & consequence it

.,

promotes development of extremely bigh icing in this area.
The opposite situatio; is observed in the next basin, Cyclones
moving from the soutb transfer warm oceanle air to the Bering
sea preventlng rapid water cooling.

In case of dominance of maerocirculation from M, in tfo-
posphere in-winter,the character of development of hjdrother—
pal regimes of the Okhotsk and Bering seas is conaiderably
changed ,primarily due te the change of trajectory‘of sbhifting
near-ground cyclones._Cyclon1c activity gets lower over the
Bering sea,that leads to inflow limit of warm air masses into
this area_from the oceen,located in thg rear part of cyclones -
of Aleutiean depreasion. The Bering sea.1s subjected to the
inflow of po}d arctic air that resulta in intensive_cooling
of water surface and development of considerable icing.

And vice versa,an increase of total temperature background
in the sea of Okhotsk basin is stipulated by development of
cyclogenesia over this area, Moreover,the shift of the Aleu-
tian lepression center pastward protects the sea of Okhotsk
from the influence of its cold rear part. All this results in
slower cocling of the area and guite slow ice accumulation.

Theréfure;developmenf of icing eccurs in counterphase
in the sea of Gkhotaﬁ and Bering sea when one or amother me-
ridional form of processes brevails in troposphefe. pore inten-
give icing is marked in tﬁe sea of Okhotsk at M, and in the

4

Bering sea - at H2.
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In some years.tﬁe level of icing in neighbourinpg Basins
can be changed in one phase as it has be2en revealed. A5 a rule
it is observed "during zonal transfers. loreover,ice condition
¢an be either identically easy ar identically hard,dependiqg
on high-altitude front zgne position.

In case if latitude~orientated frontal zone is located
southeramost of both seas,over the North-west Pacific,both areas
are turned out tio be in the Arctic sector under the infiuence
of cold air masses.Cyclones,zoving soubhernmost,affect the sea
by their rear parts.that is why northern transleps are observed
in the entire area.lnder such situatien identically rapid cool-
ing tsekes place in beth Basins. resulbing in extrsee hich icing.
Fenetration of Arctip air to the area is decreascd and vice ver-
sa, an influence of warmer air masses of temporzte latitude
gets higher when high-altitude frontal zovne is porthernnost.
Total ircrease of tempernture backgronnd limits icing develop-
ment both in the Okhotsk and Berinyg sezs.

Such are the wmain counterphase mechanisms of procesr.-s i
the Bering sea and sea eof Cxhotsk hydrosphere and possible wva-
rianlks of synchronous cooling in both Basins, If it is assumed
that peculiarities of developaenl of staaspisrin nroe-<o .. are
the main reason of gynchrenous warming of the Ohotsk wid Bering
seas in the last decade, - restoraticn of counferphase of =igns
of anomalies in hydroshere caln be expected after a numb:zr of

years.
Consequences of global warming of the Ea rth can be non-

-inverse and lead to further intensification of processes of
warning in both seas that will be re}ﬂtedi to the state of

commercial objects.Possible shift of hydrological zunks causes

)] 1, '®) O

the concern that will unceubtédly result in vielation of modern
ecological balance.It is not excepted that an amount of sogme
species of fish will rapidly fall down and the amount o} oth-
er species will be increased. Even "outburst® in abwifa ce of
non-traditiornal spaciés are possible for these seas.

Certainly, it is difficult to confirm that it will namely
be this way. It is no doubt that more detailed investigations
of cauyns snd regularitiea of long-term variations of warm siete
of the Far-eastern seas are required and thorough working out

of both cause and effect varionts to the last detail.
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Interannual Variability of Thermal Conditions in the Bering Sea

Rodionov S_H_ and A.S. Krovain
TINRO, Vladivostok. U.S.S.R.

Buring the last decades- three periods are distinguished rather
clearly In varlations of thermal conditlons in the Bering Sea:
1965-1969, 1970-1976, and from 1977 up o now. F1§. ia snows the
changes of sea surface temperatures (SST) around the Pribllof
Islands. As 1t 1s seen the first period is characterized by positive
anomalies of SST. In 1970 a rather sharp decline of temperature
oceurred and the cold period started. But since 1977 a level of SST
fluctuations rose again sbruptly.

The existence of these three geriods of guasistationary SST
varlatlions with rather sharg transition Irom one climatic regime to
another is not only reglonal phenomenont which is inherent with the
Bering Sea. Similar periods show up in other time geries of thermal
characterdstics, often thousands ol miles distant from the Berln%
Sea. Thus, Namias (1982} defined the above climatic regimes In sir
temperatures in the south-eastern United States. The variatlons of
air temperature in Fig. 1b are out-of-phase with those ¢of SST in the
eastern Bering Sea. Another 800d gexample i3 changes of water
temperature in the layer 0-200 m at Kola section in the Barents Sea.
These ¢ 2s serves as a good indicator of thermal conditions in
the whole Northeast Atlantic Regilon.

There is no doubt that manifestation of these three climatic

regimes 1s assoclated with global or at least hemlspherical
rocesses In the ocean and atmosphere. It 1s ¥nown that during
960's the zonal atmospherlc clrculatlon over the Northern
Hemisphere was relatively weak, but in 1970's 1t3 conslderable
intensification cccurred. Some features of atmospheric circulation
chan§e which happened in 1977 are seen in Fig. 2. During 1977-1982 a
significant increase of geopotential heights at 500 gPa surface in
high latitudes was observed In comparison with the period ol
1671-1976 wnile they decreased in the middle latitudes. As a result
zonal atmospheric cilrgulation over the Northern Hemlaphere was
weakened. This process was accompanled by frequent outbreaks of
arctic air masses in the Northeast Atlantic which led to cooling
there. On the contrary, the increase of geopotential helghts over
Alaska and their decrease over the Central North Pacific were
responsible for strengthen of southerly flow in the lower
iroposphere over the Bering Sea which resulted In warming 1n this
region.

A3 shown by Pavlychev et. al. (1989), the changes of thermal
conditlons in the Bering Sea are closely related to the pattern of
storm tracks. In winter of warm years when merildional forms of
atmosgheric circulation prevail over the North Pacific the axis of
most Trequent occurrence of cyclones stretches from the southwest to
the nortneast bringing about enhanced advection of warm air to the
eastern Bering Sea. On the contrary, in cold years Zonal Iorms of
circulation develop over the Ber Sea and to the south of 1t. The
axis of most frequent occurrence ol cyclones runs aleng latltudes In
the region south of the Aleutlan Chain. In thls case strong
northerly winds over the Bering Sea produce severe winters.

Iocation and central pressure of the Aleutlan Low may be
considered as sn integral characteristic of storm.aciivity. The

deepen of this center of action end its dlsplacement to the east
of normal position result in cooling in the Ber Sea. On the
contrary, the relatively hi%h central pressure and westward shift or
split of minimum lead to mifd winters the Bering Sea. It shouwld
be noted that location of the Aleutlan Iow seems to be more
important than atmospheric pressure in 1ts center.

As Namiag (1976) Bointed out, the Aleutian Low i3 assoclated
with El Nino/Southern Osclllation (ENSQ). During the ENSO events
zonal circulation in the temperate latitudes of the North Pacific 1s
enhanced. The Aleutian minimum tends to be more intense and
displaced southward and eastward of normal. AS shown above this
situation brings about the cooling in the Bering Sea.

Statistical correlation analysis of time gerles of atmospheric
and oceanic parameters for the eastern Bering Sea reglon with an
Southern Osclllation Index (SOI) carried oul by Nelbauer (i986)

ives an evidence of significant teleconnections between the
rogical Southern Hemisphere SOI and events in the subar¢tic region
of the Nerth Pacirlc. Maximum correlations range from S to 15 months
lag behind ENSQ events Ior processes in the Bering Sea. The signs of
correlation coefficlents al su%gest that warming in the eastern
Bering Sea follows an ENSO event.

At the rirst glance,these results are in some contradictions
with findings of Namlas f1976) and Pavlychev et al. (1989). But
disagreemen disapfears 1I we take Into account a conceptual model
of dévelopment of large-scale atmospheric and oceanic processes in
the subarctic North Paciflc, proposed by one of the authors
{Rodionov, 1987). This model may be used as a possible explanation
of about one year lag between the ENSO and Ber Sea events and
existence of quasibiennual oscillations in the subarctlc regilon.
Accord to the model an intensification of zonal atmospheric
circutation over the North Pacific (gs,for example,during the ENSO
events) and corresgondent strengthening of North Pacific Drift lead
to warming along the west coast of the North America. This can be
explained using a well-nown Icelln's hypothesis (1940). When the
currents in the subtropical gyre become more ‘Intensive the gyre
shrinks and the split point of North Pacifiec Drift shifts southward.
As a result warmer water Is transported into the Gulf of Alaska. The
warming in the Gulr of Alaska encourages the deepening oI the
Aleutian Low and 1ts eastward disglacement. Both deepening and its
more eastern locatlon lead to further strengthening of North Pacific
Drift and increase of SST. However, as the posltive SST anomaly
13 driven by the current along the Aleutian Chain toward the Aslan
coast, the Aleutian Low shifts in the same direction and sometimes
aglits. Zonal atmospheric circulation weakens and meridional
clrculation, on the contrary, enhances. The subtroplcal high
pressure ridge extends to the Aleutian Is. region and advection of
cold arctic alr along its eastern Ilank resuifs in the apgearance of
the negative SS5T anomaly along the North American coast. This
anomaly driven by the Alaska current system to the north and then to
the west promotes increasing of meridional gradients both in ocean
and atmesphere. As a result,the zonal type circulation establishes
again. The perlod of this auto-oscillatory system is about two
years,

As 1t 1s really known, the quasiblennual oscillation (GQBQ) 1s
strongly pronounced in fluctuatlons of thermal conditions orf the
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Bering Sea. The QBO 1s also disglayed 1n vardations of relative
abundance of pollecK stock (RAPS) i1n the eastern Ber Sea (Hen,
1988). So it i3 natural to assume an existence of relationship
between RAPS and thermal conditlons. Nevertheless, correlation
coefficients between RASP and water temperature and ice conditions
are turned ocut to be insignificant.

i)
Probably the matter 19 that the relatlonshlp between RASP and
thermal conditions 1s different in various frequency bands. Both
thermal conditicns and exhibit linear trends so that the
warm in the Berlng Sea coincides with the negative tendency in
tne pollack stock size.

Alternative type of relationship seems to exist in the high and
Intermediate frequency bands, that 1s in variatlons Irom year, lo
year and from one group of years to another. Varlations of RASP end
ice conditlons after the removal of linear trends are represented in
Fig.3. The above mentloned climatlc regimes become more pronounced
in these data. The association between RAPS and thermal conditions
1s positive now: the warmer ihe sea the higher the pollack stock.

In order to reveal the simllar relationship in QBO cycle the
Iollowing table has been constructed. Si%ﬁ "plus" ("minus™) in the
Ilrst row of this Table means that RAPS Increases (decreases) up to
the year given In the Table from the previous year. Sign "plus"
("minus") "in rows 2-5 means warming (cooling) 1n the Bering Sea in
accordance with such factors as ice conditions, southern boundary of
cold water (SBCW), water temperature in the layers -8-+60-m—end
O-bottom at sectlons located to the south of the Pribilof Islands
(Pavlychevy et al., 1989; Hen,1988) and SST in the grid point 55 N,
170 W (data from archive oi Hydrometeorologlcal Center of the USSR).

The Table shows that odds for colncidence of signs of
year-to-year varlations in RAPS and thermal conditions igg_rather
high and cerrespondent frequencies vary from 0,67 (for y to{for tu

O-been. ). The Ifrequency increages up to 0,91 1 we take iInto account

only those years when the signs rows 1 and 2-5 are the same that
15 one can Judge about warm or cool in the Bering Ses rather
firmly. The same frequency value 1s In the case when even one sign
in the rows 2-5 colncides with sign in row 1. Thus, we can induce
ihat in interannual time scale warming (coolin%) in the Berihg Sea
1s associated with increasing (decreading) of the relative abundance
of the pollack stock.

In order to answer the questicn whether the warm climatlc
regime started in 1977 1s %ognf on or not let us consider the
siiuation observed dur he last years. C es of mean winter
(January-March) SST 1n the grid point 55 N, 170 W for the period
1970-1989 are shown 1n Flg.4. As seen, a level of SST Iluctuatlons
continue to be rather higﬁ despite the fact that in 1988 and 1989
SST decreased slightly.

Flg.5 demeonstrates a sequence of maps of §eogotential height
anomallées in January for the Beriod from 1984 to 1990. All anomaly
patterns excluding those of 1986 and 1989 indicate that southerly
winds over the eastern Bering Sea prevail.

As 1t was noted by Mclain and Pavorite (1976) the severe
winters in the Eastern Bering Sea establlshed in the 197Q's were

4

aggoclated with the change In SST anomaly pattern in the North
Paclfic. Durlng the 196073 the positive SST anomalles predominated
along the western coast of North America and the gool of colider than
normal water was present in the ceniral North Pacific. In contrast,
during the 1970's the general sea surface temperature pattern was
the opposite: cold elong the West Coast and warm In the central
North Pacific. As seen Fig.6, gatterns of SST anomalies for
winters of 1984-1988 are simllar to those 1n the 1950's but in 1989
sgatial distribution of SST anomalies has changed toward the
situatlon observed in 1970's.

A questlon arises when the existent warm climatic refime will
come to the end. The answer on this question is very difficult and
speculative. According to Namlas (1952), characteristic time scale

0T the climatic re§1mes under consideration 19 about 5-15 years. So
it is possible thal soon warm reglme in the Bering Sea will be
terminated. As 1t was shown above, SST anomaly patterns give us some
evidence In favor for thls essumption. However, we should take into
account that maximum of scolar activity is exgected about 1991.
Favorite and Ingraham (f973) pointed cut tha durin% the perjods of
sunsgot maximun the mean winter position of the cenfer of the
Aleutian low preassure shlfts Irom the Gulf of Alaska to the western
Aleutian Islands. So It can be assumed that the current warm
climatic regime in the Bering Sea prolongs until about 1991. Then as
the solar activity will stari to decrease and zonal atmospheric
clrculation over the Northern Hemlsphere, in accordance with Girs's
hypothesis (1971}, will strengthen, the cold climatic regime wilt
possibly establish,
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Suggestion for a Fishery Oceanography Coordinated Investigation Cruise
for the Bering Sea for Summexr 1991

Jim Schumacher and Ron Reed

Pacific Marine Environmental Laboratory
National Oceanic and Atmospheric Administration
Seattle, Washington

Prepared for

International Symposium on Bering Sea Fisheriaes

April 2-5, 1990
at

Khabarovsk, USSR

Paclific Marine Environmental Laboratory
National Oceanic and Atmospheric Administration.
Uited States Department of Commerce

Bering Sea FOCI Plans, Summer 1991

Introduction ==The Fisheries Oceanography Goordinared Investigatiuns (FOCI) is
an effort by the National Oceanic and Atmospheric Administracion (NOAA) o
understand causes of recruitmenc variability of valuable Eish and shellfish
stocks of the Gulf of Alaska and Bering Sea. Our main interest is in walleye
pollock (Tharagra chalecogramma), which is a major commercial rescurce in the
Bering Sea. Variations in survival during eacly life stages, especially the
iarval stage, are thought to be the major factor leading to enhanced or
reduced recruitment. Hemérous biological interactions and physical processes
play important roles. Vaciations in ocean circulation and the transporc of

Larvae are especially significant.

Rasearch Cruise -- An investigation of the circulation and physical propertiea
in the western Bering Sea is the objective of FOCI studies in summer 1991.
Although this proposed study is mzinly cencerned with physical oceanographic
aspects OF the region, ic will be integrated with our geneval ecosyatem
studies. The field work will be conducted by the Pacific Harine Environmental
Laboratory of NOAA.

We plan to occupy CID {conductivity/temperature/depth) casts along the
sections shoun in the figure. The secticns across Near and Kamchatka straits
should permit examination of the exchange of upper and deep waters between the
Pacific and Bering Sea. Sections along the Kamchatka Peninsula should help
define the flow of the swift boundary cucrrent there. Other stations in the
deep basin would provide valuable information on the teﬁpe:ature, salinity,
and nutrient (phosphate, nitrate, and silica} distributions in the region.
Hany of the casts would be taken to near bottom, and casts in the straits and

near the continental margin would be it intervals of 10 kn or less.
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In addicion te CID work, we plan to deploy several satellite-rracked
drifting buoys to obtain direct measurements of upper-ocean circulation. The
vessel will have an acoustic Doppler current profiler, which measures curcents

in the upper 300 m., We also plan to deploy a Eew current moorings to abcain )
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Opportunities for Cooperative Research «- The Bering Sea FOCI work is planned wrsn % k

for August 1991 aboard the HOAA ship Miller Freeman, a 65 m-long research
vgssel and stern gravier. The vessel is well-equipped for research and has
computer systems, satellite navigation, and fish decection sonars. The cruise
is tentatively plaoned for 25 days and would probably start and end in Dutch
Harbor, Alaska.

We would welcome cooperative research activicies with Soviet scienciscs.
Berthing space for a few visiting sciencists would be available. Activities
that ceuld be undertaken include plankcon-larval tows, limited midwarer
travling, sonar detection of fish schools, and collection of water samplaes for
biochemical apalyses. The wessel would also provide a good platform for
observing various eceanic phencmena. Alchough obsecvation time is limited

because of the large amount af CID work, perhaps three days' ship time could

be devoted to other research. Cocperative research programs should greatly

enhance the value of the investigation of circulacion and warer property

distributions.

Pacific Marine Environmental Laboratory

Seattle, Washington

FOCI Investigators: J. Schumacher 526-6197
R. Reed 526-6818
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Fecundity of Walleye Pollock, Theragra chalcogramma (Pallas)
from the Bering Sea

Yoropnina EL.A. {VNIRO) A.M. Privalikhin (VNIRO),
and M.G. Suchkova(TINRO)
U.S5.S.R.

A study was made of walleye pollock fecundity in the eastern
Bering Sea’based on material collected in 1987-1989. A method for

intravital evaluation of ococyte state in walleye pollock ovaries
and identification of norrally funcuioring arnd pathologically matu-
ring gonads was developed and applied. Individual absolute fecundity

number of pathologically masuring ococytes and characteristic features

of their resorption were determized. Wzlleye pollock is characterized
by synchronous vitellogsnesis typ2 and asynchronous maturation of

gocytes with subseguent accumuletion of ripe-eggs in ovarian cavity.
Spawning of walleye pollock is sipultaneous. Pathologlcally develo-
ping cocytes were recorded in 67 3 of females and their relative
number amounted to 80 % in some individuals. Females with total
oocyte resorption in ovaries costituted 12 & of spawming stock at
the beginning of spawning season and decreased to 3.5 % at the
end of spawning. The exterier view of pathologically developing
overies is often mormal, wich ¢an be erroneously interpreted as

spavning of walleye pollock in summaT.
When individual absolute fecundity was estimated both normally

maturing cocytes (actual IAF) and yolked albtogether with pathologl-

. cally maturipg cocyies (possible IAF) were taken into account in

each female, In ‘1987 the value of possible IAF in the eastern

Bering Sea varied from 73,000 occytes in females 30-32 cm of body
size to 00,000 in. idividuals of paximum size, Actusl IAF was on the

average by &% lower end consbituted 72,000 and 600,000 occytes
respactively. In 1989 possible fecundity of the recruited Spavwners

wes lower than in 1987 end was estimated at 54,400 oocytes, whereas

fozles of lerger size exibited hiper fecundity of up to 1,700,000
oceyies. Actual fecundity was on the average by 116 ﬁ lowier and
was estinated at 38,000 and 1,140,000 cocytes.

The values of cctual fecundity in 1987 and 1939 all size. groups
averaged 316 end 452 thousand oocybes, respectively.

Fopulation fecundity (Pr) was estimated as a total sum of

contributions made by individuals of all size groups consvituting
spavning stock. In 1987 the major contribution inbto population

fecundity was made by femelas of size groups of 3744 cm long (41 %)
and lower shures (27,13 and -6 $) were contributed by females of
other size groupings of 45-52, 53-80 and 30~36 ca leng.

In 11989 45 % of congtribution inbo population feecundily was made
by females 45-52 cm long, 26 B wes consributed by fish 53-30 ¢t long
eané 20 % shere wac made by the size group of 37-44 cm, Contribution
of recruited spawners 30-536 cm long exhibited 16-fold decrease
(1 %) a5 as compared with 1987.

The value of welleye pollock population fecunditvy in the zastern
Bering Sea was estimated in 1987 at 1801.65 x 1072 gggg, while in
1989 it shows¢ 4.2-fold decrsase constituting 423.82 x 1012 CEES)
whick would necesssrily effect state of walleye pelleck stock im
the nearest” 2-3 years. In view of the fact that quantitative

estimation of ococyte resorption phencmena in walleye pollock had
not been performed before, the obtained values of abundance and
bilcmass of the species from the results of ichthyoplankton survey

appeared to be underestimated up to 7 % at the begincing of spawning
geason and to 17-20 % in the second half of the spawning period.
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Information on the Stock Structure of Bering Sea Pollock

Pierre K. Dawson

Alaskes Fisheries ScienceCenter
National Marine Fisheriea Service
Seattle, Washington

Introduction

Major increases in the harvests of pollock have taken place over
the last 5 years in new fishing areas of the Bering Sea, centered
in the Aleutian Basin region apnd in particular in the doughnut hole
region (the international zone of the Bering Sea) (Figure 1}. It
is essential to understand the stock relationship of pollock
populations in the new and traditional fishing grounds. If pollack
in the doughnut hole and in the U.S. EEZ are the same stock, these
major new fisheries may over-exploit the pollock population and
endanger the productivity of the stock. Thus, the determination
of the stock structure of pollock in the Bering Sea and the
determination of the degree of stock mixing has become increasingly
important.

Age Composition

Past research has indicated that the age composition of pallock has
varied depending on the location (Dawson 1989). Pollock on the
eastern Bering Sea shelf tend to be younger than pollock found in
the Aleutian PRasin (Figure 2). 1In both areas the 1978 year class
has been a dominant year class but at different times. By the time
it had become dominant jin the basin as 7 year olds, the 1978 year
class no longer made up the largest fraction of the catch an the
shelf, having been surxpassed by the 1982 year class,

In 1982, in the Aleutian Island area the pollock age compesition
was broadly similar to that of pollock on the eastern shelf with
the 1978 year class dominant as 4 year olds. However, as the 1978
yearclass grew older and no strong younger yearclasses emerged, the
Aleutian Islands pollock age composition has shifted and becone
similar to that of pollock in the Aleutian Basin.

Beginning in 1987 a large scale fishery for pelagic pollock in
southeastern Aleutian Basin began in the region of Bogoslof Island
within the U.S. EEZ. The age composition of pollock caught in both
the doughnut hole and in the vicinity of Bogoslof island is similar
(Figure 3). A persistent feature of the age composition of pollock
in the Aleutian Basin is the absence of any pollock that are
younger than 4 years old.

Age data from 1989 is consistent with the above patterns. The age
composition o©f commercial catches on the shelf is currently
dominated by the 1984 and 1982 year classes while Aleutian Basin
catches are made up of the 1978 year class at the advanced age of
11 (Figure 4). Again the age composition is not different between
catches in the U.S5, portion of the Aleutian Basin (hereafter called
the southeastern basin) and those from the doughnut hole.

Length at Age

Like age composition, length at age varies by region in the Bering
Sea. Lynde et al. (1986) and Hinckley (1987} demenstrated that the
mean length at age of pollock on the continental slope northwest
of the Pribilof Islands was smaller than that of pollack to the
south -of the Pribilofs. The length at age of basin pollock was
most similar to that of pollock from the slope to the northwest of
the Pribilofs.

Dawson (1989) found that Aleutian Island pollock had a greater mean
length at age than Aleutjan Basin pollock. Doughnut hole and
southeastern basin pollock had a very similar mean length at age.
A comparison of the mean length at age for individual ages showed
that the mean length at age of fish from the basin was consistently
greater than that of pellock from the northern slope of the eastern
Bering Sea up to age 7 or 8 but at older ages the mean length at
age of basin pollock is either equal to or less than that of the
northern slope pollock. Figure 5 shows the sample areas that the
data came from and Figures 6-9 display the actual mean lengths at
age.

The recent data from 1989 again supports the ahove basin
observations. Pollock from the area of Bogoslof Island and the
doughnut hole have a similar length at age (Figure 10).

Genetic Studies

Past genetic studies have not inecluded Aleutian Basin pollock.
Mulligan et al.({1990) compared the mitochondrial DNA sequences of
pollock from the Aleutian Islands, Bogoslof Island area, doughnut
hole, and Shelikof Strait in the Gulf of Alaska (Figure 11). They
found that the Bogoslof and doughnut hole samples were similar and
both were distinct from the sample from the Aleutian Islands. The
Shelikef Strait sample was more closely related to the
Bogoslof/doughnut hole samples than to the Aleutian Island sample.
Clustering of genetic distances is shown in Figure 12. Mulligan
et al. concluded that three stocks were represented in the samples,
a Bogeslof/doughnut hole stock, an Aleutian Ysland stock and a Gulf
of Alaska stock.

Spawning

Hinckley (1987) and Mulligan et al.(1989) described the spawning
times and locations for pollock in the central and eastern Bering
Sea during 1984 and 1985. They found spawning occurring in the
basin from January through March, with spawning on the southern
shelf and slope and nerthern shelf from March to June and spawning
on the northern slope from July to November (Figure 13).

Surveys in 1988 and 1989% of spawning concentrations in the basin
found very few fish spawning in the doughnut hole while at the same
time large concentrations of spawning pollock were found in the

g9



southeastern basin in the wvicinity of Bogoslof Island (Traynor
1990). During the same period the commercial fleets operating in
the doughnut hole had low catches,

oceanography

The absence of pollock younger than 4 years old in the Aleutian
Basin while spawning pollock are found in large quantity in the
southeast basin, raises the question as to the fate of eggs spawned
in the basin. Satellite-tracked drifter buoys deployed in the
region of Bogoslof Island in 1976 had ended up on the eastern shelf
in the general vicinity of the Pribilof Islands. This offered the
possibility that the eggs and larvae ended up on the shelf.

Additional satellite-tracked drifter buoys deployed in March, 1988
in the southeastern basin showed a drift pattern along the shelf
break until approximately 58 N where one drifter headed west across
the basin while two more headed up onto the northern shelf (Reed
and Stabeno, 198%) (Figure 14). This new data supports the earlier
hypothesis that eggs and larvae from spawning in the southeastern
basin may end up on the eastern Bering Sea shelf.

Conclusjions

The combination of age composition, length at age and mitochondrial
DNA evidence indicates that pollock in the doughnut hole and in the
U.S. portion of the Aleutian Basin are members of the same stock
and are separate from the polleck in the Aleutian Islands. The
lack of any significant spawning concentrations in the doughput
hole during recent surveys indicates that pollock are leaving the
doughnut hole to spawn elsewhere. large spawning concentrations
found in the U.S. portion of the Aleutian Basin of the same stock
of pollock as those in the doughnut hole indicate that many of the
doughnut hole pollock probably spawn in the U.S5. EEZ. The
continued absence of young adult polleck in the Aleutian Basin
indicates that recruitment to the basin is coming from elsewhere,
most likely the adjoining shelves. The most probable hypothesis
for the disposition of the eqgs spawned in the southeastern basin
is still that they are carried by currents either directly onto the
eastern Bering Sea shelf or very near the shelf. The data indicate
that neither pollock in the doughnut hole nor elsewhere in the
eastern Aleutian Basin are a self-contained stock but are dependant
on recruitment from outside the region.

Much more work needs to be done to f£fill in the details of this
picture. Of particular interest is the relationship of pollock in
the western Bering Sea to pollock in the central and eastern
Bering. Several Soviet scientists (Stepanenko, 1989; Bulatov and
Sobolevsky, 1989) have hypeothesized that some western Bering Sea
pellock migrate into the doughnut hole. Multi-lateral coaperative
studies are required to obtain a more cemplete understanding of
pollock in the Bering Sea.
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Study on Stock IXdentificationof Walleye Pollack
Based on Morphometric Data

Akira Nitta (Japan NUS Co., Ltd.) and

Takashi Sasaki (National Research Insititute of Far Seas Fisheries)

Japan

Introduction

Attempts to identify fish stocks have been made using
various methods based on morphometric and meristic vartabil-
ity as well as biochemical methods. Under the method based
en morphometric varlability, an approach to test statlsti-
cally the variability in relative growth has been adopted,
and Wians {1984} showed the effectiveness of the method to
process through multivariate analysis the values concerning
the morphometrics measured through Truss Netwark Measurement
[TNM) Method as a method to identify Pacific salmon juvae-
niles having different orlgins. A study was made to find
out whether It is possible to analyze stock structure of
pollock in the Bering Sea using this method, especially
whether it is possible to identify the fish living in the
Aleautian Basin, including the interpational waters of the
Bering Sea, and the school of Individuals living on the
continental shelf of the eastern Bering Sea.

This study, Inltjated in 1988, showed the possibillty
of distinguishing one sample agroup from another through
morphometric varlability, despite the fact that relatively
few specimens were made available. However, as the range of
body length of the specimens on the continenta! shelf of the
eastern Bering Sea was relatlively wide, only a part of
specimens which belonged to the bady length range of speci-
mens ih the interpational waters could be used for discrimi-
nant analysis. For this reason, analysis of relative growth
was made In 1989/1990 to study whether there were morphomet-
ric changes in the process of growth, and fishes from the
international waters and the continental shelf of the Bering
Sea were |dentified on the basis of data obtained through
measurement of large quantlty specimens under the TNM meth-
od. As a resuvlt, it was made cliear that determination was
possible at a fairly high level of probability

Materials and Methods

The TNM method s designed to study the morphometric
varjability by grasping morphometrics by means of continuous
cells from the head to tail. and deal each cell and diagonal
lines as statistics. The four vertexes of the cell serve as
points forming the morphometrics, in pollock, 19 points., as
shown in Fig. 1 (8 cells and a total of 43 Eucllid distances)
were established. In what follows, the distance between
Polnt 1 and Point 2 is expressed as Point 1-2,

Specimens collected in the internatlonal waters of the
Berling Sea and the continental shelf of the southeastern
Berlng Sea were used, but, in order to compare them with

specimens collected In areas far from the Bering Sea, speci-
mens collected off Hachinohe along the nertheastern Pacific
coast of the Tohoku region in Japan were also used (Fig. 2).
Specimens from the continental shelf of the southeastern
Bering Sea were collected by Japan-U.S5. joint venture
fisheries at the request of researchers. The number of
specimens were as follows:

Sampling Area Date Number
U.S. Waters (Berlng $ea) Apr. 1987 602
International Waters {Bering Sea) Jan, 18988 291
0ff Hachinohe {Western North Pacific) Sep. 1989 249

Measurement was conducted according to the following
procedure.
1} Place fully defrozen specimen on the measurling sheet
{YUPO paper 150 ) in a natural manner
2) Punch the measurling paint with a needle
3) Read coordinates on the measuring sheet with diglitizer
4} Calculate the 43 Euclid distances from the coerdinates
Analysis was conducted according to the discriminant
analysis. The program used in the analysis was FACOM OSP
Statistic Package.

L

Results and Discussion

As shown in Fig., 3, the standard length (Point 2-19
under the TNM Method) of the measured specimens was large
with a relatively narrow length range fn the Internatlonai
waters of the Berling Sea and off Hachinohe whereas those
from the continental shelf of the southeastern Bering Sea
was small and had a wide length range. Before conducting
discriminant analysis, examination was made on whether there
were morphometric changes according to body length in speci-
mens taken from the same area. The frequency distribution
aof the proportion of each of the 43 Fuclid distances to
standard length (ED/SL) for each area was unimodal wlth
little varijance, I't was concluded from this that there were
no morphometric changes within the range of body length
measured.

Discriminant analysis was conducted using 43 ED/SL. As
shown below. classification of specimens from the continen-
tgl shelf of the southeastern Bering Sea and the interna-
tlonallwaters of the Bering Sea to the orlginal area were
determined at the probability of 85% each, and those from
off H§cbinohe at the probability of 88% As a result of
discriminant analysis using actually measured values of each



) i @ .

Euclid distances, the determination rate declined to 75% for
the specimens from area off Hachinohe whereas those from the
continental shelf of the southeastern Bering Sea and the
international waters of the Bering Sea were BBX and 90%,
respectively, showing a slight increase

Sampling Area Sample

sfze —--mrmoroommmeserrc e s
U.S. Waters Int’) Off Hachinohe
Waters
U. 5. Waters 682 84,9 11,9 3.2
Int'1l Waters 291 4.2 85. 2 6.5
0ff Hachinohe 248 1.6 10.9 87.5

Dawson (1989) applied this methed to pollock juveniles
and attempted to ctarify whether it is possible to distin-
guish the sample groups in the four areas of the continental
shelf of the eastern Bering Sea and an area of the interna-
tional waters, but the discriminant rate between sample
groups was low. DPawson explalined that thls might have been
due elther to the fact that the specimens did not have had
their proper morphometric characteristics by area or, even
when they did, specimens in each area mlght have been mlxed
schools from several areas of different orlglns, The high
discriminant rate obtained in the present study might have
been due to the fact that the specimens in the southeastern
Bering Sea were collected during the spawning season when
they can be regarded as one identical stock.

flecognition of variability between sampie groups by
means of discriminant analysls shows that the proportion of
various parts to the body lenoth, as measured by the THNM
method, differed in the three areas, ln order to clarify
which specific part contributed to the determination, t
tests were conducted concerning the proportion (ED/SL)
between 43 Euclid distances and standard length about speci-
mens from two areas of the Bering Sea. The test showed a
+‘level of significance of IX difference for almost all parts
in both areas, But the results of the t test ¢an be at-
tributed to the fact that significant difference is detected
when there is a slight difference in average values because
variance is extremely small. Therefore the results were not
considered to have biological significance.

As the future task, [t is necessary to examine through
various methods whether there are parts which specifically

contribute to the determination and study whether area-to-
area differences can be detected concerning the head length,
eye diameter and other characteristics which cannot be
measured through the TNM method.
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Comparizon of Meristic Characters of Alaska Pollock,
Theragra chalcogramnsa, from Seven Geographic Areas
of the North Pacific

Yeong Gong, YoungHNee Hur, and Soon Song Kim
National Fisheries Research and Development Agency
Republic of Korea
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Table 1. Meristic counts,F values,and results of Schelfe's multiple compariso
seven geogiaphic arcas of Lhe North lacilic

n test of the Alaska pollochk fros the

Region
VARIABLE : —— : .
SEDS | EBS } cns el WClk E CJS | ECK F Scheffe
. i ! L
RYE  30.9(94);50.6(70)150.8(1006] 49.5(117){45.9(34) [49.3(36) [49.4(100) 420,85~ (SEBS, EBS,CES) (FCII, WCIl, CJS, ECK)
(0.73) | (0.81) | (0.74) | (0.76) 1 (0.69) | (0.62) | (0.76)
NDi 13.4(49)§13.3(21)113.4(s43)[ 1a.40100 1z atas) 3.3 g 1000) T 2o108s
(1.07) 1 (0.71) | (0.89) | (1.14) to.gny | 0.65) | (0.67)
KDZ  16.5(48)116.5(20){16.5(632) | 16.9(98) [16.4(46) [16.8(11)|17.1(100)| 1,33K§
(1,713 {1 (L.73) | (4.44) 1 (Lad) | (1.46) 1 (1.80) | (1.23)
KD3  22.4(31){19.6{21)120.86(264) 20.3(54) [21.0(36)!20.3(6) [20.7(98) | 5.86= (SEES,ERS,PCll,WCH, CJS, ECK} (SEBS, CIS, PCH, Cli, CJS, EC
(1.06) ; €3.03y | (L33) @ (1.44) ¢ .30 | (151§ (1.0
NAT 22.5(9]){'{.‘1_5(21,)1'22.6(620)?21.1’.(3[}) 521.6(36);22.1(35)%22.3(99) {984 (SELS, KBS, CLS, PCH, CJS, LCK) (SEBS, EBS, CIAS, WCH, CJS, EC
(1.75) } (1.36) § (1.43) (1.35) | (Lz9) § (Lan) | (1.36) |
HAZ 120,209 122 3aT1y ) 25,6051 fz2.1080) t21.5(15) ¢+ 5. 80" (SEUS,CLS, IPCIL WCIL ECE) (EBS, CIS, PCH, WCH, XCR)
ST NG I ) N B G DR T B QU I 1 40.74)
RCRU 7,002} 5 6.8€18)° G.B{5ZTY  6.4(67) { G.2(30)} DELG(RR) | 22390 (SEUS, EBS, CBS) (ICH, WEIL KCK)
(0.21) | (0.85) | (0.77) | (0.70} ! (0.79) ! f(1,07) !
NGRL  30.6(42) [30.9(19) {30.8(537) | 29.9(67) |29.5(30)] 129 2(83) | 17.14~ (SERS,ERS, CBS) (PCH, WCIL, ECK)
(1.82) § (l.ag) § (.62 ! (1.74) | (1.68) | (1,94 !
NGRT  37.6(42) [57.6¢29) {37, 7(538) 1 3C.5(67) 135.7(30)! ‘a5, 2(83) | 44,717 (SIIS,EDS, CBS) (I'CI, WCH, ECK)
(2.08) | (2.2z4) | (1.88) | (1.80) ! (1.80) | f (z.20) |
L H | . ] L I

“very zignificant p<0,C01.

Mean in upper coiunn ,ponber of specirens in parenthesis, standarcd deviation
RS, nonsignificant(P>0.01): Romsignilicantly different proups are included
SERSiSoutheastern Bering Sea, KBSt Zasiern Bering Sca, CIS:Cenlral loering Sea,
CJS:Central Japan Sea (Yasalo Bank),EChiEash coasl of Korcea

in lower coluan,
in the sane parentheses.
PCl:Pacilic coast of lokkalido,
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Tabla 2, Nusber of ohuarved Fish{N).range ,2ode and roon meber(X) vaciance(s )

and F value of the auaber of vertohran froer bhe seven regioanl urn;lp.':

Rogion
SERS Eng cis <t Wl Cis ECX F(&, ]Déﬁ)
L4 94 70 1006 11kd 34 36 100 361.45
Ramne 4953 49-52 49-54  43-51 44-51  AR-51 47-51
Hode 51 5l 51 49 44 LL] LE
X 5.9 50.8 ° 50.% 49.5 8.5 433 49,4
= 0,53 0.63 0.55 .58 0.47 ©.31 0.58

Fable 3 Nuzber of observed Lich{X),rneee, zcdo, sean nuaber{X},vnciance(s),and F

value of the msber of the gillrakers frox  Iotal,upper mnd  loser 1ivh

of Alaska pollock Fron the seven geegraphic aceaz ol the North Pacilie

Rr:ginn.
SENS FrS é]LS il Ll €IS KCX Fl6, 1C06)
Tatal nusber of gillrakers
N AZ 19 538 a7 20 &1 44T
Range 31-42 -2 3244 2-4) =19 23010
Hotde 127 i k1l 36 a3 35
X a7l.6 37.5 a7 16.3 5.7 A3.7
S 4.33 5.0% 3,52 3.43 3.7 A, 86
Upper lixbar ’
Range 610 5-2 5-10 54 5-2 1-9 a2.m
Hode 7 7 7 1] & 6
X 7.0 6.2 6.8 6.4 6.2 5.3
S o.&1 0,72 .60 0.49 0.62 1,14
Lover lirier
]l.nnp.n 2513 2715 28-37 2614 27-11 25-74 1714
Hode 31 20 n I A0 25
X 30.6 30.9 0.4 2.9 29.5 29,2
s 3.m 3.53 2.62 3.0 1.92 3.67




Preliminary Reporton the Second Research Cruise
by Kaiyo maru for fiscal 1989 -- Research on
Polleck Stock in the Intermational Waters of
the Bering Sea : '

Takashi Sasaki
National Research Institute of Far Seas Fisheries
Shimizu, Japan

Introduction

This Is a preliminary report on research on pallock
stock in the international waters of the Bering $Sea conduct-
ed as the Second Research Cruise by Kaiyo maruv for fiscal
1989. Additions and modiflications were made to the prompt
report compiled on board Kalvo maru on its return cruise
Therefore, the contents reported here represent only a part
of the data obtained from the research and its results are
preliminary. Despite such limitations, this report may
provide an overall picture of the research,

Like the previous research on pollock by Kalyo maru in
the Aleutian Basin, the present research was conducted with
the participation of scientists of varlous countries con-
cerned. These foreign researchers cooperated among them-
selves in such activities as dealing with catches, blologl-
cal measurement and collection of various samples, They
also collaborated with Japanese researchers In the [mplemen-
tation of the research. Highly efficlent research was made
possible, helped by favorable weather conditions and flexl-
bie application of research procedure to changling situation
in the research area. We are convinced that ample results
were obtained In terms of international cooperation and data
collection. despits the short research pariod. I wish to
express our sincere appreciation to Captain Teruo Morooka
and all the crew of Kaiyo maru for their wholehearted coop-
eration,

Background and Objectives of the Research

Catches of pollock in the entire Bering Sea have In-
creased rapidly over recent years, reaching 3, 640, 000 tons
in 1987, because new fishery targeted at pelaglc pollocks
was developed In the International waters of the Berling Sea,
Of the total catches, those from the Internatlonal waters of
the Bering Sea aggregated |, 280,000 tons, but harvesting
targeted at pollock in the Aleutian Basin including the
international waters, was conducted not only in the interna-
tional waters but also off Bogoslof Island in the U, 5. 200-
mile zone, southeast of the Basin and the Kamchatka Basin in
the U. 8.8 R 200-mile zone, Catches in the waters off
Bogoslof lsland in 1987 were 330,000 tons, and if those
caught in the Kamchatka Basin are included, a total of about
2 mitlion tons of pollock is estimated to have been taken
from the Basin area,

To clarlfy whether these pollocks taken extensively In
the Basltn area belong to a single stock or what the rela-
tions are between the pollocks living in the Basin area and

those living on the continental shelf have become Important
and urgent international issues in order to establish a
strategy for a rational uwtjlization and management of pol-
lock stock in the whole area of the Berling $Sea. According-
ly, Japan has been positively promoting research targeted a?
pollock since 1988, and has been exerting efforts in con-
ducting research under international cooperation to a maxi-
mum possible extent. As part of “these research activities,
the Fisherles Agency of Japan implemented the Second Re-
search for fiscal 1989 by Kaiyo maru in Janvary and February
in 1890 in international waters of the Bering Sea with the’
aim to collect basic data concerning pollock stock in the
sald area.

Under the initial program a jolnt research proposal
was made to the U.S.S.R, Government in' the hope to conduct
the research in the Kamechatka BaslIn area in the U. 5.5, R.
waters where it was dlsclosed that hlgh-density distrlbution
of pollock was observed, But, as this proposal was not
accepted by the U, 5,8, R., the research was conducted only in
a part of lnternatlonal waters of the Berlng Sea Iln consld-
eration of the limjited length of the research period. From
the Information obtalned in recent years, it was assumed
that there 18 little possibility for high density distribu-
tion of pollock stock in internatlonal waters of the Bering
Sea In the period of the present research. However, the
attempt to conduct such a research, taking every possible
opportunity. was deemed very significant in that it lmproves
our knowledge on polleck stocks and further promote interna-
tional jolnt research and studles.

This research was first proposed by Japan at the
“International Conference on Cooperation In the Bering Sea
Pollock Stock”™ held at the National Research Institute of
Far Seas Fisherles in August 1989. HNot only nations partic-
ipating In the conference (the Republic of Korea and Poland)
but also all the natlons concerned were called upon for
taking part in the research. As a result, one scientist
each from the Republic of Korea, Poland, the United States
and the U.S§.S8.R. participated in the research,

Research VYessel and Research Equipment

Kaivo maru, a stern trawl-type research vessel owned by
the Fisheries Agency, was 2,644 tons, with the total length
of 891.87 m, width of 15 m and depth of 9.20 m. The vessel
was equipped with various equipment for research of fishery
resource and marine environment. In the present research,
gquantitative echo sounder system, midwater trawl net, CTD,
and NORPAC net were mainly used. A quantitatlve echo sound-
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er system (FO-50) manufactured by Furuno Electric Co. was
equipped with a recorder to record echoaram data and a
printer to print inteagral calculus results, A transducer,
using a frequency of 50kHz, was installed in the ship's
bottom at about 9-10 m from the sea surface

The Xaiyo maru midwater trawl (KMT} net, used in the
present research, was the same type as the one used in the
two past Bering Sea poltock stock researches. Mesh size was
within the range of 600 mm at the opening of the trawl net
and 75 mm at the cod end, and the length Trom the middle
part of head rope to cod end was 78.55 m. The otter board
was about 6.0 m*, and aerial weight was about 1.8 tons {one
side). with the tength of hand rope was 150 m. In the
middle of the head rope was installed a trapnsducer to moni-
tor the water depth and the height of opening of the trawl
net. The average height of openlng of the trawl net, when
towed at an average speed of 3.8 knots, was 17 m.  According
to the results of the previous research, the distance be-
tween wing tips of net in case towed at a speed of 3 Kknats,
was about 25 m, although this measurement was not made in
the present research.

The vertical distribution of the water temperature and
conductivity (sallnlty) was measured by the CTD system
manufactured by Neal Brown, and the temperature of surface
waler was measured wlth a bucket thermomoter, Zoaplanktons
were collected using the NORPAC net
with an aperture of 45 cm

Cruise ltinerary., Research Areas and Research Procedure

Kajyo maru teft the Tokyo Port for the Bering Sea on
Januvary 20, 1990, after making calibratlon of the quantita-
tive echo sounder system on the prevlious day. The ship
steamed alongside the Kuril Islands and arrived in the
Bering Sea off Attu lsland on Janvary 27. The vessel hour
was set at the world time + 12 hours, by making 30-minute
advancement of the clock each day between January 20 and 26.
In the present research, the maximum pessible sejourn in the
research area were estimated at 10 days., therefore it was
not possible to survey the entire international waters. It
was decided from the outset that research was to be conduct-
ed in a part of the internatiaonal waters. The criterion to
select research area was the distribution of fish schools,.
For this purpose, information concerning the operation of
Japanese fishing boats was ¢ollected from time to time
during the cruise, As the operation of Japanese fishing
boats concentrated In the southeastern area of the interna~-
tional waters in late January, that area was decided as the
research area on January 27, At 05:00 on January 29, Kaiyo

mary arrived at a point of B0 30'N and 176 30'W, and started
fish schooal searchlng survey by means of the quantitatlve
echo sounder system, At 08:00 on the same day, the first
CTD and NORPAC net observation was made at a point of 65
56N and 176 30°W. The survey was followed by midwater
trawling activities, In the research area, many fishing
boats including those from Japan, the Republic of Xorea
Poland and the U.5.5. R, were operating. As it was necessary
to take heed not to hamper these operations, it was not
possible to establish the fixed transect lines and survey
stations for the research in advance. Fish school search
survey was conducted mainly at night. using the quantitative
echo sounder system, and oceaznographic observation and
midwater trawling were conducted during daytime

Until February 3, In the area between 56°00°'N and 56°
30°N and 176°30'W and 178°00'W,. occeanographic observation
and midwater trawling were conducted during daytime, and
fish school searching surveys were made in the areas between
55 30°N and 56 40'N latitudinally and 177°00'W and 178 30'W
longitudinally., As virtually no echograms were observed in
the arca south of 56°00°N and west of 177°00'W, searching
was conducted in the area east of 177°00°'W at nighttime on
February 3. As a resuvlt, relatively clear echograms were
observed around the area of 55°40° N and 176°30" W. There-
fore. research was conducted noar this polnt from February 4
to 6. No flshlag boatas opoeratoad In thls area,

At 17:30 on February 6, the last midwater trawllng was
completed at the point of 55°39°N and 176*26°W, and the ship
started the return crvise to Tokyo. HKalyo maru proceeded
southward taking mostly the same course as in the coming
cruise and safely arrived and anchored off Haneda In the
morning of February 15 as it made a smooth cruislng not
encountering stormy weather it had predicted. In the
afternoon of the same day, the U.5, 8 R, scientist who was
pressed in the schedule for return trip to his home country
disembarked using Kaiyo maru's craft, At 09:30 on February
16, the vessel came alongside the Harumi Pier of the Tokyo
Port, marking the end of the research crulse

Table | shows the results of the noon observation
during the cruise, and Fig. | shows the track line on the
basis of the noon position,

Research ltems and Methods
Research items are largely divided into fish school

search survey. midwater trawling research, blological meas-
urement research and marine environment research. The fish
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school search survey was conducted using the quantitative
echo sounder system mainly at night with the cruising speed
set at B knots per hour. The track line is shown in Fig. 2.
When clear echogram was obsarved, a more detajled research
followed in the surrounding area and preparations were made
for the midwater trawling research on the next mornine.

In midwater trawling research, towing was conducted
mainly during daytime, and step-by-step towing and fixed
horizontal towing were conducted within the depth range of
145-500 m according to echogram. In the beginning, three
one-hour towings were conducted in a day but as it was
inefficient in that few fish were caught. Therefore, from
the third day, two towings were made a day with towing hours
set at 2-3 hours at one time. Towing speed was within the
range of 3.3-4.2 knots, with the average speed standing at
3.6 Knots. Operation records are shown in Table 2 and the
tow posjtions in Fig. 3. Number and weight of catches were
recorded by species or species groups to clarify catch
composition. But jellyfish was not counted as individuals.

Biological measurement was ctonducted for 40 each of
male and female pollocks for each towing. All the indivlidu-
als were measured when the number of the catch was less than
40, and, when 1t exceeded 40, the size of the surplus catch
was measured for all the Indlviduals by sex. However, as
the number of catch in the last towing (ST-21) was targe,
not all the indlviduals were measured. The items of biolog-
ical measurement consisted of fork fength, welght, sex,
weight of gonad and maturity of gopad. Besides these items,
Japan collected gonad and stomach as specimens in formalin
and also collected frozen pollock specimens for biochemical
analysis. As age specific data, the Republic of Korea,
Poland and the United States collected otoliths and the
U.5.5.R. collected scales. The Republic of Korea conducted
measurement of morphometrics and collected specimens for
biochemical analysis, and Poland conducted measurement of
morphometrics and meristics. Observation of stomach con-
tents were conducted by the U, 5. 5. R

Although CTD observation and collection of zooplanktons
had been initially scheduled to be conducted at each tow
point of midwater trawling, it was considered unnecessary to
do so because of the limited extension of the research area
and the limited duration of the research period. Further,
one observation.was made per day from the second day onward.
Fig. 3 shows the observation polnts and Table 3 shows record
items at each observation point. Ia CTD observation, the
wire length was set at 1,00 m and data to the depth of 1, 000
m were collected. In collection using NORPAC net, the
length of wire was set at 330 m and vertical towing was made

at a speed of 1| m per second from the depth of 300 m. A
water filtration device was attached to the net to measure
the amount of filtrated water, The avgrage amount of fil-
trated water per one towing was 56.7 m” (Table 3)

Scientific Personnel

Japan: Takashi Sasaki, MNational Research Institute of Far
Seas Fisheries

Republic of.Korea: Won Sook H, Yang, Resources Divislion
National Fisheries Research 4 Development Agency

Poland: Andrzei Paciorkowski, National Sea Fisherles Insti
tute

United States: Dennis Benjamin, Alaska Fisherles Science

fgnter. National Qceanic and Atmospheric Administra
ion

Soviet Unionf Nicolay 5. Fadeev., Pacific Research Institute
of Fisheries and Gceanography (TINRO)

Kaiyo maru: All the crew assisted in the research agtivj-
ties, but the following officials in the ship's Rescarch
Section collaborated with the scientists speclially In the
conduct of the research and compllation of data

Minekivo Hasegawa
Toshimasa Yanagisawa
Yoshizo Suzuki

Seidjl Toishi

Kei Miyamoto

Summary of Research Results

Thg research results compiled on board the ship during
the cruise are summarized as follows:

I. The density of pollock in the research area was consid
ered falrly low judging from the records of echogram and SY
values [mean volume back scattering strength) as observed on
the record sheets of the quantitative echo sounder system.

2. Dot or mist like echogram was observed on the record
s@eet of the quantitative echo sounder system (Fig., 4) Dot
like echogram appeared mainty in the depth of 150-280 % both
durling day and night time. Mist like echogram was seen in
the depth of 400-500 m during daytime but in the depth of
150-300 at night, thus indicating a clear difference in
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depth between day and night. At night, both dot- and mist
like echogram was simultaneously observed in the 150-300 m.

3. A total of 2?1 midwater trawlings were conducted in the
depth of 145-500 m on 'the basis of echogram, and 2,320
pollocks (total weight of 1,855.7 Kg} were caught (Table 4),
Besides pollocks, smooth lumpsucker (320 fish total weight
of 384.4 ka), squid {144 fish total weight of 19.7 ka), and
jellyfish {total weight of BI.3 kg) were among the main
catches.

4. In the towing operation at the depth of 400-500 m,
lanternfishes, Pacific viperfish, northern smocthtongue
deepsea smelts, lonafin dragonfish, northern pearleye, and
various species of squid were caught incidentally (Table 4),
suggesting that mist like echogram was the DSL by the middle
and deep laver biotic community.

5. According to the results of the |4 midwater trawling
directed at dot like echogram at the depth of 150-250 m
I5T-2,5,17,18,19, 20, 21} and mis! like echogram at the depth
of 400-500 m (ST-7,8.9,11,14,15,16), pollocks were caught at
both depth layers. The average CPUE {number of fish/hour)
was 83 fish at the depth of 150-250 m and 42 fish at the
depth of 400-500 m. The maximum CPUE was 162 fish at the
depth of 150-250 m (ST-21), 90 fish at the depth of 400-500
m (ST-7) (Table 2). It is conjectured from these results
that the 150-250 m depth layer representied a higher distri-
bution of polloek than 400-500 m depih laver,

6. According to the information from Japanese fishing
vessels operating in the research area, the average dally
catch per vessel belween January 22 ta February 6 was In the
range of |17.2 tons to 53.4 tons for |arge vessels and 9,0
tons to 31.9 tons for small vessels (Fig. 5). With the
midwater trawling of Kaiyo maru, maximum catch per hour was
131.6 kg in ST-21 (Fig. 2}. This means that only 3.2 tons
can be caught even if the trawling net is operated for the
whole day. The difference in catch volume from fishing
vessels was due to the substantial gap in the fishing tech-
nology and the djifference in the fishlng gear. The midwater
,trawl net (KMT net) Kaiyo maru used in the present research
is an old-fashioned one. It was not a modernistic midwater
trawl net, commonly called raope net, which has been used by
Japanese fishing boats in recent years, As the resistance
of KMT net was great, it was towed at the speed of only 3.6
knot on the average., The net was small and the opening of
the trawl net space at the time of towing was considered tbo
be about one fifth of the net used by fishing boats,

1. The length composition of pollock was within the range

of 39 ¢m to 60 cm in terms of fork leagth, with the mode
standing at 49-50 cm and the average lenagth at 49, ) cm (Fig,
6). The mode of male was AB-48 cm, with the average lenath
at 48.2 cm, and the mode of female was 49-50 cm, with the
average length of 49,9 cm, indicating that the length of
female was larger than that of male (Fig. 7).

8, Comparing the length of pollock cauvght in the 150-250 m
depth ltaver and those caught in the 400-B00 m depth laver,
the mode of the two was within the range of 49-50 cm, and
the average length from the 150-250 m depth layer was 49.3 m
and the that from the 400-500 m depth layer was 49,0, thus
indicating little or no difference {(Fig.8), However, the
percentage of large fish of B0 cm or more was 38% for the
fish from the 150-250 m depth layer and 28% from the 400-500
m depth laver,

9. The average weight of pollock oh the basis of precision
measurement data was BI10. 6 g. The average welght of female
was 876.3 g, as compared with 740,11 g for male, The average
weights of pollock caught in the 150-250 m and 400-%00 m
depth layers were B00,7 g and £15.9 g, respectively, indi-~
cating a negligible difference.

1Q. The relation between length and welght of polleck was
shown In Fig. 9. and the following formula was assumed to
express it:

ow = 7.7618 X 10 6 2. 9783
itere BW means weight (¢} and FL means fork length {mm)

1. The average welght of ovary and spermary of pollock was
85.2 g and 58.5 g, respectlively, occupying %.7% and 7.9% of
the body, respectively. Most of gonads of both male and
female were mature. While part of the male were in the
stage of spermatozoa discharge, female individuals having
hydrated oocyte indicating the stage of spawing was only

0. 7% out of B?4 individuals for which maturitygonad was
checked (Fig. 10}. 93.7% of female pollock had fully mature
ovary, with the immature ovary standing only at S, 3%,

12. No difference in catch by depth layer was observed by
human eyes in the process of development of female gonad.
However, distribution of indexes cobtained through dividing
the weight of gonad by body weight showed that gonad of the
individuals caught in the A00-500 m depth layer showed more
advanced development stage of gonad than those caught in the
150-250 m depth layer (Fig. 11}

!3. The sex ratio of pollock was 45% male and 55% female,
indicating that there were more females than males, No
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difference in sex ratio due to the catch depth was observed

14, According to the results of GTD observation, both water
temperature and salinity showed a similar vertical distribu-
tion, and conspicuous thermocline were observed in the 120-
200 m depth layer (Fig. 12). Pollock was distributed mainly
in waters deeper than thermocline, but some were deemed to
exist in the thermocline. In areas above thermocline, the
water temperature was within the range of 2.3-2.9 degrees
centigrade and there was no vertical changes. But the water
temperature sharply rose in the thermocline, peaking out at
3.4-3.7 degrees centigrade in the 250-300 m depth layer, and
subsequently gradually declining according to depth, reach-
ing 2.7 degrees centigrade at the depth of 1. 000 m. The
vertical distribution of water temperature and salin[ty at
the last observation point {57-20) showed unclear thermo-
cline, unlike those observed previously (Fig, 12). In other
words, both water temperature and salinlity gradually in-
creased from surface layer to 200 m depth layer, sugoesting
that there was either miature of sea water because of vertl-
cal mixing of water thermocline above and below or partial
flow different water mass into the area of sea depth above
thermocline.

15. In areas above thermocline, salinity staved within the
range of 33.04-33.11 0/00, then suddenly rose to 33.50 0/00
or higher, and later rose in pace with the water depth .
reaching 34, 32- 34,35 0/00 at the depth of 1,000 m (Fig.
12).

16. In addition to what was reported in the foregoing,
research institutions of varjous countries participating in
the present research are expected to conduct research on age
composition, feeding habit, studies on histology of gonad
and morphometrics and meristics as well as biochemical
studies concerning pollock on the basis of specimens col-
lected in the present rescarch.
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Table 1. Noon positions and observations during the research cruise by Kaiyo maru for pelagic pollock survey in the international
walers of the Bering Sea in January and February of 1990.

Date Position Time difference Survey Weather Wind Alr press.  Alr Lemp.  Sea surf. Wave
Latitude Lengitude from GHMT slations Direc. TForce {mb) 0 Lemp. (" ©)

20 Jan. 35° -19.4°N 139° -19.4°E + 9:00 0 N 6 1019.5 6.1 10.8 4
21 38° -27.2°N 142° -18.5°E + 9:30 be NE 1 1H126.3 1.2 9.1 Calm
22 42* -41.8°N 145 -31.7°E + 8:30 b ESE 1 1019.8 -1.0 1.7 3
23 45" -42.2°N 150" -25.6 "L +10: 00 0 WY 6 997.2 1.0 1.5 9
24 49* -30.0°N 15%" -31.0°E +10:30 C S 1 8991.0 -0.6 1.3 1
25 51" -29.9°N 162° -15.8°F +11:00 ] SSE 5 499.5 -1.6 2.1 4
26 52° -40.3°N 167° -25.9"E +11:30 5 NE T 992.5 0.1 2.8 7
27 53* -43.3°N 172" -10.27F +12:00 0 WNW 2 998.0 -0.41 3.1 3
28 54° -43.8°N 178° -22.1"E +12:00 be SW 4 841.3 0.3 30 1
29 56* -05.4 "N 176" -41.7°¥ +12:00 I~ 3 s W 1 974.5 2.0 3.0
i 56* -14.4 "N 176° -58.8° W +12:00 4~ b 0 SW 7 997.2 0.5 2.8 b
31 56° -05.17°N 177° -25.17 ¥ +12:00 T~ 8 be WNW 3 995.0 0.4 2.8 }
1 Feb. 56° -06.8°N 177" -11.6 ¥ +12:00 g~10 0 N 5 991.5 -0.9 2.7 1
2 56° -14.1 "N 177° -32.8 W +12:00 11~13 be W b 1000.9 -1.3 2.9 5
3 56* -15.9 "N 177" -43.0° W +12:00 14~15 5 NK 5 1006.5 -2.6 2.8 1
4 55° -38.2 "N 176° -29.3 " ¥ +12:00 16~17 be WNW 6 1012.0 =2.0 2.1 6
5 55° -42.6 "N 176° -36.6 " ¥ +12:00 18~19 0 WSH 1 1012.7 1.8 2.7 q
B 55* -38.6 "N 176° -25.27°¥ +12:00 20~21 s WNY 3 1010.5 -1.10 2.7 3
7 54* -57.7°N 178° -04.2°F +12: 00 0 WY 1 1012.6 -5.2 2.9 f
] 53° -44.1°N 170° ~01.4°E +11:30 be Nw 5 1019.0 -6.0 3.0 5
9 51° -31.9°N 161° -28.3"E +11:00 5 £ 8 1007.5 1.4 1.5 7
10 48° -16.1 "N I55° -G54.27E +10:30 5 WHY 1 1020.5 -1.8 1.0 4
11 45* -05.4 "N 149° -20.4 "E +10: 00 0 SF, 5 1024.3 2.1 1.2 1
12 42° -04.6 "N 145° ~08.4 "L +10: 00 b WSW fi 1005.5 3.4 3.1 5
13 38° -46.7°N 141° -53.8 " F + 9:30 ¢ WSW b 1020.90 3.6 8.6 3
14 37° =216 "N 141° -19.4 7 E + 9:00 0 N 3 1029.5 5.4 1.9 2
15 35° -34.6 "N 139° -49.2°E + 9:00 d NN 9 1022.5 4.8 b1 ]

16 Came alongside the Harumi Pier of Port of Tokyo al 9:30 AM
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Table 2. Operation records of midwater trawl for pelagic pollock by Kaiyo maru in the international waters of the Bering Sea from January 29 o
February 6 of 1990.

Station No. ST-01 5T-02 ST-03 ST-04 ST-05 ST-06 ST-07 ST-08
Date Jan. 29 Jan. 29 Jan. 29 Jan. 30 Jan. 30 Jan. 30 Jan. 31 Jan. 31
Start time of tow 09:40 14:25 18:40 08:30 13:35 17:25 08:30 13:45
End time of tow 10:40 15:26 19:35 09:30 14:35 18:25 04:30 16:45
Start position- Lat. 55° -67.3°N  56° -14.7°N 56" -25.7°N 56" -22.8°N 56° -16.0°N 56 -0B.5 "N 586" -07.8 "N 56" -05.4 "N
of tow Long. 1768° -34.2 7% 176° -39.7 "W 176" -41.1 W 176° -57.8°¥ 176" -56.6 "W 177° ~00.0 "W 177" -16.1 "W 177" -2B.1 W
End position Lat. 55* -58.7°N  56° -17.8 "N 56° -26.1°N 56" -25.0°N 56 -18.6°N 96° -09.9°H 56° -09.4 "N 56° -04.6°N
of tow Long. 176" -40.0 "% 176° =~35.5 "W 176° -34.6 "W 176" -53.3°W 176° -51.0°W 176° -53.8°¥ 177° -10.5 "W 177° -50.1 "W
Towing hours (h-m) 01-00 0100 00-55 01-00 01-00 41-00 n1-00 03-00 '
Towing speed (kn) 3.5 3.9 3.9 3.3 .1 3.7 3.5 1.1
Towing distance (nm) 3.5 3.8 3.6 3.3 4.1 3.7 3.5 12.3
Towing depth range (m) 215-385 170-220 160-270 176-400 170-220 160-295 420-145 400-440
lleight of net opening (m) 17-19 16-20 17-19 16-19 15-18 i6-17 17-18 16-17
Type of echogram® A : A A D A A C C
Range of echogram (m) 150-250 170-180 150-280 - 150-220 150-300) 420-4460 Jo0-480
Pollock catch (number) 17 61 7 11 54 11 90 193
Pollock catch (kg) 11.8 51.2 5.9 7.9 15.7 12.5 75.6 158.7
Pollock CPUE (Number/hour) 17 61 B 11 5 14 an G4

Pollock CPUE (kg/hour) 41.8 51.2. 6.4 7.8 45.7 12.5 75.6 52.9

68




Table 2. Continued.

Station No. ST-09 ST-10 ST-11 ST-12° ST-13 ST-14 ST-15 ST-16
Date Feb. 01 Feb. 01 Feb, 02 Feb. 02 Feb. 02 Feb. 03 Feb. 03 Feb., 04
Start time of tow 08:35 14:50 08:35 13:06 16:35 09:40 13:15 09:40
End time of tow 10:35 17:50 12:00 - 17:35 12:00 17:060 12:00
Start position Lat. 56° -12.4 "N 56° -08.0 N 56 ~1I.1 "N 56° -14.0°NH 56° ~14.2"N 56° -17.86 "N 56° -15.0 "N 55° -44.7 "N
of tow Long. 177° =38.1 7% 177° -34.9°W 177" -47.1°W 1770 -26.1°W 177° -18.1°W 177° -28.6 "W 177° -40.7 "W 176° -41.5 ¥
End position Lat. 56° -08.4 "N 56° -03.7°N 56° -14.1°N - 56° -15.1 "N  56° -16.0 "N  56° -18.0 "N 55° -38.2 "N
of tow Long. 1770 -50.7°W 177" -55.7 "W 177" -32.7 W - 177° -11.87°% 177° -42.9 "% 177° -16.9 "W 176° -20.3 "W
Towing hours (h-m) 02-00 03-00 02-25 - 01-00 02-20 03-45 62-20
Towing speed (kn) 4.1 4.1 1.6 - 3.6 1.5 1.6 4.1
Towing distance (nm) 8.2 12.3 8.7 - 3.6 8.2 13.5 9.6
Towing depth range (n) 360-460 210-470 400-450 - 250-400 445-500 400-460 A10-440
Height of net opening (m) 16-18 15-18 17-18 - 15-18 §7-19 16-17 17
Type of echogram® A A+C C C A C G £
Range of echogram (m) 350-450 J00-450 450 420-460 200-300 400-500 400-480 4210)
Pollock cateh (number) 85 116 56 4 5 72 56 ]
Pollock catch (kg) 72.9 85.5 3.3 3.2 4.3 56.9 52.3 8.8
Pollock CPUE (Number/hour) 43 19 23 - 5 31 18 28
Pollock CPUE (kg/hour) 36.5 28.5 17.9 - 1.3 25.2 13.9 20.49




Table 2. Continued.
Station No. ST-17 ST-18 ST-19 ST-20 ST-21
Date Feb. 04 Feb. 05 Feb. 05 Feh. 06 Feb. 06
Start time of tow 14:50 09:30 12:55 09:25 12:55
End time of tow 17:00 12:00 15:02 12:00 17:00
Start position Lat. 55° -44.6 "N 55° -38.8°N 55 -44.,2°N 55" -43.3°N 55° -39.0°N
of tow Long. 176" -41.4 "W 176" -53.2 "W 176° -32.1 ¥ 176" -42.2°W 176" -25.6 W
End position lat. 55* -38.2 "N 55" -42.6°N 55 -43.1°N 55° -38.6 "N 55° -38.9°N
of tow Long. 176° ~30.0 "W 176° -36.6 "W 176" -36.6 "W 176° -25.2 "W 176" -52.1° ¥
Towing hours (h-n) 02-10 02-30 02-07 02-35 04-05
Towing speed (kn) 1.2 3.8 3.6 4.1 3.7
Towing distance (nm) 9.1 9.5 7.6 10.6 15.1
Towing depth range (m) 145-220 180-225 200-250 165-215 190-270
Height of net opening (m) 15-16 17-18 16-18 16-18 19-18
Type of echogram! B B D B B
Range of echogram (m) 120-250 200 - 100-250 150-220
Pollock catch (number) 254 204 08 160 £63
Pollock catch (kg) 180.2 161.2 79.7 128.7 537.4
Pollock CPUE (Number/hour) 117 82 46 62 162
Pollock CPUE (kg/hour) 83.2 64.5 1.7 19.8 131.6

1 Abbreviation of echogram:
A ¢ Scattered dot like echogram
B : Dot like echogram
C : Weak mist like echogram
D : No echogram

2 Unsuccessful tow because the tow was discontinued just after start of tow due to engine irouble.
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Table 3. Records of oceanographic observations by Kaiyo maru in the international waters of Lhe Bering Sea from January 29 to February 6 of 1830,

Station Number ST-61 ST-02 ST-03 ST-05 ST-08 ST-10 ST-11 ST-14

Date Jan. 28 Jan. 29 Jan. 29 Jan. 30 Jan. 31 Feb. 1 Feb, 2 Feb. 3

Time 08:05-09:02 13:06-13:58 17:03-18:09 12:05-13:05 12:02-12:54 13:00-14:13 08:04-08:57 08:00-09:00

Position Lat. 55° -56.3 N  56° -13.7 "N  56° -25.3 "N 56° -14.6°N 56° -05.1 N 56° -09.2°N 56° -10.01 "N 56° -17.8 "N
Long. 176° -29.9°W 176° -41.3°W 176" -43.6 "W 176° =DB.87W 177° -25.17°W 177" =30.0°% 177" -51.87°¥ 177" -22.5"% w

Bottom depth (m) - 3,710 3,728 3,730 J,680 3,713 3,718 3,762

Weather c c c 0 be 0 be b

¥ind direction ENE Sw W S WY N W I

¥ind force | 4 3 i 3 5 6 1

Air pressure (mb) 975.5 974.5 977.0 997.2 9495.0 991.5 1,000.4 1.007.6

Sea condition 4 4 3 G 3 q ] 1

Air temperature (° C) 3.0 1.8 2.8 0.5 0.4 -1.0 -1.3 -1.4

Sea surface temp. (* C) 2.9 217 2.6 2.6 2.6 2.5 2.0 2.0

CTD {m) 0~1,080 0~1,080 0~1,001 0~1,080 0~1,002 0~1,081 0~1,091 0~1,091

NORPAC (filtered vol.:n®) 50.64 52.82 Not recorded §3.25 51.44 £3.28 54.27 59.64




Table 3. Continued.

Station Number ST-16 ST-18 ST-20

Date Feb., 4 Feb. 5 Feb. 6

Time 08:00-09:00 08:01-09:03 08:00-08:56

Position Lat. 55* -46.9°N 55" -38.2°N 55" -44.2°N
Long. 176° -44.7 "W 176" -56.3 "% 176" -46.3 "W

Bottom depth (m) 3,765 3,718 3,767

Weather ] 0 0

¥Wind direction NW WY WY

¥ind force 7 5 q

Air pressure (mb) 1,008.0 1,012.6 1,010.3

Sea condition 6 5 4

Air temperature (* C) -2.6 -1,0 -2.2

Sea surface temp. (* C) 2.4 3.1 2.6

CTD (m) 0~1,089 (~1,089 0~1,088

NORPAC {filtered vol.:n®) 48.62 71.04 52. 16
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Table 4. Catch records of midwater trawl operations by Kaiyo maru in the international waters of the Bering Sea from January 29 to
February 6 of 13990.

Speciesor ST-01 ST-02 ST-03 ST-04 ST-05 ST-06 ST-07 ST-08
species group N Wke) N Wke) N wkgd N wke) N WCkg) N W(ka) N W(ke) N Wke)
Walleye pollock 47 41.80 61 51.20 7 5.90 11 7.90 54 45.70 14 12.50 90 75.60 193 158.70
Pacific cod - - - - - - - - - - - - - - - -
Smooth lumpsucker 7 9.30 10 13.40 4  5.60 2 6.00 4  4.40 10 106.90 4 6.20 4 8.70
Rougheye rockfish - - - - - - - - - - - - - - - -
Pacific lamprey - - - - - - - - - - - - - - - -
Snipe eels - - - - - - - - - - - - - - t 0.02
Deepsea smelts - - - - - - - - - - - - - - 1 0.07
Northern smoothtongue - - - - 1 0.02 - - - - 8§ 0.06 1 0.01 2 0.01
Winged spookfish - - - - - - - - - - - - 1 08 - -
Longfin dragonfish - - - - - - - - - - - - - - - -
Pacific viperfish - - - -t - - - - - - - - 5 0.0 4 0.03
Northern pearleye - - - - - - - - - - - - 1 0.04 - -
Lanternfishes - - - - - - - - - - - - 5 0.0 7 D.02
Dreamers - - - - - - - - - - - - - - - -
Hanefish - - - - - - - - - - - - - - - -
Squids 0.15 - - 0.25 2 0.19 - - Y 0.21 8 0.4 30 .74

Jellyfishes - 570 - 2.0 - 5.60 - - - Lm0 - 7,90 - 8.2 -0
Total 55  56.95 71 67.50 16 17.37 15 14.09 58 5L.60 41 31.57 115 90.64 242 169,99
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Table 4. Continued.

Specieslor ST-09 ST-10 ST-11 ST-12 ST-13 ST-14 ST-15 ST-16
species group N Wke) N Wke) - N Wke) N Wkg) N wkg) N #(ke) N wWke) N W(kg)
Walleye pollock 85 72.90 116 85.50 5 43,30 4 3.20 ) 14.30 72 58.90 66 52.30 60 18,80
Pacific cod - - - - - - - - - - - - - - - -
Smooth lumpsucker 17 30.%0 13 13.50 6 13.80 1 0.40 J 3.90 5 6.00 10 24.70 24 60,60
Rougheye rockfish - - - - 1 2.10 - - - - - - - - i 2.30
Pacific lamprey - - - - - - - - - - - - - - - -
Snipe cels - - - - - - - - - - - - - = - -
Deepsea smelts - - - - - - - - - - - - 1 0.02 - -
Northern smoothtongue - - 0.01 - - - - - - 2 0.0t 2 0.02 - -
¥Winged spookfish - ~ - - - - - - - - - - - - - -
Longfin dragonfish - - - - - - - - - - - - 1 .03 - -
Pacific viperfish 1 0.01 - - - - - - - - 7 0.06 7 0.12 - -
Northern pearleye - - - - - - - - - - - - 2 0.12 - -
Lanternfishes 2 0.02 2 0.01 - - - - - - 3 0.0t 4 0.02 - -
Dreamers - - - - - - 1 G.39 - - - - - - - -
Manefish - - 1 0.60 - - - - - - - - - - -
Squids 12 1.20 30 6.95 12 b 0.62 il £.00 0.27 15 4.74 2 0.25
Jellyfishes - 8.40" - 7.40 - - 3.40 - 8.80 - 3.10 - 6.20 - 0.90
Total 117 113.43 164 113.97 75 #2.60 11 8.01 12 18.00 97 G8.35 168 88.27 87 112.85
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Table 4. Continued.

Speciestor ST-17 ST-18 ST-19 ST-20 ST-21 Total
species group N Wke) N Wke) N Wkeg) N W(kg) N W(ke) N W (ke)
Walleye pollock 294 180.20 204 161.20 98 79.70 160 128.70 663 537.40 2,320 1,855.70
Pacific cod - - 1 1.05 - - - - - - 1 1.05
Smooth lumpsucker 51 41.70 260 17.00 40  10.80 22 26.00 57 40.60 320 384.40
Rougheye rockfish - - - -~ - - - - - - 2 4.40
Pacific lamprey 0.90 - - - - - - - - 1 0.90
Snipe eels - - - - - - - - - - 1 0.02
Deepsea smelts - - - - - - - - - - 2 0.09
Northern smoothtongue - - - - - - - - - - 18 0.14
Winged spook{ish - - - - - - - - - - I 0.08
Longfin dragonfish - - - - - - - - - - 1 0.03
Pacific viperfish - - - - - - - - ~ - 24 0.25
Northern pearleye - - - - - - - - - - J 0.16
Lanternfishes -~ ~ - - - - - - - - 23 0.11
Dreamers - - - - - - - - - - 1 0.19
Manefish - ~ - - - - - - - - ! .60
Squids 2 0.10 - - - - - - - - 144 19.72
Jellyfishes - 3.60 - 0.50 - 1.70 -~ 1.20 - 1.83 - 81.33
Total Jo8 226.50 231 179.75 138 122.20 182 155.%0 7200 579.8) 2,863 2,349.17
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{ English common name refercd to Hart (1973): Pacific fishes of Canada.



Table 5. Size (fork length) composition of pelagic pollock caught in midwater trawl operations by Kaiyo maru in the inlernational walers
of the Bering Sea from January 29 to February 6 of 1990

Size class ST-01 ST-02 ST-03 ST-04 ST-05 ST-06 ST-07 ST-08
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Table 5. Continued.

Size class ST-09 ST-10 ST-11 ST-12 ST-13 5T-14 57-15 ST-16
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Table 5. Continued.
Size.class ST-17 ST-18 ST-19 ST-20 ST-21 Total

(cm) g 2 T g % T g % T g % T s 2 T Iy £ Total
35-36 - - - - - - - - - - = = - - - - - -
16-317 - - - - - - - - - - - - - = - - - -
31-38 - - - - - - - - - - - - - - - - - -
38-39 - - - - - - - - - - - - - - - - - -
/40 - - - - - - - - - 1 - 1 - - - 1 - 1
4041 1 1 2 - - - = - - - .. - . 1 2 3
.42 1 - 1 - 1 1 - 1 1 - 1 1t - 1 1 3 4 7
42-43 K| 1 4 - 1 1 - - - 1 - 1 2 1 3 8 6 14
43-44 2 13 3 2 il 1 - 1 1 - 1 - 3 3 15 17 32
44-45 4 1 5 I - 1 5 1 6 1 - 1 3 1 ) 30 13 43
45-46 8 5 13 12 2 U 2 1 ki 3 5 8 11 5 16 M 28 112
46-47 10 J 13 100 5 15 3 1 q 7 J 10 23 9 32 107 34 141
47-48 15 11 26 16 5 22 L} 5 10 5 M 15 B 18 56 170 90 240
418-49 21 22 4% 17 17 M 6 g 15 15 12 27 ah 23 68 195 190 45
49-50 17 28 45 15 13 28 G 8 14 12 17 24 6 46 6 146 228 314
50-51 11 18 29 12 22 M 5 13 18 6 18 21 21 45 68 a7 189 276
51-52 4 22 26 4 21 25 J 6 9 4 16 20 16 21 17 56 158 214
§52-53 2 12 M 2 13 15 - 7 1 2 9 i 2 18 2 17 107 124
53-54 2 7 9 i 2 3 - 5 5 - 1 A 1 13 | 5 19 54
54-55 - 2 A - 1 3 - A 2 - 2 2 - 2 2 - 23 2]
55-56 1 ) ) - - - - 3 3 - 3 1 - 3 3 2 13 15
56-57 - - - - - - - - - - 1 1 1 - 1 1 5 G
57-58 - - - - - - - - - - - - 1 - 1 1 1 2
58~59 - - - - - - - - = - - - - - - - - -
59-60 - - - - - - - - - - 1 - - - 1 - 1
60-61 - - - - - - - - - - - - - - - - - -
61-62 - - - - - - - - - - - - - - - - - -
fi2-63 - - - - - - - - - - - - - - - - - -
63-64 - - - - - - - - - - - - - - - - - -
§4-65 - - - - - - - - - - - - - - - - - -
Tolal 108 135 241 93 109 202 36 62 98 59 90 1586 196 212 408 930 1,117 2,047
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by Kaiyo maru in the interpational waters of the Bering Sea from
January 29 vo February & in 1990,
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% = Spent .
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The hypothesis of the existence of near-bottom and pelagic pollock

Ye. I. Ilyinsky et. al.
TINRO. Vladivostok, U.S5.5.R.

(Note: Written paper was not available, Figures were presented only)
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Figure 1. Distribution of catches of 40-45 length group: a - in Septem-
ber-October 1986, b- in August-September 1987, ¢ - in October
1987, d - in October-November 1988, e - in November-Tecember
1988, £ - in May-Jduly 1989. Legend as on Figure 82
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above 60 sm - length groupe: a - in September-October 1986,
b - in Augusi-September 1987, ¢ - in October- November 1988,

d - in May-July 1989,

1-0; 2= 1-5; 3~ 6-25; 4 - 26-50; 5 = 51-250; 6 - 257-

1000; 7 - 1001-2000; 8 - 2001-50C00; 5001-10000; 10 ~ above

1OOQO numbers,
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1 - from Komandorski Basin; 2 - from Gulf of Anadyr.
A - mean, B - all samples.
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Status of Korean Trawl Fishery For Alaska Pollock
in the Bering Sea in 1987-1988

YeongGong and Younglee Hur
National Fisheries Research and Development Agency
Republic of Korea

ANSTRALT

Calahey (e Lhe Korean epwlees wvers 280 Lhounsand ol o 1900 el 300,
Lhonsand al in 1030, Thin  papar premeal e chanpees of  Hhe sensenat
pecpeaplhical disteibolion pallern amd Lhese of relablive aloelanse of  Aaska

patiock in Lhe hip

Loa and Lheir lensih composbiion: for

1967=19448 Fron {he Sarenn Veavl H.-:hm'y: daln,

The Fighingg geeunmd of Alaska pocloek by Lhe Xocean Leaul Tisheey i be

high sea of Lhe Yeries Sen worn Forsed ealber dippeesed In e cenleal oo Llee

asouthern part in spring season. And in spseer geasonlduly 1o Seplenber) Cishing

ground was Teread in Lhe soodhwes

soense of Lhe high smea @ Lhis aren fas

Lendad to wave easbvard as Lisne p

nuued LI in anluan Lo vinler seasonlCalolwer
Lo Janary),
Veetlenl digietbullon of ealeh of Abaghka pol lock wera eanged 20-4C0n.  The
wean deplit of caleh wis shal lovare o suaner senson st deeper L winler season,
The zenn and aods of L lenglls in Lhe aadali of [he Korean Lradloes bava
Loaded Lo be Inepgee in each yone siece 19350 There were bun mles In seeiyg
rseason{Aprl] mal Hap) and one wede in Lhe ollier seasond in balh sexes in 1900,

For Jone nmd July Le proportion af Jesgths | Lhan A0ca werr hipgher

conparad Lo that of Llnr ol her wanl b,
Seazonal changen of Gonndosoant fe Lidex (651) 1o 1987 and 1904 shovad thal
GS1 has loereased sharply Teoa Oelolos Lo Boceabee,  Spambigr and spawned

Liellyidunls were ohgarved Trom Deconber Lo Februaey,

THTROBUCT ION

Cateh of pelagle populalion of Alaska pollock in Lhe Wigh sea of Lhe
lerimg Sen has bwreased  sinee 1986 Teow Lhe Republic of Yorea, Jrpan, Poland,
Chinn pedl HSSH amd aboul. 1,5 ablilon lons by abaal 200 teawlers s 1980,
Kurean Lenwl Tishery opernbed Tn Lhe Ligh sea of Lhe Boringg Sen bn 1080 Tor Lhe
first Llme nmt Che enleh has Tacreased conlinnously sinee 1983 and recorded
301,550 wt In 1949,

Thix paper presest Lhe Tiebing pocor of Lhe Rarean treawl Clahery in the
higgh sen ol Uhe Poeeimg San amd shoved Lhe changes of Lhe seasonnl peographicond
ant vertionl disleibubion palleen and Lhose of relalive skomdanee of Alasha
polloek bn the biph sen of the Beoring Sea with theie lomilh composbiions [or

19A7~19RA,
RESULT ARD DscUss N

Caleh_nml Nalathve Abutinpe

The annaal anloh of Alaska pollock by Lhe Kerean Lenulerz lw the ligh sea
af the Nering Sea bs shown In Tahle 1. Calehes by the Korean trawlers have
Increazed continuously since 1983, nud 01, 550a0 wore camghl by 41 vesnela in
1989, Alaska pollock haz bean Uie ondy target specios Tor the Korean Lreawlers

anl no Incldenlal anloh have been recorded singe Lhe boginning of Lhe Fishery
In this nren,

There were not  slpgetficanl. changes In Lhe Tizblog power soch as englna
paver and vestel alze of the Korann Leavlers opeeating in the high sear of Lhe
Baring Sea mince 1984(Table 2), The [ishing genr  used 1o Lhe pollock flghery
by the korean travlers in the bigh sen of the Bering Sea s whdwaler Lrawlers
and Lthut hax becone [sproved and larger alnosl onee n yone. The 1m:r'ca.':1|u;.;'ntc

of the aren of the net wouth of the genr per year wns approxantely 20-30%,

The seasonal a:llmnnn:: of Tishtnyg efforl, ealch anl ealeh per unll, efTorl (CIUF)
of the Xorean Lrawl Mishery in Lhe high sea of e Borlayg sea 1o 1906 Lo 1904

are shown in Flpgaee: 1,2 and 33,




AL Lhe Iegluning of Lhe Xorean Leawl Tlehery o Lhe hipgh sen of the lering
Sea, Tizhing wan Haited [roa Peceaber o Aertl or May, with a peak In Jamary

antl Febranry, o pacenl voars, Tishbog seazen was extonded COiroupghoul Lhe year

uz Mron ecenber to o Joneney In 19RG/1987,  Trow

voind with  higher  cale
nlit-clober to Degenbor in 1987 aml 1984, Afler showing Lhe peaks of enleh and
CIUE, they sliwed o sharp decline b Febraaey and Haech,  Fishingg was eondoatd

apaln kn Aprdl nand conlinmied to Lha year round,  The penks of calah and CPCE

wore nol ag high ne Lhose Fres the earty devalopmosl of Lhe flshecy, O the

alher hawl, Lhe eateh preporlion and 1he Cizh effarts have luseensed in

synaar zeazan wilh highar CPRE corpared 1o Lhe eaely yearcs, This phenopenon

ware aluo pepacted by Dhe olher Cishing corntreles CTrondkh, 1988, Sagaki ol al

1989} .

Gepgtraphlanl _Disteihutlon

deoaml Finh hiphly

Since coszarcial Fizhing s oaee Lomded to o

agprepated  seheols  as e as pezsible,  seasmeal changes  of eogirapheal
distreibalion of cnteh nnd CPUE fron D eomacrcinl Ciahbmz can ggive an Wlon of
tha migration palterns of Fish.®

Honthly peegraphical disleibation of ealah and CPUE of Lhe Korean trav|
Cishery in e Rering Sea Cfor 1987 nld 1988 ace shoun In Flgnees 4 and 5, 1n
spring season the Cizhing pronmd wora dizsperszed in the conleal area Lo L
southern parl of Lhe high =ca,  In susser season (July to Sepbember)fiching

el Whils

pround  waz foered in the sonlhucsl eoroes of Lhe bgh ses, As Liae
area hns Landed Lo nove caslwaed Lill In aolumn Lo winlene gascen{tlclodec Ln

Uanuary},

¥Yertlcal Distribution

Seasonal verlleal dislrtimbion of caleh of Aln pol ok kn Lhe hiph

N
of Lhe Rering Sen by Lhe Korean Leawlers in 1908 are shoun in Flgmre 6. Alanka
ol bk swera engght in Lhe doplh ragte 20-400 o, The peon deplh of enleh’ vag
senzonally (luctualed,  Te nid-June, Lhe nemn deplh wag sballowest and Bt has
become prudunally deaper i advaneas of months L early Februnry, and apgaln Lo
b shalloune Ll sumaer,

The walee Lesperators: in the depth eoope of Lhe entel observad by

Figlieraen were mainly 390 Lo A%CIFipure 7).

compguhlion
Lenlh cospozitlons of Alaskn pollock Toe Le catelies of Xorenn braulers
Far 1984-1988 are shoun “’1 Figure A,

Lenplh coapashbions of Lhe enaloh eovge Tron 30 s Lo M ax, wllh Lhe bulk
of entchen  40-60ca.  The lemtlha: of nean and nabe of Ll ealeh have becone
[nrgger nwd neger since 1985, Lenplh conpomitions ol Temnle were uzliphlly
farger Lhan Uwse of sales dn evoey year,

Honthly Fenglh corpasilioss Tor 1907-1904 ara shown b Fligera 9, Lenglh
aonpousilion e 1908 chowed o silghtly differenlk shaps by ronth,  In April Lo
Hay, Lwo node arve slown In bolh dexes 3 In feaale 41,5 en nnd 47,5 ow, and n

nale 41.5 oa and 47,0 oo, Exeept For these Luo wonbhe thore are one mode In

bolh sexen.  For, Jome and July Lhe proportion of lens

Lhan 40 on were

higher compared Lo Lhak of the oller sonlhs,

Gonalazoant la Jrulex

Hean ponsdososnlbe Index (GS1) by Len days of Alnska pollock In the high
sea of Lhe Neeibg San I LOAT amd BO8R wanpled Tros Kocean Fishing vessels bs
shiwn In Fipgore 10, G531 s incrensed sharply  From Oclober Lo Decewber.

Spaundngg and spased bndividanls were observed from Deceaber E1T Fabeuary,
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Table 1. Ammunl eateh (ml) and TPUES(uL/he) of Alaska pollock by Korean

trawlers in the high scas af the Nering Sca, 1900-1908

Year

1940
1981

1982
1981
1984
1945
1986
1987
1984
1949

Ha. of vessels
nperal ing

25
28
26
30
3z
1
11

§2,309
o
Z,944
iR, 558
40,317
az, 444

155,718

241,870
268,500
301,550

CI'UE

10,0
2.3
7.9
2.7
10,8
5.7

Tuhle 2. Annuel clumges of the Cizhing e of Lhe Korean Fishing vesnels and their Fizhing renr

operaling in Che high semns of Lhe Merimd Hua Croa 1084=1084

Grous Regislered Tonnnge  Lype of Haoge ol #anize ol area of

Your na.afl Figdin Mouer

veunels feangge Averapge e Averagie
1"354 26 ERET LY 4] ais 10155540 FANEY
1985 26 20006000 a2l 1015 -a680 202
1986 30 2000-6000 3400 MWIS-HG6HD 2745
1037 a2 A00-5000  HalY 1015-5600 2740
1988 I3 Z000~G000 3u37 N5-5610 2790

Qe it height el aoulh=E

Miednle: Liued 2040 u

- 20-10
= 20-15
" KEE ]
- 1510 | 10042000

The alala of nrea of el wenlh arc Fros Lhe Tizlimd nobl wule by Souyangg Fizhigd net Cowpany of Xorea,
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Outline of Japanese Trawl. Fishery im the International
Waters of the Bering Sea (1986 - 1988)

Talm Yoshimura and Takashi Sasaki
National Research Institute of Far Seas Fisheries
Shimizu, Japan

Introduction

Japanese midwater trawl fishery targeted at pelagic and
midwater pollock in the Aleutian Basin was started by a
Iimited number of flshing vessels from around 1980, Eni~
tially, most of the catch c¢came from the Aleutlan Basin of
the U, S. 200 miles zone, and catch from the international
waters of the Bering Sea was very small. Catch amount of
poiloeck in the internatijonal waters of the Berlng Sea sharp-
ly increased following drastic reductions in catch quota in
the U.S. and the U.5.5.R. Notably, catch amount In 1889 saw
a dramatfic lncrease over the previous years to approximately
700, 000 tons. This paper is intended to present an outline
of pollock fishery by Japanese fishing boats in the Interna-
tional waters of the Bering Sea since 1986, There are some
cases in which fisheries statistics in this report, includ-
ing catch, are slightly different from those which have been
made available informally., This Is due to the fact that
these figures, complled by the fishing industry informally,
were used on a provisional basls. But it is to be noted
that the figures given in this report is the final and
formal statistics of the Flsheries Agency of Japan. Howev-
er, statistics for 1989 In this paper are preliminary be-
cause the data are still In the process of compilation

Type of flshery and the number of fishing boats

Three types of trawl fishery are now being authorized
for Japanese fishing boats in the International waters of
the Bering Sea: North Pacific Trawl Fishery, Tenkan Trawl
Fishery and Land-based Trawl Flshery. These three types of
authorized operation, which have been created out of the
process of fisheries regulation in Japan, have different
terms and limitations for authorizatjon. However, no sub-
stantial difference extsts among them when they are seen
from the viewpoint of pollock fishery in the international
waters'of the Bering Sea.

As shown in the table below., the number of vessels
authorized to operate in this fishery were 40 North Pacific trawl
vaessels, 16 tenkan trawl vessels and 64 Land-based trawl ves-
sels in 1986 and 1387, In 1988, however, North Pacific
trawl vessels were reduced by one, Tenkan trawl vessels by 2
to 39 and 14, respectively. North Pacific traw] vessels
were reduced further by 2 to 37 in 1989, The number of ves-
sels actually engaged in this operation Is shown in the
parentheses in the table,

Type of fishery 1886 1987 1988 1989
North Pacific Trawl Fishery 40(28) 40({34}) 40(36) 37
Tenkan trawl fishery 16 (11) 16(12) t6(13) 14
Land-based trawl fishery 54 (64) B4(54) 54(54) 54

Although only one vessel is authorized to operate under
the same license number, it is possible to have another
vessel to take over the license in the middle of fishing
seasoh due to the needs of fishing companies, Therefore,
the number of vessels actually engaged in fishing exceed
that of the licensed vessels when more than one vessel whlich
operated under the same license number is counted as an
aperating vessel, But the figure used in the table repre-
sents the counting of more than one vessels operatlns under
the same license number as one vessel,

There are some 280 tons register among North Pacific
traw! vessels but about half of them are large vessels of
2,500 tons or over (Table 1). Tenkan traw] vessels consist
of fishing vessels ranging from 280 tons to 550 tons and all
of the Land-based trawl vessels are small ones of 350 tons
or less,

Fishing effart and tatch amount
1) Fishing effort

As shown in the table below, the vessel days of Japa-
nese trawl vessels in the lnternational waters of the Baring
Sea saw a gradual Increase from 7,265 vessel days in 1986 to
9,061 vessel days ln 1988, However, 19B9 saw a 7N decline
over the previous year to 8,407 days. Overal] towing hours
increased from B1,311 hours in 1986 to 95,375 hours in 1987
and 109, 742 hours In 1988, The towing hours for 1989 have
not been made available but are believed to have decreased
reflecting the decline in overall vessel days.

Year Vessel day Fishing effort
in hour
1986 7, 265 81,311
1987 a, 449 95, 37§
1988 9, 061 109, 742
1989 a, 407 .

tData are not avallable.
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2) Catch amount

Cateh amount of pollock, as in the following table
reached 700, 000 tons in 19B6 and rose to a record of 800, 000
tons in 1987, but fell to 750,000 tons in (988 and to
650, 000 tons In 1989,

In terms of monthly change {Table 2, Fig. 1), catches
In January, February and December accounted for 71.4% of the
total annual catch in 1986, Catch peaked in January and
posted a decline until March and, after a slight recovery in
April, dropped sharply in summer from June to August.
Bulky catch started ln September and showed swlft lncrease
until December., The year 1987 also had a simllar tendency
but due to a 146% increasc In November over the same period
of the previous year, the catch in January, February, HNovem-
ber and December comblned accounted for 77. 7% of the total
annual catch. Further, catch amount in October also grew
185% from a year earlier, The increasing trend |n autumn,
observed in 1987, became more conspicuous In 1988, with
catch amount in October-December rlsing 34% from the corre-
sponding perjod of the preceding year, and accounting for
67.2% of the total annual catch., Conversely, catch amount
in January~February dropped 63% from the same period of the
previous year. Further in 1988, operations were conducted
throughout the year for the first time by a limited number
of vessels., This caused the cakeh in summer to increase
drastically, although it remains stil]l small in propertion
to the total annual catch; The year 1988 saw a similar
tendency as inm 1988. But the catech in October-December
dropped 29% from the same perliod of 1988, with the propor-
tlon to the total annual catch also declining 55, 8%, By
contrast, catch amount in April-May saw a dramatic increase
from the same period of the preceding vears. Specially that
in Aprtl advanced 52X from a year earlter to 83,000 tons,

CPUE

Pollock flshery in the International waters of the
Bering Sea is a relatively new type operation using midwater
trawl nets which had not been well known to Japanese traw!
tishermen previously., According sd catch amount increases,
development of midtrawl nets entered a full-scale phase from

1

around 19B4, Fishing efficiency is deemed to have Improved
annually because midwater trawl nets with new speclficatlions
were developed year by year and fishing vessels competed in
replacing the conventlional nets with new ones. The differ-
ence in catch efficiencies widened because net specifica-
tions differed due to the vessel size class and engine
powers and human capability differed even when the nets with
same specifications were applied. 1t seems virtually impos-
sible to correct these differences and standardize the
fishing efficiency

Therefore, it is inappropriate to use nominal CPUE
{catch per one hour towed) as accurate Index for stock
abundance, but it can be wsed as an approximate index to
determine increasing or decreasing trend of the abundance of
fish schools., As shown in the table below, CPUE annually
increased umtil 1986 to reach B.58 tons/hour in that vear.
Although the CPUE in 1987 remained at almost the same level
from the previous year, that in 1988 fell 19% to 6. 83
tons/hour. The corresponding figure for 1989 have not been
made available because statistics of towing hours have not
been obtained, but the catch per vessel day showed a declline
to 76 tons from 83 tons In 1988,

#Data are not available,

The decline in CPUE suggests that the migrating stock
slze of pollock In the international waters of the Bering
Sea decreased in 1988 and i989 because the catching effi-
ciency of fishing vessels Improved year by vear due to
accumulation of experience of fishermen and improvement of
fishing nets. But it |5 not considered that pollocks take
the same migration pattern every year. Therc might be con-
siderable annual differences as regards migrating period and
routes. It is possible to assume that the decline in GPUE
in the international waters in 1988 and 1989 was induced by
the fact that a larger amount of pollock migrated in the
U. S, 200 miles zone south of the international waters as
compared with previous years. In any case, it is not possi-
ble to determine only on the basis of data obtained from the
international waters of the Bering Sea that the abundance of
pollock stocks in the whole area of the Aleutian Basin
declined.

The monthly changes in CPUE more or less coincided with
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monthly changes In catch amsunt, and the months with large
catch amount showed higher CPUE (Table 2, Fig. 1}

Distribution of fishing grounds

. I}

Distribution of GCPUE was plotted by statlstlcal flshlng
block of 30 minutes of latitude and one degree of longitude
in order to examine the distribution of fishing grounds for
pollock in the internatlonal waters of the Bering Sea (Fig.
2). As mentlioned earlier, CPUE--catch per one hour
towed~-does not correct changes of fishing efficiencies
between vessels and years. Therefore, It cannot be sald to
represent accurately the relative abundance between fishing
blocks, but it seems that there is no problem in using CPUE
as an approximate index for fishing ground distribution

The yearly distribution of GPUE in the perjod from 1986
to 1988 showed a similar tendency on the whole, and a high
concentration of CPUE was chserved in the western or south-
western part of the international waters. Differences from
year to year was observed when examined more closely, wlth
1986 showing the high CPUE alsc in the nartheastern part of
the international waters In 1986. Further, high CPUE was
observed in slightly north of western area of the interna-
tional waters in 1988,

In terms of monthly change, high CPUE appeared in the
western part of the international waters in Qctober and in a
wider area of the internatjonal waters In December. High
CPUE areas spread in the southern part of the international
waters in January and February in 19886 and 1987, but in
January 1988, high CPUE was observed only in a limited area
of the western part and disappeared in February, CPUE
distribution in April, when catch amount slightly recovers
each year, showed annual fluctuations and presented no
characteristic pattern,

Length composition

Little or no data of length composition of the catch
from fishing vessels were made available in 1986. The
length compositions of pollock caught in the international
waters of the Bering Sea in 1987 and 1988 were more or less
the same, with the modes of 46=-48 cm for both year and the
average length of 48.6 ecm in 1987 and 49. 1 cm in 1988, thus
shwoing that the composition was slightly enlarged in 1988
over the previous year (Fig. 3}.
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Table 1.

Size class ln reglstered gross teanage of Japanese Lrawl vessels with 1icense from Japanese Governaent.

Yrar Type of Tishery ~300 ~350 ~400 ~500 ~1,000 ~1,500 ~-2,500 ~3,500 ~4,500 4,500~ Total
NorLh I‘acil‘_ic Trawl Fishery - - [} 1 2 4 1% 2 an
1986  Tenkan Trawl Fishory - 1 ? i - - - - 15"
land-based Traw] Fishery 28 26 - - - - - - - 5
North Pacifie Trawl Fishery K] - 2 1 h] 2 7 | ¥3 2 10
1907 Terban Traw| Fishory ? - [H 4 1 - - - - 16
Land-lased Trawl Fishery a2 22 - - - - - - - L1l
torth Pacific Trawl Fishery 1 1 k) 6 4 2 1 12 3 39
1984 Tenkan Traw! Fishery | - [ 4 a - - - - 14
Land-based Trawl Fishery k1] 15 - - - - - - - ]
& B vessel wilh license did sol tske parl in the fishery.

Table 2.

Fishing effort, catch, and CPUE of pelagic

walers of the Dering Sea from 106G to 1449,

pollock by month caught by Japanese traw! fisherics in the International

Year Jan, Fob. Har. Apr. Hay Jon, Jul. Aug. Sep. LI Nov. Dee.
Efforl (hour) 18810 21,961 A0 T.458 3,577 22 56 1,983 4021 5,6W0 0,605

1006 Catch (U) 00,628 139,710 17,148 49,835 24,478 15 it M 3.8 19,155 62,049 150,127
CPUE (t/hour) 10.6 6.5 1.0 6.7 6.9 .5 )2 2.5 2.0 4.7 1.2 16.5
Efforl (hour) 18,131 14,71 0,407 10,205 7,289 95 120 504 M1 5,166 15,310 16,906

1987 Calth (t) 192,267 109,708 41,312 49,117 210,850 0nsE 1A 100 g2 54,647 155,180 1G5, TON
LUk (1 /hoor) 10.6 1.5 1.2 1.8 1.2 14 .0 (1 L 10.6 1.7 1.8
Effort (hour) 18, 306 6,922 3,614 B.800 6,834 4,046 1,82 2,502 1,807 11,619 18,150 25,299

1868 Caleh (L) 05,881 17,003 12,073 54,701 19,792 ELITT 6,377 14,960 12,925 119,435 206,441 177,875
CIUE (1/hour) 5.2 2.5 LA 0.2 2.4 N R 5.8 8.6 0.3 11.4 1.0
Effort Choor)

1986 Cateh (L) 04,025 10,176 30,642 83,255 44,910 7,060 2,947 13,240 18,249 56,981 110,615 195,002

CPUE {L/hour)

# fla are nol avallable,
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Figure 1. Fishing cffort, catch of pollock, and nominal CPUE of pollock

by manth obtained from Japanese trawl vessels operated in the
Tarproarinonal Waters of the Berina Sea, 1986-1989,
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Biological Information on Walleye Pollock based on
Polish catches in the International Waters of the
Bering Sea in 1989

Magdalena Kowalewska-Pahlke
Sea Fisheries Institute
Gdynia, Poland2

AbstLractl

Investigation conducted in 1989 covered the
period from January to April and from
Seplember to November. Poland caught 268.6
tons in 1989, attaininz satisfactory catch
results during the entire year. Throughout
Lhe year Lhe pollock were distributed over a
large area of international waters with the
most. dense concentrations being formed in
the central and south-eastern parts of the
international waters. In catches in 1989
pollock with a total length of 39-63 cm were
round. Hean lengihs and weights of pollock
were slightly larger in comparison with Lhe
previous years., Year classes of 1978 and
1977 dominaved in Lhe cateches. The share or
younger year classes (1981 and 1983) was
alsa prominent during September—-November
catches, The investigzations carried out in
1989 revealed no significant changes in the
polleck stock in the international waters of
the Bering Sea.

Introductlion

Poland has began fishing operation for pollock and biological
investigations in international waters of the Bering Sea since
1985. Research materials were collected on Polish fishing vessels
engaged in commercial pollock fishery in tﬁis area and came from
samples taken on board of these vessels. Most information come
from first and last months of the year. The methods used and the
scope of research remained unchanged since the bezinning of Polish
investigations in international waters.

In 1989 jnvestigations were carried out in two periods: Trom
January Lo April and from September to November.

The aim of this paper is to present the results of
investigations conducted in 1989, which may contribute to a

better understanding of the biology of walleye pollock in the
Aleutian Basin.

Cat.ches

In 1985 Poland bhegan [fishing operations for pollock in
interpational waters of the Bering Sea and caught 116 thous tons.
In the following years the catches continued to increase, reaching
almosL 300 thous. tons in 1988 and 2609 thous. tons in 1989 (Table
1). The Polish fleet fished initially in the Tirst. anpd last
manths of the year, extendipz the fishing season in the subsaquent
years; in 1988 and 1989 Polish vessels were Trishing f{or pollock
all year round aiLtaining satisfactory resuwlts (Fig. 1),

in 1989 a decline in catches was observed in February and
Harch, which had been caused by the peak of spawning taking place
south-east of the international waters al. that time. A similar
decline in catches in those months was observed in  previcus
seasons although in 1988 and 1989 the disappearance of fish
concentrations resulting in not efficient catches was relatively
longz, lasting six weeks.

In Lthe previous years Lhe baest catch rates were atLtained in
Lhe period directly before and after spawning while in the last
Lwo years duripg the perlod April-July and November-December,In
1982 mean annual CPUE (42,9 t-d) wos slightly lower than achleved
in 1980 <43.0L/d),

Cateh rates attained by the Polish fleet in Summer nonths of
1987-1989 sigznify that pollock concentrations at that time were
not. less dense than during winter fishing operations,

The information on distribution and denﬁiby of pollock
concenlrations in open waters of the Bering Sea are based on the
analysis of movements of the Polish fleet. and statistical catch
data and presented in fig. 2.

Lengl.h composiLion

Similarly to the previous years pollock with total length
ranged from 39 Lo &3 cm. -

The bulk of the stock consisted of specimens with lengths
ranging fram 46 to 5L em {(about 835%). Fish smaller than 41 em and
larger than 5% cm formed less than 1% of total weight of [rish
(Fig. 33. Hean lengths of pollock in open waters of the Bering Sea
were as follows:

159? Males

Females
| B 4 47.77 cm A%.28 cm
IX=XT 48,76 cm 42,27 em
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Generally pollock from open waters of the Bering Sea reached
greater lengths in 1989 Lhan in the previous years.

Age

The total absence of fish younger than § years (Fig.d)., was
characteristic for Polish catches in 1985-1989, In 1989 the
verification of aging of pollock for 1985-1988 years was made
according to the interpretation of annual increments in ololiths
suggested by Lhe U.5. scientists from NHFS (Seattle). In the 1989
pollock of age 5 to 23 years occurred in the catches (Fig.5,46).

The age~groups 11 and 12 (year classes of 1978 and 19772
predominated, constituling 146,42 apd 21,8x% of the catch,
respectively. The share of these two year classes were higher in
the first months of the year than at the end of tLhe vyear. The
share of younger Year classes increased in September—-November
catches, The rishes represenling 6 and B year classes of 1983 and
1981 consisted of 10.5% and 11.2% catches respectively, which
resulted in a distinct decrease of mean age of fish in comparisaen
with January—April 1989.

Haan age

1989 Males Females
I-1V 12.2 12.1
Ix=-XI 10.5 10.7

Between September and November 1989 pollock in the same
age=groups, were characterized by greater mean lengths in
relation to pollock caught in the first four months of the year
{Fig. 7.

The Polish investigations carried out between September and
November 1989 may suggest Lhat the year classes of 1978 and 1977
will be gradually replaced by younger fish,

Weight of fish

In 1989 pollock reached weights ranging from 340 to 1790 ¢
{Table 2)>. The bulk of the stock consisted of specimans with
weights of 540-1190 g. In the period September to November mean
weighls were greater than in the first four months of the year

Analysis of weight-length relationship calculated

from formula W = K % L™ indicated that in
smaller length classes males weighud slightly more than lemales.

In the 45-48 cm length classes in Januvary to April and in the
44-47 cm length classes in September to Navember the weights of
both sexes hecame equal. In the highest 1length classes, females
weighed more than males.

Pollock occurrinz in international waters in 1989 vere
characterized, as in the previous years, by a wide range of
weight. in the same length classes. Hean weights of polleock in
1080 were slightly higher than tLhose in the previous years.

Gonads malurity

. The gonads of pollock in 1989 matured relatively slowly between
September and November, Lheir development becoming rapid in
January. (Table 3). First males ready for spawning were found in
February,while the females at. the beginning of March. In April a
large part of pollock had gonads completely spent (about 40%) and
in resting stage Caboub S53%>, Just like in the previous years,
males matured earlier in 1282 than females, The process of gonads
maturation in wmales was exbtended in time, while the gonads of
females matured more quickly within a short time.

Male-to=-female sex ratio

In 198%, as in Lhe previous years, male—to—female sex ratio in
open waters were changing with time (Fig. 93. Females predominated
distinctly in the spawninz and post-spawning period. Their
greatest abundance was observed in March {81%). In April the share
of males slowly increased to 54X%. HBetween September and November
males Were more numerous than females. The ratio of males apd
females in the stock was similar to that in the years 10485-1948,

Feeding

During the whole study period in 1989 a very low reeding
intensity of pollock was observed (Table 4).The fish wiLth empty
st.omachs predominated (Fiz. 10). The lowest feeding intensity of
pollock was observed before spawninz Cover 264 of rish with empty
st.omachs). After spawning feeding intensity slowly increased.
Empty stomachs were more Crequently encountered in males than in
females.

Pollock caught in 1989 was characterized by a low condition
coefficient K = 0.547 - 0.731 (Fig. 11)., The best. condition was
visible in fish in the pre-spawning period between November and
January, and the worst in Harch and April, .
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Conclusions

133

Catch rates fluctuated throughout the whole vear and the mean
CPUE in comparison with 1988 year was slightly lower.
The dominant year classes continued to be 1977 and 1078
age studies revealed that the pollock stock was supplemented with
younger yYear classes.

Catch rates and the stable age siructure

of the
that stock condition was not affected by the Tishery.

and

stack show

in international waters of the Hering Sea in 1909.

The presence of spawning pollock in internatiocnal waters of
the Bering Sea may sugzest that at least a part of the stock
undertakes spawning within the boundaries of those waters.
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The Fishery and State of Stocks of the Most Important
Species of fish in the Bering Sea

Bulatov,O0.A.
TINRQ, Vladivostok, U.S.5.R.

The Bering sea,particularly the eastern part,is unique and
highly-productive body of water.Penetration of warm Alaska
current ,quite extensive shelf and intensive vertical mixing
make favourable oceanological condiéions for iiving orgaaisms
which inhabit this area, - they are: fish,invertebrates,marmals,
birds.First references to the Bering sea fishery have more then
a hundred yezar old history, nevertheless, drastic development
of fisfi-ry started in the late 50s - early 603 this century. That
tire the major fishery occured over the eastern Bering sus shelf
and cemmereisl slope.

Fish catch increased 35 times only for S years and was esti-
mated to be 500 thnd t (Stock assessment...,1989). Rapid dec-
line in catches,observed in the mid 60s, was cauaed by too in-
tensive [ishery of yellow-fin solelnockfish and Greenlsnd tur-
bot.Pollock catches'significance ircreased drastically in the
late 60s; therefore,the catch increased ten times from 19864
through to 1971 and waw estinnted te e 1744 thousand fous.

The maximum catch of pollock was 1874 thousand tons in the
eaﬂtern Aering sea it was reached in 1972. The history of [i-
sheries shows that the eastern Bering sea was one of the main
fishing g::;s ;; the North Pacific prior to the introduction
2 200-mile economic zuné by the US government.The fishery is
regulated here by quotas when this area turned out tobe under
tha U8 jurisdicltion. Phe U.S8.5.R. fishermen were parvticul=.-iy

in a difficult situation,who practivally lest the possibilities

to be engaged in fishery that in its turn was a stimulus for

developuant of the western Bering sea shelr.Théjcatch-of fimhe

has been incressed more than 1,5 times in the last tén yeurs.
The increase in catches was dus %o ﬁollock,cod'&nd rlaérishes
(favle 1), s

The Aleutian Islande zve = parficular locality iﬂ éﬁe,rs
POT=ile 4uie. The catch slmost reached 4150 thnd t (table 2)

in the mid 202, notwiths-anding the fact that compared to

the eastern Dering sea,much less fish ars caught in
The Tishery is primarily basei on pollock as in the

. @idy  sire
3ering sea,nevertizless,on Inrad—aana

dant zpecies.There are practically no flatfishes in

The large-scale Tishery sterted in the westera

this area.
eaglern
next abun-
catches.

and north-

-western Bering sea in the mid 7?03 when the Soviet fishermnen
had been foreced out of thz S zone.. This area has essentiﬁl
sigrificence ixn the fishery in the last 10 years. It should
be xstes that access to the shelf of the Navarin area is 1imi£-

ad by severs,iee wol mefizorcloglesl esnditicns,due to this

fact there is practically no Tishery here in th: winter peried.
Thers wew o tzelenny towerds increase in last vears. Pollock
is the,main object of fishery,cod are also significant (tabl.3),
olliers
the rest species - herring,saffron cod,flounder and helilmt
gre relabively significant.
Intengive lishery started to be conducted in the mil 50s
in the centrul Zering sea,located beyond the limits of the
USSBH ané US 207-mile wconamical zonmes. The main reasen 6£ de-

veloring a new fishing area,as we think,is that Jepan is forced
out of the US zene.TL Japun's c¢atch waa 900 thnd £ in the east-

ern ‘Sering sca in 1976,the quota was about 250 thad t in 1335.

€71

b
i
‘f,'
.
i
L




144

e - Table I

The cgtcﬂ 6f the main fishes ia the eastern pert of.the Bering Sea
I979-1988 (thd.t.)
Tear Pollack Cod Sablefish. Rock"irkes Yellowfin ?fﬁﬁﬁ;g;ﬁt ‘

. sole 223?2§?°d ;igz§ishes gggzies total
1979 9I3,9 33,8 Lt 3,7 99,0 42,9 19,7 38,8 I153,2 ‘
980 96,3 45,9 2,2 L4 87,4 62,6 20,% 34,6 1212,8
1981 9%3,5 52,0 2,6. L5 91,7 66,4 23,3 35,6 L T3 -
1982 956,0 = 55,0 3,2 0,9 95,7 54,9 23,8 18,2 1207,7
1983 982,4  B3,2 2,7 0,7 108,46 ° 53,6 30,4 15,5 1276,9
(984 [098,8 10,9 2,9 2,0 159,5 29,3 4,3 8,5 [45%,6
£985 1I79,8 I32,7 2.3 0,9 227,1 22,0 71,2 11,5 1647,5
[986 1183,4 30,6 3,5 0,8 208,6 14,5 76,5 10,5 1674, 4
i587 1237,6 [44,5 "2 1,9 181, 4 10,9 50,8 8,6 1639,9
1988 [228,0 92,7 3,2 [,9 23,2 IL,5 74,2 12,2 - I746,9

excapt Paclfic Halibut
Valle L+ The Cateh of the main species of fishes in Aleutian Islands region
in 1979-I%88 {IUUD :.)

Ye%r Pollack Cad Sublefish Perches  ilalibuts atka mackerel -g;2§ics Total
979 9,5 5,6 0,8 10,0 12,8 22,3 T i29 79 T
1980 58,2 5,8 0,3 W4 8,7 15,5 13,0 105,5
IS8 55,5 16,5 0,5 #,0 8,0 16,7 7,3 102,5
1982 58,0 1,5 0,9 1,8 8,7 19,5 5,2 108,5
1983 59,0 3,9 0,7 1,7 7,9 11,6 3,7 94,5
1984 81,8 22,2 1,0 0,9 3,3 36,0 (,7 . 146,9
1985 98,7 12,7 L4 0,6 0,1 17,9 2,0 13,4
1986 46,6 10,3 3,0 0,4 2,3 32,0 1,5 96,1
1987 28,7 13,2 3,8 1,6 3,2 30,1 L2  -BL8
1988 43,0 5,2 3,4 2,5 0,5 21,7 - 0,4 77,7

except Pacific halibut

2
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FE;LLQ 3 he Satch of the maln species of fishes in Western and Horth-destern
parts of the Bering Sea in I979-I19838 (I0U0 £)
T:T ST T T TTTET YT T E TR m T T TToTTTTT T ? Halibut B
Year Pollack Cod Flatfishes Saffron He.ring Arrowtocht Total
cod floundex
: N Greenland
e e e el Bl el e i R e e T tourgot—~ - - - - — — -
IQSQ §80,4 9,2 IL,I 3,0 1,7 2,9 928, 3
I981 8C5,0 I7,9 3,2 14,1 14,3 6,4 860,9
1962 928,3 52,1 Toh 3,6 12,0 2,9 1016,3
1983 v¥80,0 55,3 15,2 [4,4 16,0 2,2 083, 1
1984 756,0 20,8 9,2 15,2 9,4 2,0 892,6
[965 662,0 9z, 4 15,2 I1,) 33,9 2,7 8I17,5
1986 878,5 08,5 18,5 8,9 2,2 4,8 EQ40, 4
987 946,5 69,1 15,2 9,0 19,8 3,9 1061,5
983 1435,0 57,0 4,1 10,3 15,3 2,5 1574,2
[969 [I51,0 71,7 13,5 6,8 7,9 2,1 1252,7
Rapid development of the Bering sea neutral waters by -
fishercwen of Japan,South dorea and Poland led to the fact that i
their total cateh exceedszd 4,0 mln.t (Pable 4} in 1986. The
main reason of so c&lled "boom™ is reiatel tu uncontroled [i-
cheri2s,high demand-for "surimi” and pollock +gesE. Noreoven,
. at presc t the fishery is carried 34t oy the USSR, komaniz Tni-
: win,Westarn Jermany and Forway as wail in fthe oo e et ol
-~ i
: Sering sea.Therefore, the zoetual cutel I Like Ty o wdaeo’ 70
Table 4
Pollock cateh in tha2 opan watars af “lee senird
Reping seq i AIF0-10F (thmd t )
Tttt AT LT T T T T T T T T T T e T T Total
Year — — — b 55\“ ;g;cuo_uun_uﬂrﬂl—e_ s . catch
Japan Tadwan South Zorsa Poiand the u.A.3.p vhRd.t
1980 2,4 - 12,5 - oo 14,9
1381 0,2 - 0 - - 0,2
1982 1,2 - 2,9 - - 4,1
1983 2,1 - 58,6 - - 70,7
1984 100,9 - en,3 - - 181,0
1985 136,5 1,6 82,4 15,8 - 336,0
1986 698,0 3,2 . 455,7 163,2 51,0 1061,0
1987 802,5 4,1 241,9 230,3 152,0 1437,0
192E  TAC,2 17,4 abé 7 FEe B 14,0 14%9,0

Summarizing the above-sald it iz nevossnen Yo note thek

large—scala develumment af tuwn s
(north-west part of the sez) and central areas {"Neulral'waters)
has been zarked in the last decade. In recent years catch is
based on polleck and has reached quite sigaificant meanivg -

aliout & ziplb

Jdo doubts that successful fishery is strictly related zo the



state of stocks. Contemporary studies of US scientists showed
that there is ne concern about the state aof pollock,cod and
flatfishes' stocks that inhabit the eastern Bering sea (Wespestad,
1989; Sample, Bakkala,1989; Thompson,1989, Bakkala, Wilderbuer,
1989; Walters,Wilderbuer,1939; Walkers,Wilterbuer,1989).
Revertheless,recruitment of pollock of 1986-1988 is marked be-

low the average level that will undoubtedly affect the fishary'

;. efficiency.The author's forecast {Bulatov,19P8),based on climatie-

-oceanological phenomena,shows thet the stoeks of polleex will
decline starting in 1990.

The fishery is glso.baaed on pollock catches in the USSR
zone At present there aré no serious symptoms that would indi-
cate tﬁe expected rapid;fall of stocts of important commercial
species of fish,inhabiting the western and north-westedn Sering

sea.
The fishery is exclusively based on pollork ih the arsa of

the Bering sea,locahed boayond the limits of ths U3SR- and US
200-mile excluaive economical zonesa, The luck of any docunents
and agreerents,regulating the flghz=ry in [hig wewn, 1ot fo Bhe
rfoct vhat the problem had the political cherecter. Nevertheless,
its topicality will to & consideratrle extent, depend on the stata
of pollocx atock in near future.

Soviet scientists have been conducting annual pelagic sur-
veya in fall since 1986.The south-crzCepn Derying ieon was taken
as a control area,limited by 165bE from the west and by the US
zone ;boundery from the east.Distribution of polleck is represen-
ted in the figure.The following fact should be taken into con-
sideration,: two pollock aggregations have been observed in all
periods of cbservations. Distineiive peculiarity 'of 1989 was

rapid decline of the srea where hish catehes were marked.

The stock of pollock was determined by 1987-1989 trawl
surveys'data. The biomass assessment wag conducted by Aksyuti-

na's formula.: (1968) :

e
Pk
where P - biomass,tons;
X ~ mean arithmetic catch in t e sout -western purt
and neutral waters, t; : !
. , .
- area of surveys, kn“; :
- pmean area of one houn trawling,kmag
—~ fishing coefficient (taken te be 0,4},

oo D

The results showed that in compared area the yollonk}biomass

deelinad mae than 3 Lines compested o £l oflﬂBBB.Thia dec—.”

line of stocka has been expected earlier (Sulatev,Sobolewaliy,
12E6) Drastic increase of pollock average size was taking place
in tie south-western 3ering sea during the last years: 45,1em
(1986), 46,2cm (1987), 47,5cn(1988), 48,3cm (1989), it is re-
lated to the fact that 1-2 very strong year-classas are léaving

the commercial part of populatioen.
Alarming situstion,due to decline of pollock stocks in the

gastorn wil aentveal 3:elng sea,will result not only in-aggra-
vation of commercial situation but it will negatively uffeot
the entire Bering sea ecogysteln. Mo %o Lhis fack there is a
necessity to have an international bdody or adopt Internatin-
nal legal documents that could regulate the pollock fishery

in the open waters of the Bering saa.
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TABIE 5. The Alaska pollock biomass in tne Soutn-Western
Bering Sea and hign seas in 1987 - 1989.

Source of - Standard trawl survey at Sovietv researco vessels
information

Soubn- FPeriod of oo~ Sep 198/ 0Oct 1987 Nov-Dec 1985 Nov 1989
Western servation E

‘Bsart tne . -
SR zone) Biomass,thou 1280 1950 Ll 296
tans

'Hign seas Period of obser- Aug 1987 Cct 1987 D:S-Nbv ¥ov 1989

{interna- vation

tiokal
waters) Biomaas,thou © 295 q152+ 2802 ]
Total, thousand tons 1575 3082 213 954

+ - Only the souvtnern part was investigabed.

Hrntidgpen® e -

3 85 . 707 T oo 2

Fig.1. Distribution of Alaska polleck in the Doughnut Hole
ares and the South-Weatern Bering Sea in autumn 1987 - 1989,
LEJEMND: 4,B,C - 1987, 1988, 19589 correspondingly.
1.les3 than 0.1 t; 2., 0.1 — 0.5 t; 3. 0.5 - 1.0 t; -
4, 1,0 = 9.0 ¢; 5. more than 5.0 t/hour.
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Stock Assessment of Walleye Pollock in the
Bering Sea under Assumption of Three Stocks

Kei-ichi Mito
National Research Institute of Far Seas Fisheriea
Shimizu, Japan

ABSTRACT

Stock assessment in the Bering Sea was conducted on the assumption that
pollock in the Bering Sea consisted of three stocks. The continental shelf
stock in the eastern area and the continental shelf stock in the western
region spawn, develop, grow and migrate on the continental shelf and
continental slope of the eastern and western Bering Sea, respectively. It was
assumed that pollock stocks of the Aleutian Basin spawn in the Aleutian Basin,
young fish move to surrounding continental shelf, develop and grow there, and
they move again to the Basin when they reach age § or 6.

Body weight by age, life span, age at maturity, natural mortality
coefficient (M) and age at recruitment, ete. were estimated from the results
of the multi-vessel Ltrawl surveys conducted by Japan and Japan-U.S.cooperative
ground fish trawl surveys, ete., in order to obtain the equilibrium yield (EY)
of each stock. Tao obtain the valve of M of pollock of 4 years old and older
for the eastern continental shelf stock, an estimate of Z (0.45) was obtained
from the decline of individuals of age 6 or older under the Japan-U1,5,
cooperative survey, and the estimates of M values of 0.38 and 0.29 were
obtained by subtracting the two values of F which was obtained from the two
methods, from Z. M for 3 yecar-old [ish was fixed at 0.88 and 0.79, and age at
recruitment was set 3 or 4 op the basis of age composition by year of tha
cateh, For the Basin stock, the value of M was Lhe same as that of the
continental shelf stock and for age at recruitment, it was assumed that 50X of
age § fish and 100X of age 6 fish were avallable for the fishery. For the
continental shelf stock in the western area, it was assumed that these
parameters are the same as those for the continental shelf stock in the
eastern area. Recruitment was obtained as a relative value by stoclk.
Recruitment of the western continental shelf stock was fixed to be 1/4 of the
eastern continental shelf stock. The rate of the Basin stock to that of the
eastern continental stock was obtained by subtracting the numbers of
population (hack-calculated from age 6 fish) of the continental stocks from
the number of population of age 4 tish on the continental shelf of Lhe eastern
Bering Sea, and, 2.96 and 2.29, the rates of the Basin stock throughout the
Bering Sea to the eastern continental shelf stock was obtained by adding with
the Basin stock in the other areas.
M is 0.38 (Case 1) and the latter to the case when M is 0.29 {Case II).

Furthermore, the F values by age apd numbers of population by age and by
year-class were ostimated by cohert analysis. The revised .5, data were uscd
for the pumbers of pollock caught. The value of fishing mortality coetficienl
Fr In terminal age T was caleulated from the numbers of population of the
onest age obtained from Lthe Japan-U.S. cooperative survey.

Virgin biomass and M5Y were calculated using the mean value of numbers of

population of age 3 [ish obtained from cohort amalysis, Virgin biomass of the

The former corresponded to the case when'

continental shelf stock in the eastern area was 12.08 million t (recruited at
the age of 3 years old) and 10,40 million t (recruited at the age of 4 years
old} in Case I, and 12.28 million t (reeruited at the age of 3 years old) and
11.12 million t (recruited at the age of 4 years old) in Case II. Virgin
biomasses of the Basip stocks were 16,53 million t in Case I and 14.10 million
L in Case II. MSY was assumed to be obtained when the biomass of spawners
became hall of Llie virgin blomass. The value of F at this time was fixed to
be F,.¢. Haximum sustainable yields of the continental shelf stoeks in the
easLan area were 1.14 million t (reeruited at the age of 3 years old} and
1.1% million t (recruited at the age of 4 years old) in Case I and 530,000 t
(recruited at the age of 3 years old)} and 990,000 t {recruited at the age of 4
years old} in Case 1I. Although the maximum sustainable yields of the Basin
stocks were 2.90 millien t in Case I and 1.38 million t in Case II, as they
are caught on the continental shelf at the age of 3 to 4 years old, taking it
into consideration, MSYs were 2.66 to 2.75 million t in Case I and 1.65 to
1.75 million t in Case II.

On the assumption that the equilibrium yield is obtained at the time of
Foptr» EY in 1980 was estimated by extrapolation. I obtained the numbers of
pogulation at age in 1987 from the number of population of age 3 fish and the
value of Z obtained by cohort apalysis and then obtained the numbers of
population in 1990 using the value of F corresponding to the catches from 1987
to 1989. DBy using the value of F tor the numbers of population in 1990,
equilibrium yields of the continen?%i shelf stocks in the eastern area were
1.66 to 1.92 million t in Case I and 1,27 to 1.44 million t in Case Il, and
EYs of the Basin stocks were 3,58 to 3.96 million t in Case I and 2.26 to 2.54
million t in Case II. Judging from the conditions of recruitment in recent
years, age al recruitment from 1988 to 1990 was considered to be 4 years old.
Assuming that the value of F by vear would be constant among ages, Lhe value
of EY was caleulated, and fixed this as the allowable catch. The valuez of
allowable cateh in 1090 for the contfnental shelf stocks in the eastern area
were 1,95 million t In Case I and 1.47 million t in Case II, and those for the
Basin stock were 3.87 million t in Case I and 2.44 million t in Case II. The
value of allowable catch for the continental shelf stock in the western area
were 490,000 t in Case I and 370,000 t in Case II., The values of allowable
cateh by area are as follows (10,000 t):

871

EASTERR WESTERN
STOCK CONTINENTAL BASIN CONTINENTAL
SHELF STOCK STOCK SHELF S5TOCK TOTAL

AREA CASE 1 11 I I1 1 11 I I
Eastern continental shelf/ 98 147 70 36 o o 265 183
continental slope

Basin and Aleutian [\] 0 299 199 0 0 299 199

Islands region
Woslern continental shelf/ o 0 18 9 419 37 67 46
conlinental :lape
TOTAL 195 147 8T 244 49 n 631 428

The total allowable catch in 1990 (4.28-6.31 million t) was considerably
greater than the actual cateh in 1987 (3,64 million t).
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1. Introduction

Pollock (Theragra chalcogramma) are widely distributed not only on Lhe
continental shelf but also Lhroughout the Bering Sea including the Basin, and
the biomass is Lremendous {Laevastu and Larkins 1881, Lynde 1884, Maeda 1971,
Smith 1981, Sobeolebskiy et al, 1988). Many pollock are caught In the U.S. 200
miles zone, U,S5.S.R. 200 miles zone and in international waters, In addition,
although Lhe resource management of pollock In the U.S. and 0.5.S8.R. 200 miles
zone are conducted by the U,S. and U.5.S.R. independently, the structure of
resource mapagement in the international waters is not completed yet.

Information on stocks of pollock in the Bering Sea is presently not
sufficienL. Slock assessment of pollock is conducted here on the assumption
that there are three stocks, which is based on the information obtained in the
past.,

It is known that the spawning grounds of pollock in the Bering Sea are
divided roughly into three areas (flinckley 1987, Stepancnke 1989). These are
Lthe continental shelf of the Western Bering Sea, Aleulian Basin and the
continental shelf of the eastern Bering Sea. In addition, the spawning secason
occurs in April and May on the continental shelf of the western Bering Sea,
February and March in the Aleutian Basin, and April to August in Lhe eastern
Bering Sea (Hinekley 1987, Stepanenko 1989, Teshima et al. 1988). For growth
of pollock, there jis a difference belween the Alewtian Basin and the
continental shelf of the eastern Bering Sea, pollock in the Alcutian Basin

grovw slower than polleck on the continental shelf of the eastern Bering Sea -

(Okada and Yamaguchi 1885, Traynor and Nelson 1685). It is known that the
abupdance of pollock of age 1 to 3 fish is very low in the Aleutian Basin.

From the above information, it is assumed that three stocks {the castern
continental shelf stock, western contipental shelf stock, and Basin stock)
exist in the Bering Sea, The easterp continental shelf and western
continental shelf stocks are assumed to spawn, develop, grow and migrate on
Lthe continenial shelf and continentzl slope in the eastern and western areas,
respectively, Furthermore, the Basin stock is assumed to spawn in the
Aleutian Basin and develop and grown on the continental shelf and continental
slope of both the eastern and western areas, and Aleutian Islands region from
Juvenile to the age of 4 years old, and move to the Aleutian Basin from the
age of 5 years old to the age of 6 years old, and some pollock remain in the
Aleutian Islands region.

Pollock 1is generally koown as hottom fish, however, tLhe ecological
characteristics of Lhis species in the Bering Sea arc somewhat petagic in
character and the major food is zooplankion suech as euvphasids and copepods.
On the continental shel? and upper continental slope in the eastern Bering
Sea, large sized pollock eat their own young fish, and this cannibalism is
remarkable. Also, there is evidence that changes of biomass of polloek depend
largely on the strength of the year-classes (Bailey et al. 1986, S5asaki 1987).
Factors whlch determine the strength of the year-class are still unknown,
Hlowever, there is no doubt Lhat cannibalism is an important cause of mortality
of young pollock (Dwyer et al. 1987, Livingston et al. 1686, Mito 1988a,
1989). In analyzing the stock, it is necessary to consider the yearly changes
in Lhu'slrength of the year-classes and mortality due to cannibalism.

Management of pollock stocks by the U.S. within the .S, 200 miles zone
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is conducted so that optimum yield (0Y) of pollock is set at the upper limit
of the catch. OY of pollock in the eastern Bering Sea and Aleutian Islands
region was set at 1.2 million t and 100,000 t, respectively, from 1984 to
1986, 1.2 million t and 88,000 t in 1987 {Bakkala 1987), 1.3 million t and
45,000 t in 1988, and 1.34 million t and 13,000 t in 1989.

2. History of the fishery

Table 1 shows the yearly change of catch of pollock in the eastern Bering
Sea and Aleutian Islands region. A full-scale fishery for pollock was
initialed in 1964, Lhe catches increased dramatically year by year, and
reached a peak of 1.84 million t fn }972. After that, becanse the average
size of the fish declined remarkably, a catch limitation was introduced
through bilateral treaties between Japan and the $.S., and between the U,S.
and the I.8,8.R. (Takahashi). As a result, the cateh decreased and was 1,25
million to jn 1978. Since 1977, the concerned area has been incorporated into
the U.S. 200 miles zone and Lhe allowable ecaleh or optimum catch was
established and the catches in the eastern Bering Sea were 0.88 Lo 1,00
million t from 1977 to 1983 and 1.18 to 1.24 million t from 1985 to 1988, In
the Aleutian Islands region, the statisties have been taken from 19717, the
catehes ranged from 6,000 t to 9,000 t doring 1977 to 1679, and 56,000 to
61,000 t duripg 1980 to 1983. Although the largest catch ({78,000 L) was
reached in 1984, it decreased to 46,000 t in 1986, and further decrecased Lo
29,000 t in 1987 and again increased to 43,000 L in 1988,

Catches by country in the international waters of the Aleutian Basin are
as follows (L).

Year Japan Korea Poland China Tolal
1980 2,401 12,059 - - 14,469
1981 221 0 - - 221
1982 1,298 2,934 - - 4,232
1983 4,096 66,558 - - 70,654
1984 100,899 80,317 - - 13,216
1985 136,475 82,444 115,874 - 334,793
1986 697,967 155,718 163,249 3,218 1,020,152
1987 803,549 241,870 23¢,318 4,127 1,279,884
1988 749,981 268,600 298,700 17,400 1,334,681

Since 1980, the catches increased dramatically and reached from 1.02 million‘
and .1.33 million t in 1986 and 1988,

Within the U.5.5.R. 200 miles zone, only the U.S5.5.R. calches pollock.
Catches from 1980 to 1987 were 930,000, 890,000 t, 1.02 million t, 970,000 t,-
790,000 t, 710,000 t, 940,000 t and 1.11 millien t respectively (Proceedings
of the International Scientific Symposium on the Bering Sea Fisheries {1989)).
In additien, catches during 1986 and 1987 included pollock whieh were ecaught
in international waters.

Therefore, the catch for the entire Bering Sea was 3.2 million L in 1986
and 3.64 million t In 1087,

3. Stock abundance

Table 2 shows the yearly changed of CPUE for the Japanese trawlers which
conducted fishing for pollock as a target species on the conlinental shelf and
continental slope of the eastern Bering Sea. CPUE deereased from 1973, and
shovwed no marked fluctuations from 1976 to 1981, However, CPUE increased
dramatically since 1982 and CPUE in 1986 was about two times that in 1975 to
1881, and was the highest value in the history of the fishery. However,
because Lhis CPUE value was based on the fisheries which were conducted under
various regulations, It was not considered that Lthis CPUE value directly
reflected abundance of the stocks.

. The following table shows CPUE (catch/towing time) for the Japanese
m:dugtcr traylers which conducted fishing fer pollock as a target species in
the international waters of the Aleuwtian Basin (Sasaki and Yoshimura 1987).

Year North Paeific Trawl Landbased Dragnet Total
1980 0.4 t/hour 0,3 t/hour 0.4 t/hour
1981 - 0.3 0.3
1982 - 0.5 0.5
1983 2.1 0.5 1.0 =
1984 3.0 5.0 4.0 o
1983 5.4 4.3 4.8 ©
1946 12,3 6.3 8.6
1087 1.9 5.6 8.4
1948 9.2 4.6 6.4
CPUE values increased, as the catehes increased dramatiecally, and CPUE In
1987 was almost the same value as that in 1086. However, CPUE decreased

slightly in 1988 from the previous year, In 1986 and in 1987 when the
intensive [ishery was initiated in the international waters, the CPUE values
of the North Pacitic Trawlers exceeded the CPUE values of their bottom trawl
which conducted fishing on the continental shelf and continental slope in the
eastern Bering Sea, and it was estimated that density of polloek in Lhe
international waters was fairly high,

4. Diomass

From {976 to 1984, the multi-vessel trawl surveys for pollock were
conducted thce 4 year, May to June (spring) and August to September (autumn)
on the continental shelf of the eastern Bering Sea by the Japanese catcher
boats altached to the surimi motherships. The biomass of pollock estimate
from the fall multj-vessel trawl surveys (Table 3} ranged from 7.8 million t
to 13.1 million t from 1976 to 1983 (Yamaguchi and Okada 1984). However, the
biomn§s in 1984 was estimated to be 6.6 million t, the lowest an récord
{Teshima and Okada 1985). Those Surveys were almost never conducted in depths
of au.mn and shallower, and covered only a part of the school of rishes
distributed in the midwater, so it may not be said that the eslimated biomnss
obLiained was for the whole castern Bering Sea (Susaki 1087). ’



The Japan-U.S. cooperative groundfish stock survey was conducted on the
continental shelf and the upper continental slope in 1979, 1982 and 1985, The
biomass of pollock estimated from these surveys is shown in Table 3 (Bakkala
et al. 1985 a, b. Walters et al, 1988). [In addition Lo this, Table 3 also
shows the estimated biomass by the U.S. on-bottem trawl surveys conducted on
the continental shelf (Bakkala et al, 1986, Wespestad and Traynor 1988). The
biomass of pollack by three Japan-U.S. cooperative surveys ranged Crom B8.94
million t to 10.66 million L. It indicated that the wvolume of pollock
distribated in the midwater was greater than that of pollock distributed near
the bottom. 1in 1988, the Japan-U.S. cooperative groundfish stock survey also
was conducted, and the estimated biomass of pollock distributed near the
bottom on the continental shelf and contineantal slope In the eastern Bering
Sea was 7.51 million t (Bakkala, personal communication). In addit;un: the
temporary estimated biomass of pollock in the midwater was 4.7 mxlllon. L
{Traynor, personal commupication). In the Bering Sea slde of the Alaut%an
Islands from 165 degrees to 170 degrees W whiech inecluded the ecastern Bering
Sea for the purpose of management of stocks, the Japan-U.8, cooperative
groundfish stock trawl surveys were conducted in 1980, 1983 and 1986_(Bakka1a
et al. 1986, Long et al. in press, Ronholt el al. 1986, Vakabayashi et a%.
1988). From them, the biomass of pollock was estimated to be.ST.Doo_t in
1980, 283,000 t in 1983, and 102,000 t in 1986. As pollock dlstrlbutedlln the
midwater were not included in these estimates, the values are underestimated.
The proportion of pollock cbtained by the on-bottom trawl surveys of tlhree
Japan-U.S. cooperative surveys in the eastern Bering Sea averaggs.43%. When
the average biomass of three surveys in the concerned area was divided by this
value, it was about 340,000 t. This value wias 3.5% of the average biomass
obtained by three cooperative surveys in the castern Bering Sea.

In the Aleutian Islands reglon, the blomass of pollock by the Japan-u.S.
cooperative trawl survey was 315,000 L in 1980, 544,000 t in 1983, and ?17,000
t in 1986. In the same way as the southern area of the castern Bering Sca
when the average biomass in threec surveys is divided by 0.423, the biomass of
pollock 1.07 million t.

Since 1983, Japan has conducted an hydro-acoustic survey in the Aleutian
Basin, and estimated the biomass of pollock. In the winter of 1983, the
estimated value of 1.14 million to was obtained in only the southern Aleutian
Basin (260,000 km“) {(Okada 1986). n the summer of 1985, in the offs?ore area
of the Pribilof Islands (140,000 km“), the biomass of pollock was estimated to
be 5.24 million t (Onoda et al. 1986). In the summer of 1987, in the areas of
78% of the international waters (170,000 km?)} the biomass of pollock was
estimated to be 9.1 million t (Fisheries Agency of Japan 1988). The area
which these surveys covered were different and did not cover the entire area
of the Aleutian Basin. When the average density obtained by }hrge surveys is
applied to the entire area, the biomass of pollock was 38.0 million t, as thg
area of the Basin at depths of 1,000 m and deeper2 was 1.19 mil{iqn km'
{Gershanovish 1963) at the average density of 32 t/km*, The reliability of
the estimated biomasses obtained by the hydro-acoustic survey in the summer of
1987 was discussed at an INPFC working group, and was considered that the
results could not be used as Lhey were beeause of several issues involved,
such as that these resulls were sLill on the threshold level in the process of
analysis. In the summer of 1988 and the winter of 1989, the Japan-U.S.
cooperative surveys were conducted using the hydro-acoustic survey system
developed by the National Research Institute of Fisheries Engincering in the

Aleutian Basin, except in U.S5.8.R. waters. The provisional values on stock
size oblained from the survey in the summer of 1988 was 620,000 t (Natiopal
Research Institute of Fisheries Engineering, perscnal comnunication), and in
the summer of 198%, the Japan-U.5. cooperative survey was conducted using the
system in the Alcutian Basin and the continental shelf of the eastern Bering
Sea, excluding the U.S5.5.R. waters.

Although the biomass of polloek spawners was estimated from the
cgg/larvae surveys of pollock which had been conducted by the U.S.5.R. from
1984 to 1987, the average value was 8.5 million L in the U.5. waters and 2.}
million t in the U.S5.5.R. walers (DBulatov 1989). The U.S.5.R. conducted the
stock surveys with midwater trawl pets in 1986 and 1987, and the biomass of
pollock was cstimated to be 5.53 million t in 1986 and 6.97 million t in 1987
{Scbholebskiy et al. 19389).

5. DBody length and age composition

Fig. 1 shows the length composition of pollock caught by the Japanese
trawlers on the continental shelf and continental slope in the easltern Bering
Sea. Fig, 2 shows Lhe age compositicn of pollock caught by the concerned
countries in the same area. As the Japanese ecatehes accounted For 57 to 67%
of the total at that time, it was considered that the length composition
reflected almost all the age compositions, Scales were used for age
determination. 1n 1976 to 1981, the fish ages 2 to 4 (mainly age 3) which
ranged In size from 26 em Lo 40 cm in length were dominant. Since 1982, the
ages 3 to 5 tish (mainly age 4) which ranged from 34 cm to 46 ecm in length
were dominant. The size of pollock as a target for fishing became larger.

Figs. 3 and 4 show the length composition and age composition of pollock
stocks estimated by the mulbi-vessel traw]l surveys which were conducted by Lhe
Japanese cirleher boats attached Lo the mothershlips on the continental sholf in
Lhe castern Bering Sea, respeellvely. In 1976 and 1977, among the fish 2 Lo 3
years o©ld which ranged from 24 cm to 38 cm in length were dominant, in 1978
age 3 fish, whieh ranged from 30 em to 40 cm in length, and in 1979-80, ages 1
to 3 fish which ranged from 16 em to 36 cm were dominant. Age 3 fish which
ranged from 28 cm to 38 cm in length in 1981, and for ages 3 to 5 fish which
ranged from 30 cm to 44 em in length from 1982 to 1984 were dominant.

Wespestad and Traynor (1988) estimated the age composition of polloek
caught on the continental shelf and upper continental slope in the eastern
Bering Sea using Lhe otoliths (Fig.5). Fish 2 to 4 years old with age 3 fish
as the central rigure were dominant from 1976 to 1941, age 4 fish in 1982 and
ages 4 to 7 fish dominant since 1983, Althoupgh the age composition was almost
the same as that which was estimated by the Japanesc seientists, the
proportion of older fish was higher than that estimated by Japan. This is
considered to be caused by the difference in the age characteristics used for
age determination. That is to say, otoliths may be better for determining the
age of older fish than seales,

In the length of pollock stock estimated by the Japan-U.§. cooperative
ground fish survey conduclted in the Aleutian Islands region in 1980, modes
were observed at 33 cm, 40 em and 49 cm in length, and there were many
individuals ranging from 31 cm to 51 cm in length. In the age composition,
age 3 fish were dominant (Ronholt et al. 1986). In the length composition of
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pollock estimated by the Japan-U.S. cooperative survey in 1983, modes were
observed at 48-4T cm, and there were many [ndividuals ranging from 43 cm to 51
cm in length {Wakabayashi et al. 19848). In the length composition of pollock
estimated by the Japan-U.S5, cooperative survey in 1986, the modes were
observed at 38 cm, 38 cm, and 50 ¢m in length {Long et al. in press).

From the survey which was conducted in the Aleutian Basin in the summers
from 1977 to 1979, the estimated length composition of pollock ranged mainly
from 42 cm to 52 em, and Lthe modes were observed at 46 cm to 48 cm, anpd
differences by survey year were guite small (Okada 1986). In the survey in
the summer of 1987, modes were observed at 456 cm to 48 cm, and the body length
ranged mainly from 42 cm to 52 cm (Fisheries Agency of Japan 1988), 1In the
Japan-U.S8. cooperative survey conducted in the summer of 1988, the modes were
observed at 47 em to 48 ¢m In length for male fish and at 49 cm to 51 em in
length for female fish, and the body length ranged mainly from 43 em to 56 cm.
As compared With the results of surveys obtained in the past, the mode was
about 2 cm larger (Yoshimura 1989). 1In addition, in the surveys conducted in
the winter of 1983, modes were observed at 44 cem to 46 cm, and the body length
ranged mainly from 40 em to 50 em, and it was somewhat smaller tham that of
pollock obtained in Lthe suwmmer {(Yamaguchi 1984). In the length composition of
pollock eaught by the Japanese landbased dragnet trawlers in the winter of
1987, modes were observed al 45 em to £7 em in length, the body lengih ranged
mainly from 43 cm to 51 em, and mode was about 1 em larger that of pollock
caught in the winter of 1983 (Sasaki and Yoshimura 1987). In Lhe Japan-U.S.
cooperative survey which was conducted in the winter from 1988 to 1989, a mode
was observed at 48 cm for male, 50 cm for female, and the body length mainly
ranged from 43 cm to 55 cm, Lhe mode was about 3 em larger that obtained in
the winter of 1987 and was almost Lhe same as that obtained in the suwer ot
1988 (Teshima, personal communication). llowever, Lthe difference of Dbody
length by these results were small, and it is considered that size of pollock
in the Aleutian Basin scarcely changed by season and age. in the age
composition of pollock, according to the results of age determination which
was conducted by the Japanese scientists in the surveys comducted in the
summer of 1979, ages 5 to 7 fish were dominanl {Okada and Yamaguchi 1985}, 1n
the results obtained by the surveys conducted in the winter of 1983, ages § to
7 fish vere dominant, and the individuals of 3 years old and younger did not
appear (Yamaguchi 1984}. In Lhe age composition obtained from the age
determination which was condeeled by the U.3. scientists in the surveys in the
summer of 1979, the results differed from the results by Japan, and ages 9 and
10 fish were dominant (Traynor and Nelson 1985). pecording to the rcesults on
age determination by the U.5, for Lthe catches in the Aleutian Basin, ages 9 to
10 fish in 1983, ages 6 to 8 fish in 1984, ages 7 to 10 fish in 1985, ages 7
to 9 fish in 19856, ages 8 to 9 fish in 1987, and age 10 fish in 1988 were
dominant, respectively. Since 1984, the 1978 year-class was the most abundant
in the catches {Dawson 1989).

6. Characteristics of the stocks
{1) Growth and life span
For the studies on growth of polloek on the continental shelf and upper
continental slope in the castern Bering Sea, there are studies by Yamaguchi

and Takahashi (1972), and Smith {1981) ete. The reports on the U.5.groundfish
surveys in 1975, 1976 and 1986 and Lhe reports of the Japan-U.S5. cooperative
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groundfish stock surveys in 1979, 1981, 1982 and 1985 also showed growth
curves (Bakkala et al. 1985 a, b, Halliday and Sassano in press, Kaimmer et
al. 1976, Sample et al. 1985, Smith and Bakkala 1982, Walters et al. 1988).
The body lengih by age was caleulated by these groWwth curves by sex, and the
mean value was obtained. When this mean value was applied to the growth curve
of von Bertalanfly using a program developed by Motonaga and Ishioka {1088}
(ApplicaLlion of growth curve of von Bertalanfly (finite difference drawing
method}, collective wvolume of program on stock analysis using personal
computer, Edition by the Mathematical Ecology and Statistics Division, Tokai
fegional Fisheries Research Laboratary), the growth curves were as follows:

Male: Lt

70.4 (1 - ¢70-189 (1 + 0.211),
Female: Lt =971 (1 -

¢~ 0166 (t + 0.295)}

. In the Aleutian Islands region, the following growth curves were
gbtalned as the results of the Japan-U.S5. cooperative groundfish stock survey
in 1940 (Ronholt et al. 1986).

Hale: Lt
Female: Lt

= 83,17 ( 1 - 9—0.3155 t }
= 56,32 { 1 - e-0.3234 t }

!n Lpe Aleutian Basin, the growth curves were obtained based on age
determination by Japan and the U.S. during the surveys conducted in the summer
of 1979 (Okada and Yamaguchi 1985, Traynor and Nelson 1985). As both the
grovwth curves were not applied to the growth curve of wvon Bertalanfly, they
were applied here using the program of Motonaga and Ishioka {1988) in the same
maner as Lthat conducled for polloek on the continental shelf. As  Lhe
adaptation which applied to the U.S. dala was not so good, it was shown by the
equation oblained from the Jupanese dala.

Male: Lt
Female: Lt

52,3 (1 - ¢ 0.330 {t 0.110),
54.8 (1 - ¢ 0-302 (L ¢+ 0.131})

LIt}

The growth of pollock obtained from these equations was similar to the growth
of pollock in ihe Aleutian Islands region,

Conversion to body weight was ecalculated using the relationship between
Iength and weight equation by Smith {1981)

# = 0.0075 L2-977

Body lenggh and bedy weight by age and by stock of pollock obtained by
the above equation are as follows {unil: body length em, body weight g):
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EASTERN CONTINENTAL SHELF BASIN STOCKS

5TOCKS
MALE FEMALE MALE FEMALE

AGE length weight length weight length weight length weight
3 a2.0 227 32.5 237 33.5 250 33.5 260
L] 38.6 398 39.3 418 38.8 402 39.0 4086
5 14.1 590 45.1 629 42.6 531 43.2 542
6 48.6 189 50.0 855 45,1 638 16.2 657
7 52.4 984 54,1 1,084 7.2 724 48,4 752
g §55.5 1,168 57.6 1,308 18.7 790 50.1 826
9 58.0 1,336 60.6 1,519 419.7 840 51.3 883
10 60.2 1,486 63.1 1,718 50.4 877 52.2 927
11 61.9 1,619 65,3 1,895 60.9 805 52.9 4659
12 63.4 1,735 67.1 2,058 51.3 925 53.4 984
13 61.4 1,835 68.6 2,199 51.6 2935 53.8 1,002
14 65.6 1,82) 69.9 2,326 51.8 950 54.0 1,0‘15
15 66.4 1,994 71.0 2,436 51.9 958 54.3 1,0&2’)
16 67.1 2,055 72,0 2,531 52.0 953 54.4 1,032
17 67.6 2,107 72,84 2,617 52.1 967 54.5 1,038
18 - - - - 52.1 970 54.6 1,041

These values were considered to be the body length and body weight of polloek
of eastern continpental shelf stocks abl August 1 which was almost the mean
valuve of middle day of the periods when Lhe seven surveys were conducted. IL
was considered L0 be the body length and body weight of pollack at July 1 for
the Basin stocks.

From the results of age determination vsing the otolilhs obtained by the
U.5. surveys and Japan-U.S. cooperative surveys which were unpduand on the
continental shelf and continental slope in the eastern Heflng Sea, the oldest
fish was 17 years old, and that was assumed to be the life span of pollock.
It was 18 years old in the Aleutian Basin.

For age at maturity, I used the relationship DELugnn body longyh and
maturity rate of pollock on the continental shelf and continental slope in the
pastern Bering Sca (Smith 1981}, and for female pollock about 30%_mn§u{ed at
age 3, about 70X matured al age 4, about 90X magured at age 5 and 1nd1y1duals
at age 6 were 100X mature. For simplicity, it is assumed that age 3 fish are
211 immature and individwals at age 4 are 100X mature. It was assumed that
individuals at age 5 are 100X mature for the Basin stocks.

The sex ratio for males and females is assumed to be 1:1, and the mean,
body:weight of male and female pollock is used for body weight.

{2) Natural mortality coefficient
The natural mortality coefficient (M) of polleck on }he cont}nentgl
shelf and upper continental slope in Lhe eastern Bering Sea is deseribed in

detail by Sasaki (1985). As a result, it is considered that 0.4 or 0.5 is a
reasenable value, Also, Wespestad and Traynor (1987}, assuming a natural
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mortality coefficient for polleck stocks of 0.3, made a stock assessment with
various analytical methods,

Mito (1988) estimated the value of M using the populaion number by age
obtained by the Japan-U.S. cooperative groundfish stock surveys, and obtalined
the value of 0.45 for pollock of age 4 and older fish on Lhe continental shelf
and upper continental slope in the castern Bering Sea. However, it is assumed
thal fish ages 4 to 5 are from both the eastern continental shelf stocks and
Lhe Basin stocks. Therefore, when 1 estimaled the total mortality coerficient
Z ol the eastern continental shelf pollock stocks using the estimated
population number of ages 6 to 10 fish, I obtained the mean value of 0.45
This was obtained frem fish of 1972-1976 year-classes.

In order Lo abtain the value of M from the value of 4, I estimated the
Fishing mortalily eoclficient (F). First, data from the Japanese fall multi-
vessel trawl surveys were used and Lhis case was termed as Case 7, ‘The
average number of pollock of ages 6 to 8 of 1972-1976 year-classes were 734
million fish, and when 1 econverted this values to the value at January 1, it
was 990 million fish, The average numbers of potlock caught of ages § to &
fish in the same year-class according to age delermimition by Japan were 56
million Iish. Therefore, the rate of exploitation was 0,057, The value of F
was obtained by the following cquation:

F=0.05°- — - 0.07

Therefore, the value of M was M = 0.45 - 0.07 = 0.38. This value of M is
applicable to age 4 and older fish.

Case I1 was based on the results of the Japan-1.5. cooperative surveys.
After caleulation by applying Z 0.45 to estimated stock numbers, the average
number of fish of 6 to 9 years old of 1972-1976 year-classes wias estimated at
1,244 million rish. And this value, when converted inte Lhe value as of
Japvary 1, was 1,617 million fish. The U.S. #ge assessment results with some
modificalions were used as the number of cateh, The average cateh of fish
aged 6 to 9 in the 1972-1976 year-classes was 206 million fish. Therefore,
the rate of exploitation was 0.127 and the value of F was approximately 0.16,
with the value of M standing at 0.29.

The value of M for age 3 fish is considered to be considerably higher
than that for age 4 and older fish because predation mortality by cannibalism
is high. 1In this paper, 0.88 (Case ) and 0.79 (Case TI) were used by adding
mortality coefficienl of 0.5 esLimated by Mito (1988).

The value of M for the Basin stock is assumed to he the same as that tor
the eastern continental shelf stock. Bul the values of H for age 3 and older
fish are fixed at 0.38 (Case 1) and 0.29 {Case I1), because age 3 Pish of the

Basin stock is not eaten by cannibalism.'
(3) Age at recruitment and amount of recruitment
With respect to the age at which polloeX reeruit to the population on

the continental shelf and upper continental slope in the eastern Beripng Sea,
it was deseribed as 3 years old (Sasaki 1987, Wespestad and Traynor 1987,
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Yamaguchi and Okada 1984). In Lhis report, the age at recruitment by year
class was determined by comparing with the npumber of ages of 3 and 4 fish
which were caught in each year-class. That is Lo say, I set age 4 fish as Lhe
age at recruitment up to the 1969 year-class, and age 3 fish as the age at
recruitment from the 197¢ year class to the 1977 year-class, and age 4 fish as
the age at recruitment from Lhe 1978 year class to the 1984 year-class. And
then, for the 1985 year-class and after, T set age 3 or 4 fish as the age at
recruitment, and conducted slock analyses both ways. For the Basin stocks, !
assuned 50X recruited ab age 5 and 100X recruited at age €. However, it is
assumed that pollock that remain on the continentalt shelf are also eaught at
age 3 to 5.

For recruitment of pollock, Sasaki (1985) estimated the population
numbers of age 3 fish on the basis of numbers of individwals of age 4 fish
obtajined from the Japanese fall multi-vessel trawl surveys by the catcher
beats attached to the trawl motherships for the case of natueral mortality
coefficient of 0.4, 0.5 and 9.6, In the case of the M value of D.4, the
population numbers of age 3 fish ranged from 7 billion to 20 billion fish, and
at the Lime of the M value of 0.6, the population numbers of age 3 fish ranged
from 8.4 billion to 24.1 billlon Fish. wWespestad and Traynor (1987} estimated
that the population number of age 3 fish belween the 1978 year-class and 1982
year-class ranged from 1.8 billion to 15.1 billien fish,

In this report, the estimation of recruitment of the eastern econtinental
shelf pollock stocks was conducted from the population number by age obtained
by the Japan-U.8. cooperative groundfish stoek surveys. The year-classes used
were from the 8 year-classes from 1972 Lo 1979. On the assumption that the 2
value is 0.45, when I estimate the numbers of individuals of age & fish, the
results are as follows {unit: million fish):
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AGE
YEAR-CLASS [} ki 8 9 10
1972 514 < 328 < 209 133 <
[ 225
1973 498 < T o« 202 <«
‘
1974 684 ¢ 436 278
1975 411« 262 167 —— 107 <
t 417 « IIIIII
1976 aso 248 <« 158 +——| 101
{ 578
1977 999 <« 637 < 406
1978 3,792 -(—l 2,418 ]

1978 3,261

The values enclosed with the rectangles were the values obtained from the
surveys. In Lhe case when there were two eslimated values in the same year-
class, T used Lhe larger value, Lhoe mean value from the 1972 year-class Lo the
1979 year-class was 1.34 billfon rish, When 1 converl this value to the value
at January 1, It is 1.75 billlon fish. From this, Lthe numbers of individuals
of ages 5 and 4 fish were 2.74 billion fish and 4.30 billion fish,
respeetively,

The amount of recruitment of the Basin stock was calculated in Lhe
following. As Case [, Lhe numbers of individuals by age estimated by the
Japanese fall muiti-vessel trawl surveys were used. The number of fish by age
according to year-class are as follows: (unit: million Fish)

PeT



O @, ) @
AGE

YEAR-CLASS 3 4 5 & 7 8
1970 580 350 85
1971 1,082 650 212 222
1972 5,207 1,932 655 268 124
1973 10,547 4,677 1,461 asl 331 10
1974 14,036 4,075 B892 829 135 26
1975 4,301 3,790 2,314 286 64 11
1976 10,905 5,386 665 251 193 73
1977 22,108 6,626 z,027 521 429

1878 21,739 11,681 6,008 1,505

1879 5,993 11,203 2,582

1980 8,869 5,339

The average number of age 4 fish in the 1872-1979 year-classes was 6.71
billion fish. The value of Z obtained from the pumber of imdividuals of 4 age
fish as of Scplember 1 and Lhat of individuals of age 6 as of Januwiury 1 wWas
1.07. From the value of 7, lhe pumber of age 4 fish as ol January 1 was
calculated as 13,14 billjon. 8.84 billion fish (13.14 billion minus 4.30
billion fish}) is considered to be the Basin stock on the continental shell of
the eastern Bering Sea.

As Case I1, the pmmber of fish by age esblimatod by the Japan-U.8.
couperalive surveys was  used, The year-classes in which ihe numbier ot
individuals of age 4 or § Tish and that of individuals ol age 6 fish ean be
comparced are as follows (unit: million rish):

YEAR~-CLASS 4 YEARS OLD 5 YEAHRS OLL & YEARS OLD

AUG. 1 AUG. 1 JaN. 1
1974 1,313 888
1975 1,508 541
1977 3,591 1,206
1978 11,987 4,931

The average of the values of Z for four year-classes by weighting periods is
0.92, The number of age 4 fish as of Janwary 1, obtained from this value of 2
and the number of age 6 fish, was 11.05 billion fish. Therefore, the number
of fish in the Basin stock is 6.75 billion Cish.

,Afe 4 fish of the Basin slock are distributed on the continental shelf *

and upper conlinental slope in Lthe western Bering Sca and Aleutian Islands
region in addition to this. Even in the western Bering Sea, Lhe Basin polloek
stock is assumed to exist al the same rate with that in ihe eastern Bering
Sea, and all polloek slocks in the Aleutian Islands vegion are assumed to the
Basin slock. Assuming that the biomasses of spawners in cach region are 8 for
the eastern, 2 for the western, and 1 for Lhe Aleutian Islands, the nunbers of
individuals of age 4 fish of each stoek arc as [ollows {unit: 100 million
fish):
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EASTERN WESTERN
STOCK CONTINENTAL BASINMN CONTINENTAL
SHELF STOCK STOCK SHELF STOCK TOTAL
AREA CASE I 11 I I 1 I1 I 11
Eastern continental shelf 43 43 8g 68 0 0 131 116
Western continental shelf [+] 1] 22 17 11 11 32 28
Aleutian Islands region 1] 4] 16 14 a 0 16 14
Total 43 43 121 98 11 11 181 152

That is to say, age 4 fish of the Basin stocks is 12.7 billion fish and 9.8
billion fish.

Assuming that the Z value of age 3 fish of the eastern continental shelf
stock iz 0.85 and Lhal of the Basin stock is 0.45, the numbers of individuals
of age 3 Tish al Janvary 1 were 11,1 billion for the eastern continental shelf
slock and 19.9 billion (Case 1) and 15.4 billion {(Case 11} ftor the Hasin
stock. The numbers of recruits as age 4 fish of the castern continental shelf
stock are 4.6 billion fish (Case I) and 5.0 billien fish {Case II). Also the
numbers of reeruits as age & Cish of the Basin stock are 4.7 billion fish
(Case 1) and 4.3 billlon rish {Case II} and as age 6 fish G.4 billion Fish
(Case 1) and 6.5 billion fish (Case T1).

T. Cohort apalysis

Cohorl apalyses are conducted by the U.5. scieplisls for pollock on the
contineutil shellf and uppar continenlal slope in the easlern Bering Sea
(Wespestad and Traynoe 1988, Wespestad 1089). llowever, as it is considered
that at least two stocks are included in ages 3 to 5 fish, it is necessary to
analyze each stock separately. In this report, I conducted cohort analysis on
that particular eastern continental shelf stock.

I used the data ol Wespestad and Traynor {1888) and Wespestad (1989) as
the numbers caught by year and by age. When I oblained the catch weight by
multiplying the numbers caughi by body weight by age, this catch was diffevent
from the value reported as the catch statisties. Therefore, the number of
fish caught by year were corrected to be in accord with the reported cateh.

. Furthermore, as the Basin pollock stock was included in ages 3 Lo 5 fish, it

was omitleq. That is to say, for ages 3 fish, I multiplied by 0.445 in Case I
and 0.512 in Case I, and for age 4 fish by 0,327 in Case I and 0.389 in Casc
I't, and for age 5 fish 0.389 in Casc | and 0.560 ip Case I {Table 4).

As the ¥ value, 0.88 {Case I} and 0.79 {Case 11} was used for age 3
fish, and 0.34 {Case T) and ©0.29 (Case I1) was used for age 4 and older fish.
The ealenlations were conducled usiang two programs: ishioka's program (19a8)
{Calculation of coborl analysis which used Lhe sequential substitution method)
and Shimamoto amd 1shioka's program (1988) {Cohort caleulalion of a single
year-class (back ealculation method), Colleetive volume of programs on stock
analysis using persomal computer, Edition by the Mathematieal Ecology and
Statisties Division, Tokai Regiomal Fisheries Research Laboratory).
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At first, the population number of the oldest age (gge 10 fish) was
obtained from the numbers of individuals of ages 4 to 12 fish (converted to
the wvalue of Janvary 1) which was estimated by the Japan-U.5. cooperative
groundfish stock surveys and Z = 0.45. By thig, in Fhe 1967 year-class to
1978 year-class, the population number of age 10 fish on January 1 were
obtained, and in the 1979 year-class to 1981 year-class, the population
numbers of ages 9 to 7 fish were obtained (Unit: million fish):

AGE 'z
YEAR-CLASS 4 5 6 T L} 9 10 11

—

1969
1970 163 122 < ——--| 50 I
1871 124 110 «—| 76

1972 293 | 110 l

1973 658
o7 [se1 J——raar [32]
1975 240 | o

1976 152 ——————————————-u[___:;:__l+ 124

1978
1978 » 701
1980 » 497 (Case I)

{ | r 664 (Case II)
1981 ' > 111 {Case 1)

T96 ¥y 132 (Case 11)

The F value and population numbers by age of the 1967 year-class tq 19?1
year-class were caleculated by inputting these population numbers to Ishioka's
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program (1988). For the 1961-86 year-classes, F and Lhe population numbers
were caleulated through the program of Shimamoto and Ishioka (1988), by using
F value of age 8 fish of the previous year-class as Fp. For 1982-1983 year-
clagses, the average F value for age 5-§ fish in the 1967-1981 year-¢lasses
was used as FT'

Table 4 shows F values and population numbers by age of each year-class
for both Case I and Case Il. The average number of individuals of age 3 fish
in the 1964-1983 year-classes was 12.09 billion in Case I and 7.93 billion in
Case II. Further, the amount of recruitment has been on an 1ncreasing trend
in recent years, and the average popitlation number in 1974-1983 year-e¢lasses Was
14.04 billion fish in Case I and 9.05 billion fish in Case 11I.

8. Estimation of virgin biomass

For the numbers of recruit at age 3 from the eastern continental shelf
stocks, the mean value of the 1972-1979 year-classes was 11.1 billien fish.
llowever, as the 1978 year-cluss which was very dominant was included in Lhese
year-classes, ib is assuned Lhat these numbers of reeruils were more Lhan Lhe
average mmber of reervits.  Also, in contrasi with this, It was considercd
that Lhe estimated value obtained by Lhis survey was an underestimate.
Therefore, the virpin biomass was estimated using, as the average number of
polleek recruited, Lhe population numbers of age 3 fish in 1964-1983 year-
classes obtained from Lhe cohort analysis. The value of M for age 3 rish was
set al 0.88 (Case 1) and 0.79 (Case I1Y and Lhal for age 4 amd older fish at
0.38 {Case ) and 0.29 (Case I1). The virgin biomass on August 1 was
calculated by converting Lhe numbers of individuals on January 1 inte the
number of individuals on August 1 and by multiplying body weight by age. The
virgin biomass of the eastern continental shelf stock in Case I was 12.08
million t for recruits at age 3 and 10.40 million t fer recruits at age 4.
The corresponding values for Case 1l were 12,28 million t and 11,12 million £,
respectively,

For Basin stock, the numbers of individuals of age 3 fish as of Januvary
1. are assumed at 1.792 times in Case T and 1.386 times in Case II as
compared with the eastern continental shelf stock. Age al recruitment is 50%
at the age of 5 and 100% at the age of 8. Virgin biomass can be obtained by
eonverting the number of individuals into the value as of July 1 and
multiplying by body weight by age. The figures obtained were 16.53 million t
in Case I and 14.10 million t in Case 1iI.

When the average poputation number for 1974-1983 year-classes is used as
the recruitment amount, the virgin biomass for Case I comes oul as 1.161 times
and that for Case If is 1,141 times. It is considered to be difficult teo
estimate ithe virgin biomass, because of a large yearly fluctuation of the
strength of year-class for pollock. That is to say, the average recruitment
Is unlikely to be obtained. The virgin biomass described here is an
approximate standard, .

9. Reproduction

It is important to elarify Lhe relationship between the number of eggs
and the dumber of recruits in order to forecast the fluctuation of biomass. I
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considered here the reproduction from the population numbers by year and by
age of the eastern continental shelf stocks obtained by the cohort apalysis,

As it is considered that the number of eggs are almost proportional to
the biomass of spawners, the biomasses of ages 4 to 9 fish on August 1 are set
as an index of the number of eggs. For the number of recruits, Lhe biomass of
age 3.fish was used (Fig. 6). And then, the program of Kalo (1988} was
applied to the reproduction curve of Ricker-type {Application of Ricker-type
reproduction curve by Gauss-Newton method. Collective volume of programs on
stock analysis using personal computer. Edition by the Mathematical Ecology
and Statistics Division, Tokal Regional Fisheries Research Laboratory).
Equations for the curve were as follows:

Case I: R = 1.708 E e'0.003457EE
Case 11: R = 1.403 E e 0-004436E

The curve did not fit well, because the points varied widely.

The curve does demonstrate that the more the spawners decrease, the more
the number of recruit inecrecase.

10. Estimation of MSY

It is considered that we can achleve MSY by adjusting the fishing
intensity to maiptain the biomass of gspawners at the level of maximum
recraits, However, as mentioned before, an obvious relationship was not
recognized in Lhe reproduction of pollock,

On the assumption that maximum reerults Is obtajned when the biomass of
spawners reached more than half of the virgin biomass, I could set the value
of F at Lhat time at half of the virgin bfonass for the optimum fishing
mortality cocfficient (Fo L)' That 1s Lo say, when Lhe value of F reached

fopt- the MSY would be achieved,
Fopt and MSY for the eastern continental shelf stock was as follows:
CASE 1 CASE 11
Fopt MSY Fopt MSY
At the time recruited at 0,167 1.14 million t 0.133 930,000 t
the age of 3 years old
At the time recruited at 0.214 1.19 aillion t 0.170 990,000 t

the age of 4 ycars old

The exploitation rates at these times vis-a-vis the biomass on AugustL 1 were
0,169 for 3 year-old recruits and 0.228 for 4 year-old recruils for Case | and
0.140 for 3 year-old recruits and 0.178 for 4 year-old reeruits for Case II,

Furthermore, in Lhe case of the Basin slock, because half of the age 5§

fish were not yet recruiled, and Lhey were presumed to be spawners, the value
of Fopt was considerably high, with 0.387 in Case I and 0.289 in Case 1I, and
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MSY was 2.90 million t fn Case I and 1.88 million t in Case 11, and
exploitation rate for the biomass on July 1 was 0.395 for Case I and 0.293 for
Case 11. ltowever, since ages 3 Lo 5 fish of the Basin stock were still caught
on the continental shelf, the actual age of recruitment was 3 years old or 4
years old. The value of Fopy @t these times was 0,139 when recruited at the
age of 3 years old and 0.181 when recruited at 4 years old in Case 1 and 0.130
when recruited at 3 years old and 0,165 when recruited at 4 years old in Case
Il, MSY was 2.66 million t when recruited at the age of 3 years old and 2.75
million t when recruited at the age of 4 years old in Case I, and 1.65 million
t when recruited at the age of 3 years old and 1.75 million t when recruited
at the age of 4 years old in Case I1. The exploitation rates vis-a-vis the
biomass on July 1 werc 0.151 for 3 year-old reeruits and 0,198 for 4 year-old
recruils for Case I and 0.132 for 3 year-old reeruits and 0.168 for 4 year-old
recrnits for Case I1.

In the same way as the virgin biomass, MSY is also an approximate
standard.

11. Estimation of equilibrium yield

) Assuming that the biomass is maintained when the fishing intensity is
provided by the value of Foptr I estimated the equilibrium yield (EY) of the
eastern continental shelr s{hck and Basin stock in 1990.

For the ecastern continental shelf stock, I used the population numbers
of ages 3 Lo 10 fish of 1987 which was obtained from cohort analysis., The
population numbers of age 11 and older Fish were obtained from the pepulation
numbers of age 10 fish prier to the 1986 and the Z value of 0.46, The
Population numbers up to 1990 were estimated by extrapolation. The number of
recruits of age 3 fish was obtained by the same method as the Wespestad and
Traynor's mothod ({1987). Thal is te say, at first, I oblained the
relutionship hetween the estimated numbers of age 1 fish oblainest Trom the
U.5. stoek surveys and the numbers of age 3 fish obtained from cohort
analysis, and estimated the number of recruits from the 1084 year-class to the
1987 year-class. The numbers of individuals frem the 1978 year-class to 1983
vear-class were as follows {Unit: billion fish):

YEAR-CLASS AGE 1 FISH AGE 3 FISH ESTIMATED IN REPORT
BY U.S. SURVEY —_—

CASE 1 CASE IT
1978 8.2 38.06 23.72
1979 - 23.96 14.13
1980 1.0 14.22 9.88
1981 0.8 4.65 3.47
1982 3.7 24.18 15.30
1983 0.3 4.94 3.18

This Fclationsnip was shown in Fig, 7. oOn the assumption that an exponential
relation was formed here, the following equalions were oblained:

r
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x0.6643

Case 1 : y 9.57
6.44 x0-6378

Case II : b4

Where, x is the population number of age 1 fish (1 hill.!on flsh)‘blyl therlil.:.)
surveys and y is the number of reecruils of age 3 fish (1 bl%) 1::1:1i :I
estimated in this reporit. A coefficient o.t’ corFr:laLmn was 0.9?.5- .93_ in !
can say that Lthere was a positive correlation with the percentage of ns: s;olg
5%. The number of recruits C(rom the 1984 yez_u'—clasis I:o ID.H'Ih )_J'enr class
obtained from these equations were as follows {Unit: 1 billion fish):

AGE I FISI NO, OF RECRUITS AT THE AGE OF
YEAR-CLASS 3 YEARS OLD
.§. SURVEY — —_—
el CASE I CASE I1
15.59
984 4.0 24.04
: 1935 2.2 16.186 10.65
1986 0.3 4,30 2.99
1987 1.0 9.587 6.44

The catch on the continental shelf and contingntal slope otj the s:Aarstternf Bermg
Sea in 1987 was 1.24 million t. Also, as the numht_ar of fish caught o agf:
years were fairly few, I regarded as pollock recruited _at-Lhe age of 48;'(.?1'5
old. The value of F which provided t:hc catch of .24 million t Hg:ﬁ).O i} for
Case I and 0.111 for Case 1I. The biomass on August 1 was 9,18 rpil.mn tgr
Case I and 8.14 million t for Case IY, Of _the_ cateh of 1.24 million tt: the
eastern continental shelf stock was 0.84 million t for Case 1 (67% o1 o &
total) and 0.94 million t [lor Case Il (76% of the Llotal). ‘l‘;u: po_[:;\l ’a tgn
number of eastern continental shelf stock on January 1, 19_ using e
values of F and M, were obtained as follows {(unit: million fish):

AGE CASE I CASE 11
3 16,160 10,650
4 9,871 7,075
5 1,271 944
s 4,111 3,305
1 489 489
8 894 898
9 1,066 964
10 945 9313
11 135 144
12 53 62
‘13 26 3
14 a0 41
15 15 2a
16 10 1
17 8 14

The gatch in 1988 was 1.23 million t. In Case I, the value of F=0.052

corresponded to the catch when fish were reeruited at the age of 3 years old
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and the value of F=0.067 did so when fish were reeruited at the age of 4 years
old, In Case I1I, the value of F Was 0.073 when recruited at Lhe age of 3
years old and 0.091 when recrvited at the age of 4 years old. The biomass of
eastern continental shelf stock on AUBUSL 1 was 12.63 million t when
recruited at the age of 2 years old and 10.35 million t when reeruited at the
age of 4 years old in Case I, and 10.65 million t and 9.06 million t in Case
IT, respectively. Similarly, 1 obtained the population numbers on January
1, 1989, established Lhe cateh as .34 million t, and the corresponding
value of F was 0.067 when reeruited at the age of 3 years old and 0.07! when
recrujted at the age of 4 years old in Case I, and was 0.089 and 0.094 in Ccase
II, respectively. The biomass of eastern continental shelf stock on August
1 was 11.19 million t, 10.57 million t, 9.82 million t, and 9.35 million t,
respectively.  And then, I could caleulate the population numbers by age on
January 1, 1990, The following table shows the number of individuals
(million fish) and biomass (thousand t) by age on August 1 for both Case I and
Case II. For Case I, an Fu t value of 0.157 was used for fish recruited at
age 3 and 0,214 for fish regruited at age 4. The corresponding values for
Case T] were 0.133 and 0.170.

CASE 1 CASE I

RECRUITED AT RECRUITED AT RECRUITED AT RECROITED AT

AGE AGE 3 F1SK AGE 4 FISN AGE 3 FISH AGE 4 FISI

HO. OF NO. OF NO. OF NO. OF

INDIV. BIOMASS  INDIV. BIOMASS INDIV. BIOMASS  [NDIV. BIOMASS

a 5,226 1,213 - - 3,759 873 - -
4 1,219 197 1,261 514 970 396 1,038 123
5 2,975 1,813 3,019 1,840 2,403 1,464 2,517 1,534
6 3,027 2,488 2,873 2,261 2,632 2,163 2,518 2,060
7 acs a9 366 a79 151 363 136 247
8 1,266 1,567 1,202 1,487 1,230 1,522 1,176 1,455
g 148 212 141 201 182 260 174 248
10 zn 434 258 412 334 535 320 512
11 324 569 o7 540 359 830 343 603
12 287 544 272 516 347 658 33z 629
13 11 B3 ag 78 54 108 51 103
14 16 34 15 a3 23 49 22 47
15 8 18 8 17 13 28 12 27
16 9 21 9 19 15 a5 15 34
17 5 1 4 10 9 20 8 19

In Case [, the biomass was 9.90 million t and EY was 1.66 million t whep

-recruited at age 3 fish and the biomass was 8.41 million t and BY was 1.92

willion t when recruited at age 4 rish.. In Case II, the biomass was 9,10
million t and EY was 1.27 million t when recruited at age 3 fish and the

biomass was 8.05 million t and EY was 1.44 millien t when recruited at age 4
rish,

For the Basin stock, EY estimated on tne assumption that the number of
recruits by year-class is proportioned to that of the eastern continental

shelf stock. The mumber of reeruits at the age of 3 was 1,792 times larger
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than that of the eastern continental shelf stoeck for Case I and 1,386 times
larger for Case I1. The population number by age on January 1, 1987 was
calculated by multiplying the number of recruits of each year-class by the
survival rate obtained from Lthe value of I included the fishing mortality on
the continental shelf at ages 3 to 5 fish. Although a fair amount of pollock
was cawght in the international waters from 1983 Lo 1986, the fishing
mortality was not ineluded here for age 5 and older Fish of Basin stock. The
catch of polloekx in the international waters in 1987 was 1,26 million t.
Because Lhe Basin stocks were caught on the continental shelf at ages 4 Lo §
fish, the catches of whole stock were 1.67 million t to 1.80 milljon t. The
corresponding value of F was 0.065 in Case I and 0.087 in Case IT. Also, the
total biomass of the Basin stock on July 1 (age 4 and alder fish) was 25.32
milljion L in Case I and 18.03 million t in Case II. The population numbers
by age on January 1, 1988 ware obtained from these values of F and M. The
cateh of pollock in the international waters in 1988 was assumed to be 1.30
million t. Although few differences were observed in the value of F between
recruitment at age 3 and age 4 on the continental shelf, this was a negligible
amount. It was 0,074 in Case I and 0.097 in Case II. The biomasses (age 3
and older fish and age 4 and older fish) were 34.03 million t and 27.89
million ¢ in Case I and 22.45 million t and 19.19 million & In Case 1I. The
cateh of pollock in the internationzl waters in 1989 was also assumed to be
1.30 million t. The corresponding value of F was 0,076 to 0.077 in Case I and
0.102 to 0,103 in Case 1I, and the biomasses (age 3 and older Fish and age 4
and older fish) were 28.73 million t and 27.30 million t in Case I and 19.50
million t and 18.76 million t in Case II. The population numbers by age of
January 1, 1930 was obtained and then EY was obtained by applying F,., of
0.139 ror 3 year-old recruits and 0,181 for 4 year-old reeruils in Case q and
0.130 for 3 year-old recruits and 0,166 for 4 year-old recruits in Case IT to
the population numbers by age of January 1, 1990, The numbers of individuals
and biomasses of tho Basin stock on July 1 were as follows (unit: million [ish
and 1,000 L):
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CASE 1 CASE 11

RECRUITED AT RECRUITED AT RECRUITED AT RECRUITED AT
AGE AGE 3 FISH AGE 4 FISH AGE 3 FISH AGE 4 FISH

%0. OF 0. OF NO, OF 0. OF

INDIV, BIOMASS  ISDIV. BIOMASS  INDIV. BIOMASS  INDIV. BIOMASS
3 13,111 3,411 - - 7,224 1,880 - -
4 3,768 1,530 3,916 1,591 2,296 933 2,484 1,001
5 9,234 5.001 9,451 5,119 5,693 3,083 5,885 3.242
6 9,394 6,176 9,039 5 .043 6.200 4,076  5.966 3 922
7 1,180 887 1,145 561 812 811 790 594
B 3,669 3,195 3,785 3,126 2,843 2,348 2,791 2,305
3 482 425 471 116 452 400 144 392
10 1,042 966 1,018 045 1,000 927 982 90
11 1,226 1,176 1,198 1,151 1,092 1,048 1,072 1,028
12 1,268 1,247 1,240 1,220 1,262 1,241 1,239 1.218
13 251 251 246 264 280 280 275 275
14 84 86 83 84 100 101 08 99
15 13 44 42 42 57 59 86 87
18 6 47 45 46 67 9 66 68
17 30 3 29 a0 49 50 48 50
18 18 19 18 18 31 32 a1 3z

Ip Cgse I, the biomass when recruited at the age of 3 years old was 24,49
million t and EY was 3.58 million t, and the biomass when recruited at the age
of 4 years old was 20.84 million t and EY was 3.96 millfon t. 1In Case II, the
biomass when recruited at the age of 3 years old was 17.14 million t and EY
wWas 2,26 million t and Lhe biomass when recruited at the age of 4 years old
was 15.19 million L and EY was 2.54 million t.

12. Allowable cateh

I considered the equilibrium yield om the eastern continental shelf

stocg and the Basiq stock in 1990 in the previous section. In this section, I

Eons1der the propriety of equilibrium yield and propose the allowable cateh
y area,

In this report, I estimated EY on the assumption that there are three
stocks of pellock in the Bering Sea. Sasaki (1988) compiled the information
of studies on polloek stocks in the Bering Sea. According to this, on the
c(l)nll'nental shelf in the eastern BRering Sean, there are two hypotheses, a
single stoeck hypothesis ({Takahashi and Yamaguchi 1972} and a two st&cks
bhypothesis which assumes two stocks exist: the northwestern stock and
§outheastern stock on a border of the Pribilof Islands (Maeda 1971, 1972), and
in the two stocks hypothesis, it is estimated that the spawning grounds o} the
nqrthwestern stock are on the continental slope and open sea arcas (Maeda and
Hirakawa 1977}. Lynde et al., {1986} assumed two "units” existed which differ
in the process of reproduction in the eastern Bering Sea and Aleutian Basin
and considered that eggs and larvae of stocks which use the Aleutian Basin aé
the major spawning ground are transported to the continental shelf in the
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eastern Bering Sea and stay in walers north of the Pribilof Islands unLil Lhe
ages of 3 to 4 years old, and move Lo Lhe Basin as they grow older. Yamaguchi
{1984) considered thal most of immature young fish and well grown fish among
older fish out of pollock which inhabited ihe Basin in the winter season
return to the continental shelf during the summer season and most older fish
still remain jn the Basin. Hinckley (1987) considered that there are at least
three independenl spawning stocks: Alewtian Basin stock, nporthwestern
continental slope stock and a stock inhabiting the southeastern continental
shelf and slope area and the northwestern continental shelf. Sasaki and
Yoshimura (1988) assume that pollock which inhabit the Basin during the winter
are the stock which grew in different areas of the continental shelf, moved to
the Basin, and mingled with one another. Based on the results of tagging
(Yoshida 1979), Sasaki (1988) indicates that there are some relationships
among the stock on the continental shelf in the Asian side, the stock of Lhe
Basin, and the stock in the eastern Bering Sea. According to Lhe above
information, Sasaki {1988) described that because none af the hypoiheses were
based on decisive evidence and were still a matter of conjecture, it is
necessary to clarify collectively the structure of pollock population
throughout the Bering Sea in order to determine the origin of pollock in Lhe
Basin.

Like this, because there is no obvious evidences on Lthe separation of
pollock stocks in the Bering Sea, Dawson (1989) set up several working
hypotheses on the relationship between polleck in the Aleutian Basin amd
pollock in other areas. In the consideration of stock in Lhis report, the
separation was based on the unil of reproduction and based on the conditien
that there is almost no exchange of genes amopg the other stocks. Because
there is no evidence that the individuvals originating in each spawning ground
return to the same spawning ground as spawner, it has not been confirmed Lhat
pollock in cach area are disblributed independently as a single stock rrom
ather stochs, Itowever, obvious differences are observed in the spawning
grounds, spawning seasen, and growlh ot polloeck In the Aleulian Basin and
poliock on the eastern continental shelf, Therefore, it is necessary at least
to separate pollock in the Basin and pollock on Lhe eastern continental shelf
when assessment is being conducted.

In this report, on the assumption that there are three separate stocks,
the eastern continental shelf stock, the western continental shelf stock, and
the Basin stock, EY of the eastern continental shelf stock and the Basin stock
was estimated from the population numbers, body weight by age, and Lhe values
of M and F,,;. Among these parameters, it [s assumed that the population
number has Ehe widest fluctuation in the estimated value. The population
number by year and by age were obtained from the number of recruits at age 3
fish by year-class and the value of Z, The number of recrults of the eastern
continental shelf stock was estimated by cohort analysis, In this cohort
analysis, F and the populaticn number by year and by age was calculated using
two values of M. In both Case I and Case I1, the number of individuals at the
oldest age (here 10 years old) was obtained using the estimated value obtained
from the Japan-U,5. cooperative surveys, It is considered that the estimated
value by the Japan-U.S. cooperative surveys is an underestimate (Mito 19881L).
Therefore, the population numbers obtained through cohert analysis are
cansidered to be underestimate. The number of individuals of the Basin stock
was obtained by subtracting the number of iIndividuals of age 4 fish of Lhe
eastern continental shelf stock {(calculated from the number of individuals of
ages 6 fish and the value of % 0.45) from the number of individuals of age 4
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fish whieh inhabit the ecastern centinental shelf. For the npumber of
individuals of age 4 fish on the continental shelf in Case I, the estimated
value by the Japanese fall multi-vessel trawl surveys was used, and as the
number of individuals of age 6 fish, the estimated value by the Japan-U,S.
cooperalive surveys was used. For the number of individuals of age 4 fish,
the estimated value by the Japanese mulli-vessel trawl surveys is greater than
that by the estimated value by the Japan-U!.S. cooperative surveys, and the
number of individuvals of age 6 fish was vice versa. The area surveyed by the
Japanese multi-vessel trawl surveys was smaller than that surveyed by the
Japan-U.5. cooperative surveys, and pollock in the midwater were not caught.
Therefore, it is considered that the estimated biomass obtained frem the
Japanese multi-vessel trawl surveys is considerably underestimated. In Case
11, the values for the year-classes of 1974, 1875, 1977 and 1978, which had
been obtained in the Japan-U.S. cooperative surveys, were used as the number
of individuals of age 4 or 5 on the continental shelf, These values which
epable comparisons with those of age 6 fish were available for only four
year-¢lasses, and were not sufficient to obtain the Z value which include
emigralion of the Basin stoek, In this analysis, the Z wvalue of 0.92 was
calculated as a weighled average. 1f the unweighted average % value of 1.194
is used, the number of Basin stock recruits is 2.18 times higher than the
corresponding number vusing the weighted average.

The value of F estimated in the cohort analysis varied greatly by age,
even in the same year. In this report, the value of F by age of pollock in
the Bering Sea is assumed Lo be constant in the same year, It Is considered
that the dispersion of the value of F at the time of analysis includes the
differences occurred when the numbers of fish caught by age were estimated.
Thus, I set up here the populations, of which the values of F hy age are the
sume by year,

AL first, for tho eastern continental shelf, the value of Case I was
used as the numbers ol individuals of age 3 fish by year-class. In Lhe eatch
in the castern Beripg Sca, the Basin stock of ages 3 to 5 fish is inecluded.
It is assumed Lhat this amount is proportioned to the amount of the same
year-class of continental shelf stocks. That is to say, the proportion of
Basin stoek in age 3 [ish was 1,248 times of the continental shelf stock and,
with the corresponding figures for age 4 and 5 fish standing at 2.058 times
and 1,029 times, respectively. Using these rates and adding the catch of the
Basin stoek, ihe corresponding cateh to F was caleulated, and was ascertained
if it was in accord with the agtual cateh, and the value of F by year was
determined. Furthermore, the value of F was set to be the third decimal
place, and the value whieh provided the cateh nearest to the actual catch was
applied. I set up the age of 3 years old as age at recruitment in the year
which the value of F of age 3 fish obtained by the cohort analysis was more
than 0.035, and the age of 4 years old in the year which the value of F of age
3 fish oblained by the cohort analysis was less than 0.035, Table 5 shows the
population numbers by year and by age obtained. Alse, the value of F, the
corresponding caleh and biomass on August 1 are as follows:
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CATCH OF CATCIl
AGE OF CONTINENTAL INCLUDING
YEAR RECRUITMENT F SHELF STOCK BASIN STOCK BIOMASS
{YEARS OLD) {10,000 T) {10,000 T) (10,000 T)
1964 4 0.033 11 17 326
1965 4 0.046 15 23 317
1966 4 0.057 18 26 297
1967 4 0.089 an 55 336
1968 4 0.085 kY: 10 404
1969 4 0.062 40 B6 615
1970 4 0.001 67 126 608
1971 4 0.144 106 175 599
1972 3 0.130 108 184 781
1973 3 0.158 111 175 660
1974 3 0.181 107 159 552
19758 3 0,149 82 129 509
1976 3 0.140 72 126 477
1977 3 0.097 49 88 473
1978 3 0.113 53 94 443
1979 3 0.117 54 g1 429
1980 3 0.101 54 a7 495
1981 4 0.126 53 a8 398
1982 4 9.046 40 a96 528
1983 4 0.043 48 100 1,070
1984 4 0.0587 67 109 1,125
1985 4 0.087 90 118 289
1986 4 0.063 12 119 1,699
1987 4 0.085 85 124 4954
1988 4 0. 066 T4 122 1,062
1989 4 0,070 T 133 b, U8
1990 4 g.214 1655 262 353

For the year of 1990, Lhe caich when F=0.214 which provides EY is shown. That
is to say, this is EY in 1990, 1.95 million t for the eastern continental
shelf stoek and 2.62 million t as EY for pollock on the continental shelf and
upper continental slope in the eastern Bering Sea was obtained, This was
30,000 t greateyr than EY in Case II obtained by the previous section. When
the population number of age 3 fish in Case I! is used as the recrultment
amount, EY of the eastern continental shelf stock was 1,47 million L and that
for the stock on the continental shelf and continental slope of the eastern
Bering Sea was 1,80 million &, both larger by 30,000 t than EY obtained in the
previous section.

Secondly, for the Basin stock, the population numbers by year and by age
were ohtained using the same method (Table 5). 1In this ealeulation the catch
in the international waters in 1988 and 1989 was assumed Lo be 1.30 million t.
The following are the values of F amt Lk corresponding eatch and biomass in
Case 1:
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CATCH IN CATCH INCL.ON BIOMASS AT

INT'L CONTTNENTAL BIOMASS AGE 4 YRS

YEAR F WATERS SHELF IN BASIN AND OLDER

(10,000 T) (10,000 T) {10,000 T) {10,000 T}
1981 0.000 0 64 710 1,213
1982 0.000 0 ’ T8 171 2,477
1983 0.004 ] 7 1,395 3,034
1984 0.008 19 T4 2,052 3,045
1985 0.014 3z 68 2,161 2,500
1986 0,054 101 167 1,860 2,902
1987 0.070 127 177 1,775 2,380
1988 0.079 130 200 1,637 2,677
1089 0.081 130 205 1,600 2,650
1990 0.181 209 387 1,617 2,032

In 1990, the cateh at F=0.181, e.g. EY is 2.99 million t. EY including the
catch on Lhe continental shelf is 3.87 million t. It is 80,000 t to 100,000 t
fewer than EY in Case I oblained in Lhe previous seclion. When the population
number of age 3 fish in Case II as the recruitment amount, EY in 1990 was 1.99
million t in the Aleulian Basin and 2.44 millien t, when fish caught on the
continental shelf was included. These are 100,000 t fewer than EY in Case 1§
as obLained in the previous section,

Fig. 8 shows Lhe yearly fluctuations of pollock biomass of age 3 and
older Tish en Lhe continental shelf and upper conlinental slope in the eastern
Hering Sca ostimated here, In addition to this, Fig. & also shows the yearly
fluctuations of biomass of ages 3 Lo 9 Fish estiuxted by the coliort analysis
of Wespestidl (19H9) jund the biomass eslimated by  the o, Jdapan aml the
dapan-lL . pooperalive sueveys. Peak of Lhe biomasses was Iy 1969 and 1983,
and they resulted frem the 1968 year-class and 1998 year-class which were
dominant year-classes. It ean be said that the entire biomass has a Lendency
to increase,

When the eastern continental shelf stock was applied to the reproduction
curve of Ricker again, the following equation was obtained:

Case IT R = 0,780 g ¢ 0-001683E
Case II; R = 0,591 E e 9-001844E

LI H

Although dispersion of points vary widely, the maximum biomass of reeruits is
obtained when 5.94 million t (Case 1) and 5.42 million t (Case II) of the
biomass of spawiers of age 4 and older fish, and it is predicted that age 3
fish of 1.72 million t for Case I and 1.18 million t for Case II are
recruited.  When it is converted into the population numbers of age 3 fish on
January 1, 12.4 billion Ffish in Case 1 and 8.1 billiom fish in Case 11,
These are 3X {Caxe 1) and 2X (Case II) larger than the average recruitment
amonnt  for 10G4-1983 year-classes obtained Trvom the coliort analysis, The
biomass of spawners are cguivalent to 57% of Lhe virgin biomass in Case T aml
49% in Case 1. According Lo Lhis ecurve, the biomass of spawners for which
l-ucl‘llitqu:nr. amountl over Lhe average for 1964-1083 year-classes, as oblained
from the cohort analysis, are within a range of 4.69-7.41 milllon t in Case I
and 4051 Godb wmillion L o Caxe 10, Thas, a Farpe amount of recenitment fn a
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considerably wide range of the biomass of spawners can boe expected, i.e, Lhe
stability or pollock stock is considered to be high.

As mentioned above, I have estimated the virgin biomass, MSY, and EY,
ete. of the eastern continental shelf stock and Basin stock. In addition to
this, although I also estimated the western continental shell stock, 1 assumed
that growth, life span, M, and age at recruitmenl of the western contlinental
shelf stock is the same as those of Lhe castern continental shelf stock. And
then, on the asswnption that the number of reeruits of the western stock is a
quarter of that of the eastern stock and fluetuation of the year-classes
remains the same, the estimated virgin biomass is 2,60 million t for Case I
and 2.78 million t for Case Il when recruited at the age of 4 years old. MSY
is 300,000 t for Case | and 250,000 t for Case II at the time recruited al the
age of 4 years old. EY in 1990 is 450,000 t for Case I and 370,000 t for Case
11,

I can assume that the allowable catch by stock in 1990 is equal to EY
when recruited at the age of 4 years old. The allowable calch by area in 1990
are as follows (unit: 10,000 t}:

EASTERN WESTERN
STOCK CONTINENTAL ALEUTIAN CONTINENTAL
SHELF STOCK BASIN STOCK SHELY STOCK TOTAL

AREA CASE I 11 1 11 I 11 1 11
Eastern continental shelf/ 185 147 70 38 Q [+] 265 183
continental slope

Basin and Aleutian [+ 0 299 1989 0 4] 299 199
Islands region

Western continental shelf/ 0 0 18 9 49 37 67 46
continental slope

Total 195 147 a87 244 49 37 631 428

Total allowable catch in 1990 was set at 4.28-6.31 million t, a level
considerably higher than of the actual catch of 3.64 million t in 1987,
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cehort analysis in this paper {(Case I}

¢ohort analysis In thix paper {Case II)

cohort analysis by US scientistz (tuned to trend)
cohorct analyais by US scientists {tuned bto age)
Japanese multi-vessel trawl survey

US bottom trawl survey

US=Japan cooperative groundfish survey

of unlleye poliock (L) in the eastern Berinyg Sem and Aleutinn Islands rogion.*

Table 1. Hiatorical catches
Easlern Berng Sea Alcuican islands region e ToLtal
Year Japan  U.S. U.S. Jaint  Others® Total Japan U.5. U.S. JoinL Qthers Total
Dosestic wventures® Dosestlic vealures®

1958 .94 6,344 [FEFL]
§458 32,791 32,193 32,743
1968 25,047 26,897 26,097
[ELY 24,316 1,15 4,116
tg62 58,765 58,785 58,765
1963 103,353 103,13] 161,153
1964 111921 171,92 171,321
1965 228.259 229,259 229,250
1366 61,080 261,680 261,080
1967 550,131 550,101 550,131
1968 701,085 1,200 702,285 702,285
1989 839,987 12,295 861,282 451,292
1970 1.211.2398 215.420 1,255,718 1,256,718
LERH) IR EH 315,340 ¥, 747,835 1. T13.80%
1972 1.616, 481 223,096 1,839,579 1,819,379
1871 1,471,118 283,105 1,754,240 1,134,240
1974 1,250,609 315,613 1,586,222 1,588,222
1373 1,065.038 220,005 1.285.043 1.285.013
1878 987,017 FIXY K 1250578 T,251.516
1977 774,307 109,638 843,945 5,657 1,958 7,625 89].5%0
1878 781,038 158,125 941,161 5,007 1,257 6.264 47,425
1979 749,915 164,652 314,587 8,018 1.457 9,49% 924,082
19810 797,411 10,473 161,032 958,922 45,804 12,104 57,908 1,026,810

B . . )L 38, i 17,9 . 1,03z,
1982 T, 258 §2.622 156,370 956,298 16,872 1,983 2L.61% 61.172 1,017,130
193] 563,3]5 12 [46.467 180,045 996,759 29,645 2,547 26,994 59,186 1,055,945
1964 619,458 8,721 20,314 235,407 1.090,306 34,519 3,891 §.694 32,851 17,155 1,160,661
1585 587,788 38.084 370,257 184,933 1,181,064 34,151 587 7,283 15,216 57,25 1,218,117

f 47, I NN EINEH 5.085 717 10,261 8. 93§ 16,057 1.27773949
19817 2,845 218,000 1,215,000 1.000 1,217,000 0 1,000 28,000 ¢ Jo,o000 1,267,000
1948 § 489,000 139,000 0 1,228,000 1] 2,000 41,000 ) 11.000 1,271.008
a. Japancse enteh data are the combined values of the INFPC Area 1 and 2 in Lthe lering Sen, nmlb Lhe

INPFC Aren 5 in the Aleullan Islands reglon including all types of fjuherey, [or [458-
reported by Forrester ¢b al,.{1978) and Forreatar ot al.{1983), and for 1977-198G6 ln datn [ile
of Far Sens Fish.

Res.

Lnb., Shimizu. The catches for 1977-1987 are taken only in Lhe

Joint venburey bhetween U.S. [ishing vessels aml Republic of Karean, Japanesuo, Polisxh,

of Geyrmany and U.5.5.R.

Progessors.

U.5.5.K., Republic of Koren, Tniwan, Poland, Federal Kepublic of Goermany, Peclugal and
People‘'s Republic of China.

1970 nx
U.5. 200-mile #one.

Federal Republic
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Table 2. Relative indices of walleye pgolleck abundance obtained
from Japanese commercial fisheries in the eastern
Bering Sea, 1973-1986.

Year Method A2 Methed BB
1973 12.4 140
£974 10.5 104
1975 9.7 97
1976 9.8 160
1977 8.1 86
. 1978 9.7 93
- 1979 9.9 95
' ’ 1980 9.3 95
1981 9.6 94
1982 10.9 94
1983 11.5 117
1884 14.5 176
1985 14.8 153
1986 18.8 203

a Ton per hour, standerdized to pair trawler
{Yamagucht and Okada 1984}.

b Percent of 1976 value, INPFC ADI Workshop
metnod {Low and Ikeda 1980).

Taltile 3. Diomnan extimutes* ol walleye pollock obLained [rom btrawl and Lydroacouslic surveys in Lhe enstern
Bering Sea, 1975=13987.

Japan U.S.A.¢ U.S.-Japan®
Year
Doltom LrawlP  tliydroncoustice Battom Lrawl BotLom trawl fliydroacoustic Total
1975 - - 1,958,400 - - -
976 10,393,000 - - - - -
977 10,971,200 - - - - -
1978 10,057,000 - - - - -
1879 8,215,800 - - 3,204,300 7,457,500 1¢,6G1,800
L8R0 13,118,000 - 1,485,900 - - -
1981 9,337,400 - - 2,442,000 - -
1882 7,793,000 - - 1,033,600 4,900,500 8,949,100
1983 10,684,800 - 6,064,800 - - -
1984 6,553,500 4,809,900 4,533,000 - - -
19835 - - - 5,522,200 4,798,500 10,320,700
F9R6G - - 4,977,800 - - -
1587 - - §,200,000 - - -

a Al)l is censldered Lo Le undereilismabed because Lhe coverage of furvey atea by each survey Is defective
not. only herizonlally but nlse vertieally.

I Hulli-vessel teaw] survey ln Fall (Yamaguehl nnd Okada 1984, Teshima and Qkada 1985).

e Vicinity of Pribilef Uslands {Harnda et al. 1985).

d Continenta) shell region only {Bakkala et al, 1986, Wespestad and Traynor 1937)

¢ Cambined contlunental ahelf nnd slope regions (Bukknle et al, 18984).
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Assessment of Walleye Pollock Biq-ass.in tPe Aleutian Basin
Based on Cohort Annlyflis and Polish Fisherles pata
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al. Zjednoczenia 1

81-345 Gdynia, Poland

ABSTRACT

Cohort analysis was used to estimate the biomass of walleye
pollock in the Aleutian Basin of the Bering Sea in the period of
1;85—39. Catch-at-age and catch-per-unit effort data from the
polish fishing fleet operating in international waters aof the Ale-
utian Basin were used in the analysis. Results“showed that bio-
mass of the expleitable population (ages 3 to 21 years} varied

in this period between 21 and 15 million metric tons (t).

The selectivity curves estimated from separable vi:tuél pepulation
analysis suggested that pollock exploited in international waters
of the Aleutian Basin helonged to a laréer population which ranged
beyond the area of exploitation, The present fishing mortality co-
efficlent was estimated at 0.24 which is lower than the Fo.1 fis-
hing rate of 0.6 derived from the Ricker exponential yield model.
Based on the estimated biomass of 15.3 million t and on assumed e
cateh of 1.5 million t, the exploitation rate of pollock in the
international zone was 10 % which is much lower than the rate in

the eastern Bering Sea.

INTRODUCTION

Walleye pollock (Theragra chalcogramma} is the principal

commercial species in the Bering Sea. Yt is abundant along the
outer continental shelf and slope between 100 and 500 m with main
concentrations on the cuter shelf at depths which vary with envi-
ronmental conditions (Bakkala et al. 1986). In recent years po-
llock have also been found tc occupy pelagic waters of the Aleu-
tian Basin [Fig. 1), at times in high density, especially in in-
ternational waters of the Basin {Gkada 1984, Jackowsk% and Tro-

cifski 1989).

Following this discovery, commercial fisheries began to
develop in the international zone of the Aleutian Basin. Catches
of pollock in these waters by Japanese and Republic of Korea
fisheries were only 4,200 metric tons (t) in 1982, but-by 1983 had

reached 70,700 t. Fisheries by Poland and the People”s Republic
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" of China also began operations in this area in 1985 and catches
increased rapidly to 1.0 million t in 1986 and 1.3 million t in
1987. By 1987 the catch of pollock in international waters reached
a level equalling those in the entire U.S. Exclusive Economic Zone

(EEZ) of the Bering Sea {Table 1}.

Because of the high level of these recent catches, an:assess—
ment of the condition of the exploitable population in interﬁatio—
nal waters of the Aleutian Basin have become important. In this
paper we estimate the biomass of Aleutian Basin pollock from a co-
hort analysis using data from the Polish fishery in the internatio=-
nal zone and examine the trends in these estimates over the period

from 1985-1989.

STOCK STRUCTURE OF BERING SEA POLLOCK

Although the stock structure of pollock in the Bering Sea
has not been defin%d, three stocks are assumend for management pur-
poses by the United States {Rescurce Assessment Document 19B87).
Two of these are in the U.S5, EEZ, the eastern Bering S5eca and Ale-
utian Islands region stocks and the third in the U.S5.5.R. EEZ.
The relationship baetween pellock in U.5. and U.5.5.R, waters and
those in the international zcne and other waters of the Aleutian
Basin is unknown, but is the subject of current studies. Diffe-

rences in age composition and growth and in meristic, morphome-

tric, and reproductive characteristics between pollock of the

Aleutian Basin and the surrounding areas of the Bering Sea have
been documented by Trayner and Nelson (1985), Okada and Yamaguchi
(1985), Lynde et al. (1986), Hinckley (1987), and Janusz et al.
{1889} . Studies have also shown that a large population of pellock
spawns in the hAleutian Basin and that pollock eggs are abundant in
these waters, particularly in the southeastern part of the’Basin

(Okada 1986, Hinckley 1987).

There are many working hypothesis concerning the origin of
pollock in international waters of the Aleutian Basin. An Ameriecan
scientist (Dawson 1989) presented 5 working hypothesis ranging from
a separate stock in international waters of the‘Basin to a single
stock for the entire Bering Sea. A U.5.5.R. scientist [Stepanenko
1289) assumed the existence of only twe stock in the Bering Sea,
one in I.S. waters and the second in U.S.$.R. waters, of which both
contribute to the population in the Aleutian Basin during feeding

migrations.

In our assessment, we have assumed as a working hypothesis
that pollock in the Aleutian Basin are an independent stock and

that the population exploited in the international zone is a part

of this Aleutian Basin stock.
MATERIALS AND METUODS
Tn estimating biomass from cohort analysis, the following

data are required: catch- and weight-at-age, an estimate of natn-

ral mortality (M}, and estimates of fishing mortality (F} by age

PLT



in the terminal year and for the oldest age in all previous years.
unfortunately, we only had catch- and welght-at-age data from the
Polish fishery which had to be used to apportion all-pation catches
in the international zone into age components (Table 2). In addi~
tion, catches by some nations were not available for 1988 and 1989
so it was necessary to assume that total catch was 1.5 million t

in each of these two years.

Natural mortality was estimated from a catch curve based on
1985 catch-at-2ge data when the exploitation rate was low. The slo-
pe of the curve was -0.37 which provides a rough estimate of total
mortality in 1985 [Fig. 2A). This suggests that natural mortality
may range from 0.2 to 0.3. Because 0.3 has been used as the estimacs
of natural mortality feor eastern Bering Sea shelf pollock (Wespestad
1989), we assumed nat;ral mortality was about 0.2 in the Aleutian

Basin where cannibalism is lower,

To derive estimates of fishing mortality {F}, catch curves
over the years 1986-1989 were first averaged {(Fig. 2C). Catches in-
creased substantially cover this period. Thus, by subtracting the
M value from the estimate of total mortality (2=0.42} derived from
the average-catch curve, a first estimate of terminal fishing mor-

tality was provided.

The fishing mortalities resulting from cohort analysis were
tuned iterratively to the effort data (Table 3}. Unfortunately,
the time-series of effort data, as well as the catch-at-age data

was short, spawning only 5 years. The effort data were obtained

by dividing the total all-nation catch in the internaticnal zone
by the CPUE (in units of catch per fishing day) from the Polish

fishing fleet.

In the tuning procedure the Laurec-Shepherd (Pope and Shephard
1985) method was used. This method is expected to be the basE anong
the ad hoc tuning methods (Anen., 1%88; Anon., 1990). It performs
well if catchability coefficients do not show any trend with timéﬁ
S0, during simulations for each age group t statistics were calcu-
lated to test the regression coefficients of leg catchability
against time. As all the coefficients were not significant the Laurec
~ Shepherd method was applicable and it is believed to give reliab-

le estimates of stoeck size and mortality.
RESULTS

Estimates of biomass from the above procedures for the explo-

itable populatién of pollock (ages 5 to 21) ranged from 21.7 to

. 15.3 million t during the period of 1985 to 1989 (Table 4}).

There was good agreement in the estimates of total mortality
[2} from cohorc apalysis and the catch curves. The mean 2 for 1985-
1989 was 0,40 and 0,41 from cohort analysis and catch curve, res-
pectively. In 1985, the estimate of 2 was about 0.1 higher than
from cohort analysis (Fig. 2A). The correlation coefficients of
F-at-age estimates with fishing effort over the 5 years varied
from 0.76 to 0.99 for age 5-19, and were higher than 0.90 for most
ages. The mean lage 9-19) F values increased from 0.05‘in 1985

to 0.24 in 1989,
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These rates of exploatation can he compared with the commonly

referenced rates of exploatation Foa and L

However, usually applied Beverton and Holt (1957) model can
not be used in this case as fishing mortality coefficients indicate
that selection curves are demed shaped. So, first separable VPA
{Pope and Shepherd, 1982} was run to estimate selection curve
(Fig. 3). Next, Ricker (1975) exponential yield per recruit.ﬁodel
was employed.

The F value was determined to be about 0.6 but Fma was not re-

0.1 x

ached on the curve with the range of F values used (Fig. 4). This
comparison suggests that the present level of fishing mortality
[F=0.24) is not too high and that eatches at the 1989 level can ba

continued without danger of the stock collapsing.

DISCUSSION

This paper presents the first biomass estimates for pollock
of the Aleutian-.Basin based on analyticai methods using cohort ana-
lysis. Summer hydrocoustic surveys carried out by the Japanese in
the portion of the Aleutian Basin east of the U.5.-0.5.5.R. con-
vention line produced biomass estimates of 5.4 million t in 1978
and 1.3 million t in 1979 (Okada 1979, Okada and Yamaquchi 1985).
However, a more recent hydroaccustic survey conducted by the Japan
Marine Resource Research Center in August to September 1987 indi-
cated that the biomass in the international zone alone was 9.1

million t (Sasaki 1989). Wespestad (1989) suggested that based on

available data, the biomass of pollock in the Aleutian Basin may

be relatively large,

The catch-at-age dataz indicated that recruitment of pollock
to the exploitable stock in éhe international zone starts at age
S(very rarely at age 4) and increases at older ages. Polish fis-
hing vEssels use trawls with 100 mm mesh in the ceodend which sheould
ensure full retention of age 5 pollock, but selectivity curve ba;
sed on separable VPA indicates that selectivity is low for this
age group. This suggests that recruitment of age groups into the
international zone is gradual. Because of this gradual recruitment,

the population in international waters is very resistent to over-

fishing.
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Table 1. Catches of walleye pollock in the Bering Sea {(thousands of metric tons),l%80-89.
Year International wakers Uu.§. EEZ Uu.S.8.R,
Chinaa/ Japan Koreabl Poland 5.R. Total All nations EEZ
1980 2.4 12.5 - - 14.9 558.3 -
“1asy .2 - - - .2 973.5 -
1982 1.3 2,9 - - 4.2 956.0 -
1983 4.1 65.5' - - 70.7 382.4 -
1984 100.9 80.3 - - 18t.2 1098.8 -
1985 1.6 136.8 82.4 115.9 - 336.4 1178.8 -
1586 3.2 698.0 155.8 163.2 - 1020.2 1189.4 -
1987 4.1 B02.6 241.9 ' 2360.3 - 1279.0 1251.5 F00-BOO
1988 17.4 755.0 268.6 298.7 (<) ISG0.0d/ 1228.0 <)
1989 (a0 638.1 (el 268.6 (<) 1500, 0%/ ) )
al

/Peoples Republic of China
1Re public of Korea

’No data
Assumed

Table 2. Walleye pollock catches-at-age in numbers (millions)
in international watears of tha Bering Sea, 1985-39.
Year
Age 1945 1986 1887 19838 1989
S 5.1 1.8 4,8 2.7 4.1
6 13.5 8.9 23.7 19.8 44.0
7 50.9 57.1 3.8 10§8.2 531.0
8 122.0 295.4 147.7 104.5 157.1
] 85.2 352.4 421.7 183.6 117.1
190 26.8 180.1 443.4 312.0 163.8
11 21.9 81.9 157.7 403.3 352.1
12 46.8 82.8 111.5 142.4 450.1
13 55.4 183.5 1i0.8 lo1.6 172.5
14 26.4 156.8 240.8 l02.9 64.9
15 3.4 41.7 121.4 176.4 45.3
1§ 3.1 11.5 15.9 107.6 131.2
17 2.6 2.1 11.3 18.8 78.3
is 4.5 9.7 . ‘;.7 9.6 15.1
19 3.3 6.3 3.9 3.0 3.0
20 1.5 12.5 5.5 5.9 1.0 .
21 0.5 0.9 1.9 2.1 2.5




Table 3. Catch-per-unit effort (tons/day} of walleye pollock Erom Polish-
stern trawlers fishing in international) waters af the Bering Sea
and an index of fishing effort (thousand days) foar all fisheries

180

operating in these waters,

Year 1935 19886 1987 1934 1989
CPUE 54.5 47.7 47.0 43.8 42.9
Effort index 6.2 21.4 27.2 34.2 15.0

Table 4. Eszimas2d stock size in nu=bers (millicns) and biomass
[trhousands of metric teons) of walleye pollack in the
Alzutian Basin based on cohort analysis.

Stock i numbers

Year
P—
Age 1985 1385 1887 1938 1589
5 2694.4 4077.7 2522.7 SQ087.7 2287.7
[ 31932.8 2101.4, 3335.9 2061.1 4162.0
7 8119.8 3207.7 1794.3 2708.1% 1669.6
a B738.5 6401.9 2374.86 1437.5 2121.7
9 2833.1 705¢2.8 5137.9 1974.4 1082.4
14 ©104%.8 2092.8 54£3.4 3823.2 1450.3
11 1034.5 533.4 15350.4 4058.5 2847.8
12 . 2217%.9 827.2 699.1 1136.7 2966.1
13 1801.3 1321.3 692.3 397.8 793.8
14 2§5.0 1281.0 1327.58 185.7 233.7
13 9.8 192.9% 890.7 g5¢2.0 206.3
13 34.3 71.1 121.0 E19.4 531.9
17 93.3 25.5 57.8 g4.7 409.7
18 66.5 +.2 13.4 28.9 52.3
13 531.3 50.56 52.9 11.4 15.0
20 251.2 40.7 5.8 39.0 6.6
2Ll 27.9 212.5 z21.0 24.3 26.5
Total 3ioiz.l 10633.5 251%4.3 24723.0 203884.3
Stock Biomass
Age
5 1444.2 1933.3 1031.8 3230.9 1232.2
3 2241.7 1111.7 1631.7 1403.4 2597.7
7 507+.9 1847.7 999 .4 1985.5 1168.7
8 5709.2 4113.0 1370.5 1129.% 160L1.9
9 18535.1 4630.6 3272.8 13587.4 839.4
10 776.1 142%.3 35%8.4 3135.0 1155.9
1l 784.2 594.1 1046.5 3401.3 2298.,2
12 17313.13 598.0 429%.4 352.0 2423.3
13 1286.0 1337.2 419.1 340.5 §39.5
14 2131.9 926.9 9738.4 311.4§ 195.9
13 Bl.g 144.8 6od.4 763.0 175.6
16 31.3 S4.4 95.8 54,6 476.3
17 78.8 22.4 40.3 77 354.8
18 56.6 53.9 15.2 25.6 17.6
19 45.3 43.1 45.7 l1o0.1 14.4
20 249.7 30.6 39.5 315.5 5.5
21 27.1 168.7 16.2 zl.8 23.3
Total 21708.9 19097.¢ 15907.3 18963.4 15300.3
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Table 5. Estimated fishing mortality coefficients of walleye
pollock in internatiopal waters af the Bering Sea
rom cohort analysis.
Yaar
Age 1983 1538 1937 1934 - 1959
5 0.092 0.000 ¢.002 0.001 0.002
[ 0.604 g.acs 0.009 0.0l 0.g0l2
7 0.007 0.029 0.022 0.044% 0.936
B 0.01¢ 0.051 0.065 0.084 0.0835
g 0.73¢ 0.037 0.096 3.108 G.127
10 0.029 0.100 0.094 6.095 0.133
11 0,024 Q.15 g.119 0.116 ¢.1l46
12 0.023 0.117 0.225 0.150 0.183
13 0.039% Q.118 0.299 0.332 0.273
14 0.118 "0.143 0.224- 0.372 6.363
15 0.042 0.271 0.163 0,254 0.274
18 0.104 0.197 0.157 0.213 0.302
17 0.031 0.096 0.303 0.281 0.236
18 0.077 0.1358 0.312 0.457 0.380
19 0.071 0.143 0.087 0.343 0.248
20 0.008 ¢.415 6,188 0.186 0.183
21 0.020 0.050 ¢.100 0.100 0.105
FU  {9=19%) 0.054 0.138 0.189 0.248 0.242
-
Fw {9-19) 0.034 0.090 0.12% D.141 0.182
FU - Mean F values unweighted by catch.
FW - Mean F wvalues weighted bv the size of catches.
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Figure 1, Assumed three stocks of pollock in the Bering Sea.
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The Walleye Pollock Migrations in the Bering Sea

Fadeyev. X. S.
TINRO, Viadivostok, U.5.5.R.

The walleye polloek inhabits practically the whole
Bering 3esa aguatory. On the background of intermittent dis-
tribution it forms concentrations with different density
not oaly att the shelf but over deep-water basine as well,
They may be seasonal or constant, and they differ in size-~
sge conposition and physiological atate of tha aggregated
individuals. A3 a rasult of recentnumerous ichthyoslanicton
and trawl ﬁurveys, the spawning places, juveniles' (recru-
itment) and mature individuals' habitation areas were de-
termined. Spatial and seasonal comparison of that data, as
" well as the observations of the commercial fleet dislocati-
on chunces demonstrate not only the migrations pattern
but the origination of soma congentratlions as well. All
those questions become especially importent in connectlon
to the increased commercisl pressure and starting of large-
volume international flshing outside the U.S. und U.S.5.R.
cconomle zones over the Aleutian Basin.

The maturing walleye pollock eggs is spread practi-
nlly ull over the shelf from Unimak Island at the south-
sast through Ozyorny Gulf at the south-west, and sometimes
even projecting out of the shelf area. But the main part
of eggs is concentrated aé the Unimak-Pribyloff shelf in
the south—ocastern Aleutian Hasin (Unalashita wsad Bogoslofl

Islands aghatorg) and in Olyutorsky Gulf. According to mul-

ti-annual averaged data (1983 - 1986, 19e8), 1n;eﬁaiéai¢’

areas there are diatributed sbout 41, 49 aad 6% of ‘the. -

sea's total abundance correspondingly (roughly);;Af ex—‘i
tensive aquatories of the northern 'shelf from 174%F to °

174 there are distributed about 6%, and in the'cé;tralf

part of the sea outside 3 km 1sobath - not mofa than 1%';--

of the whole abundanca, o )
Approxinmately this way, the larvae'wer;'ﬁi;ﬁfibucea

excluding the Bogeslof Island area, where fhey ﬁerahféw,“

nearing O.3%. The denseat larvae concentrations were situat.

ed in the ?6uth—eastarn part of the sea. At the relatively

suall aquatory of the Pribyloff—@nimak shelf more than

80% of all registered lurvae are distributed, in Olyutor-

aky and Xaraginsky Gulfs - 2,5%, in the northern areas —.
1]

2.%%, and over deep watars outside 3 kn isobgth ;'uﬁ‘iittlell

a5 D.8%. Y

In the Asiun waters about 70% of eggs and Yarvas
are congentrated in Olyutorsky and'Karaginsky Gulrfa, and.
in American waters - more than 90% of eggs are distributed
in the south-esatern part and more than 80% of larvae —
at the Unimal-Pribyloff shelf. The eggs lald off Bogoslof
Iulund over the deptha 1 ~ 3 km 18 carried by dominant
currents towards the shelf ot the east and north—-e‘ast as‘
it matures. Such a Arlft existence is proven by th;a -
veys carried out in 1984 wnd 1989,

The overall distribution of Iingerlings.and yearlings
uos studied in 1967 and 1988. The fingerlings bort in 1987
are distribated all over tha shelf in Arerican waters, but
about 75% of their total abundance concentrated at the

south~esatern shelf (Uninu-Pribyloff Islands}, In the

wrea adjzeent to St. Matthew Island 22% were distributed

1?;9i;:




and in the waters adjacent to the USSR zone - only 3% of
the registered abundance. The fingerlings of the came
yeur—-cluss were distributed brimarily in the north of the
U.S~ zone — only 2% of the registered abundance. The fin-
gerlings of the same year-class were distributed primari-
17 in the north of the U.S. zone in spring 1588. At the
St.Matthew shelf more than 60% of the total sbundance were
registered, but at the main spawning places to the south
of ¥ribylofs Islands - only 31 %. The distribdution of

‘yearlings' (1+) und two-year-olds! (2) of tke 1938 year-

class 13 even more demonsitrative. More than B83% of indi-
viduals agéd 1+ were concentrated in 1987 at the sea's
asrtaern shelf, at the aguatory between St.Matthew Islund
wnd Maverin Cope, and only 175 ~ in the Pribyloff-Unimak
areat In spring 1988 more than 903 of two-year—olds of

the sSams ,,en_i-—claus wers distributed at the northern szhelf
in the U.5.-U.$.S.R. sdjacent waters, and only about 1% -
to the south of Pribyloff Islands. Thus, in the process

of development and growth from eggs to two-year-olds there

tares place sctive and passive migration of walleye mollock

to the north-west from Americsn spawning placea along the

outer shelf towards Navarin Cape with the following exit
into the U.S.8.R. zone.

In tne Asien wohers such migration of the juveniles
can not be traced. As the eggs develons, it is partially
carried from Olyutorsky Gulf to the south-west. The larvae
are concentrated primarily im Xorf Gulf and Litke Btralt
shundance ), Bere the majority of fin-

(64% of the overall

serlinga is distributed as well (79%), but the yearlings
return back $o Olyutorsky Gulf, At the same time, tnere
is ke eggs and larvuee drift from the Olyutorsky-Navarin

chelf area (170 - 1728°2) t6 tne south-west. The zbundance

of two first age groups (0+, 71+) in the said eres cecreases
to 0.1 = D.8%, ?ut the eggs and larvae here comprise 15 ~ -
1%% of the overall abundance at the Asian shelf. T
The senior walleye pollock a}ter spawning in summef"‘
and fall is distributed all over tne sea, forming several
concentrations of different density. For exauple, in Sep-
tember - Ogtober 1987 there were two lurge concentrations

discovered: one at the outer shelfl and partlally at the

slope of the northern sea area, in the U.S. - UuS.3.R. .

adjacent waters, and the second one - over vhe XKomandor

Basin and the Shirshov Ridge scuthern part. Several sunller‘:'

concentrations were situated at the North~Western 3erin5

Bea shel? to the west of 1?6 E. The rirat of tue larsg ,.._"-4

concentrations consisted of immaturc 1ndividuals sxzed
18 ~ 36 em (75 ~ 87% of the overall abundanca), the second
cne -~ of fish sized &4 ~- 52 cu (B2 - 33 %) which had spawn-
ed many times., The spatial size-age structure of feeding
walleye pollock is very well fllustrated by the datz on tae
relotive abundence distridbution of site groups (wee Table
1}. N

Gver the deep-water basins tuere concertrate more
than 93% of the overall sbundance of the mature wallege
pollock of 44 ~ 52 cm size group,.and at the shelf of tne
sen's northern ﬁart ~ more thanm 95% of 2 - 4 -year-olds
(18 ~ 36 em). The same approximate correlation is preserv-
ed for biomass characteristics. So it is necessary to un-
derline that the Bogoslof Island spawning concentration
exclusively consists of large individuals sized &4 - 52
cm, which are also dominent in all pelagic concentrations

over Eomandor and Aleutian Basins. At the shelf spawning

places off Pribyloff and Unimak Islands the 36 - 42 cm size




Tavle ‘1. Relative abundance of walleye pollock

in the Bering Bea (1987 surveys, %)

Size groups, cm / Areas 18-36 36—44?44-52'52u60 > 60

SHELF & SLOFE

1.0lyutorsky & EKaraginsky 0.6 5.0 0.9 1.1 -
2.Ulyutorsky-Navarin (170 _

176°%E) : 16 7.8 1.2 1.1 2.4
3.Navarin 16,2 20.1 2.4 2B.5 65.9
4.5%,Matthew 79.1 49,5 2.0 2.1 M.6

S.Pribyloff-Unimak 2.5 1.6 0.1 5.8 17.1

DEFPTHS MORE THAN 1000M

&.Komandor Basin [+ iy} 2.2 62.7 37.2 -

7.Aleutian Basin ’ 0.1 6.8 30.7 4.2 -
Including neutral waters 0.1 2.9 16.2 5.3 -

TPOTAL, % 100.0 100.0 100,0 100.0 100.0

groups are dominant, the majority of which takes part in
spavning for the first time. In the areas to the north of
Fribyloff Islands extending into the U.S.5.R. zone. The
concentrations censist of immature individuals with domi-
nant sizes up'to 39 em, which agrees with the absence of
spawning here,

The revealed peculiarities of the size-age structure
in the spawning period together with the seasonal variati-
on of distribution provide m reliable basis for the migrat-
ing walleye pellock differentiation by reproduction areas.

The repeated surveys in 1987 revealed the shift in

the large walleye pollock aggregation over the Keonandor

Basin towards the east. In September it was situated in
the south-eastern basin, at the south-western slopes of
3hirshov Ridge (lts axis being at 1?O°E). In October the
aggregation shifted to the ridge's eastern slopes with dis-
tribution over the neutral waters aquatory. The pelagic
walleye pollock's eastward migration is proven by the con-
secutive dislocation shifting of the Soviet commercial
fishing fleet in 1988 - 1989, In September the highest
catches were observed over the southern Shirshev Ridge,
and then the fishing squares consecutively shifted to the
west across the Aleutian Basin. In December and January
the maximum'concentrations Wwere located at first in the
western part of neutral waters, and then - in the south-eas-
tern part, At the same time, some part of walleye pollock
shifted to the wast towards Ozyorny Gulf, and to the north
along the eastern slopes of Shirsbov Ridge and thew *o the
east along the outer shelf wnd coatinental slope. Those
details of the distribution consecutive variation were
distinctly traced by the commercial fishing fleet disloca-
tion in fall and winter 1986 - 1989, The mature walleye
pollock concentration (44 - 52 em) in February right be-
fore the spawning in the soutb-eastcrn"part of neutral
waters was confirmed by R/V "Kayo-Maru" survey in 5990 in
which the author took part. In the same area the joint
commercial fleet (42 vessels of Japan, South Korea, Tai-
wan) alse operated.

We were also able to trace the exit of walleye pol-
lock out of the U.S. zone into the south-eastern zart of
neutral waters in April 4989 and its further migration
to the north-west nlong the slone. In June the Soviet

fishing flect operated in tne northern part of neutral

S8T -



trisngle and after that ~ in the U.5.5.R. zone.

_ The walleye pollock that left the U.S5. zone in
4pril, consisted of the individuals sized more than 40 em,
the size group 45 - 50 cm dominating, which was characteris-
tic of the Bogoslof spawning piace walleye pollock. The wal-
leye pollock migrating to tue north along the neutral waters
eastern border was smaller. Its size composition Iig charuc-
teristic of the walleye pollock spawning at the Pribyloff-
Uninmak spawcing places, the dominant sizes practieally iden-
tical‘(36 - i1 em),

On the basla of the slze-age structure spatial-ten-
poral variance amalysis, the chart of tpne Bering Sea walleye
pollock migrstions is drawn {whiech ig chown at Fig.1 in the
generalized form), The loertions of the largest spuwning
places, migrations' routes in the first years, the juveni-
les’ habitation areas, pre-spswning and after-spawoing zi~
yrations of rature individuals snd areas of tneir concentra-
tions ave shown. The wslleye polleck sgpawning off Bogonlod
Izland migrates to the north-west and becomes widaly dist-
ributed over the aquatoriea of Aleutian ard Howzndo: Fasins.
The Pribyloff-Unimak walleye pollock migrates to the aorth
along the outer shelf and slope, gradually coces out of the
shelf area and is distributed over the basin itself. The
walleye pollock of ultimate size groups (52 - 60 cm und
moqe) does not go out of the shelf area. After spawning, it
migrates to the north and to the upper shelf simultaneously,
the largest individuals coming to the minimal depth,

) The fingorlings and yearlinga of Amerlean origin in
the process of growth migrate to the north and inhabit the
Havarin - Matthew shelf until reaching the sexual maturity,
in winter seasonally migrating to the upper slope and at the

same time to the south towards Pribyleff Islands and vice ve-

rsa. The individuals reaching maturitvy for the first time
(36 ~ 46 cm) spawn at the Pri.byloff-‘[]nimak shelf, and the
fish spawning repeatedly (#4 - 52 cm) are concentrated over
big depths off Bogosloef Island during the spawning, The
spawning of those two large size-spawning groups takes place
with approximately 9J-month interval. The spawning peak off
Fogoslof Island is in late February - early March, at the
Unimak-Pribylof{ shelf - in the first decade of April.

The walleye pollock yearlings, two-year-olds und the
fish spawning for the first time (of the Asian spawning) do
not do any northward migrations aleng the shelf, they con~
centrate nearby thelr spawning places, primarily in Haragin-
sky and Qlyutorsky Gulfs. The seasonal character of their
distribution varies according to the "shelf -~ continental
slope" pattern. The large-sized walleye pollock of multi—
spawning dominant 44 - 52 cm size group feeds over Komandoxr
Basin, where it mixes with tue walleye pollock of American
origin. It goea out into the open waters primarilf along the
Shirshov Ridge.

The coneentration of pre-spawning pelagic walleye
bollock in the open waters starts in late August - September
over the south-esstern Komandor Basin at first, and then -
at the adjacent aquatory of Aleutian Basin, ingluding neutral
zone. In October - February the American walleye pollock gra-
dually migrates to the east, as its sex products maturs;- and
in February - March it concentrates at the spawning ploces
off Bogoslof Island. The smaller-sized walleye pollock migra-
tes to the -east along the continental slope of the sea's
nerthern part, and in April - Muy it forms pre-spawning and
spawning concentrations at the Pribylofr—Unimak shelf, The

Aciwmnr wnlleye pollock in its pre-spawning period (Decocmber -
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March) concentrates over the continental slope of Czyoriy
and Karaginsky Gulfs and migrates for spawning to Olyutor-
sky Gulf.

The distribution of the walleye pollock size-age
groups in winter - spring pericd (pre-spawning and spawning)
which are differentiated by sexual maturity (the size of
fish maturing for the flrst time is 36 cm, 4% cm is the
length when 50% matures), is highly informative for the
populational compositior studies. As 1t is shown above, at
the Bogoslof Island spawning place there are no immature
individuala (smaller than 36 em), no fish of ultimate age,
size exceediﬁg 58 em (or in small quantities). In Pribyloff
~Unimek area also there is almost no walleye pollock sized
less than 36 em, and there is a distinct deficit of fish
slzed 44 ~ 52 cm which are dominan% at the Bogoslof Island
spawning place. The indlviduals sized 38 - 44 cm are provail-
ing here, and the senior individuals (mora than 58 cm) are
in pormel correlation. At the aguatory to the south-west
from Pribyloff Islends and at the adjacent Navarin shelfl
tne walleye pollock sized 38 - 46 cm, immature walleye pol-
lock or the fish reached maturlity for the first time are
represented most conmpletely. The yearlings and two-year-olds
practically absent at the spawning placea are concenkrated
here, Thus, all groups ci£ed above, which are inter-annual-
1y stable are the parts of the united Eastern Bering Sea
population. In the feeding period the fish widens its areal
covering the whole Aleutian Basin and partly - Komandor
Basin. In connection teo this'kind of distribution it is ne-
cessary for the correct stocks assessment to search for
the methods of abundance {biomnss) estimation of all size-
age groups and to determine the overall age composition

vhich would take into consideration thelr correlation,

In the Asian waters to the east of ﬂ76°E, the areas
of eggs, larvae, Jjuveniles and producers distribution are
practically similar. Consequently, another population, inde-~
pendent of the Eastern Bering Sea one, is distributed here.
This cne is less-migrating end more attached to the places

of reproduction. This peculiarity seems to be determined

by considerably lower abundance and better food provision.

Fig. 1. Principal chart of the walley: pollock migrations in the
Bering Sea.

1.spuwning placesj 2.juveniles' distribution (1-% years old}; 3.

feeding walleye pollock distribution {more tnan 5 years olds; by
larvas drift, yearlings and two-year-olds migrations; %,6.uftec-
spawning and pre-spawning migrations of mature walleye pollock.

ghf.density of colouring corresponds to the guantitative distri-
ution.
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The Monitoring of the Huwpy Shrimp
{Pandalus goniurus) stock in the Bering Sea

Yvanov, B.G. and D.A. Stolyarenko
UNIRO, Moscow, U.S5.5.R.

Pha hempy shrimp (Zoeniglus poniurus) ere the meat atundand
shrimp species on the shell ol the vestern Bering fez. The catches
of the spucies reach up to dozen tons pexr hall nour. fus their
ghuniance fluctuatesv very much, from zbout 1 zmillion fons to few
thousand tcna. $ha fluciuztiona =tiie a task of the shriip stecl:
monitoring vary imscriant. To get the [ish industry roady for
ghring harvesting in advenze we zhould lmow sbont $as Jimvut
evidences of ths siwinp siock inmsrovementb. Hence, the sbtock
monitoring i3z to be conducted cenbiniuesly, not only during
poriods of ligh abundence, bub in poor yzers too.

In.1953 at She similsr syaposium in 3itka, Alaska, we tried
to draw the attention of fishery bislogiats to "Szline Survey
DEiznar Sofbvare System" (33D=5) developed in VIIRO (ftolysrénke,
1987) fox rwapping the distribution, computing the stoek ond
designing tas surveys. The poltwars aysten iz pore advanced
compared with the conventional random stratified methed or, even
more s0, with widely uged method of evenly distributed travl
stations in fish surveys. S303S 1a mere cdvenbegeous comparcd
with ths msthods both in relation To séoclk computing and survey
deaign. The S5D33 dzsiga cenpisby of Lwo stagezs: (1) frame dedipgn
(about 70% of all cztabtionu) and (R) andaztive design (aboutb 3905

of the trawl stations). The trawl stctiong whizh ave reserved for

Ehe edantive desizmi are vred

into exnlexration taking inbo

1286 only application of $hs

during the survey te make cobrecticns
accowuit real survey siiuabtion. In

55032 for full scale spcelfic

survey vwas descrived.

ut in poor years the full scele shrimp surveys are unlilely

1§

vecauge they 2re toc costly. Mighery monegera do not cgree
\ &
uguzlly to pay their money for stuiing the shrimps in poor

yaars. Taliing infto consigeration thszt the mon&toring of shrinp
stock 45 desirzble even in poo> years, cnly lizmitcd nuzbsy of
trawl stabions can be made for the monilboring. Anproximsbtaly
1220 =btatiens scem ko be zealistic in suel reducsd surveya
which zre, as a »ule, a part of zuliisnecies exzlorztiuns.
Naturelly the random diziributlon of fow trowl stzalions in the

Zg not r=esecnghble. I% is rush more wlsziy to

coazuniiats researel effoits 22 tue wozb InForcoative on
proniiing aresas.
o fefine these areas mepa of pvenase cabeh dlatribution

=323
bz3ed on lonz term series-observutions were comnuied by 1means
of thes 5523S. The mapa vere made for thwree aress in the wastem
Fering ZTeca (the ‘nady» Bay, Cod2 Ievarin arsa and area ofl South
Horyak coast) end for two seasons (eodring ~ early summer and late
swirmer - autuwmn) (Fiygs.1-8). The maps of average cabtches reflech
the results of obscxvablons isde in 1307-1985., Tult for survey
desgizn of futbure expeditiona distributionzl maps of the survey

importance function are of great valuz. Tha maps (Figs.7-12)
l=zad fishery biolezista (exverts) to sxvlore both areas with
high values of average annqal catches ans areas with high
variability of the ecatches (Stolyarenze, 1987; Stolyarenlo,

Ivenov, 1367, 1285). The 33D¥S can provide the expert biologists

Tim mmnrr wrsmman framdkend W F aa 1N 2 wd Al

with survey desizn dealing with any dossible number of trawl
N

ekt ana - b

88T



©of trawl station dis n.r:.butio. is progor :.onal to the survey

izportance function, i.e. =zexiram n‘a::.aer of tra -'13 Wi

<4

189 LT ld

yezrs). Tre cesign is based on ivo principles: (i) the Vdensity_.-

input m areﬁag '\"-'_ith high cz ces ?J]d in a_eas v.ith h:.gh_.
vatigble catches; and (2) the eteticn s rill be ust:‘lbuted
ar

dozly. . . .o
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ke cocbinetica of Tanlcz disiribution and using of oux

mowledge on shrimp édistribturiion in tks prece‘_ns yzara (i.e.

cencenvrebion of efforts in ine most prospaciing ereess) is an

b

8
zdventagzous fealure of the 3803Y. Thus, the nethod of srpline
groreiizevion of stock cdencily can pe used toih for full scele
sUMVeys (e-s'. in ric'h yeers, with trewl zistion nucber ca. b 1008)

znd Jor raduced surveys (Jor meuiiering of sbockin .paor yaars;

G ecourse, the mebhod c.: be 22p1ied not only to shirimp
1 Tk L,

surveys. 1t has Deen alrealy sussessfulily uszed in surveys of

ticlosical guszeies 5 such fishes a3

-
i

¢od gnd oezan zarch I fhe Uorth Vesi il=nile. Seezingly, che

zainod c=n Te epplied to Al=ska pollock siock surveys in the
Zexring Sez. Conveniional survey desizm used widely up to date

s,

in the pollock stock studies is btessd cn evenly disirituted
1l stetions. The Cesign szems (o te oo wacteable and. doss

not afzcuate to thecompuber level.

m sy s P .
{Coplete report will te publighaed in the FProceedings

of the Symposium)
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Structure and Functioning of IYchthyocoenosis
of Epipelagial of the Bering Sea

Sobolewskiy Y.X.. Y.N. Dulepova, and V.I. Radchenko
TINRO. Vladivestok, U.S.S.R.

The nurvevp.of the last yeers revealed the loading role

of zelagial of open waters in forming the Bering soe fish pro-
ductivity, In fall concidersble agprefetiona of feading meture

nollock ware found in waters of the desp-water Dasins forming
in the process of larje-scale cigrations from the cpevning arcee
and back, The chare of pollack in epipelogic iehthyomaus of the
western sering sea is 90-95.,which was estimated to be 6,6+7,6
. pln.t in 1986-19B7.

1chthyuyﬂs&h¢ie of epipeleaginl of the liering ses was charac—
tarired ts se:wility of cqualltative ond quantitative composition |
in 1996~1655 . Se: ehare of rfowe figh cpecles in total ichthyomans
did not vary nuch when conducting estimate purvoyn in the sunmer-
81l period 19806~1988.5Leaconal dynonics 1s pore clesr. Tho den-
cest ogpregutfions of pollock are located within the linits of
low part of the shelf and continentnl clopein cpring-esarly sun-~
ner that determines decreece of ichthyomanss in open wntors. The
biomars of herring,sll kinds of galmon,fecding prioarily boyond
the limits of the survey aren,is characterlzed by less VAlUuOS,
the sﬂare of lurpsucker is incrensed plgrating to the open purt
of tha gen from spawning sreas in littdral rone, hadiatribution
of ichthyomass within the system of ~ghelf-continentel clope-

~open watare- tnkes place primarily due to fooding rigration

of usture pollock to tha Kouronder snc Aleution doeinc,.

2ide food mpectrum of pollock nllowa it to develop food

rencurces of cplpelogin} suite intenrivoly..oting nway non-~:credator

zovplankton by predatory plenkton und nekton often excccds
ite production 2-3 times und more in the mrea of the conti-
nental nldpe and open part of the aoa in lsta fall.-Thia imba~
lance ic increased in the winter eecaon,Due to this fact intense
food reletions are oteerved in t¢plpelagicl of the Korfo-Karagin-
skly aree.

Fotal zooplen.ton blomass in 0-200u layer is estimated to
be 8795 pln.t in ths fall period; 1ts bosis iz represented
by plunkters-ouryphagen. Dietribution' of plonkton biomase is
less homogeneous then that of ichthyomass (from 4 up to 272

P4

gr/w” in different soe nress). It 1o subjected to seasonnl ay-

namlos.ihe highect zooplankton production was obeerved in the

96T

kavaringkiy,onadyrekiy,iorfo-Karzpinskiy areas in Aupguat-Eep—~
tonber 1987 znd only in tho Lavarinskly srea - in Leptomber-Ceo~
tober,1926. The zoolrlankton producticn had negative peonings
over the eatire arca of the western part of the goa in Novembor-
Lecember,198&.The share of predatory zooplankton,having an im~
portant role in oabting awsy eurypheges,cen be estimated to be
35-40;+ of plankton blomass in epipelogirl of the open pert of
the sea.

&t presaent the biomass of organisme of highest trophic leval
(i'innipedin,Cetacean) 1a ertineted to ba 240-270 ond 530—?20
thousand tons rospectively. It in eipnificontly loes than that
it wae prior to lsrge-scale fisheries in the dering soa waters
(330-370 and 1120-1600 thnd t ) Lntinz eway food objocts by
euch pnimkala in astinpted to be B8I50-9870 thad t, ineluding
1250-2202 thnd ¢t of fich,




Oarvest Levels for Rering Sea Pollock

Loh-Lee Low

AlaskaFisheries ScienceCenter
National Marine Fisheries Service
Seattle, Washington

ABSTRACT

concerns over the impacts of walleye pollock (Theragra
chalcogramma) fishexies in the central Bering Sea on U.5. and
U.5.5.R. stocks have prompted the U.S5. and U.S.S.R. to initiate
discussions to develop a scientific basis for their regulation.
At a November 1989 bilateral meeting of fishexries scientists from
the two countries and a follow-up meeting of the U.S5.-U.5.8.R. .
Bering Sea Fisheries Advisory Body, the scientists concluded ?hat
the pollock stocks in the Paring Sea have been very intenaively
harvested and suggested an appropriate harvest level for the
resource. They concluded that an appropriata exploitation rate
for pollock is 25% and that tha allowable harvest lavel for the
fering Sea pollock resource should not exceed 2.63 million t for
1990, The purpose of this paper is to disguaa the data and other
technical basis that led to these conclusions.

Harvest Levels for Bering Sea Pollock

by

Loh-Laa Low
Alaska Fisheries Science Centex
National Marine Fisheries Service
National COceanic and Atmospheric Administration
United States Department of Commerce

INTRODUCTION

Pollock (Theragra chalcogramma) is tha most abundant species
harvested in the Bering Sea. Since the early 1960=, significant
fisheries for pcllock have taken place in the eastern and western
Bering Sea, and the Aleutlan Islands reglon. These areas have
supported the traditilonal fisheries within the exclusive economic
zonas (EEZs) of the United States (U.5.) and the Union of Soviet
Socialist Republics (U.5.8.R.). In the early 1980=, a neow
fishery has developed in the central Bering Sea. This arsa which
lies outsidse the U.S5. and U.5.5.R. EEZs 13 zommonly known as the
"donut hole" area.

The pollock fisheries in the donut hole arsaa have bsen of
great concern to the U.S. and U.S.5.R. bacause they interxcept
pollock stocks migrating through the arsa from the neighboring
EEZa. The donut hole catches are now very large and the
fisharies are unregulated. Concerns over the impacts of thesa
fisheries on U.S., and U.5.5.R, stocks have prompted the U.5. and
U.S.5,R. to initiate discussions to develop a scientific basis
for their regulation. At a November 1989 bilateral meeting of
fisheries scientists from the two countries and a follow-up
meeting of the U.S.-U.S5.5.R. Bering Sea Fisheries Advisory Body
(BSFAB), the scientists concluded that the pollock stocks in the
Bering Sea have been very intensively harvested and suggested an
appropriate harvest level for the resouxces., The purpose of this

paper 1s to discuss the data and other technical basis that led
to these conclusions.

THE AREAR RND FISHERIES

The donut hole area is bounded by the outer 1imits of the
U.S, and U.S5.8.R., 200-mile EEZs (Fig. 1). It is located in the
deep Aleutian Basin, an area of the Baring Sea having depths
exceeding 1,000 m. The Basin has an area of approximately
292,000 nm? and 15 bisected by the U.S-Rusaia Convention Line
established in 1867. Approximately 43% (126,000 nm’) of the
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Aleutian Basin lies in the U.S. EEZ and 38% (111,000 nm®) in the
U.5.S.R. EEZ. The donut hole makes up the remaining 19% (55,000
nm?) of the Basin.

Figure 2 shows the major areas of pollock fisheries in the
Bering Sea. In the U.S. EEZ, fishexies have operated mainly on
the eastern Bering Sea (EBS) continental shelf and slope, in the
Bogoslof Island area, and in the Aleutian region. The fisheries
in the U.S.5.R. EEZ have operated mainly on the western Bering
Sea continental shelf and slope. The new fisheries in the donut
hole area have principally fished the southern portion of the
area. .

Five countries conduct pollock fisheries in the donut hole
area -- Japan, Republic of Korea, Poland, People's Republic of
China, and the U.S.S.R. Catches (in thousands of t) from the
donut hole are compared with those from the U.S. and U.S.5.R.
EEZs:

Year Donut Hole U.S.S5.R. EEZ U.S EEZ Total
1980 15 - 958 973
1981 - - 974 974
1982 4 - 956 960
1983 71 - 982 1,053
1984 18l 756 1,009 2,036
198% 336 662 1,179 2,177
1986 1,061 838 1,189 3,088
1987 1,437 688 1,254 3,379
1988 1,469 1,253 1,228 3,950

The pollock harvest from the donut hole area amounted to 1.47
million metric tons (t) in 1988. This exceeds those taken in the
traditional f£ishing areas of the U.S. EEZ (1.23 million t) and
the U,.S.S.R. EEZ (1.25 million t).

DERING SER ADVISORY BORY FINDINGS

A sclentific advisory body, known as the Bering Sea
Fisheries Advisory Body (BSFAB) was formed by the U.S.-U.S5.5.R.
Intergovarnmental Consultative Fisherles committee to review tha
technical basis for regulations, including an appropriate harvest
level (AWL) for pollock fisheries in the Bering Sea. The BSFAB
met in November 1989 and determined the following points with
regards to establishing an AHL for the fisheries:

a. BSFAB found that a 25% exploitation rate is appropriate
for the pollock resource in the Bering Sea.

b. BSFAB projected that the 1990 biomass of pollock for

the entire Bering Sea to be 10,530,000 t and 1ts
corresponding AHL to be 2,632,500 t.

APPROPRIATE RATE QF EXPLOITATION

The appropriate level of exploitation depends upon the
population characteristics of the species and the status of the
stocks. The Bering Sea groundfish Plan Team of the North Pacific
Fishery Management Council (NPFMC) has adopted general guidelines
for the exploitation of Bering Sea pollock stocks as follows
(NPFMC 1089): .

1. thhen the condition of the stock is excellent (e.g.,
when the biomass is far above B,,), an exploitation
rate corresponding to F,,, is useJ.

2. When the condition of the stock is good {(e.g, when the
bilomass {is near B, and stable or increasing), an
exploitation rate corresponding to F,,, is used.

3. When the condition of the stock is fair {(e.g, when the
biomass is near B,,, and decreasing), an exploitation

rate corresponding to the minimum of F,, and Fp,; is
used.

4. When the condition of the stock 1s poor (e.g, when the
biomass is far below B,,}, an exploitation rate
sufficient to allow only for bycatch 15 used.

Tha most optimistic instantancous rate of fishing mortality, Fo..
is not applicable to pollock stocks in the EBS because the stock
has not been in excellent condition. Therefore F,,. has not been
rigorously calculated. doreover, this high exploitation rate is

generally known to be non-sustainable for exploited fish
populations.

The value of F,,, is dependent upon the spawner-recruit
relationship. For the EBS pollock stock, Wespestad (1989)
calculated F,, by using a Ricker spawner-recruit meodel and two
age-selectivigy curves for pollock. Using a dome-sha?ed
selectivity curve F,, = 0,77 (E = (F/(F+M) (1 - a ~'©'")) = 0,44).
A lower valua (F,,, = 0.55, E = 0.37) was calculated using an
asymptotic selectIthy curve. .
Wespestad's {1989).estimates were later refined by Quinn et. al
{1989), using essentially the same data. Quinn et. al
determined that Fp,, = 0.31 (E = 0.25). They 2lsoc explored the
threshold concept of exploiting pollock stocks and simulated
varies fishing rates and harvesting strategies for the pollock
stock. They concluded that the optimal threshold level for the
pollock population ranged from 20 to 30 %, with a median of 25%.
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They further simulated a unique comblnation of threshold level
and fishing mortality and found that a fishing moxrtality slightly
above F,,, would keep the population above the thresheld level.
Therefore an exploitation rate of 25% should be a sustainable
long~tern gopal. .
The valus of F,, can be calculated to be elther independent or
dependent upon a spawner-recrult relationship. 1In the
traditional Gulland and Boerema (1973) medel, F,, 1s calculated
by the yield per recruit concept, -and therefore, independent of
the spawner-recruit relationship. This concept is also preferred
by the NPFMC since a spawner-recruit relationship for pollock has
not been clearly defined.

Using the yield per recruit concept, Wespeatad (1989) calculated
that Fy, = 0.31 {E a 0,25) for the EBS pollock stock. This xate
is similar to the long-term exploitation rate estimated by Quinn
et al (1989). Considering that the EBS pollock stock is
generally in good condition with current biomass near B, but
declining (Wespestad 1989), it is most appropriate to exploit
this stock at a minimum of the F,,, and Fy, rate. Therefore, the
most appropriate exploitation rate (F,,,) for EBS pollock is 0.31
(Eapp = 0.25).

Rowever, based upon the reasoning advanced by Thompson (1989),
there is a question whether the 25% exploitation rate is
sustainable for pollock stocks. He considexed the many
uncertainties in parameter estimates that enter into the
calculation of exploitation rates and examined these
uncertainties in the context of Bayesian decision theory, and
found that a suatainable explolitation rate lower than F,,, may
have to be considered for all stocks in general.

STOCK STRUCTURE

While guantitative interactions between stocks in the entire
Bering Sea may be somewhat uncertain, the broader picture of
stock dominance and their interactions have been hypothesed.

This topic was addressed at the International Symposium on the
Biology and Management of walleye pollock held during November
14-16, 1988 and at a follow-up technical session on "stock
structure and assessment workshop" moderated by Low (1989).
Partinent extracts of the summary are paraphrased as follows"

“pr. Stepanenko described the knowledge of the stocks
in Soviet waters..,...The two largest populations in
the northern Paclfic Ocean are in the Okhotsk Sea and
the Bering Sea....In the eastern part of the Soviet
Union, south of Cape Navarin and the Olyutorskiy coast,
there 1s only one stock......

Dr. Maeda discussed a paper on the pollock stock
structure at the western side of Hokkaldo,....Japanese
scientists conclude that the spawning stock is divided
into three groups around Hokkaido: north, west, and
southeast.....

Dr. Low discussed stock structure for the eastern

Bering Sea, where the northwest and southeast slope
stocks are distinct..... The Aleutian stock may be
separate, and possibly part of the Kommander Island
stock referred by Dr. Stepanenko. The donut area of
the Bering Sea may be a separate stock, or it may be
part of all the other units..... It may be reascnable to
assume thers is one majox stock in the eastern Bering
Sea area, from a management point of view. In the
western Bering Sea, tha Olyutorshkily-Navarin area could
be considered another majoxr stock, and tha Kommander
Istand area could be a third major stock. Pollock are
spawning and appear to be migrating during the spawning
season from the donut area into the U.S. Exclusive
Economic Zone in an easterly and southeasterly
direction. The Bogoslof area f£ish might represent part
of this stock..."”

At the November 1989 bilateral meeting between the U.S and the
U.S.S.R. (BSFAB 1989), thea

*Soviet side belleves that there are 2 pollock stocks
in the Bering Sea, an Aslan or western Bering Sea stock
and an eastern Bering Sea stock. The peollock found in
the central Bering Sea (referred to as the 'donut hole'
by the U.S. side) are believed to be members of the
westarn and eastern Bering Sea stocks that migrate
through that area either to feed or to return to
spawning grounds within an EEZ. Tha eastern Bering Sea
stock consists chiefly of pollock that spawn In the
regions of Bogoslof Island, Unimak Pass and the
pribilof Islands while the western Bering Sea stock is
made up for the most part of pollock that spawn from
Olyutorskiy Bay to Cape Navarin (Figure 3).

The Soviet side stated that the pollock found in the
deep water area of the central Bering Sea are a mixture
of pollock from the western Bering Sea shelf and from
the eastern Bering Sea (Figure 4). It is the migration
of these fish back and forth to the spawning grounds in
tha U.S5. EEZ that results in the apparent movement of
pollock from west to east acxoss the central Bering Sea
during the fall and winter period. No spawning has
been observed in the deep water portion of the western

‘Bering Sea.”
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While the quantitative stock relationship between the Aleutian
basin (in general) and that of the donut hole pollock (in
particular) with that of the EBS may not be cleax, the near
absenca of age 0 to 4 pollock in both research and commercial
catches from the donut hole and the Basin suggested to Dawson
{1989) that the Basin population is not a closed self-sustaining
population.

When the age composition of pollock catches in the donut area are
compared to those of the Aleutian Islands and Bogoslof Island
areas at the southeastern extreme of the Aleutian Basin, they
appear to be from the same group of fish. The catch In the
Bogoslof area in 1987 and 1988 was primarily composed af age 9-10
fish from the 1978 year-class, similar to that from the Aleutian
Islands and donut hole areas (Wespestad 1989). Observations on
the progression of fisheries in 1988 suggested that fish left the
donut hole area in February prior to spawning, migrated towards
tha Aleutian Islands-Bogoslof Island areas to spawn, and later
returned to the central Bering Sea in a post spawning condition.
The similarities in age composition and the appearance of
movement in and out of the U.S. EEZ suggested that fisheries in
the donut hole area and Aleutian Islands-Bogoslof Island areas
were harvesting the same group of fish. The dominant age
composition of these catches, however, very different from
catches on the EBS shelf. In the EBS, younger f£ish as young as
aga 2 are significantly represented in catches.

In the BSFAB (1989) report, the

"U.S, side presanted the view that there may be two
interrelated stocks of pollock in the eastern Bering
Sea. One stock occupies the eastern Bering Sea shelf
and the second occcuplies the Aleutian Basin. The
principal spawning area for this Aleutian Basin stock
is in the southeastern Aleutian Basin and at least
since 1988 appears to be centered in the region of
Bogoslof Island Iin the U.S. EEZ."

Based upon the discussion above, the pollock resource harvested
in the donut hole is likely a mixture of Soviet and U.S. EEZ
stocks. The percentage mix is not known, although Soviat
scientists have suggested that about two-thirds of the pollock
located in the donut hole originate fxrom U.5. waters and about
one-third from U.S,S.R. waters (BSFAB 1989).

Tagging studies on pollock havo been difficult to conduct.
Survival of tagged fish is low and recovery of tagged fish is
unlikely. Out of more than 13,000 pollock tagged botween 1966
and 1973, only 9 tagged fish were recovered. One was recovered
in the donut hola, and this fish was tagged off Siberia in June
1973 and recovered 4 years later in July 1977.

Inferences from the pattern of spawning activities and
oceanography suggest that much of the donut hole pollock must be
originate from the U.S. EEZ (Hinckley 1987). During spawning,
pollock tend to migrate in a southeasterly and easterly direction
from the donut hole towards the Aleutians and the EBS. The ocean
current pattern (Figure 5) suggests that the eggs and larvae must
get swept onto the EBS shelf where they rear as juvenlles and
young adults. At these stages, they are inter-mixed with
juveniles and adult pollock that resulted from spawning on the
EBS shelf proper. At about age 5 or older, some of the adults
that resulted from spawning in the Bogoslof Island area emigrate
into the Aleutian Basin,

ESTIMATION COF EXPLOITABLE BIOMASS

For the purpose of biomass estimation, the following five major
areas are considered--the eastern Bering Sea area, the Aleutian
area, the Bogoslof Island arca, the western Bering Sea area, and
the Aleutian Basin area.

Eastern Bering Sea

The most detailed data for biomass estimation are from the EBS
shalf and slope regionsa. The long 20-plus years of historical
catch data, age composition data from the fisheries and research
surveys, and estimates of growth and mortality from this region
are sufficiently deotailed to perform reliable age structured
analyses. In addition, standardized trawl and hydro-acoustic
surveys have been conducted to delineate distribution and
estimate biomass of the stock.

Table 1 shows the biomass estimates from the EBS population from
tha standardized bottom-trawl surveys and combined bottom-trawl
and hydroacoustic surveys. The combined surveys have been
repeated triennially. The combined surveys provide blomass
estimates of both the demersal and pelagic components of tha
stock. The 197% combined surveys estimated the total EBS stock

at 10.5 million t. In 1988, the estimated total biomass was 11.6
million t.

Several age-structured population dynamics models have been
employed to assess pollock. The traditional cohort analysis
modal (Pope 1972) as well as the newer catch-age (CAGEAN) model
by Derise et al. (1985) have heen used., Cohort analysis and
CAGEAN modols were "tuned" using auxiliary information based on
the combined hydroacoustic and bottom-trawl surveys of EBS
pollock from 1979, 1982, 1985 and 1988. The detalls of these
analyses are given in Wespoestad (1989).
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Biomass estimates from the age structpred models are presented in
Table 1 and Figure 6. The analyses indicated that abundance was
low around the time the fishery began in 1964 but then increased
4-6 fold in the following 8-9 years. The cohort analysis
estimated peak abundance in 1971 at 10.0 miliion t. Following
this peak, the biomass declined to a low of 4.0 million t in the
late 1970s. From 1979 to 1983 the blomass increased, but has
been declining in the most recent years following lower levels of
recruitment in the early 1980s., The exploitable biomass (ages 3-
9) was 8.0 million t in 19B88. The CAGEAN model results are
essentially the same as from cohort analysis.

The results of cohort analysis indicate that pollock have been
exploited relatively lightly, Catch rates on age groups 3-9 have
varied from 12 to 24% since 1979 as shown below:

Year 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Biomass 4.01 4.01 7.09 7.77 7.39 7.26 9.03 8.41 8.26 7.99
(million t)

Catch 0.91 0.96 0.97 0.96 0.98 1.10 1.18 1.19 1.24 1.23
(million t)
Catch

ratio 0.23 0,24 0.14 0.12 0,23 0.15 0.13 0.14 0.15 0.15

Aleutian Island Region

Survey effort has not been aa extensive in the Aleutian reglon as
in the EBS, Bottom trawl surveys were conducted in 1980, 1983
and 1986, These surveys estimated biomass at 397,362 t in 1980,
822,063 t in 1983, and 527,074 t in 1986. The estimates do not
inelyde mid-water pollock and therefore represent only a portion
of the biomass. There is insufficient data to perform cohort
analysis for the Aleutian Islands stock. Therefore, the best
astimate of the current exploitabhle biomass for the Aleutian
Islands region was 600,000 t based on 1986 trawl survey

and assumptions of population trends between 1986 and 1990.

Bogoslof Island Area

Two hydroacoustic surveys were conducted in the Bogoslof Island
area during January-March of 1988 and 1989. These surveys
detected large concentrations of spawning pollock during
February. The estimated bicmass was about 2.5 million t in 1988.
Preliminary results from the 1989 survey (Traynor 1990) indicates
that the blomass had declined slightly to 2.1 million t.

Western Bering Sea

At the November 1989 U.S.-U.5.8.R. bilateral meeting (BSFAB
1989), Soviet sclentists reported that estimates of the spawning
stock biomass of pollock in the western Bering Sea has ranged
from 1.2 to 2.5 million t. In 1988 the estimate ranged from 1.8
to 2.0 million t. These estimates refer primarily to age 4 and
older pollock spawning on the western Bering Sea shelf in the
spring. HNot included 13 the bilomass of pollock spawning in the
region of the Komandorskiye Islands.

Aleutian Basin

Biomass levels reported for portions of the Aleutian Basin have
been guite wariable over time and are summarized in Table 3. The
first U.S. quantitative trawl/acoustic survey of the donut hole
occurred in February 1988 in the southexrn portion of this area
where very few pollock were found. That gsame survey found 2.5
million t of pollock spawning in the vicinity of Bogoslof Island
inmn 1988. In 1989 a cooperative U.S$.-Japan trawl/acoustic survey
of the entire Aleutian Basin e¢ast of the U.$5.-U.5.85.R. convention
line again found very few fish in the donut hole or anywhere
outside of the Bogoslof Island area. Spawning was agailn
substantial in the Bogoslof Island area, but preliminary
information suggests that the spawning biomass was reduced from
the 1988 level (Traynor 1990).

An attempt to estimate tho biomass of the Alsutian Basin
population using the cohort analysis procedure was performed by
Horbowy and Janusz (1989). Thelr analysis produced an estimate
of 12.8 miliion t for 1988 and suggest that the exploitation rate
for Pasin pollock was low {11.7%) in 1988,

Another attempt at estimating the biomass and allowable catch for
the Aleutian Basin stock was performed by Mito (1989) using the
prey-predator consumption approach. This analysis suggested that
the total allowabla catch from the entire Bering Sea could be
4,09 million ¢ (1.98 million t for the Aleutian Basin stock, 1.69
million t for the EBS shelf stock, and 0.42 million t for the
western Bering Sea shelf stock.)

At the November 1989 U,.5.-U,.5.5.R. billateral meeting, both U.S.
and U.S.5.R. scientisgts concluded that there are substantial
problems with the data and assumptions.with the Horbowy and
Janusz (1989) and Mito (1989) analyses. These problems cannot be
easily rectified as there are substantial gaps in our knowledge
on the guantitative aspects of stock interactions. As such, the
U.S and Soviet sclentists could not accept the results presented
by the two analyses.
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It is also important to note that the donut hole area occupies
only 19% of the Aleutian Basin. Since much of the Aleutian Basin
is within the U.S. and U.3.5.R. EEZs and the donut hole fish are
part of the broader Basin stock, it is not feasible to estimate
the biomass of the donut hole fish alone.

Entire Bering Sea: Based upon data presented at the November
1989 UJ.5.-U.5.5.R, bilateral meeting, the following Table was
compiled to summarizs the exploitable biomass (ages 3 and above)
of pollock estimated in 1988 for the Bering Sea:

YEAR/REGION Explcoitable Comments
Biomass {million t)
Western Bering Sea 1.9 Range is 1.2 to 2.5 million t

Mostly spawning biomass
Estimate is conservative
Eastern Bering Sea

" EBS Shelf 8.0 As high as 11.6 million t
A based on surveys
Aleutians 0.6 Based on survey
Bogoslof 2.5 Based on survey
Entire Bering Sea e

Biomass Proijections

At the Novembar 1989 bilateral meeting,

“the Soviet side reported that the biomass of pollock
in the eastern Bering Sea has been declining over the
last few years by about 10-15% each vear. For example
the 1988 ecastern Bering Sea spawning stock estimated at
8-10 million t declined by 1 million t by 1989. The
abundance of eggs decreased 1.4 times between 1988 and
1989 at Unimak Island and Pribilof Islands. The
decrease was 1.7 times at Bogoslof Island between 1984
and 1989.

Probable causes of the decline in biomass and spawning
potential are the absence of strong year-classes iln the

19805 as compared to the strong 1978 year class, and
simultanecus increase of fishing effort, particularly,
on the large size pollock in the central Bering Sea.
These age groups accounted for the most significant
reproduction.”

As mentioned earlier, U.S5., scientists had estimated the
exploitable pollock to be 8 million t from a cochort analysis
model. This estimate is in addition to the 2.5 million t
spawning biomass at Bogoslof surveyed in 1988 and 600,000 t
estimated for the Aleutian Islands region. Projections were also
made for the EBS biomass for 1989 and 1990. Although there are
uncertainties in these projections because of unknown levels of
recrultment, they show a decline for the EBS shelf stock as
follows:

YEAR Exploitable bilomass
{million t)

1988 B.00

1989 7.03

1990 5,84

1991 5.02

The BSFAB (1989) report assumed that the Bering Sea pollock
resources have been declining by about 10-15% per year in recent
years, Assuming a 10% decline per year, the 1988 exploltable
biomass of 13 million t is projected to decline to about 10,53
miliion t by 1990.

APPROPRIATE HARVEST LEVEL

The gist of BSFAB's determination of appropriate harvest
level (AHL) 1s simple:

AHL = E x B

where E

appropriate rate of explolitation, and
B -

estimate of exploitable biomass

The BSFAB (1989) report indicated that

"the latest year when a complete set of estimated
pollock biomass is avallable is 19B8. A summary table
above indicated that the exploitable biomass (ages 3
and above) for pollock resources in the entire Bering
Sea was about 13 milljon . Assuming, at the present
time, that a 25 percent exploitation rate is
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appropriate for the pollock resource, the harvest lawvel
would be 3,250,000 t. The total catch in 1988 from the
entire Bering Sea was 3,950,000 t, which means that the
appropriate harvest level calculated above was exceeded
by 700,000 t in 1988 -

stack assessments by both sides further indicate that
the abundance of pollock in the Bering Sea has been
declining sinca 1985. These assessments suggest that
the harvest of pollock in the Bering Sea should be
lower or not exceed 2.63 million t in 1990. Tha level
of pollock harvest in the central Bexing Sea or donut
hole area appears to be increasing and has continued to
be disproportionately high relative to the small size
of the area when compared to the U.S. and USSR EE2s of
the Bering Sea where pollock are predominantly located.

Consequently, there must be some management of the
harvest level in the donut hole area, since there are
already substantial management in both the U.S. and
USSR EEZ=s. The suggested level of harvesi may range
from no fishing to some regulated level of “minimum"
fishing.

The lavel of "minimum” fishing for 1990 may be more
appropriately determined by the Bering Sea Fisheries
Advisory Body. Both the U.S. and USSR gclentists,
suggested that the "minimum" level of fishing may be
allowed only if nocessary biolegical information is
gathered by a scientifically designed observer program
for assassing the lmpact of such fishing on the status
of the stocks in the Berdng Sea.”
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Table l.--Biomass of eastern Bering $ea walleye pollock

{in miliion t) as estimated by various assessment
Survey biomass estimates are

methods, 1964-1988.

expressed as means with two standard deviations.
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Footnotes:

Cohort analysis (Pope 1972): age 3 and older tuned to
hydroacoustic-trawl survey estimataes for 1979, 1982, 1985

Table 2.--Estimated biomass of pollock (in 1,000 £} in the

and 1988.

CAGEAN model (Deriso et al. 1985) tuned to

hydroacoustic-trawl survey estimates for 1979, 1982, 1985

and 1988

Survey estimates include midwater, shelf bottom, and slcpe

bottom components.

Survey estimates are for shelf bottom component only.
Survey estimates include shelf and slope bottom components.
Survey estimates include midwater and shelf bottom components,

eastern Bering Sea by age and total biomass
estimated by cohort analysis.

D

A ww DY

~

Age
2 3 4 5 6 7 8 9
844 1,409 1,330 613 320 422 384 463
764 1,071 1,279 781 481 239 325 264
1,130 1,020 906 700 590 373 178 24Q
2,792 1,531 797 490 422 378 267 121
888 4,031 1,481 499 380 279 255 168
830 1,338 4,359 982 433 294 196 169
668 1,259 1,540 3,084 799 331 227 134
2,139 999 1,454 1,125 2,683 584 265 167
540 3,246 1,150 1,045 930 2,074 394 178
1,271 799 3,726 07 867 591 1,325 197
782 1,926 935 2,934 8le 502 297 854
599 1,189 2,289 745 72,704 632 293 142

-
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Table 3. Biomass estimates for the Aleutian Basin and donut hole.
Area Year Season Methods Population Estimate Source
aleutian 1977 ~ summer midwater 2.7 million t Sasaki 1989
Basin trawl

Aleutian 1973 summer midwaters 5.4 million t Sagaki 1989
Basin trawl 0.8 million t°

Aleutian 1979 summer midwater 1.3 millien ¢ Sasaki 1989
Basin trawl

Basin 1983 winter midwater 1.1 million ¢ Sasaki 1989
within US trawl/quant.

EEZ echo sounder

Doughnut 1988
hole

Bogoslof 1988
area

Aleutian 1988-
Basin 89
cutside
Bogoslof

Bogoslof 1988-
area 89

Doughnut 1987
Hole

Doughnut 1987
Hole

U.s5.5.R. 1986
deep water
zone

¥.5.5.R. 1987
deep water
zone

U.S.5.R. 1987
deep water
zone

Aleutian 1988
Basin

Aleutian 1988
Basin

winter

winter

winter

winter

August

October

Autumn

Sept.

Oct.

Annual

Annual

quant. echo~ 0-.1 miliion %
integrator/
midwater trawl
quant, echo- 2.5 million t
integrator/

midwater trawl

quant. echo-
integqrator/
midwater trawl

very few fish

quant. echo- 2.1 miliion t
integrator/
midwater trawl

midwater 0.3 million t
trawl

midwater 1.1 millieon t
trawl

midwater 2.6 miliion t
trawl

midwater 1.3 millien t
trawl

midwater 2.0 million ¢
trawl

Cohort
Analysis

12.8 million t

Caonsumption -
Model

Traynor
(Personal’
comm. }

Traynor
(1950)

Tzaynor
(1990}

Traynor
{1990)

Bulatov and
Sobolevsky
(1989)

Bulatov and
Sabolevsky
(1989)

Bulatov and
Sobolevsky
(1989)

Bulatov and
Sobolevsky
{1989)

Bulatov and
Sobolevsky
{1989)

Horbowy and
Janusz (1989)

Mito (1989}

I»goth biomass estimates are based on the same midwater trawl catch data.
The larger biomass is from Japanese analyses; the smaller biomass is from

¥.S5. analyses.

The U.S. result is probably somewhat conservative. The

biomass estimates for both 1977 and 1978 are probably high due to the
inclusion of some shelf samples.

A bilomass estimate of 9.1 million ¢ in the donut hole in August-

September,

1987 has been reported;

but since many problems were

discovered when the results were reviewed, this wvalue has been largely

discounted.
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Figure 3. Generalized spawning grounds for wallaye

pollock in the Bering Sea.

Legend: I = Unimak grounds
I1 = Pribilef grounds
1II = S5t. Mathews grounds
IV = Qlyutorskiy-Navarin grounds
V = Korfa-Karagin grounds
1 = winter spawning
2 = spring spawning

(Adapted from Bulatov (198%9) p. 202 in Proccedings of the
Intezrnational Symposium on Biology and Management of
Walleye Pollock, Alaska Sea Grant Report No. 89-1.)

Figurs 4. A schematic of pollock distribution from the
.main areas of spawning in the Bering Sea.
Legend: 1 = major spawning areas
2 = boundary of migration for Asian stock
3 = boundary of migration for U.S. stock
4 =

arrows show main directions of post-spawning
migration

{Adapted from Stepanenko (1989) p. 539 in Proocedings
of the International Symposium on Biology and Management
of Walleye Pollock, Alaska Sea Grant Report No. B8%-1.)
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 Figure 5. Synthesized surface circulation in
the Bering Sea

{Adapted from Mulligan et. at (1989) p. 485 in
Proocedings of the International Symposium on
Biclogy and Management of Walleve Follock,
Alaska Sea Grant Report No. 89-1.})

Assessment trends for eastern
Bering Sea pollock,1979-1988.
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An Examination of BAge Determination Structure of
Walleye Pollock. (Theragra chalcogramma) from

Five Stocks in the Northeast Pacific Ocean

McFarlane, G.A. and Richard J.. Beamish
Pacific Biological Station
Ranaimo, Canada

Accurate age determinations are essential to our
understanding of the biology, and the development of reliabla
stock assessments ©f a species. Fin rays, otoliths and scales
have all been used to estiwmate the age of walleye pollock
(Theragra chalcoqramma). Various investigators have rejected one
or all of these structures for specific stocks, however a
comprehansive comparison of ages produced from all of these
structurea has not been conducted. We examined all threa
structures from five stocks in the Hortheast Pacific Dcean to
determine, on a stock basis, which structure produced the most
consistent pattern of growth and the most obvious apnuli.

Introduction

Walleye polleck (Ther chalceogramma) is the most
abundant fish species in the North Pacific Ocean. It ranges
along the continental shelf from southarn Oragon te the Gulf of
Alaska, through the Bering Sea, throughout waters off the Kurile
Islands and Okhotsh Sea, to the southern Chukchi Sea (Bakkala et
al. 1986). Pollock supports the largest single fishery in the
world with recent catches averaglng in excess of 6 million tonnes
annually {Megrey 1989%). In the past year, the expansion of this
fishery into international watera of the Bering Sea has caused
international concern that overfishing may be occurring.

Stock assessments and management strategies developed
for pollock stocks are directly dependent on age determination
estimates. Fin rays, otoliths and scales have all been used to
estimate the age of pollock (0gata 1956; Beamish 1981; La Lanne
1975; Lai and Yeh 1986) and one or all have been rejected for
specific stocks.

. The effects of using erroneous age estimates in stock
assessments have been discussed by Lal and Gundersen (1987) and
Tyler et al. (1989). DBeamish and McFarlane (1983) outline the
importance of validating an ageing technique. Although a mark-
recapture study is the only true means of validation {Beamish and
McFarlane 1483), an alternative indirect means of assessing the
usefulness of a structure is to compare several structures and
techniques, 1In a study comparing age estimates of scales, fin
rays and otoliths from polleck from one stock, Lai and Yeh (1986)
found substantial differences in age estimates obhtained using
different structures. The purpose of this report is to present
the results of our examination of fin rays, scales, otolith

surfaces and otolith cross-sections {break and burn method) from
fish from five stocks of walleye pollock in the North Pacific
Ocean.

Methods

samples of walleye pollock were obtained from filve
geographic areas (Fig. 1) two in Canadian waters (Strait of
Georgia and northern Hecate Strait); two in United States waters
{Shelikof Strait and eastern Bering Sea/ Aleutian area) and one
in international waters of the Aleutian Basin (Donut Hole). All
fish were captured in trawl nets bhetween January and March 198%9.
Scalas, pectoral fins and paired sagitta otoliths were collected
from each filsh. Each fish was measured for fork length and sex
was decermined, All structures were collected, processsed and
ages estimated according to the procedures outlined in Chilten
and Beamish {1982), For otoliths, ages were estimated using both
the surface and burnt cross sections. Criteria for identifying
an annulus on each structure and/cr method are presented in
Beamish (1981) and Chlilton and Beamish (1982). Examples of
annull identified on each structure for each area are presented
in Figures 2-10.

Results

Scales, pectoral fin rays and paired otoliths were
collected from 54 walleye pollock from the Strait of Georgia, 41
from northern Hecate Strait, 60 from Shelikof Strait, 49 from the
eastern Dering Sea/Aleutian area and 48 from international waters
of the Dering Sea (Donut Hole).

For the Strait of Georgia steck, the scale methed
produced the youngest estimated ages (Fig. 17A). HAge estimates
determined using the other methods were similar, There was no
slgnificant difference (anova, P>0.05) in the growth curves
produced using the fin-ray section ages or those produced using
elther of the otolith methods. The younger ages resulting from
the scale method produced faster rates of growth (Fig. 11iA). For
the northern Hecate Strait sample, age estimates using scales
were younger (Fig. 12B) and produced a slightly but not
significantly faster growth rate (anova, P>0.05, F=6.39).

In the Gulf of AlasXa sample, there was no difference
in the estimated age composition or growth rates of the fish
using any of the methods (Fig. 11C; 12C)}. Ho fish older than age
6 were present in the sample. Fish from this area were smaller
at age than those from other areas (Fig. 11C).

The two sawples from the Bering Sea (Aleutian area and
Donut Hole) contained the oldest fish in this study. In the

60¢



Aleutian area the burnt otolith section method produced the
oldest ages (Fig. 12D) resulting in a slower rate {anova, P<0,05;
F=111.48) of growth than that resulting frowm using pectoral fin
ray section ages or otolith surface ages (Fig. 11D). In the
Donut Hole area all four methods produced different age
compositions (Fig, 12E). This resulted in significant
differences (anova, P<0.05; F=64.65) in the rates of growth
determined from the four methods. The slowest rate of growth was
determined using the burnt otolith sections. Ages estimated
using this method were as old as 28 years: the oldest age
reported for walleye pollock,

When ages estimated from scales, pectoral fin- ray
sections and otolith surfaces were compared to ages estimated
from the burnt otolith section method for the five stocks (Fig.
12-16) the only deviations occurred for the two Bering Sea
samples. In the other three samples, deviations from the burnt
section method were small and varied without trend. In the
Aleutian area sample, the greatest deviation occurred for ages
estimated from scales, followed by pectoral fin ray section ages
and otolith surface ages. Similar differences were found for the
Donut Hole sample and these deviations increased linearly with
age. In the most extreme example, scale ages underestimated
otolith sectlon ages by 20 years (Fig. 16). The deviatieon for
ages estimated using the otolith surface was less than for ages
estimated from pectoral fin rays.

The ability to identify annuli on any particular
structure varied among areas. For example, the annuli on fin ray
sections for fish captured in northern Hecate Strait were the
most easily fdentified (Fig. 4,5) and annuli on the otolith
surface, the most difficult, This was also true for the Strait
of Georgia sample (Fig. 2). In contrast, for Bering Sea stocks,
annuli on the burnt otolith section were consistently the
clearest and easlest to identify (Fig., 7,9,10).

Annuli on scales from all areas appeared to be distinct
(Fig. 2,4,6,7,10). However, ages estimated from scales were
similar to ages determined from other structures only for younger
fish. Scales from older fish (Fig. 7,9,10) did not show any
crowding of circuli around the edge or any lrregular growth.
Thus, there was no indication that scale growth was reduced or
had stopped. In centrast, fin-ray sections from older fish had a
wide translucent band on the edge (Fig., 7D,10D}). Higher
magnification showed that this band consisted of a number of
anpuli. Although the annuli could not be differentiated, it was
clear that the number of visible annuli undersstimated the actual
age. Thus sectlons of fin rays are suitable structures to
estimate the age of pollock because, unlike scales, an
accumulation of annuli on the edge of the section provides
evidence that the fish is older. When ageing older fish, the
burnt otolith section is the only acceptable structure. As the

fish ages, the otolith grows almost exclusively on the ventral
surfaces (Fig. 7A,B; 10A,B). This asymmetrical or allometric
growth is most obvious when an otolith section from a younger
fish (Fig 4a,8A) is compared to a section of an older fish (Fig.
7A,B; 10A,B). The increased thickness of the otolith from the
28~yr-old fish clearly is an indication of older age. The amount
of annual growth in this area of increased thickness becomes
progressively reduced with age. Although the interpretation of
annuli in this area may be difficult, there is no doubt that a
large number of annuli exist.

Discussion

Our study indicated that the most appropriate
structure/method for age determination may vary among stocks.
Pectoral ifin-ray sections, otolith surfaces and burnt otolith
sections are all suitable structures for stocks consisting of
mainly younger fish., For these stocks, the pectoral fin ray
annuli were the easiest to identify. However, for some stocks,
such as the Strait of Georgia pollock, fin-ray section annuli may
become crowded on the section edges at a younger age (Beamish
1981). Unlike scales, it was possible to identify an
accumulation of annuli on the edge of the fin ray section
indicating that burnt otolith sections should be used, For other
stocks, the burnt otelith section consistently produced older age
estimates,

Qur study examined the same sStructures as Lal (1985) in
the eastern Bering Sea. His results for this area were similar
to ours for the pectoral fin ray and otolith surface methods.
However, our estimates of age from burnt otolith sections were
older for some fish. YXai found no significant difference between
the otolith surface and burnt section methods for this area and
recommended that otolith surfaces be used for production ageing
because of the time involved in preparing fin sectiens. However,
Lai used thin sections of otoliths and not the less time-
consuming burnt section technique.

We recognize that the age estimates in this report have
not been validated. In particular, the older ages from the
international waters of the Bering Sea may appear to be in error.
We applied the same age determipation ¢riteria te the burnt
otolith sections of pollock as were applied to other species
{i.e., sablefish, rockfish}. The older ages for these species
have been shown to be correct (Bennett et al. 1982; Beamish 1979;
Beamish et al. 1983; Leaman and Nagtegaal 1987). The oldest age
previously reported for pollock is 18 yr (Karp and Traynor 1989),
determined using the otolith surface reading method. In our
study.and in other studies comparing oteolith surface and section
readings (reviewed in Beamish and McFarlane 1987) it was shown
that otolith burnt sections do produce clder age estimates than
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otelith surface readings. Thus an age of 28 yr may not be
unreasonable.

Accurate age estimates are important for determining a
number of biological parameters. In particular, accurate age
estimates are required to determine mortality rates and identify
strong yYear-classes. If the "Donut Hole" sample can bhe
considered representative of a relatively lightly exploited
population the natural mortality estimate from this small sample
is lower than the estimates used for management of pollock
stocks, A more accurate mortality estimate only recuires that
larger samples be ccllected and analysed using the burnt otolith
section method.

Another example of the problems of age determination of
pollock is seen in the difference of opinion of the year of
production of the strong year-class in the late 1970s. In the
eastern Bering Sea (Wespestad and Traynor 1988) identified the
" 1978 year-class as being exceptionally strong using ages
estimated from otolith surfaces. Samples collected in the same
. area and aged using the same method (Moiseyev 1983) identified

the 1977 year-class as being strong. Considering this strong
year-class was produced by a relatively small number of spawners,
it is important to accurately identify this year-class in order
to examine the influence of the ocean environment on year-class
success. In our study, although sample size was small, we
observed a larger number of 1ll-year-olda, indicating the strong
year-class occurred in 1978. While the 1978 year-class has been
recognized as being strong, our analysis indicates that the 1973
Year-class was also strong, possibly as strong as the 1978 year-
class, It is interesting that lé6~year-old fish are still an
important component of the population. We believe these examples
serve to illustrate the importance of continuing to examine age
determination methods, particularly whers a misinterpretation of
age composition information may lead to overharvesting,
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Fig. 2. Structures used for age determination ceollected
* from a 40 cm walleye pollock captured in the - . 3
Strait of Georgia: Fig. 3. Structures used for age determination collected
A. Burnt otolith section. from a 44 cm walleye pellock captured in Hecate
Strait,

B. Close-up of sulcus area of ventral gide.

C. Pectoral fin-ray section.

D. Close-up of fin-ray section showing annuli
3-8,

E. Scale: DT=distal; DsS=dorsal; SL=sulcus:
PX=proximal; VT=ventral.

A. BDurnt otoljith section.

B. Close-up of sulcus area of ventral side.
.C and D. Pectoral fin ray section.

E. Scale.
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Structures used for age determination collected

from a 52 cm walleye pollock captured in Hecate

Strait.

A and B. Burnt otolith sections showing 14
anpuli.

C and D. Pectoral Ein ray section showing 12
annulji,

E. Scale showing 8 annuli.
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Structures used for age determination collected

from a 54 cm walleye pollock o i
Seom.a ye D aptured in Hecate

A and B. Burnt otolith section showing 8 annuli.

.C. Pectoral fin ray section showing 9 annuli.

D. Scale showing B annuli.
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Fig. 6. Structures used for age determination collected
' from a 39 cm walleye pollock captured in Shelikof
Strait. . . .
A and B, Burnt otolith section. Fig. 7. Structures used for age determination collected
€ and D, Pectoral fin ray section, from a 49 cm walleye pollock captured in the
E. Scale. eastern Bering Sea (Aleutian area).
Nete: All structures show 5 annuli. A and B, Burnt otolith section showing 17 annuli.

C and D. Pectoral fin ray showing 8 annuli and a
large area between 8th annulus and the edge
whera annuli could not be identified.

E. Scale showing 7 annuli,



Fig. 8.

Structures used for age determination collected
from a 44 c¢m walleye polleock captured in the
international waters of the Bering Sea (Donut
Hole).

A and B. Burnt otelith section showing 5 annuli.
C. Pectoral-fin ray section showing 4 annuli.

D. Scale showing 4 annuli.
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Fig. 9.

_Structures used for age determination collected

from a 50 cm walleye pollock captured in the

international waters of the Bering Sea (Donut

Hole).

A and B. Burnt otolith section showing 17 annuli.

C and D. Pectoral fin-ray section showing 12
annuli.

E. Scale showing 5 annuli.
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Structures used for age determination cellected
from a 53 cm walleye pollock captured in the
internaticnal waters of the Bering Sea (Donut
Hole}.

A and B. Burnt otollth section showing 28 annuli.
€ and D. Pectoral fin-ray section showing 6
annuli and a large area containing annuli
difficult to distinguish.

E. Scale showing 8 annuli.
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Year-to-year Variation of Stocks and Comsmunity
Structure of Western Bering Sea Pelagic Fishes

Raumenko N.I.., P.A. Balykin, E.A. Nauvmenko and E.R. Shaginyan
Kamchatka Branch, TINRO, U.S.5.R.

The main fishery fishes in the western Bering sea are pol-~
lock(Theragra chalcogramma), herring(Clupea pallasi), cod{Gadus
macrocephalus), saffron cod(Eleginus gracilis), plaice(Pleuro-
nectidae), pink(Oncorhynhus gorbuscha), chum salmon{Oncorhynchus
keta). The sbundance and commercial harvest of pelagic fishes
greatly exceed those of bottom fishes. In the 1980s, the total
harvest of all species in this reglon incressed #-fold compared
to the previcua decade.

Theye are carried out routine investigations in FKaraginkii
and Qlutorskii bays over 50 years. Since 1958, trawl surveys
wers conducted and spawning berring stocks were estimated in
relation to egga deposited. Starting in 1970, the stocks of pol-
lock and capelin{Mallotus villopsus socialis) were evaluated
using both data on egg ssmpling and trawl surveys, and results
of matbematical modelling. As a result, the information is avai-
lable concerning the absolute abundance of Korpho-Karaginskii
herring for more than 50-year period; for western Bering sea pol-
lock and capelin over 20-year period. The comparable ihformation
oﬁ catches of herring, polleck, capelin and arctic smelt{(Osmerus
nordax) by research vessels covers 32 years. In recent 3-4 deca-
des, the community of pelagic fishes in the western Bering sea
hags shovm considerable structural changes. There were establi-
shed three periods in the comounity development. In the 1950s-
early 1960s the most abundant community species was ropresented

by herring. In 1953, the total herring number has reached maximum

constitutlng 3,5 million tons. Thig resulted in shortage of

food availability which was evident from blological herring
condition. Actually, the growth and sexual maturatin were sharp-
ly reduced in the population. In addition, the decrease ﬁas found
in the fecund}ty and reproduction indices of herring, while
their natural mortality markedly increased. By the late 1950s,
herring numbers decreased up to 2,3 mln tons becausé of too

high density of fish, and by the mid-1960s they were equal to
0,8 mln tons resvited from the increased natural mortality. Tha
number of other pelagic fishes in "herring" period was as fol-
lows: arctic smelt - about 100 ths tons (maximum), capelin -
about 80 ths tons (average) and pollock - about 0,8 nin tons
(maximum). In the mid-60s, the "herring" period has been comple-
ted. The new perlod in the development of the pelagic community
lasted approximately till 1973, No prevalent pelagic apecies was
found at that periocd of time. The community structurs tendsd to
chenge rapidly, In 1968-70, when the abundance of herring and
pollock was close to minimum level, the pumber of capelin abrupt-
ly increased.

The latter were greatest in numbers for some period of time.
However, in 1971 there appeared a fairly abundan®t herring genera-
tion which caused, as a consequence, the prevalence of herring
among pelagic fishes. By the end of the period, herring‘énd pol-
lock were equal in their numbers, while biomass of tﬁ; latter was
2 times more than of the former. Thé means for numbers of pela-
gic fishes in the 2-nd period were the following: 340 ths tons
for hErring,_1 mln tons for polleck, “130 ths tons for capelin
and 40 ths tons for arctic smelt,

The poriod in comsunity development started in tho mid—1970a

and lasted till now, is characterised ns "pollock" one. The num—
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bver of this species progressively increased and reached 3,5
mln tons by the early-~1980s. Afterwards, the sbundance was
found to decreasec. On the whole, over recent 15 years, the
pollock biomass accounted for more than 85% of the total pum-—
ber of all four pelagic fishes. The number of herring, capelin
and arctic smélt were stabilised at historical minimum level

in the "pollock™ period, 290,50 and 20 thousand tons, respecti-
vely. A more detailed analysis of causes and some regularities
of variations in the community structure was undertaken using
many years informgtion on distribution of fishes during a year,
their dlets and food availability, and hydrometeorogical condi-
tions of their habitat.

The commen wintering arecas are observod [or capelin and
pollock (about 66% of their total abundance}, and foxr herring
and poilock (over 65% of the total abundance). First two specles
are concentrated in the littoral zone of Karaginskii bay, other
ones in Karaginskii and Olutorskii bay over the depth of 100 m.
In spring, all four species spawn. Herring, capelin and smelt
are concentrated in the coastal zone of Karaginskii bay. Pollock
occupy the area over the depth of 100 m in Karaginskii bay and
that of 50 m in Olutorskii bay. In summer, more even distribu-
tion over the whole area is observed for pelagic fishes. Howe-
ver, they show the main signs of winter bathymetrical subdivi-
sions. Summer season is characterlzed by the highest intercep-
tion of pelaegic fishes: over 54% of the total number of’ herring
and pollock, 68% cof smelt and copelin, aboui half of herring
and pollock numbers., Pollock and capélin are found to coexist
in summer period.

The principel food items of herring, capelin and small pol-

lock are crustacesns. In summer they are assumed bto eab copepoda

in-otﬁéirgeasons euphasiids.-Pollggk with the length of moxre
than 50 ¢m prey mainly on fish: young pollock, young herring,

capelin and sand launce. As for arctic smelt, they are typical

predators, utilizing mostly pink and chum migrants, herring

and pollock juveniles, capelin and sand launce{Ammodytes hexap-
terus). The pioportion of pollock Jjuveniles in the food of arcg-
tic smelt is lower. The degree of food similarity for herring,
small pollock and capelin fairly high. Usually, all of thep
consume¢ more abundant, available and suitable in sigzes zooplank-
ton organisms.

The compositinn end biomass of zooplankton in the western
Bering sea varied considerably over the study period. In the
1950a-eaxrly 1960s, i.e. in the first period of commumnity deve-
lopment, the biomass of mezoplankton was highest. FPurther, in
the gecond period, there occurred two-fald decrease in its bie-
mass, followed by large incroase in the third perioed.

It 1s significant that the index of food avallability to
plankton-eatars (the relation of the average zooplankton biomass
to the total abundance of herring, capelin and pollock) remained
unchanged during all three periods: in 1958-1965 -~ 6,22; in 1966~
1973 ~ 6,32; in 1974-1987 ~ 6,15.

Thus, specific distribubtion and diet of three most numerous
speciea of the coastal waters of the western Bering sea and the
condition of their food base do not exclude the intense trophic
relationships among them. The food competition is believed to
be highest boetween herring and young pollock begining from the
larval stage. Finally, the total abundance of those species is
related to trophic conditions of their habitat.

The dynamics of the communiby may result also from hydro-
logical conditions changed. In fact, according to a number of
such factors, "herring" period os entirely different from "pol-
lock™ one. The former is characterized by low water temperature
in spring-and suvmmer months and maximum ice cover in winter,
relatively mild winter (air temperature) and cool summer. In
"pollock" pegiod the hydrometeorclogical conditions have chan-

ged.
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Distribution. Abundance, Length Composition and Potential
Yield of Pacific Cod in the Gulf of Anadyrskiy. and
Waters off Cape Navarin and@ Cape Olyutorskiy

Takashi Sasaki
National Research Institute of Far Seas Fisheries
Shimizu, Japan

Introduction

Pacific cod (Gadus macrocephalus) Is widely distributed
in the continental shelf and the upper continental slope In
the north of northern Yellow Sea on the Asian side and north
of California on the North American side in the North Pacif-
ic (Bakkala et al., 1984) and has been used by nations con-
cerned as an important fishery resource from olden times
(Forrester et al., 1978: Molseev. 1953). However, biologi-
cal infeormation concerning Pacliflc cod has been generally
scarce, In the eastern Borling Sea, a large-scale groundfish
survey was conducted uslng bottom trawl mats in 1979 for the
first time under the U.S, -Japan cocperative survey program,
Simllar surveys were Implemented in 1981, 1982, 1985 and
1988 in the eastern Bering Sea, and in 1980, 1983, 1986 in
the Aleutian Jslands reglon, Further, a large-scale ground-
fish survey, using bottom longline nets, was initlated in
the Aleutian Islands reglon in 1979 under the Japan-U.S5.
cooperative survey program, and this was also conducted in
the eastern Berlng Sea from 1982, These surveys have ena-
bled systematic accumulation of biolegical informatjon on
various groundfishes including Pacific cod,

Cn the other hand, there [s no comprohenslve report on
Paclfic cod stocks in the western Berlng Sea, other than the
one by Moiseev (1953). In the Gulf of Anadyrskiy and waters
off Cape Navarin, bottom traw! surveys were conducted by
Japanese trawl research vessels in 1969 (Wakabayashi, 1972}
and in the waters west of 175'E In 1970 [Yoshida 1971),

1971 [Yoshlda and Kitanmo, 1972} and 1972 (Kanamaru, 1972} |n
order to obtain lnformation on groundflshes including Pacit-
te cod, However, virtually no information was made avail-
able concerning 1977 and thereafter, when U.S5. 8. R. Intro-
duced the 200 mites zone. Based on the agreement reached at
the Bth Japan-U. 5, 5. R. Fishery Commission [n 1888, the first
Japan-U. 5. 8. R. Jolnt groundfish survey uvsing bottom longline
nets was conducted in the U, 5.8 . R. 200 miles zone in the
norihwestern Bering Sea in Japuary and February 1989 {Sasaki
and Fujli. 1989). Llater the second joint longllne survey
was conducted im more or Jess the same area in Ottober |9B9.
From these surveys, biological information was made avail-
able concerning bottom fish in the continental shelf and
continental slope of the northwestern Bering Sea. This
paper reports dlstribution, abundance. length composition
and potential yield of Pacific ¢od based an available data,

Materials used
. Trawl

Bottom flsh survey materials by Yoko maru in 1969, as
reported by Wakabayashi (1972). were used. This survey was
conducted In the Gulf of Anadyrskiy and the continental
slope at the depth of 150-500 m east of 172'E Figs | ad
2}, The survey in the Gulf of Apadyrskiy was conducted
hetween July 21 and 29, that in the continental slope be
tween July 30 and August 28, and that in area off Cape
Navarin between July 30 and August 7.

-3 Longline survey

The results of Japan-U.5, 5. R. jolnt longline survey by
Fukuyoshi maru No.28 in January~February 1989, as reported .
by Sasaki and Fujii (1989), and the results of a similar
survey [unpublished) by Ebisu maru Nog. 88 in October 1989
were used, The survey by Fukuyoshi maru No. 26 was conducted
in the area off and around Cape Navarin and Cape Olvyutorskiy
between January 24 and February 9 (Fia. 3). and that by
Ebisu maru No. B8 was conducted ln the Gulf of Anadyrskiy and
the area off Cape Navarin (Flg. 4).

The survey was programmed so that its results could be
directly compared with those obtained from the Japan-U. 5.
cooperative longline survey which had been conducted in the
U.S. 200 miles zone since 1979, For this purpose, the more
or less same survey methods as the one establlished In the
Japan-=U, §. survey was adopted. The structure of cne hachl
of longline used in the survey was the same as that used in
the Japan-U, S, survey, It had ground line of 100 m long,
which had 45 hooked llines of 1.2 m long spaced 2m. A fish-
ing hook was tled at the tip of each hooked line., Pacific
cod hook No, 18 was used and squid, cut in the form of ring
or vertlcally, was used as baijt,

Distribution and Abundance

According to the results of the trawl survey In 1959,
the abundance of Paclfic cod In the Gult of Anadyrskiy was
high at the Inner part and the mouth of the bay and loWw in
the central part (Fig. 5). The water temperature in the
bottom layer was within the range of =1.9 degrees centlgrade
and +2.6 degrees of centigrade, and water temperature of
below 0 degree was distributed [n the innermost part and
eastern part of the bay (Fie., 6). The abundance of Pacific
cod was high even in the water temparature zone of zero

degree centigrade or lower, but no dlstribution was observed
1]
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in the water temperature zone of -| degree centigrade or
lower. In the continental slope area, the highest abundance
was observed at the middle point of Cape Navarinm and Cape
Rubicon {Fig. 7). The abundance of Pacific cod decreased
sharply In the 300 m dept layer, and no distribution was
observed in the 400 m depth laver.

According to the longline survey results in January-
February 1989, the abundance of Pacifle cod was high in the
area around Cape Olyutorskiy for both the number of fish and
weight, as compared with Navarin-Olyutorskiy area (Table 1.
By depth, abundance was the highest in the 100-200 m depth
layer, and was lowered as the depth got deeper. No distribu-
tion was observed in the layer of 500 m or deeper, The
highest abundance was 20.19 fishes (86.6 kg)/hachi in the
100-200 m depth layer in the area around Gape Olyutorskivy.
As far as the distribution of abundance by survey point was
concerned, very dense schools of fish was found distributed
at the survey point off Cape Qlyutorskiy (L-1) (Table 1:
Fig. 8). Here more or less the same abundance of fish
schools were found distributed within the depth layers from
100 m to 400 m, and the range of abundance was 25, 83-29. 27
fishes (109.5-132.0 kg)/hachi.

In the survey conducted Iin October 1989, the abundance
of Paclflic cod was the hlghest In the 100-200 m depth layer
off Gape Navarin both In terms of the number of flsh and
walght, and no dlstrlbutlon was observed in the waters of
400 m or deeper (Table 2). The abundance In the area of 100
m or shallower, which malnly distributed In the Gutf of Ana-
dyrskly. was 6,75 fish (27.7 ka) /hachi., This showed no
great difference in terms of the number of fish as compared
with 7.88 fish (41,1 kg)/hachi in the 100-200 m depth laver
distribuyted out of the bay, but differed substantially in
terms of weight. The difference was mainly due to the fact
that length composition of Pacific cod living in the bay was
somewhat smaller than those living outside the bay. As far
as distribution of abundance by survey point, the hlghest
abundance was 19.68 flsh [(108.1 kg)/hachi at the survey
point off Cape Navarin (L-15) and depth layer was 100-200 m
(Table 2: Fig. 9],

, In the 200-300 m depth layers from Cape Navarin to Cape
Olyutorskiy. data obtained from the two longline surveys
could be compared, The abundance in January-February was
11.25 fish {(38.9 kg)/hachi, fairly higher than 3.32 flish
{11.2 %g)/hachi in October. This was deemed due to the
difference in the manner of Paclfic cod distribution in the
spawnlng and feeding perlods.

Comparing the abundance of Pacific cod in the Ana-

dyfskly—ﬂavarin area In October 1989 with the results ob-
tained from the Japan-U, 8. cooperative longline survey
conducted in the summer of 1988 in the eastern Bering Sea,
t@e abundance in the 100-200 m depth layer was 13, 25-14, 40
fish (42.9-~57.2 kg)/hachi in the eastern Bering Sea and 7. 88
fish (41.1 kg) fhachi in the Anadyrskiy-Navarin area, In
other words, the abundance of Pacific cod in the
Anadyrskiy-Navarin area was lower than that In eastern
Bering Sea in terms of the number of fish but, in terms of
weight, was at mere or less the same level as with the
abundance in some part of the eastern Bering Sea (Table 3).
The abundance In the 200~300 m depth layer was 3,32 fish
(ll.? kg) /hachi in the Anadyrskiy-Navarin area, a level
?onslderably lower than 7.59-11.93 fish (24, 4-43,2 kg) /hachi
in thg eastern Bering Sea. In the Anadyrskiy-Navarin area
Pacific cods were not distributed in the 400 m depth Iayeg
or degper. But In the eastern Bering Sea they were distrib-
uted in the 400-500 m depth layer, although small In number
The abundance of 20.19 flsh (85, 6 ko) .observed in the 100~
200 m depth layer in waters around Cape Olyutorskiy in
January~February 1989 was at such a high leve}l that had been

gbserved rarely in the summer survey in the eastern Bering
ea.

Length Composition

The length composlitions of Paclflc cod caught in the
1969 traw! survey differed entirely in the Gulf of Ana-
dyrskiy and the contlinental slope outside the bay ([Fig. 10}.
In the Guif of AnadyrsKiy, pollock of wide-ranging size from
12 cm to 98 cm were caught, but most of them were juveniles
of 40 cm and smaller, with the modes of 28-30 cm. It was
?ssumed from this that the Gulf of Anadyrskiy plays an
tmpor?aqt role as the nursery ground for juvenile Pacific
cod living in the northwestern 8Sering Sea. On the other
hand, on the continental slope outside the bay, the modes
were 58-62? cm, and the average body length was 61.4 em.

The length compositlon of Paciflc cod caught -
February period in 1989 stayed within the rangg ofigth; ::nuary
106 cm, with the modes of 62-64 cm and the average slze of
62.5 ecm (Fig. 11). Further, the average welpht per fish was
3. 40 Eg. By sex, the proportion of large female individuals
was higher than large male individuals. and the average size
of females was 63.2 cm as compared with 61.5 cm of males
By water depth, no conspicuous tendency was observed (Fib

12). The average length In the 100-200 m depth layer was

63.6 cm and somewhat larger than those in other depth lay-
ers, But tho modes staved at a relatively small range of

58-60 cm, By area, the length compositlon in the area

around Cape Olyutorskiy showed larger percentage of large
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fish than the Navarlin-Olyutorskiy area. The average length
was 64.7 cm in waters around Cape Olyutorskiy and 61.6 cm in
the Navarin-Olyutorskiy area {(Fig., 13). This difference was
also observed in average weight. The average weight of
Pacific¢c cod in waters around Cape Olyutorskiy was 3.B1 kg
considerably heavier than 3.24 kg in the Navarin-Olyutorskiy
area.

In the survey conducted in October 1989, the length
composition of Pacific cod staved within the range of 34 cm
to t0B cm, with the modes and average length standing at
66-68 cm and 69.1 cm, respectively ([Fig. 11). The average
weight was 4,54 xg, The proportion of large fish obviously
increased by a large margin, when compared with the results
obtained in the survey in January-Februvary 1989, By depth
layer, the average length Iin the area of 100 m or shallower
in the Gulf of Anadyrskly and 200-300 m depth laver outside
the bay were 64.1 cm and 64.4 cm, respectively. The compo-
sition in the medium 100-200 m depth layer was mostly occu-
pied by large fish above 60 ¢m having their modes at 70-72
cm. The average length was 73.4 cm (Fig, 14) and the
average weight was 5.22 kg, When compared with the average
length in the 100-200 m depth layer in January-February
1989, the average length in the 100-200 m depth laver in
October was larger by about 10 ¢m. This difference cannot
be explained by the increment in growth of Pacific cod from
March to September. Large fish observed in October is
deemed to have distributed outsjide the survey areas in the
winter, i.e. in January and February.

In the length composition of Pacific cod caught in the
Gulf of Anadyrskiy in the survey conducted in October 1989,
few fish of 49 ¢m or smaller could be found, indicating
their length compositlon was completely different from that
of Pacific cod caught In the traw! surveys In 1969, This
was because of the fact that lengline gear tends to catch
large Pacific cods selecctively, as was also observed in the
longline surveys in the eastern Dering Sea, and does not
mean that there was no distribution of juvenile Pacific
cods.

, Comparing the lenmgth compositions of Paclific cod In the
two areas of northwestern Bering Sea (U.5.5.R. waters} and
the eastern Bering Sea (U.5. waters) in a way of areas
combined (Fig. 11}, the composition in the northwestern
Bering Sea in January-February 1989 showed slightly larger
percentage of small flsh as compared wlth the composition in
the summer in the eastern Oerling Sea, and, in terms of
average length and weight, that In the northwestern Bering
Sea were B2.5 cm and 3,40 Xg, and that in the eastern Bering
Sea were 64.7 om and 3.71 kg. respectively., The composition

o

in th? noerthwestern Bering Sea in October 1989 differed from
that 1nIJanuary—February 1989, showing larger percentage of
targe fish as compared with the eastern Bering Sea.

Potential Yield

Based on the bottom traw! survey in 1969, Wakabavashi
(per§onal communication) estimated the blomass of Pacific
cod in the Gulf ot Anadyrskiy and the Navarin-Olyutorskly
area as shown In Flg, 15 at 180, 126 ¢, Of the total, 80, 885
t accounted for the Gulf of Anadyrskiy and 99,241 t faor )
Navarin-Olyutorskiy. As these estimates do not include part
of the Gulf of Anadyrskiy and areas of 100 m or shallower
outslqe the_bay. the hiomass of Pacific cod In the entire
area Is eslimatod to be 200,000 t or more,.

It ha§ not been possible in recent years to directly
estimate biomass due to the absence of traw! survey data
Therefore, Pacific cod stock size in the Gulf of Anadyrskiy
and Cape Navarin area, as shown in Fip., 16, was here estj-
mated on a provisional bhasis using longline survey data of
October 1983, Only relative abundance could be obtained
from longline survey, other information is needed to estf-
mate stock §lze. In the eastern Bering Sea and Aleutian
Islanqs reglon. Japan-U. 8, cooperative trawl surveys and
longline surveys have been conducted, Concerning the same
vear, the same arca and the same depth layer, estimates of
population density per space {kg/ha) were obtained fram
trawl surveys., and estimates of relative stock abundance
(kg/hachl) were obtained from longline surveys (Bakkala et
al.. 1985; Ronhol|t et al., 1986: Sasaki, !980: Sasakl et
al.., F983; Sasaki and Fukuly 1987; Walters et al.. 1986)

On the basi§ of the relations of these data, It is possiLle
to convert |qto biomass the relative stock abundance of
Pacific cod in the Anadyrskly-Navarin area obtained from
longline surveys in October 1989, Table 4 summarlzes stock
abundance estimates by trawl surveys and relative stock
abundance'estlmates. which have been reported to date, In
the longline survey reports for fiseal 1980 and 1982, only
the number of figh caught per hachi was reported as relative
abundance. The weight of fish caught per hachi, shown in
Tab!e.d. has been obtained from data file of the North
Pacific Groundfish Section of the National Research Insti-
tute of Far Seas Fisheries. Further! reports of longline
surv?ys and traw!l surveys for fiscal 1988 have not been
published. But as draft texts of those reports have been
completed, citations were made from them. The relations
b?tween stocK abundance and relative stock abundance was th
linear relations, as shown in Fig, 17, except 100-200 m ¢
depth layer of arca B-1 and 100-200 m and 200-300 m of area
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EA in 1980. The following formula was obtained by appiying
regression line.

¥ = 0.52. X

Here ¥ is the stock abundance estimate by trawl survey
(kg/ha)

¥ is the relative stock abundance estimate by longline
survey (kg/hachi).

By using this relation, it is possible to cenvert any
estimates concerning relative stock abundance of Pacific cod
obtained from longline surveys into abundance [kg) per
hectare. Overall biomass can be obtained by extending the
abundance per hectare by size of area by means of space by
depth layer of targeted survey areas. By wsing this method,
Pacific cod biomass in the Anadyrskiy-Navarin area was
estimated as 197,400 tons from relative stock abundance of
Pacific cod obtained from longline surveys in October 1989
{(Table 5). As regards relations used here, there was no
problem when fish of the same length composition is caught
by trawl gear and longline, but, as mentioned previously,
even when operation is targeted at the same fish school,
trawl nets tended to take smaller fish and long!lne tendad
to gcatch larger ones, as thelr flshing selectivity toward
fish length differed. Therefore, the relations between
stock abundance by trawl surveys and relative stock abun-
dance by longline surveys are conslidered to be somewhat
different from the relations shown here. But, in case there
is no data available, it is considered to be fully effective
in making approximate estimates.

It is necessary to conduct more detailed population
analysis In order to obtain potentjal vield, but necessary
biological parameters have not been made avajliable concern-
ing Pacific cod stock in the Anadyrskiy-Navarin area
Concerning the Pacific cod stock in the eastern Bering Sea
and the Aleutian Islands region, Thompson (1989) conducted
far-reaching population analysis. The results indicated
that allowable biological catch (ABC) differs according to
exploitation strategy, and the rate of ABC vis-a-vis biomass
{(exploitation rate) was within a range of 19, 4% and 48, 4%
Population analysis of Pacific cod in the eastern Bering Sega
was also conducted by Teshima (1987), and optimum exploita-
tion rate of Pacific cod was estimated at 29%

Biological parameter of Pacifli¢ ¢cod stock ln the north-
western Bering Sea could differ from that of the eastern
Bering Sea stock, but preliminary exploitation rate could be
ocbtained on the basis of exploitation rate in the eastern

Bering Sea. As clarified earlier, the length composition of
Pacific cod in the northwestern Bering Sea was considerably
large as compared with those in the eastern Bering Sea.
Although the situation of U.%. 8 R. fishing is not well
kKnown, fishing intensity on Pacific cod are assumed to be
relatively low judging from length cemposition. 1t s
deemed to be reasonable to set exploitation at a high level
in the initial stage In order to exploit such stocks,
Therefore, as a matter of strategy, It is deemed appropriate
to promote exploitation at abowt 35% in the initial stage to
carefully monitor the stock trend. When the exploitation
rate of 35% is applied to 197,400 tons of Pacific cod hio-
mass, potential yleld of Pacific cod in the Apadyrskiy-
Navarin area is assumed at 69, 100 tons on a preliminary
basis.

The results of trawl surveys conducted by Hokkaido
National Fisheries Research lnstitute from 1970 to 1972
(Kanamaru, 1973: Yoshida, 1971: Yoshida and Kitano, 1872}
and the results of the Japan-U.§.5.R. joint longline surveys
conducted in January-February 1989 (Sasaki and Fujii, 1989)
showed abundant distribution of Pacific cod in waters off
Siberian coasts west of 175" E and Kamndorskive Islard
Further, Moiseev (1953) reported that Pacific cod abundance
ls extremely high throughout western Bering Sea. It is
assumed from thls information that potentlal yield of Paclf-
ic cod stock Iin the western Bering Sea ls conslderably
large. Effective utilization of these stocks will be pro-
moted ln the days ahead. It will be desirable to explolt
Pacific cod stocks not by means of trawlers but by longline
vessels because longline fishing is a passive cperation
whlch does not allow voluminous catch and cateh large fish
on a selective nature, Further, unlike bottom trawl nets,
it present no threat of destroying invertebrata community
living at the sea bottom. Appropriate operation period
should be from April-May to around November because, in
winter time, operable waters are limited extremely due to
extension of drifted ice and large fish cannot be caught.

Issues To Be Solved

Survey effort In the two Japan-U.S,8. R, longline sur-
veys conducted in 19B9 was not sufficient as compared with
the Japan-U.S. cooperative longline surveys in the eastern
Bering Sea. In the days ahead, it-is necessary to further
expand research effort in the areas covered up to the
present time apnd widen survey areas to the eastern Kamchatka
coast and obtain comprehensive information such as distribu-
tion, abundance and length ceomposition of Pacific cod in the
areas from the western Bering Sea to Kamechatka coast.
Further, it is essential to monitor annua) changes in stock
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abundance, length composition and recruitment.

Poteptial yleld of Pacific cod-in the Anadyrskiy-Nava-
rin reported in this paper is of preliminary nature. Par-
ticularly, biomass estimates which form the basis of poten-
tial yield contain uncertain elements as they had been
obtained through indirect methods, [t is necessary to
accurately grasp stock size through systematic trawl surveys
in the days ahead. No less important is to continue collec-
tion of biological parameters and promote studies on popula-
tion analysis.
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Figure 5. CPUE {kg/30 minutes) of Pacific cod

by sampling scation in the Gulf of
Anadyrskiy caught in cthe trawl survey
by ¥Yoko maru in July of 1969 (Waka-
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July of 1969 {[Wakabayashi, 1972},
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CPUE (kg/30 minuces) of Pacific cod by sampling station
in the continental slope area from northwest to south-
east Bering Sea caught in the trawl survey by ¥Yoko maru
in July to August of 1969 (Wakabayashi, 1972 .
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Table 1. Caich per enid of effort of Pacific cod by Jepth at surver siation chavght ducing the Japan-U,5.5.K. joint Fougline
survey by fukoyoshi eart Ko, 26

in he northweslern Gering Sea in Janwary 1o February of 1985,

Depth Bavarin-Olyntorskii Area Cape Olyularskii Area
[{} L= L-4  L-§ =6 L-7 -8 [-3 L-10 Average L-1 1-2 Le11 L=12  Average
Caleh in nugber / hachi
1ng- 200 - - - - - - - - - 25,81 14.55 - - 0. 1%
00- 300 13.67 - 16,87 = 04D - 11.92 7.40 11.25 28.44 [0.00 1.8 - 15.24
00~ 400 8.60 - - - 1A - - 1768 9.8 20.27  0.40 .1 - 10.27
400- 500 - - - - - im - - 3.07 18.2%  0.00 0.1} - 5.46
330~ 6D - - - - - 088 - - 0.00 8,00 .00 - .oy t,0¢
E00- 00 - 0.00 - - - - - - 0.00 c.oo  0.04 - 0.60 0.00
T00- 800 = 0.00 - - - - - - n.0g 0.00 - - - b.oo
aap- 30% - D.oo = 0.00 - - - - 0.40 0.00 - - - 0.00
900-1,000 - - - 0. - - - - u.u0 - - - - -
1.000-1.300 - - - ¢.00 - - - - 0.co - - - - -
Cateh ip weight (ke) /# hachj
100- 200 - - - - - - - - - 132.0 41.2 - - 6. &
Z00- 300 35.0 - 58.5 - 1.5 - M 2.5 .9 118.6  27.4 .z - 0.1
60~ 400 2.2 - - - 4.4 - - 52,2 8.3 108.5 (7% 2.1 - 4.0
400- 5pg - - - - - 2.3 - - 12.8 5.0 0.0 nz2 - 17.7
500- GA0 - - - - - 0.0 - - 0.0 0.0 0.9 - 0.0 n.0
§00- 700t - g.0 - - - - - - 0.0 0.0 0.0 - a.n 0.0
T00- 800 - 0.g - - - - - - 4.0 0.0 - - - 0.0
200~ %00 - c.0 - 2.0 - - - - g.0 a.n - - - 0.0
900~1.000 - - - a.0 - - - - t.0 - - - - -
1.600-1.100 - - - n.a - - - - 0.0 - - - - -
Table 2. Calch per uaii of effort of Pacific cod by depth al servey siatian chaught during ihe Japan-U.5.5.R. jainl lomgline survey by Ebisu
garu No. BB in the Gulf of Avadyrskiy and the waters off Cape Navarin in Jctober of 1989,
Uenth L=1 -2 L= L4 L-5 L=6 L7 =8 =0 L-10 =10 =12 1-43 L=#1 L=15 1-16 L=12 L-18 L-10 Averag
(a)
CaLeh in nusber / hachi .
"50-100  0.:8 8.17 B.J6 3.01 8.51 3.9 1015 - - - = - = = - - - - - 6
169-200 - - - - - - - 4.71 5.55 5.80 8.5 5.18 - - 15.58 - LS4 1.86 - 1.8
100-300 - - . - - - - e e e . - 664 0.00 - - - - - 132
100-400 S L S T T - - - - - -
4ug-500 ., e - - - - - -
500-500 S T R S T - - - - - -
£00-800 L - e e e e e - . - 0.00 - - - .o
100-300 - - - - - - - - - - - - - - - - - - 162 T.02
Catch in weighl (kg) / haehi
S0-100 2.9 6.8 .4 17.8 40.5 214 1A - - - - - - - - - - - 25.?7
1n0-200 T - - - - - - - 28.] 10.4 27.1 40.3 29.2 - - 108.1 - 8.3 .4 - 1.1
208-200 - - - - - - - - - - - - 2.4 0.0 - - - - R} P
300-400 - - = - - - - - - - - T - - - B N °
400-300 - - - - - - - - - - - - - - - - - - - -
500-G00 R L T - - - - - -
r0a-800 O S . - 0o - - - ot
1au=aen - - - - - - - - - - - - - - - - - - M. 3
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Present State of Salmon in the Northeastern
Kamchatka and their Coumercial Fisheries

Grachyow L_E.
Kamchatka Branch, TINRG,2 U.S.S5.R.

A great proportion of the Pacific salmon cebches by ﬁhe

ZEH ig corposed of salmon stocks reproduced in the rlvers that
£a11 into the western Bering sea. Over the last decades about
nalf of the Eamchatks total salmon catch was taken there. The
contribution of each salmon specles to the commercisl harvest
end éynarics of the latter are represcnted in Tabl.1. As seen
from apove, pink and chum salmon provided the most share of the
cateh, therefore studying their biology and population dynamica.

is ¢f Ereat icportence.

Tabl,.q
Lverage proportion of salmon by speciea in
cormercial catehes (%) captured in the north-
eastern Bering sea
Years : Pink : Chum :Sockeye:Chinook : Coho
even years B0,5 19,2 0,3 +
1960-1969 .44 years 91,0 8,8 0,2 .+ *
even years 88,8 7,3 + 3,49 +
1970-197) 44 years 94,1 4,3 + 1,6
even years 56,0 40,1 2,3 1,6
19E0-198% .
? odd years 81,5 16,7 1,1 0,7 +

Hote: + — less than 0,1%
To estimate the present state of salmon stocks and forccast-
sne salpon returns and commercial catches, the following complex

cf information is used:
1. Sinece 1957, in all bodies of water of the reglon therse

weg carried out aeriml surveying of spawnera. This iﬁcluded_tha:
number and denslty of spawners on the spawning grounds, and the
distribution of spawners byispecies and raées at the spawning
grevnds of differsnt types (river, spring ond lake). Since the
cocsoevetisns were made by the same researcher over the study pe-
=izl, the indiviéual error was constant. Data cbtained make it

melict the number of progery in advance of nearly

2. Stsbtistical information on species compoaition of the
catshes was ccllected from all fishery facilities o by groups
I tne rivers Iished. The dynamics of harwvest is anslyzed by sub-~
>¢izicns &s well as by the region as a whole.

3. Zicstatistical information on salmon spawners was collec—
<3 szok year Trom the rivers Haylula, Karaga, Kichige(Keragins-—
iz bey), Avjevayeam (Korf bay), Apuka (Olutorskiy bay) and also

o~co Iish processing cnterprizes,

4+, To assess the number of young pink and chum migrated

tr2z= by standard methods, the reseerch stations were estab-~
1ighed in the zbove-mentioned rivers, Some numbeér of migrants
csptured was analyzed to estimate their morphophysilological con-
¢ition (size, weight, presence of o residue of yolk sac, stomach
conTentg, ete.).

3. fince 1979, the environmental conditions and abundence of

- coastal areas of Yorfo-Kuragingk bdy have

DEEN Sl 7 .y the methods hes been developed to fore-
cz3y trhe returns of Xaraginsk pink stock in advance of 11 months.
The major initial parametres included the number of parents, the
cateh of juvenileé per erfort, water temperature and condltion
gf food Lase in the yecarly marine life.

6., Since 1983, the routino traw} surveys have been made of

6EC



young salmon outmigrants in the western Bering sea in September-
October. The worka are under experiment, however, 1ln some years
they allowed td reduce the forecast error of pink return by 5-10%.

. Forecasting of timing of commercial pink return and dy~
paries of fishing has been initiated since 1983 to promota timely_
irvolwing of processing fleet into commercisl Tishery.

Bepining in 1986, forecasts of time of pink return (error
doesn't exceed 2 days) are produced in advanca of more than 15
days. Tizing of rise and decline of pink_return is predicted in
advance cf 5-7 days. '

Thas, the state of pink and chum salmon stocks in northeas—

tern Kemchatka and dynamics of their harvest is almost fully cont-

»clled.
) < is kmown that salmon stocks of northeastern Kamchafka co-

astal waters are exploited mainly by the USSR and Japanese fishe-

ries. Yvear-to-y
wes var.able. Prior to 4943, harvests by Japanese fishermen{insho-

re than 1 1/2-2 times those by the USSR. From
The ac=-

ear corrclatioﬁ bvetween calches by these countries

re catching) were mo
1944 through 1957 there was observece only Soviet fishery.

civation of Japanese high seas fishery res

le decline of cat;hes taken by the USSR by 1977, due to the great

decreass in the nucber of salmon returning to the coast.
cees Tishery restrictions, solmon stocks began restoring. Changos
tensity of colmon stocks caused-

the

of the [ishing area and fishery in
in their population structure gnd dynemics. However,
atlon

changes
gnalysis of fishery statigtics mnd blostatistical inform

makes it posgible to reveal some characteristica of variations

of pink and chum gbundance in the study area.
penerationsa wers observed

1947 and 1973.

laximum catches of odd-year pink

in 1937, 1957 and 1981, minimum catches in 1987,

wlted in the considerab-—

With high

Tous, Til vecent time there was observed & long-term cycliclby
o é;:?n inges in the abundance of odd-year broods which was
clcze tc 22 years. The latter allowed while preliminesxry forecas-
ting ¢f ke rsturn strength to use two equations (similar to
Ricker's model) of correlations between parents and progeny. We'
have examined the periods of rize and decline of pirk salmon num-
bers sererately. After maximum in 1981, the number of pink atocks

beez zlozady evident in 1985. In 1989, the historicel maximuom of
cetch end gabundance of Karaginsk pink stock was recorded. Never-
theless, preseason forecast of the maximum has been already made.
In zy ¢pinion, the break in the leng—~term cyelicity was caused
bty the natural factors {considerable werming of coastal waters of
Taraginskiy bay) as well as by lessening of the sea fishery pre-
ssure.

Cocrercial harvest and even-year pink breods over the stiudy
pericd are found to be considerably lower compared to those of
cdd-yeer gcnerations. Yoreover, while considerins other pink
stoclis of lower abundance, they showed a tendency for increasing
their size and weight. The reverse was observed for northeastern
Eamschatka pink stocks: the fish were of the same size or even
eraller in comparison tio pink of odd-year broods, 1n spite of the
10-fold differcnce in their abundance, Fluctuatione in the abun..
dance of even-year pink broods have revealed the periodiclty of
about B years, and & tendency to‘corrolate negotively with thoge
(33 ndu-yeur broods, L.e. the long-term perlodicity of 22-24 yvars.

As a conaequence of different-numbered brocd lines (edd- and
&ven~), ' the calculated optlmum ¢scapements greatly differ, the
even-year broods being less than 4 times tho odd-year broodsa.

This may be atfTected by the area of spavning grounds as well as

0ve



by different survival of juveniles in the early marine life.

The latter may be related to quasi-two-year periodicity if. water
thermal regime and, a3 a consequence, changee in food avallabili—
ty Tor solmen juveniles, *

The estimates of optimum density at the spawning grounds
zt¥e it poceible to control fishery in tensity of pink stocka.
The rate of e¢xploitation averages 60-65%, Hcwever, in some years
it should be increased to £0-90%. Otherwise, the progeny from
"gurpluz" escapement would dramatically decremse and the cooffi-
eient off return would be lower than avernga.'

Ia the 19505; harvesting of western Bering sea chum salmon
accounted for 30 thousand tons. After depression in the late
19505 - ecarly 1970s, the rnumber of chum progressively inereased
tut didn't attaln meny years' oaverage of 1935(s8-1940s, The main-
reason of slow restoration of stocks is an iradequate escapement
cf acdult f£fish in spite of moderate coastel fishing pressure on
chum eteclkes. The second possible 1imiting factor may be attribu-
ted tc increased Lbundngce of chum stock culiured in Japan. The
ratural and artificlsl populations are assumed to compete acute-
17 fer food resouces in the ocean that results in increasing ﬁor-
tedity cf nutural population.

Ficlogical characteristics of chum stocks alse have changed
in consequence of depresslon; specifically f£ish maturs earlier.

Eopuiation dynanics of northeastern Kamchatke chum has shown
4.-5-year short-term cyclicity as well as 11—3ear cyclicity. The
rain reeson of long-term fluctuations as in the case of pink:may
te accounted for by fluctustions in solar activity with 11— and
g2-yeer cyclieity.

Yesources of sockeye and chinook salmon in the rivers of

-orvaEastern Kamchatka are found to be relatively smeil. Thelr

harvest in the historicel aspect didn't exceed 1 thousand tong
and 700 tons, respectively. At present, sockeye sbundanée ﬁenﬁﬁ
to be restored after the depression end secems to be about many
rezms' aversze of the 1930s-1940s. Also, there is evidence for
Sus efeguste ruzber vu brool stocks al the spewning grounds of
zz cr recreducvlon: aress:

T=e¢ zbuniarce of chinook produced from the major rivers or

- -

w

icn ~ Apuka, Pakhacha, Avjevayam and Vyvenka .- progressi-

m
Iry

=1

(]

”

[t

¥ &screases after juzping in the late 1970s. There sre no gro-
unés Icr expecting the incremse in the sizes of chinook catches
in the ncor future.

Cur zpalysis of variations in the numﬁer of salmon stocks
indicates the negative influence of the sea fishery on their po-
pulztion structure which 1s reflected im the changes in mean si-
z¢s5 unld uge =t paturity of fish and in the loss of reproductive
reravicns. The complete restoration of the number of salmon
with long life history requires closure of oceanlo fisheries or
weekening of fishing pressure in the sca. Under further exploi-
tation it's necessary to take into nccount the changes cccured

in galesn pepwlation dynamics.
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Preliminary Results from Surveya of Walleye Pollock.
(Theragra chalcogramma) in the Aleutian Basin in 1988 and 1989

Jimmie J. Traymor
AlaskaFisheries ScienceCenter
National Marine Fisheries Service
Seattle. Washington

Abstract

Historically, most of the fishing for pollock in the Bering
Sea has been conducted on or near the eastern and western Bering
Sea shelves. In the 1980's, a large fishery developed in the
international waters (the so-called daonut hole) of the Bering Sea.
‘Very little information is available about the stocg strgcture and
abundance of pollock in the Aleutian Basin. Of critical importance
to understanding the biolegy of pollock in the Alautiap Bagin and
esastern Bering Sea is an understanding of the stock distribution
during the spawning period, when the pollock presumably return to
the vicinity of their point of origin. During winter 1988 the
Alaska Fisheries Science Center conducted an eche integration-
midwater trawl (EIMWT) survey of pelagic walleye pollock in the
Aleutian Basin, including the area near Bogoslof Island and a
portion of the international waters. During w{nter, 1989, a
cooperative EIMWT survey of the entire Aleutian Basin, east of @he
U.5.-U.5.5.R. conventieon line and a portion of the eastern Bering
Sea shelf was undertaken by the U.S. Alaska Fisheries Science
Center and the Japanese National Research Institute for Fa; Seas
Fisheries. During both years, very few fish were observpd in the
Aleutian Basin, except in the extreme southeast portiopn, near
Bogoslof Island. During both years, the 1978 year class of pollock
predominated in the Bogoslof area. The 1982 year class was the
second most abundant year class in this area each year. Mature
pallock on the shelf were younger, with the 1982 year class the
most abundant, followed by the 1984 year class. During both 1988
and 1989, spawning near Bogoslof occurred near the 1st of March.
For pollock observed on the shelf in 1989, very few fish were 1in
spawning conditieon and it appeared that spawning would probably
oceur later in March or in April.

This report describes the general results of the 1988 survey
and the U.S. portion &f the 1989 survey. Data from the Japanese
and U.S. surveys during 1989 will be combined te provide more
detailed information about pollock abundance and biology in the
castern Bering Sea and Aleutian Basin during the winter.

Introduction

. Eastern Bering Sea stocks of wallevye pollock (Theragqra
chalcogramma) have been of substantial commercial impertance since
the early 1970s. Between 1983 and 1986 eastern Bering Sea catches
of pollock averaged 1.1 million metric tons (t), a significant

proportion of the annual worldwide catch of polleock which varied

between 4.9 and 6.8 million t during the same period (Dawson
1989) .

Historically, pollock have been harvested on the continental
shelf of the eastern Bering Sea. Until the late 1970s none of this
fishing was conducted by U.S. vessels and the principal fishing
nation involved was Japan. With the implementation of the U.S.
Exclusive Economic Zone (EEZ) in 1977 and the resultant extension
of fisheries jurisdiction te 200 miles, U.S. fisheries for pollock
in the eastern Bering Sea began to develop. By 1988 all polleck
harvested in the U.3. zone of the eastern Bering Sea was by
domestic fishing vessels.

Japanese scientists had documented the presence of substantial
numbers of pollock in the pelagic zone of the Aleutian Basin during
the late 1970s and early 1980s {Okada 1986). During the period of
transition to an exclusively domestic fishery in the eastern Bering
Sca, non-U.5. fleets began to explore the international waters of
the Aleutian Basin. This exploration resulted in the development
of a major fishery in the international portion of the basin with
reported catches increasing rapidly from less than 180,000 t in
1983 to 1.3 willion t in 1987 (Dawson 1989). The hagvest of
pollock in the international zone in 1987 slightly exceeded the
U.S. pollock catch in domestiec waters of the Bering Sea during the
same peried. Most fishing activities in the international zone
occur in the early winter, prior to the spawning period. Catch
rates generally decline during the spawning period. There is
evidence to suggest that some fish migrate from the international
zone to U.S waters to spawn in the extreme southeastern part of the
basin in the vicinity of Bogoslof Island and the eastern Bering Sea
continental slope. buring the last few years, the U.S. fleet has
begun to harvest fish in this latter area during the spawning
period; the harvest was approximately 328,000 t in 1987 and 89,000
t in 1988,

The development of these Aleutian Basin pollock fisheries has
raised management concerns regarding the relationships between
basin and shelf peollock and about the dynamics of walleye pollock
populations throughout the Bering Sea. As a result a major
international research effort has -been initiated by the nations
which harvest polleck in the Bering Sea. Studies to investigate
ecology and life history, and document spatial and temporal
patterns of distribution and abundance have been initiated to
address stock structure questions,

This paper provides information obtained during two surveys
designed to locate and quantify significant concentrations of
spawning or near-spawning walleye pollock in the Aleutian Basin
and eastern Bering sea.
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Methods

Techniques for the echo integration/ midwater trawl (EIMWT)
surveys are described by Traynor and Nelson (1985). Additional
details are reported by Bakkala and Wakabayashi (1985) and Walters
et al. (1988). Transect lines were surveyed using a scientific
quality 38 KkHz echo sounding system consisting of a transmitter,
towed transducer, receiver, and computer-based digital echo
integrator and target strength measurement system. The acoustic
system was installed in a portable container that could be located
on the deck of the survey vessel. The transducer was mounted in
a dead weight fin that was towed at an approximate depth of 12 m
at vessel speeds of 9 to 11 kt. During routine survey operations
echo integration data were collected every minute for each meter
of distance between the transducer and the bottom to a maximum
depth of 400 m. Data were generally collected continucusly for 24
hours per day. When conditions were suitable, in situ target
strength studies were conducted to collect target strength
distribution information for a range of fish sizes and behavioral
patterns.

A midwater trawl was used to cellect biological samples when
significant echo sign was encountered during the acoustic surveys.
Midwater fish were sampled with a large midwater rope trawl which
had ropes in the forward section and mesh sizes ranging from 163
cm forward to 8.9 cm in the cod end. The cod end was equipped with
a 3.1 cm mesh liner, Biolegical samples collected during the
processing of each midwater trawl included total catch and a random
length frequency for each mnajor species. Length~weight and
maturity data were collected from selected samples and random
otolith samples were c¢ollected in such a manner as to ensure
adequate geographic coverage of the survey area. Age composition
was derived by apportioning population estimates at length to age
using an age-length Key developed from otolith samples collected
during the survey (see Traynor and Melson, 1985, for details of the
procedure) .

The 1988 winter Aleutian Basin EIMWT survey was conducted
aboard the NOAA Ship Miller Freeman, a 66 m, 2200 hp stern trawler,
during January 28 through March 4, 1988. The region sampled
included portions of the international zone, the region adjacent
to Bowers Ridge (Figure 1), and the area near Bogoslof Island in
the U.S. EEZ where a substantial winter fishery on spawning pollock
has occurred in recent yvears (Figure 2). 'The international zone
was sampled by means of parallel transects approximately 40 nmi
apart; the Bower's Ridge area was surveyed with a zigzag transect
design, and the Bogoslof area was surveyed by means of parallel
transects spaced 10 to 20 nmi apart.

The 1989 winter Aleutian Basin/eastern Bering Sea (EBS) shelf
survey was also conducted aboard the Miller Freeman (Figures 3-
5). The survey was part of a cooperative survey between the U.S.
Alaska Fisheries Science Center and the Japanese National Research
Institute for Far Seas Fisheries. Further analysis of the combined
data set is nececessary for & complete description of the results of
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this cooperative survey. The descriptien in this paper is only for
the U.5. portion of the survey. The survey effort by the Japanesc
was approximately equal to that of the U.5. The survey period was
from January 1% through March 8 and covercd the Aleutian Basin as
well as a significant portion of the EBS shelf. Survey tracklines
in the western Aleutian Basin consisted of parallel transects
spaced 80 nmi apart and oriented in a north-south direction.
Transect spacing was reduced to 40 nmi east of St. Paul Island and
further reduced to 20 nmi on the shelf north of Unimak Island.
After completion of the large—scale survey, a more detailed survey
of the spawning population in the vicinity of Bogoslof Island was
undertaken during March 4-6. Transects were spaced 10 nmi apart
and extended north from the Aleutian Chain approximately 40 npi
{Figure &). .

RESULTS

Meoutian Basin Surveys ip 1988 and 1989

There was no significant echo sign cutside of the Bogoslof
Island area (southeast Alcutian Basin) during either the 1988 or
1989 surveys of the Aleutian Basin. The absence of echo sign
observed with the echo integration system was supported by
extremely smull catches in midwater trawls in the reglon outside
the immediate vicinity of Bogoslof Island, Very widely spaced
acoustic returns from individual fish were observed and catch rates
from midwater trawls were extremely low. The largest catch rate
in the Aleutian Basin west of 172 degrees longitude was 61 pollock
per hour in 1988 and 90 pollock per hour in 1989.

A large concentratjion of spawning pollock was encountered
within a radius of approximately 40 nmi of Bogoslof Island in both
1988 and 1989. 1In 1988, two areas of high density were observed,
one north and one south of Bogoslof Island (Figure 6). In 1989,
only one high density area was encountered, south of Bogoslof
Island (Figure 7). During 1988, the spawning aggregations were
observed from mid-February through March 2. The maturity stage of
males throughout the period of observation was "spawning® (able to
extrude sperm} for moest specimens. To determine the actual onset
of spawning, the maturity of females appeared to be the most
useful. Prior to February 29, most females wers mature but not
spawning (Figure 8). After this date most females were in spawning
candition (able to -extrude eggs). Increasing numbers of post-
spawning females were observed by March 1-2, with 51 per cent in
spawning condition and 20 percent in the spent category (eqggs
already released). The occurrence of spawning in these ‘areas was
confirmed by three bongo tows made within the aggregation which
yielded large catches of pollock eggs. A similar spawning time was
indicated for pollock in the Bogoslef region in 1989. In samples
collected early in February, few spawning females were ohserved.
By March 4-6, most females were ohserved to be spent (Figure B).

The biomass estimate for the spawning concentration near
Bogoslof Island in 1988 was 2.4 million metric tonsz (t). The 1978
year class was the predominant cohort, representing 37 percent of
the population and 38 percent of the biomass (Table 1, Figure 9).
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In 1989, the biomass estimate for the Bogoslof region was 2.1
million t. Again, the 1978 year class was the dominant cohort,
representing 41 percent of the population. The 1982 year class was
also important, accounting for 14 percent of the population
(compared to 10 percent in 1988}. The mean length of pollock in
the spawning aggqregations increased from 47.2 cm in 1988 to 48.6
cm in 1989 (Figure 10), primarily due to the increased mean age
(9.8 in 1988 versus 10.6 for 1989) and the lack of any new large
incoming vear classes.

1989 winter survey of EBS shelf

The winter survey of pollock over the EBS shelf in 1989
indicated a low abundance of pollock in the shelf area near and
north of the Pribilof Islands (Figure 11). Of the few samples
collected in this area (three hauls), 43 percent of the walleye
pollock were judged to be developing, suggesting that these pollock
would not spawn within the next few months. Almost all of the
remaining pollock were categorized as mature, but not spawning.

In the pollock population observed in the shelf area north of
Unimak Island (Figure 1), most ( > 94 %) female pollock were
classified as mature, but not spawning (Figure 8). Examination of
gonad size and condition of these pollock suggested that spawning
would occur within the next one to two months. The naximum
densities observed in these aggregations were an order of magnitude
lower than those observed near Bogosleof in either 1988 or 19B9.
Most of the walleye pollock within these aggregations were from the
1982 and 1984 year classes (Figure 12). Population estimates are
not yet available for this aggregation; however, the age
composition of the sampled fish should, at least, indicate the
primary year classes which contribute to rhis aggregation of fish.

Discussion

Although only a small portion of the basin was surveyed during
the winter 1988 cruise, a deliberate attempt was made to survey
areas wherea recent (ishing activity had been reported.
Nevertheless, the results indicated that pollock abundance in the
basin was quite low during this period of the winter. Similarly,
in 1989, there was no evidence of any substantial pollock abundance
in the Aleutian Basin east of the U.S.~U.S$.S.R. convention line
except in the immediate viecinity of Bogeslof Island, Commercial
fishery catch data support these observations (Dawson 1989). 1t
has been documented that pollock migrate across the basin from west
to east through the autumn and winter (Bulatov and Sobolevsky 1989;
Dawson 1989; Sasaki 1988). Also, harvestable gquantities of pollock
have heen seen to disappear from the southeastern portion of the
interpational zone immediately before the spawning season (Dawson
1989; Jackowski and Trocinski 1939), These observations provide
strong circumstantial evidence to suggest that some fish migrate
from the international zeone to spawn in the vieinity of Bogoslof
Island.

Walleye pollock younger than 5 years of age are consistently
absent from basin samples (Dawson, 1989). This provides strong

evidence that recruitment of basin pollock is due teo immigration
of mature fish from elsewhere in the Bering Sea. For fish older
than five years, the only dominant year classes in both the EBS
shelf and basin were the 1978 and 1982 year classes (Figure 13},
suggesting a strong relationship between these two areas. The
observation that 1978 year class fish still represented the most
substantial year class of pollock in the basin even though they
were becoming less important on the shelf also supports the
argument that basin pollock "stocks" are dependent on recruitment
of older fish from the adjacent shelf areas.
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Table 1l.. Pcpulation and biomass estimates obtained during echo integration/midwater trawl
survey of spawning pollock population near Bogoslof Island during winter, 1988 and

245

1989.
1988 Survey 1989 Survey
Year Age Nunbers Biomass| Age Numbers Biomass
Class (millions) (thous. {millions) (thous.
t) t)

1985 3 - - 4 6 2
1584 4 - - 5 15 7
1983 5 28 15 6 58 41
1982 6 327 132 7 363 241
1981 7 247 156 8 147 111
1980 8 164 115 9 194 149
1979 9 350 251 10 a1 68
1978 10 -- 1201 910 11 -- 1105 895
1877 {11 288 226 12 222 187
1976 |12 287 233 13 223 194
1875 [13 202 167 14 a2 72
1974 (14 gg 82 15 S0 81
1973 (15 27 23 16 30 24
1872 |16 17 16 17 60 52
1971 |17 7 7 18 - -
1970 (18 3 3 19 - -

Totals 3237 2396 2686 2124
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Fig. 2. Map of survey area, Hiller Freeman Cruise 88-1, Leg III,
showing acoustic survey %tracklines. Approximate area
of spawning aggregation is indicated by dashed line.
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Figure 8. Maturity distributions of females from walleye pollock aggregations near Bogoslof
Island in 1988 (A,B) and in 1989 (C) and from walleye pollock aggregations in the southern
eastern Bering Sea shelf north of Unirmak Island (D}.
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Figure 9. Comparison of populaticn estimates of the spawning aggregations of walleye pollock
near Bogoslof Island obtained during 1988 and 19B9.
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Population Abundance and Recruitment Interannual Variance
of Yellowfin Sole, BAlaska Plaice, Rock Sole and
Bering Flounder of the Eastern Bering Sea

Stepanenko M.A.
TINRO, Vladivostok, U.S.5.R.

Intensification of the flatfisgh commercial employ-
ment .in the Eastern.pering.Sea in 1970s requires coustan:
monitoring of tne stocks stata, recruitment interannual va-
riance, size-age structure dyuamies of populatious. rhe re-
gulatiou of their commercial harvesting at present 1s car-

'ried out on the pasis of the biomass estimates of the popu-
lations' mature part, including joinv Soviet-American prog-
ram dasa. The major part of tne flaciisn s.ecles 15 exploit-
ed vy several cointries' or joint enterprises' fisheries si-
multaneously, so tnils requireas developaent of poth oilateral
and multilatural cooperation in tue research activities.

Yellowfin sole has veen ome of the maln commercial
species of tne Eustern Bering Sea since late 1950s,; and
nowadays it remains one.of the main objects of commercial
operations of joint enterprises. Modern tendency of increas-
ing this species' harveats does not correspond to the chang-
ing cnaracter of tnis species stocks. Tne catch per effort
has been analysed according to tne standard trawl surveys!
data collected LUy Soviet research veassels in 1980 -~ 1988
{1980 - "Artyom", 1981 -~ "Tikhookeansky", Ye.Il.Hoiseyev,
1982 - "B-459", O.A.pulatov, 1983 -~ "Milogradove", V.iM.Pash-
chenko, 1984 - "novodrutsk", o.L.Mandelshtam, 1985 - "Mys

Dalny", O.A.Bulatov, 1986 ~ "Gissar",fe.l.Moiseyev, 1387 -

"oapayevsk", V.M.Pashcnenko, 1988 - "Darwin®, N.S5.Fadeyev)

This data demonstrated that twe cateh per effort was maxi-

mum ix 1983 ~ 1984 (Fig. 1).

a N —~

1960 1902 Ign4 1586 *¥pon
Fig. 1. Tae dynamica or the yellowfi.. sole catch
per 2ffort in Unimak (158 - 170°W) (1) and Priuy-
loff (170 - 180°W) (2) arcas of tue Zastern oering
Sea in 1980 ~ 1988 (* - centner per 1 hour of tr-wl-

ing; ** - year).

Snurp lncrease of tne catch per effort took place
in 1981 - 1984 (468 to 1045 kg per 1-hour trawling). Direct
surveys also demonstrated considerable increase of toe po-~
pulation commercial part's oiomass. The commercial vesseis’
catch per effort in tuat period also ipcreased.

Anyway, tne analysis of tne yéllowfin sole popula-
tion size-age strueture demoustrated tnnt the reasous for

tue cateh per effort growtia, sccording to the research and

comnercial vessels' data in early 41980s were uot identlcal,
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Hescarch vessels' data showed that toe catch per effort
growtu took place prinmecipally due to emerging of new avun-
dant year-classes of 1975 - 1976 (after a.undant year-clas-
ses of late 19b0a). At tne Samé time, commercial vessels’
duta demonstrated tuat tue cateh per efforc growtn Took
place due to tne commercial parvesting specialization
(shirtindg to tue large-size flattrish of 1967 - 1970 abun-
dont year-classes). In 1984 - 1965 tuose yesr-classes wsre
considerasly out of commercial exploitation due to natural
reasons, so¢ t.e caten per effort consideraply decreased

ut tue U.S. commercial vessels {Bakkala, Wespestad, 1988).
The harvestiﬁg specialization primarily at large~sized fish
iu early 99BOs was positive for tue population’s .iomass
growtn, as tue junier sear—-clasges of 1973 - 1976 did not
guffer tue exploitation pressure. In tue secoud halfl of
4980s such a specialization of sommercial operations at
seuior flatfisn groups led to the population's viomass de-
creaso, as tne jear—clussoes of 49735 ~ 1976 .ecame domisupnt
in tue population's commercinl part .otu ., viomass and
gbuudance.

Tue year—~classes waich appeared iu Lne second nalfl
of 1970s were not soundant. +he standard trawl surveys' data
does not demonstrate Tue presence OL a.undant yearnciasses
{n 1980s neituoer. If i. 1981 toe 1973 - 1976 year-classes

, weve domiuant i. twe population, iu 1988 sueh age-groups
correspoudiug to ~8.year-olds are almost absent i. tue po-
sulatron. During 19808 tue agiug of Tue population is taki.g
nlace.

Small increase of tue cateh per effort in 1986 -

1987 is due to tne fact tuat iu taat period primarily t.e

acundant year-classes or 1973 — 1976 were commercially ex-
ploited. As even Tue mos. auvu.dant year-classes of yellow-
1in sole as a rule are out of exploitation oy tue ageé of

15 =~ 1o years, iu 1990 - 1991 ouly wo zuvw.dant year;clas-
sea of seuior i1ish (1975 - 1976) will be domicat Ju une
populutipu's comznercial pare, twem Deiug in such an age

whea Tug leavi.g ol population due o uawvural reaso.a  sSualp.
1y racreases. Under those conditions the preservition of
catco volume at toe level of late 1980s can not we taken
ror granted. In accordance witn actual decrease of toe po-
pulation's viomass, tne leaving of tome population's commer-
cigl pert oy at least two avundant year-classes or 1973 -
1974, tne harvest should oe corr95pondigly decreased, taking
into consideration tne latest estimates or tne population's
viomass (1.5 - 1,53 million tons), down to 150 - 160 thou-
sund tons.

Similar decrease in tue catch per effort noto iu
Uuimak and Privyloff areas testiries to the clear tendency
towards decreasing of the yellowfin sole recruitment i. all
ureas of tue rastern dering Sea.

The staoeilizing of tue yellowfiun sole stocks is pos-
siuvle only iy tne averagely abundant year-classes start to
regularly apoear.

The ahalysls of reéfoduction, recruitment rates and
population’s viomass inter-annual variance demonstrated that
in twe yellowlin sole population tue most abundant year-clas-
ses appeared in relatively cool years-(19?2 - 1976). Due to
the fact tuat the periodical character of cool and warm hy-
drological conditions occurrence corresponds to the 11-year
solur cycle, we cun positively state tuat tue appearing of

the yellowfin sole avundant year—classes corrrlated to toe
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period of solar activity decreasing and toe water low tem-
perature.

In early 19808 in period or relatively low water
temperatures iu demersal layer of the Eastern pering Sea
{4 tuee [latfish population there was uoced the apreariug
of relatively large numoer of 1980 - 1981 year—clasces'
Jucior groups, as compared to adjacent years. But in sub-
sequent years it uvecame clear that even though tnose year-
classes are more acundant usan toe adjaceut omnes, toeir
abusdance can not ue cowpared to toe spundant year—classes
of 1973 - 1976. Anyway, tnose relatively aou.dant year-clas-

ses appeared in toe cold water period (rig- 2).

L e

4 .
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rig. 2. hverage temperature of tne Soucn-Eastera
Beriug Sea demersal layer i. 1971 - 198> (after
Walters et al., 1988) and tue relative awu.damce

of tue 1972 - 1981 yellowfin sole year—classes {by
tne 7-year-olds' acuadance) in 1979 - 1988 {° - year-

clasa avuudance, %; *° - year) .

Appearing of relatively large uumver of guveniles

iu Tue rlatfish pepulation correspondiug to tue 1984 -~ 11985
year-¢lasses was noted im 1987 - 1984,

I.. tue years supsequent to {ue awvuwormally warm pe-
riod, is:luenced vy El Niuo (1982 - 1983), t.ere appeared
avundant year-classes of several Norun-Eastern Pacitic
species  (vod, walleye pollock, hake). vut, judging from
the conteuts of those age-groups iu tne yellowfin sole

poepulation (from tue traw)l survey data), those avundance

is mueh lower than the oue of Tue 1973 - 197 avunaant year-

classes.

) is in 1987 the uew period i water warming started
(it will at least coutinue till 1991 - 1992}, tue propapili-
ty of appearing of abuudant year-classes in tuat period

is not large. Tue population bpiomass will decrease cousi-

dera.ly oy early 1990s due to tne 1970s apundant year-classes'

leaving.

Toe yellowfin sole year-classes starié to pe iuten—
sively exploited wnen reachiug 8 - 9 years of age (23 - 24
cm i.. lengcz). So in early 1990s tne 1981 = 1983 year-class-
es euter voe population's commercial part, them bei.g rela-
tively ..o.—aoundant. In accordance witu tue vited changes
ia tue populﬂtiou'g commercial part age stiucture, it can
oe expected tuat t.e yellowfiy sole viomass tendency towards
decreasing will grow, as well as the cateh per affo.t de-
creasing. By mid-1990s, when tne relatively abuudant 1984 -
1985 year—classes enler .he commerelal par. of t.e pofulati-
on, vnhe stupilization of its stocks 1is probabls ut tue wid-
lavel. In . hat period the prooability of abundant year—clas-
ser anmeawing wlll be increased due bo tue starvig ol tne
relatively co;l weriod. .hose year-classes will enter t.e

population’s commervial part at the beginning of vhe thi.d
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millenuiunm.

The piomass of rock sole, Alaska plaice and Bering
flounder in 41980s, unlike the yellowfin sole, tends to in-
crease. Those flatfish sPecies' stocks are lesser exploited,
malnly as byeatch when harvesting for yellowfin sole. The
main part of the catch is constituted by rock sole, even
tuougn inter-azniually its share in the overall flatfish catceh
is not equivalent, s well as the otuer species' caten volunme
inter-annual variance does not have a distinet tendency.

The rock sole is one of tue most common specles in
tne Lastern Bering Sea. Toe inter-annual variance analysis
of tne cateh per effort, according to tne standard supmer
bottom surveys' data, demonstrated the ex}stence of tue conR-
stunt tendency towards growth iu tue course of 1980s. Taoe
catch per effort increased most significantly after 13935
The catch per effort growth was most seen in Unimak area
where the main population recruitment was coming from. In
1987 tne conslderable growtn of tioe catech per effort occur-
red in Prioyloff area as well.

The existence of such a tendency during tne last
decade testifies to the regular appearing of abundant year-
clusses. It is known that the rock sole avundant year-class
can oe registered after the standard trawl surveys' data wien
tne fish reaches tone age of as little as 3 years. So tne
sharp iucrease in the catch per effort in 1985 - 1985 tes-
tifies to the appearing of tne aoundant year-classes in tne
rirst half of 1080s. Before tuat, the U.S. speclalists noted
tine appearing of aoundant year-classes in late 1970s (Wal-
ters, Haliday, 1987). The rock sole population's combercial
part consists as a rule of 5 - 6 year-classes.

The flatfish catcnes' size composition varies ccnsi-

derauvly during tne whole period of 1980s, depending upon
vhe year-classes' apundance. In 1983 tne individuals of
1978 - 1980 year-classes sized 22 ~ 28 cm were dominaut in
in xne population. In 11985 tne same Year-c¢lasses aged & - 7
years were dominant as well, and in Toe meantime the aoun-
dant junior groups were uoted. by 1988 tne abundant year-
¢lasses of the second half of 1970s were practically out ’
of tue population, and at tue same vime the abundance of
voth the year—classes appeared in early 19808 and the junior
groups corresponding to tue 1985 - 1986 year-classes, was
evideat, Due to tne regular appearing of the abundant year-
classes 1. the course of 1980s, the tendency towards tue
rock sole viomass growtn will remain present iu early 1990s.
Avundant year-classes,appeared in the second nalf of 1920s
and already registered according to tue trawl surveys' daua,
will pecome tne pasis of tne population's commercial part
in the mid~ and iate 1990s. In topat period the stavilizati-
cu of tue rock sole stocks is possiuvle at tue nigh level.

On uvoe basis of toe population's oliomass latest es-
timates (1.2 il iou tons), tne valanced catech is determin-
ed as 150 thousand tous. Upder tune couditions of toe stapi-

lized hignly aoundant recruitment and the existence of tne

‘constant tewdeucy of tne population's oiomass growth, t.is

value can amouut to t_e annual caten since late 1980s,

tue Alaska plaice specieg is the third in viomass
among vne Eastern Bering Sea species (yellowfin sole and
rock sole weing the first twoe ones correspondingly). Tne
Alsska plaice piomass has started to inecrease since mid-1970s
(Walters, Wildervuer, 1988).

In early 1980s the Alaska plaice cateh per efforg

iiecreused rapidly up until 1983, tnen iv deecreased, and af-
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ter 1985 its slow growch vegan again. In 11988 consideravle
iuwerease in tne catch per effort was noted in Uuimak area.
The differences in the catch per effort dynamies iu UlLimak
and ?riuyloff areas are propably comnected to the interzn-
nual change i. the pehaviouwr and distrivetiou of Alaska
ylaice..

The Alaska plaice stocks stavilized in tue second
half of 1980s at wvune level of 450 - 550 thousand tons, Taki.g
tnis into consideration, tue Alaska plaice oalanced catun
amounts to 50 - 55 thousand tons,

Alaska plaice tipst appears in tne trawl catches
upon reacning tne age of 3 years (20 cm), and is out of t.e
population's commercial part at 14 - 15 years of age (#3 -
45 em). vefore 1987 two groups of apundant year-classes
could be distinguished in tue flatfish population, oud in
1980 senior iandividuals of tne 1973 - 1974 year-classes
(responcivle for tue population's viomass iucrease iu 1950s)
was practiecally out of tue population. In 1988 tee i.dividu-
als sized 32 - 38 cu became domiuant iu she¢ population, pro-
vably velonging to tne apuudant year-classes of 1977 - 1978.
According to tne trawl survey results of 1988, tue conside-
ranle quantit, or tue junior Individuals sized 24 - 38 cm
was uoved as well.

Tue 1977 - 1978 avundant year-classes will be domi-
nant in tue populabion's commercial part up uutil 1992 -
1993; tnis will provide the staoility of commercial harvest-
ing . Iin futurce, tue early 1980s avundant year-classes’
euteriug the population's commereial part is possiole.

1ue trawl survey data testifies to tue Alaska plaice
stocks' stavilizatio. and t.e regular appeariug o1 aduudunt

year-classes, wnich can provide constant adoual witudraw:.l

C
C
C
C

at tne level of palanced catch (50 ~ 55 tnousand tons),

Bering flouuder is less abundant than rock sole and
Alaska plaice, vut i:s viomass amouwts to 0,5 million tous
accordiug to tone latest trawl surveys' data. Tone Beriug
flou.der viomass staried to iucrease at a consideranle rate
after 1981, wnicu was evideut from the catch per effort data
votu in Unimak and Friuvyloii areas.

vormally, the commercial part of tuis species' po-
pulation is coustituted vy b6 - 7 year-classes, and T.e iadi-
viduals aged 10 - *2 years is quickly out of tue populatio.
cue to uaturél reasous. Berove 1984 tue 1973 - 1974 year-
classes were dominaat i. tne oering flouider population.

Lu 4985 tus agrpearing of new avundant ju.ior group (18 - 22
cm) or t.e latve 19705 year-classes was woved. LD tne subsequ-
ent years tnose year-classes were dominact up uuwtil 1980s,
tue result of which ocei.g tue Jiomass stavilizatioa at uigu
level.

wue alancea catch of weriug flou.der under ¢ne
condivions o1 tne viomass stawvalization at tue level of
0.5 millioa tous is devermined as 50 tuousand tons.

Tnus, tue overall volume of tue possivle catch o.
four rlatfisn species i tae Eastern Besing Sea (yellowfin
sole, Alaska plaice, rock sole and “e;iug flousder) amouncs
to 400 - 415 tuousand tous, iacluding the yellowfi: sole -
150 - 160 thousand tens, reck sole - 120 tnousand tons,
Alaska plaice - L0 - 55 t.ousand toms, and Bering flounder

- 50 taousand tous.
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Biological Information on Pelagic Pollock in
the Alentian Basin during the Summer of 1988

Taku Yoshimura
National Research Institute of PFar Seas Fisheries

Shimizu, Japan

ABSTRACT

The Japan-U.5. joint survey wae conducted using the chartered
research vessel Selju maru Ho, 28 from Auguet to October, 1988 with the
purpose of dectermining the blomaseé and ecology of pelagic and midwater pollock
distributed in the Aleutian Baaln. The survey was conducted jointly ueing a
midwater trawl and the guantitatlve acho soundor eyestem whlch was newly
developed by the Rational Research Inetitute of Flsheries Englneeriny, PAJ,
The biclogical information on mature and juvenile fish obtained by the
midwater trawl are reported here. ’

1. Mature fiah

A total of 137 tows for mature flah were conductéd wlth tha midwater
trawi. In late Auguet, the weight of tha catch was most abundant in wateras
near 55°N and 171°4Y, and In early October, tha weight of the catch was most
abundant Lln watera near 56.5°N and 174*E, and in these areas, the averaga
welght of catch from four tows wam 3,540 kg/h. Tha average welght of the
catch in tha other 33 etatlons was small (S50 kg/h) (Fig. 2}.

In garly October, a concentration of pollock wam sheerved in the
weatern tip of the interpational waters {Fig. 3)}. The distributclon of pollock
was observed in depths between about 150 m and 200 m at night, vhareas pollock
concentrated ip depthe of near 200 m Ln daytime, and the thickness of the
contentratlon was about 10 m. Pollock were malnly discributed In water
temperature layers of 2°*C and 3*C levels.

Tha fork length composltlon of pollock (Flg. 7} was unimodal for
both male and female, the modes for males and females ware ohecrved at 48 cm
and 50 cm, reapectlvely, MAe for the sex ratlo malee were moxe abundant than
femalea to one degroe or another.

2, Juvenlle fish

The number of succoeaful towe mada with tha juvenile fish net vase
31,

A total of 571 lndilviduals of juvenlle pollock wae collected at 19
atations, but they were mainly collected in tha eastern Aleutlan Dasln along
the continental shelf area (Fig. 8). In addltlon, thera was a tendency for
tha numbers of pollock to decrease aa the dlatance from tha continental shalf

tncceased. Only four individuale were collected in waters west of 180"
ceantering the internatlonal waters which were surveyed from late September to

mid-October.

The tork lengths of juvenile pollock collected ranged from 21.0 mm
te 101.0 mm, The fork langth of pollock which were dietrlbuted ac a far
distance from the contlnental shelf were somewhat emaller than thoee nearer to
the continental shelf. There was aleo a tendency that the conditlon facrtor of

pollock in the Baamin wae rather lees than that in the continental shelf.
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1. Xntroduction

The Berlng Sea was generally dlvided into the contlnpental shelf at
depthg of about 200 m and shallower, the Basin area at depthe of 3,000 m and
deeper, and the slope area which lles between tha two areas, Although pollock
were widely dintributed throughout the Bering Sea in the past, it has been
assumad that the maln distribution of pollock was fyxom the continental arca to
the upper continental elope area. However, in the purface and midwater layera
of the Aleutian Basln which accounted for moat of the Basin area, it was shown
that pollock formed a concentratlon of high density during the wintar. S$Since
a part of this concentration o aleo distributed ln international watere, they
are caught by wountries such as Poland, Korea, and Japan, etec. Although there
were someé instances that juvenile pollock were collected in the Aleutian
Basin, it is known that juvenlile fleh of body lengths of 35 cm and amaller are
not abundant in thle area, and that during this period they remain in the
surreunding centinental sahelf area and after which they are recruited to the
Basin., Howevey, there are 8till many unknown aspectes of the concrete life
histories such as where they were spawned and what route they follow when
recruited to the Basin.

The Rorth Paciflic Groundfish Section, Fay Seas Fisheriees Research
Laboratory initiated new research on pollock jolntly with the Natlonal
Research Inoticute of Fieheries Englneerlng, FAJ and the 7.5, Horthweat and
Alaska Flsheries Centre, since 1988. This research was conducted Jolnecly
uslng the comprehensive quantitative &cho soundor eyetem davaloped by the
National Research Institute of Flaheries Englneering and midwater trawl.

Hera, considered the ecology of pollock from a part of Llpformatlon obtalned by
the resoarch during the firot year.

Hethod and Mateplale

The eurvey was conducted uming the chartered landbased dragnet
travier Seldu macy No. 26 (349.42 6T} from July 10 to October 23, 1988. From
July 10 to Auguat 13, ccordipatlon of the compreheénalve quantltatlve echo
asoundar system and collection of bhawic data were conducted, and from Auguet 14
to October 12, field purveys were conducted ln the Bering Sea. Plg. 1 phowe
the arcas purveyed and Cranefctos of tha aurveye, The surveys were conducted
by the following proceduras: while tha vesoul was crulelng for 24 hours along
the survey traneecto, data woro colloctoed by tho gquantltatlva ocho soundar and
when aome dafinlte reeponsea from floh unre obtalned, eampling with the
midwater trawl wae conducted. After, tha pollock waroe collacted, tha body
walghtn wero measurod, and & total or somo of the pollock were measured for
fork length (hereafter referred to as langth). FPurthermore, after a net of
3 mm Ln mesh slze was attached to the lnelde of cod end of the amma miduwater
traul, eampling for juvenile floh was gonerally conducted wlkthln saveral hournp
aftag euwnoat. Tho horlzontal and vartical oponing of the not and wataer dopth
wers meaourod by tho net monltor (manufactured by Scanmar Co, Ltd.). In
addirion to this, in the Hakuohln Bay (about 100 m in depth) sampling for
juvenlles fleh wao conducted by lamplight uolng a epoon nat. HWatar
temperatureg woro moanurnd perlodically uvaing XBT, Juvanile floh collocted

were preserved in formalin of about 10%, and then, lengthe and welghte were
measured. When the weight of pollock wasm meagured, water on the purface wae
wiped away as much as poselble ueing papar towels. Although a part of
juvenile fleh collegtad was brought back to the U.5., thoss data are aluo
inecluwded 1n thia reporxt,

In additlon, to make the Figure on dlotribution of pollack,

lohizuka's program (1988) wae used which wae descylbed in the ~Collection of
Programe for tha Stock hnalyeis by the Perscnal Computer-,

Regulta

Digtribution of mature fiah

A total of 37 samplings by midwater trawl for mature pollock wag
conducted. Fig. 12 showa the relationshlp between water depth and horizopcal
and vertical openings of the midwater trawl net. The vertical and herizontal
opening of the net averaged 43.0 m and 4.2 m, respactively, and depth of
upper adge of net mouth averaged 184 m. Towing speed wam 3.9 knota Ln
average.

Flg. 2 Llluetratae the welght (per hour} of samples at respective
stations. Tha abundance ©f pollock Ln the samples wan high in watare near
S55*N and 171°% in late Auguet, and the abundance wae alac high in waters of
56,50 and 174*E Lp early Octcber, and the average welght from four tows which
wore conducted In thase aroad was 3,540 kg/h. Of those, the area where the
abundanca was groatget La lndlcated as X Ln the Flgure apd 1,526 kg for 15
minutes (6,104 Xg/hour} were collected., At thircty-thres stations other than
tha above arsaa, the abundance during the reepactlve ourvey perlod was low,
apnd it averaged 550 kg/hr. 1In the surrounding area X, although belt-shaped
responnas Were ohderved conesecutively in the monitors of tho colered finh
finder, the belt-shaped reeponece were scarce In waters other than area xX.

Flg. 3 ehows some plctures of the belt-shaped reasponaes observed by
the colored fish finder in early October. The left Flgure ehowe the belte
phaped responees at daytime, and the right Plgura shows the belt~shaped
reosponges at nlght, Fucrthermora, sunrise on October 9th was about 10:30 a.m.
{Alaskan time), Pollock wao oboerved to be dlotributed in depthe between
about 150 m and 200 wm at nlght, and were concentrated in deptha of 200 m or oo
at daytime and the thicknees of layer was ahout 10 @m. The estimated vertlical
Water temperatura structure in waters where the belt-shaped responses were
obeerved la shown Ln Filg. 4. It L& known that pollock were mainly dlatributed
ln vater temperature layers of 2*C and 3°C level, from Figu, 3 and 4.

Flg. 5 ahowe tho cotimated water tomparature etructure at certain
scatlona and at dopthe of 175 m which tho balt-phapaod fOAPONU0O0 Wwara obaurvod
By cho colored floh flnder., Frem thla Flguro, Lt lo cotimated that pollock
inhablted the wentern Lnternational waters in eaxly October vore malnly
distributed ln waktern of 3°C lovel. Datou of obworvatlon wego from Octobor §
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to 12 (the last survey day). 1In additlon, the belt-shaped responses which
were obeerved Ln the southeastern Hasiln In August arxe alag recognized to he
mainly distributed in waters of 3°C level.

Length composjtion and pex ratlo of mature fleh

A Fig. 7 shows the reepective length composition of thae results
obtained by collecting during the similar eurvey perlods and similar eurvey
stations of seven groups from A to G, as shown Ln Flg. &, Thexe ls no great
difference in the groups, except A and E, and the mode was obaerved at 4B cm
for males and 50 cm for femalea. In contrast, ln group A, each mode wae 1 cm
smaller for both males and females, apd in group E, only femalea had a mode
which was 1} tm greater thap that in the other groupe. 1In the varlance and
mean, significant differences were not recognlzed in any groups.

Table ) shows the sex ratls of respective groups. TIn all groups,
there were more males than femalea. Although some differences were recognized
in the sex ratio of reepective groups, Ln the laternational watercs, the number
of males and femalas Lin group A wae almoat the came while the number of
temales in groups B to D was almost half of that of malcu.

asulta o uy le sh sampli M

Although a total of 42.cowa with tha juvenllo flah net were
conducted, the eucceasful number of mamples was 37, becauae tLhere were some
problems such ae knote In the nete becoming untled. The water depth of the
upper edge of the net mouth was 25 m on the average. The horizoncal and
vertical net opening were not measured because the sensor did not work
properly. The towlng speed wae 4.0 knote on the average.

A total of 571 indlviduala of juvenile pollock ware collected at 19
atatione, Because the towing time varled by the sampllng positlon, Fig. B
Llluetrated the standardized number of juvenile pollock collacted aa converted
to the number per hour, Although the total number, converted to resepactlve
statlon per hour, was 819 Lndlviduale, of those, 64% of the total were
obtalped from just three atatlons near the contlpnental shel#. The statlon
where the abundance was greatest was Statlen X in the flgure, and 195
individuale Were collected per hour on September 18 (Japan tlme). According
to the Flgure, Lt is known that relative abundanca of juvenlle polloek wae
distributed in the eastecn Aleutlan Daein along the contlnental ohelf area
durlng August and September. Furthermore, there waa a tondancy for the
abundance to decreased ap tho distance of the atatione from the contlnental
shelf lncreased, Oaly four Llndividuale were collected in watecs waet of 180°
centering around tha internatjional watere surveyed from late September to mid-
Octobear.

. In a lamplight sampling which was conducted in the Hakuehin Bay, 38
individuale of juvenlls pollock warc collected. 1t waas presumed that the
number of juvenile pollock whlch wae actually gatheged at the lampllght were

quite npumerdus, and appeared to be swimming againot the current while forming
schoele, In additlon, it was obsérved that saveral indlvidualas of mature
pollock appeared and occaslonally attacked juvenile pollock.

Lengkh composition of juvenile pollack

The lengths of 104 individuale which were brought back by the U.s5.
were measured by the U.S. eclenclets rather than by Japanese eclentlets, but
on the assumption that there was no difference Ln measuring technlque they
vere elmply eéummed up here. The body measurements used by both wae fork

length. For body welight, the meanureément wae conducted by only the Japanege
alde,

Tha length of juvenile pollock collected ranged from 21.0 mm to
101.0 mm. The results of respective length compoaition obtained by grouping

stations lnto 5 groupe of J-A to J-E duripg similar perieds and at aimjlar
etations together Ls shown in Fig. 9 and the length composition of juvenlle
pollock Ln the Hakushin Bay were shown in Flg, 10.

Mlthough there were a maxloum of 5 day differencaes in the sampling
day between J-C and J-D, the small individuals such ae those of 40 mm appearead
in J-0 when the sampling date was lata., In addicion, aa compared with 2
otatlons at which a certaln number of juvenlle pollock waa cellectad within
group D, the avaraga body length ln Station Dl whlch Ls near the continental
#helf wan §6.7 mm (N=88}, and was 59.7 mm {N=34) Ln etatlon D2 which ls ip
offéhore watera. The length compoaition Ln J-E which ie close to the
continental shalf showed almost the Bame ae that in the Makuahin Bay.

Table 2 shows the condition factor by length of juvenile pollock 1ln
the Hakushlin Bay and in A to E which are located Lin the Baskn. According to
Table 2, ne compared with juvenile pollock in the Baeln and Hakuehln Bay, Lt
Lu known that the condltion factor of juvenile pelleck LR the Basin was low at
lengthe between 40 mm and 100 mm.

Flg. 11 shows the relationship betueen the length and body welght of
juvenlle pollock in the Basin area, The most appropriate regression curve
equation Llg am followa:

Log ¥ = 5.55586 + 3.17103 x Log X
where, Y : body uelghé (g} and X : length (mm)

Coafficient of correlatlon was 0.97.

Dleacusslon

Sasakl (1988} raviewed the pant reporto and reported that pallock
weres widoly dlstributed In the Basln durlng the summer and formed nchoola of
high denolty In the wintor for opawning. In additlon, ha aatimated according
to the Llnformation obtained from tho commerclal veopela that tho echools are
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formed in the western international watern around October, and move gradually
toward the eaet aleng the pouthern edge of the lnternational waters by Harch.
According to thae aurvey, it wvac conflirmad that th denuslty of pollock wae
generally lov in waters east of the central Basin from hugua? to Sep:emni:,
but the schools were formed In the western edge area of the interpationa ne
waters in early October. These achools shoved the belt-type respdnse on € .
monitors of the fismh finder, and cheir thickneon was about 10 m. Ae cD:pare
with the thicknese of belt-type responaes in che aurveys conducted ;;4: :nd"
winter of 1983 wae 3B m on the average {Fieherica Agency of Japaa 1 ]ti

the thickness wae about 100 m {maximum 200 m) obtained from the obsa:vi 1Dn;°u
conducted in the winter of 1987 {Sazsakl ang Yoshlmura 1987), i? wad f? r y:h
and Lt was eatimated to be formed in the early otage of schooling. Sanit e
schools are scattered in deptha between about 150 m and 200 m a: nlgh:,. c
bocomeo a low danoity euch ap the level at which a eingle echo : scacter ;1
Therefore, the fishing vessels condugted fiuth? in the nutrou?d ng arexa only
at daytime, and they peemed to conduct search fiehing grounda in the

surrounding areas at night.

The length compouitlen of the pollock population Ln the Bawuln were
not related to seasons, apd it was known from the recent aurvay? to be ro and
unimodal with a mode of about 45 em (Sasaklk a?d Yoahlmura, 1987; Naganud:c:ed
Coto, 1988; Floheries hgency of Japan, unpublished). in th: ﬂ:rvay iun o
in 1988, a unpimodal compoaitlon was obtained in all areanIZST: en:a:92; -
addition, ln the survaye conducted in the summer of 1975, 19;0. : a.UChL
unimodal compoeition wan alee obtained ([Suzukl, 197%; Okada, " 19;3 ath '
1980). In contrast, In the eurveye conducted In the winter o ' e o
modea, 38 cm to 40 cm and 40 cm to 48 cm occurred (Fioheries Agency ;3 ‘:mp“‘,d
1984). The statlena surveyed whera only fleh with the mode be uee:l- oo
40 cm appeared were 9 out of 46 atations, It Lmplkles that thet:ma tl;e o
pollock recrulted from somewhere surrounding the Basln before : a:lth e
there wae a poeeibility chat they did not lntermingle complar.ely ub polu.h
recruited earlier. According to the reaulte of age devarmination ylotoblted
conducted hy the U.5., ikt indicates that about 40V of pollock vhich gha
the Basiln area Lln 1988 ara from the 1978 year claoe [Traynor, pe:-onnl
communication}, It was known that this 1978 year clams la an exnrime {gaa
strong, dominant year-clasm in tha eastarn Racging Sea (Balley et a .1 N b[l‘
Therafore, Lt e hypothesized that most populatione which p:cuenclyL nhal e
the Basin ara regarded ae a part of pollock whlch are from this dom na:: Ze r
class. If wa follow thla hypothasls, 1t Lo suggested that tha umall-o zef
pollock wlth a moda of 38 cm to 40 cm which were obacryved ln the wipter ©
1983 belonged to tha 1978 year-claas whlch were recrulted recently tob:ht »
Baain. Yamaguechl ([1984) conducted age determlnation of the nampleo oi a :
In the winter of 1983 and reported the averaga longth by age. Accord ngs o
this, polleck with lengthe of about 40 cm are estlmated to bo ages 4 to
floh. In due coneldegatlon of ambiguitices which arae ohnerved in the age
determinatlon [Agriculture, Foreatry and Flohery Technical confarenca . )
socretarlat, 1979}, lt Le ascoumed that they are ganerally suppoced to ba ©

tho 1978 year-claco.

he the modes of both maleo and {emales of group A were 1 cm emaller
than thoee of other groups in the esurveyo which were conducted at this time,
it might be poaslble to assume that young pollack were yecruited from the
western Basin acrea. sasaki (1988) reported that the schoole of pollock are
alpo distribuced in the U.5.5.R, waters of the Aleuclan Basin from information
on the Japan-U.S.S.R. joint venture fleshery in 1987. In early October, 1988,
the information that ncores of the U.S.S5.R. vessels conducted flohing in the
weatern offphore areas of the Iinternational waters were obtalned from the
fishing veaeseln which were engaged in flohing., If this was true, it ie
suggested that the ochoole of pollock are aloo distributed ln the Basin areae
west of the international waters. Whether it ls true or not, further surveys
are necespary, hecause Lnformatlon on the U.S.5.R. arcan weot of the
international waterw are atill Lnoufficlent,

There is mueh information on pollack which inhabit the surface apd
midwater layers of the Basin (Suzuki, 1976; Haeda and Hirakawa, 1977; Okada,
1980; Sasaki and Yoshimura, 1988) and its presence hao been fregquently
confirmed from a long time ago. Aleo, In the age determination by scale or
otolith (Yamaguechk, 19680; Traynor, parsonal communication), Lt La known that
those pollock conolot of moce than one year-claso. From thle, the
diestribution pattern of the pelagic and midwater pollock is not a temporary
phenomenon that only occurred when a dominant year—c¢lase was presept, although
there are annual ¢uantitative differencee whlch axe caused by the alize of
year~class, Lt can be said that it is a part of the general ecology of the
pollock population. Haeda, Takahashl and Nakatanl [198B) report that pollock
are dloteibuted hn depths between 160 m and 260 m of waterg thak depth reachen
to 1,000 m off Hiyama of Hokkaldo., From ough instancee, it is detecmined that
pollock individuale which are distributed ln the open sea ara not scarce. If
wo, dewplte tho fact that thay are the @ame spacles, whan chey reach a certaln
time in their life hletory Lt Le not known why eome Lndividuals go out to the
Basln area and some fndividuale etay on the continental whalf area, In the
sucvaye conducted this time, pollock of hlgh denslity were mainly observed in
waters with water cemperaturen betwean 3.0%¢ and 4.0°C, In additlon, pollock
formed their achoole ln water temperature that was betwoen 3,5*'C and 4,0°C
during February to Hapch (Fisherles Agency of Japan, 1984). According to the
furvayd on water temperatures ln the Aleutian Baeln thle time and in the past
{Flaharias Agency of Japan, 1984; Maganobu and Goto, 1988; Saovaki and
Yoohimura, unpublliched}, water temperatureo in depthes of 50 m and decperc
rangad from 2.0°C to 4.0*C, and lt wao cetlmatad that the aesasonal changoe
were amall, On the basle of thene cbeervations, Lt wae ouggaoted that pollock
which Inhabltod the Basln could malntaln a falrly stable temparature
conditlon. Thio would ba one of the advantagen of pollock mlgratling to
offphore waters. Although other environmental factors nead to bo studlod in
the future, olthar way, the fact that pollock not only can live on the
contlnantal shelf but alee In the opon 06a may bo an advantageous atraktagy Lo
expand the extant of chalg dlotributlon. :

Although several Inotanceo of sampling of juvenlle pollock on tha
hleutlan Davin have beon roportad in tho past {Kobayashi, 1963;.Haadn and
Hlgrakawa, 1977 (tagyu, 1900}, they wore all raeporto on tho lnutancaon La vhlch
tha lengths wore 40 mm and under, axcopt one lnotance whlech Haryu (1900)

¥92



O
.

C
O
C

collected ona lpdlvidual of 97.1 mm. According to the results obtalpned Zrom
the surveye conducted thie time, the diatrlbution of Lndividualo between 21 mm
and 101 mm In length in the Basin wae confirmed., This was conaidered to be
caused by the net veed this time waa larger {for mature fleh} and the towlng
spaed was faeter, euch as 4 knote. Kobayasehi {1963) and Haryu ([19B0)
collected mainly Lndividoale ©f 40 mm and undex during June to August, and in
the survey conducted thin time, the individuals between 25 ovn and 40 mm in
length were aloo collected ln Auguet., However, Kendall et al. (1987) reported
that the individuals of 15 mm and undec in length were distributed in deptha
berween 10 m and 15 m at night, and taking account that the average towing
depth in this survey was 25 m, juvenlle pollock may not have been collected in
this sugvey. .

The dlatribution area of juvenile fieh obtalned from the survey
conducted this time wap limited malnly te the edge of tha contlnental shelf in
the Basin. In the surveys conducted by the U.S5. and U.S5.5,R. jelntly in the
same period of %987 using the trawdl pet in height (48 m) and width {55 m) of
net mouth, 0.1 kg/nr of juvenlle pollock in lengthe between 30 mm and 120 mm
in the Basin and 54.6 kg to 161.4 kg/hr on the contlnenta) ehelf of the
gaptern Bering Sea were collected (Traynor, peracnal communicatien), In
addition, the catch Ln the statlon whera the higheet number ©f flsh obtained
wap 0.3 kg/hr. According to these instances, it waw coneldered that alchough
juvenlle pollock diastributed ln the Basin during Auguet to October, the
numbera were fairly few, as Compared with the number of lndivlduals on the
continantal ehelf, and it was coneldered that the maln dletribution area was
the contkinental shelf area. Alag, although we can not determipe it, bacause
the number of fich eampled on the contlnental ehelf was faw, juvenile pollock
in the Baein have a taendency to be of low copndltion factor, as comparad with
that of juvenile fieh on the contlinental shelf and poor growth was suggested,
Bacause of this, Lt was difflcult ¢o consider that juvenile pollock
distributed {n the Basin in this perliod-contribute largely for reproduction of
the pollock populations on the Baskin or contlpental shelf.

In J-8 and D in Fig. 9, more than one moda was obearved. Pollock ln
the Bering Sea epawm in che Basln during January to Harch, An the moutheastern
Baring Sea during Harch to June and in the norchweetarn Pribllef Ielandas
durlng June c€o August (Hinckley 1%87}. Therefore, lt le consldered that there
wag a posslblllty that pollock spawned ip different locatieonn intermingle. It
Les neceesary to clarify the disperslon procees of egga and larvae from
reapactlive ppavning grounda by conducting the surveys on the centlnental ehalf
and Basln 'areas pacrticularly from the epring to pummer eeasons in particular
uvelng a more appropriate aet fov surface towlng Ln the future to detacmine the
origin and route of racrxultment of pollock,
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Additional note
Age Composition

U.5. scientists collected random age samples of about 15 males
and females from 32 trawl hauls, Otoliths were collected from 888
valleye pollock, 427 males and 451 females, and read. The de-
seriptions below were based on age reading data presented by U.S.
In advance of reporting, the author truly thanks Mr. HNeal Hii—
liamson of the U.S. NMFS, who provided these data and much useful

_advice,

Age compositions by sex were shown in Fig. 13(a). Pollock ranged
from age 3 to 16, but the total number of age 3 and 4 fish is
only 3. The 10 vear old group was dominant for both sexes and the
major portien (37.1%) of the all samples came from fish of this
group (Tab. 3).

Fig. 14 shows age compositions by sex and station groups (Fig.
6). The 10 Year old males and females are dominant at all station
groups. In group A, 6 year olds (1982 year class) are the seccond
most dominant. In contrast, for all other groups, the 9 or 11
year old Tish are second most dominant. Age composition from 3
trawl hauls in group A, where the pollock belt-shaped response
was observed on the monitor in early October at the west side of
thé international waters, is shown in Fig. 13{b). The 190 year old
group is dominant, but the age 6 group is more abundant than in
group A and made up nearly 24%. Males contributed a higher per-
centage (30% to all male) than females {19% to all female).

Fig. 15 shows the relationship between mean fork length and age.

The mean length at age was substantially larger for females than

males. The average fork length difference hetween age 5 and age
15, where sample number are sufficiently high, are 33.2mm for

males and 52.2mm for females.

Discussion

It was described alseo in the main report that the 1978 Year

class was dominant in the Basin, and the concrete percentage of
«37.1% was presented here. The results of age reading from 32
trawl hauls indicated that the 1998 year class is dominant in the
entire survey area.

Age composition in group A was considerably different. Age 6
group (1982 year class) was a secondary contributer to the group
A population. The FL mode both of male and female age 6 pollock
in thls group was 470mm (from 485mm to A?Smm). This was one
reason the FL mode of group A is smaller than that of the other
groups. The high contribution (over 20%) of age & pollock te the
samples were observed at all 3 trawl locations where the belt-
shaped response %as observed. In contrast, in only 2 other trawl
locations was the contribution by age 6 fish over 20%. Thus this
may indicate that the 1982 year class specimens came mainly from

the area west of the convention line in the Basin.
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Table 1. Catch numbers and sex ratios of adult polleck by station
groups showed in Fig. &

Area Male Female Tocral Areca Male Female Total
A 1511 1324 2835 B 550 428 978
(1 0.88) ( 0.78)
B 1156 687 1843 I - 15 473 1188
(1 0.59) (1 0.66)
G 471 282 753 C 709 468 1177
(1 0.60) (1 0.66)
[} 971 469 1440
(1 0.48)
Table 2., Average ponderal index (X= Wet Weight/Folk Length x1000)
of juvenile pollock by station groups showed in Fig. 9.
J - A J -8 J-cC J-D J-E HAXUSIH
FlLimm) 3 B SD T R SD X H SD X H  SD X N SD T -1
40 5.00 6 0,81 6,11 1 -
45 5,14 9 0,20 5.71 & 0,43
50 5.73 3 0.05 5.02 5 0.53 3,25 4 0.4 5.65 14 0,64 5.72 1 -—
55  -5.60 12 0.33 35.07 & 0.46 5,23 16 0.38 5.72 19 0,49 L£.BO 2 0.59 6.05 | -
60 5,70 14 0.56 5.1 2 0.47 3.60 38 0,40 5.63 26 0.51 5.76 4 0.49 5.88 5 0.56
65 5.50 S 0.55 5.61 45 0.54 5.71 17 0.56 5.66 5 0.47 ~ 6.16 7 0,30
70 5.47 1 - 5.67 21 0,55 5.90 23 0.36 5.17 9 0,47 6.13 7 0.40
75. $.75 8 0.5 46,05 13 0.53 6.12 3 1.11 6.06 11 O.48
a0 6.39 1 -- " 5.98, 5 0.36 5.68 & 0.10 6.36 4 0.35
85 5.80 1 - G.68 2 0.52
20
95
100 6.ng 1 -- 6.80 1 -
40-100  5.64 35 0.45 5.07 28 0.47 5.57 133 0,30 5.77 125 0.50 5.56 29 0,65 6.15 3B 0.45

Table 3. Age composition of pollock

in the Basin during the 1988 Japan-U.S. cooperative survey.

Age 3 4 5 § i 8 10 11 12 13 14 5 16  Total

~ Number Male, 0 T 12 28 21 28 i64 48 3 14 20 27 3 431
' Female 1 1 9 48 24 28 165~ 42 39 15 22 15 § 451
Total 2 20 71 51 5% 329 90 74 29 42 42 8B 888

% Male 0,00 0.23 2.75% 6.64 6.18 6.41 6.64 37.53 10.98 8.01 3.20 458 6.18 0.69 100
Female 0.22 0.22 2.00 10.64 532 6.21 820 36.59 9.31 8.65 3.33 4.88 3.33 1. 11 100

Total 0.91 0.23 2,36 B8.67 8.74 6.31 7.43 37.05 10.14 8,33 3.27 4.73 4.73 0.90 100




Preliminary Report of Acoustic Survey of
Aleutian Pollock conducted in 1988/89 Winter

Koichi Sawada. Yoshimi Takao, Masahiko Furusawa, Yoichi Miyanohana
National Research Institute of Fisheries Engineering

Tohyo, Japan

and Takashi Sasaki

National Research Institute of Far Seaa Fisheries

Shimizu, Japan

1. Introduction

For the purpose of sclentific monagement of walleye pollock { Theragrn
chalcogramma ) resources In the Aleutlan Basin area, the Japan-US
cooperative survey programs are being conducted. As one of the programs a
mldwater trawl / acoust{c survey on pollock was conducted in 1988/1990
winter, The Japanese survey was planned and copdueted by two Lnstltutlons
of the Fisherles Agency of Japan -- Natlonal Research Institute of Far Seas
Fisheries (NRIFSF) and Natlonal Research Institute of Fisherles Engineering
(NRIFE), with cooperation of the Alaska Fisheries Sclence Center (AFSC, NOAA,
USA). Other than US scientists, sclentists from Canada, Poland and Chlna
attended In this survey.

This preliminary report describes malnly acoustic ltems of the survey
which hove been able to be analysed tlll now.

2, Outlinc of the Survey
2.1 Survey Items and Methods

The survey ltems are as follows:

{1} Acoustic system callbration to ensure ond malntaln accuracy of the
gsystem, { This ftem Includes sensltlvity calibrations using a standard
sphere, nolse measurements, and intershlp calibration with the US vessel.)
(2) In sltu target strength (TS) measurements by the dual-beam method to
examine characteristlies of pollock TS.

{3) Mcasurements of volume backsecattering strength (SY) by the echo
Integration method to describe abundance distrlbutfon of poilock Ln the
survey ares and to estlmate the total blomass,

{4) Midwater trawls to obtaln blologiecal Information.

A research vessel of the Fisherles Agency, Kalyo-maru ( 2644tens ), was
used for thls survey. Survey operatlons were divided into four legs. The
survey trocks In each leg are shown In the maps In Flg.l. i

The echo sounding system used 1s the one developed by HRIFE and called
the versatile quantltative echo sounding system {VESS)'*#?. hcoustle system
operatlons {echo integratlon and In situ TS measurement) were conducled 24
hours o doy. Vessel speed was usunlly seven Lo clght knots, It was )
sometlmes slowed down to decrease nolse. We trled to made mid-water trawls

to collcet blologlcal samples when we obscrved relatively dense Tish sign,

but sonetimes bad weather prevented to do so and only 24 trawllngs were dene.

The average trawllng speed was between threc and four knots.

2.2 Crulse Itinerary and Survey Arca

Alfter the pre-survey to check the acoustic system and trawl gear,
November 14~17 {Japancse standard time), the research vessel Katyo-macu
departed liarual-port, Tekyo, on December 1, 1088. On the way to the survey
erea, &n Intership calibration was conducted between Xaiyo-maru and
Scyo-maru, which Is a research vessel of Natlonal Research Instltute of
Flsheries Sclence and 1s equlpped with a simllar quantltative echo sounder
as VESS, off the coast of Choshi 1n Japan. Leg 1 began December 8, 1988 (US
time) in the west Hering sez. The survey completed on March 1, 1989.

The vessel's itinerary was as follows:

Pre-Survey

(JAPAR TIME}

Kov. 14 Standard target.calfbratien #1 in Tateyapa Bay

15~ 17 System check, Nolse measurement
18 Standard torget callbration In Tateyama Bay

Leg 1

(JAPAN TIME)

Dec. 1 Leave llorumi. U.S5. sclentist on board.

(U.5. TIME)

Dee. 2~7 -Cruise to the start point of survey.

Dee. 8-~12 Survey operations lLeg 1.

Dec. 13 Transit to Makushln Bay.

Dee. 14,15 Standard target calibratien #2 In Makushin Day.

Dee, 16~18 Cruise break in Dutch larbor.
Leg 2

Dec. 19,20 Translt to survey area.

Dee, 2L~ Jan, 2 Survey operations Leg 2.

Jap, 3~4§ Transit to Seward.

Jan. T~ 11 Gruise break in Seward.

Canadlan sclentlst and Pollsh sclentlst on Loard.

Leg 3 .

Jan. 12~ 1§ Transit to Mnkﬁshln Day.

Jan. 16~19 Standard target eallbration #3 In Makushln Ray.

Jan. 20 Transit to near Bogoslol Island.

Jan, 21 - Intership collbration with US vessel Miller

Frecman,
Jan, 22~TFeh. T Survey operatiens Aleutlan hasin Includling

Internationsnl Zone
{often break due to low pressures).
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Feb.
Feb.

Leg 4

Feb,
Feb.

Feb,
Feb.
Feb.
Feb.
Feb.
Mar.

8
9~10

12

13

14

15

16~ 26
27~ Mar. 1
2.3

{Japan Time)

Mar.
Mar.

4~ 16
17

e
C

Transit to Dutch Harber,
Crulse break in Dutch llarbor.
Exchange US sclentist,
Chinese scientist on board.
Canadlan scientist get off.

Translt to Bogoslof Island

Intership calfbration with US vessel Miller
Freeman.

Translt to the survey area.

Begin Leg 4. Transducer #1 broken,

Change transducer (#1 to §2),

Continue survey Leg 4.

Standard target callbratfon #4 Iln Makushin Bay.
End survey in Duteh Harbor.

Cruise.
Arrive at Haruml.

2.3 Sclentific Persennel

Leg 1
Leg 2
Leg 3
Leg 4

Japan

u.s.

Canada
Poland
China

12/8/88~12/12/88

12/21/88~1/2/89

1/22/89~2/7/89

2/14/89~ 2/26/89
Kazuyuk! Teshima®' Chilef sclentist NRIFSF Leg 1~4
Yoshiml Takao Fishery engineer NRIFE Leg 1~ 2
Kolchl Sawada Fishery engincer NRIFE Leg 1~4
Dennis Denjamin Fishery blologist ATFSC Leg 1~ 3
Edmund Nunnallee Fishery biologist AFSC Leg 4
Willlam Show Fishery blologist rps*= Leg 3
Edward Jackowski Fishery biologist 100 Gl Leg 3~
Ren Sheng-min Fishery biologist CAFS*™  Leg 4

*1 How Selkal Notlonal Flsherles Research Instltute

+2 Paciflc Riologlcal Statlon, Nanalmo, Conada

*#3 Sca Flsherles Institute, Gdynla, Poland

*4 Chinese Acadeny of Flsherles Science, Shan Pong, China

3. Acoustlc System and Callbratlon

3.1 Acoustic System Callbration

Standard sphere callbratiens were conducted durlng the presurvey and
three times during the survey by the same way as in 1988 summer® . We
calibrated the transmitting and recelving factor (KTr, see Ref.2) and the
equivalent pulse width. The vessel was anchored fore and aft at 50~80 m of
water depth., Two transducers were used. The transducer #1 was used Ln
almost all surveys, but the transducer #2 was used at the latter part of Leg
4 because of a malfunction of #1.

Flgure 2 shows the depth dependence of KTm factors in all the
calibrations. For the transducer #1 KTs was from 97.4 to 99.0 dB &t 10 m
and this variation might come from the difference of water temperature,
Since our towed body was at about 10 m depth In the survey, we adopted the
values neasured at 10 m before each leg. .

On February 14 the transducer #1 was broken by a leak of sea water.
After Feb.15 we had to use apother transducér #2 which was made b} the same
speciflcation as the broken one. The fourth callbration on February 27~
March 1 was conducted on this new transducer in very good conditfion. The
KTr values of thls transducer were less than those of transducer #1 by 6~ 7
dB.

In Table 2 of the last summer survey report®, we summarlzed the
calibratlon vesults with the results of other surveys for the purpose of
compartson.

3.2 Molse and Threshold

Slnce the nofse recelved by the echo sounding system degrades the
acoustic results, we sometimes measured the nolse level and, by referencing
to the results, we made counterplans such as adjusting the threshold and
chenging the ship speed. .

e measured the noise by the same way as In the last summer survey® .,
That is, we stopped transmitting, Integrated noise slgnal with 1 min
Interval, and transformed thus obtained "nolse SV" Inte the nolse power
spectrim level (NP)

Figure 3 Is a result obtained at around 300 m depth water off Tateyama,
Japan, on 15 November 1988 In presurvey. The SV values at 250 - 300 m layer
were converted to NP and the results are shown agolnst the ship speed. The
depth of the towed body was 30 m when the shlp was stopping ond decreased up
to about 10 m [n accordance wlth Increaslng speed. Although the vartatlon
of the data Is large, we can see the trends that the nolse Increases with

the speed and Lhat Lhe wide channel is move sensltive to nolsc by about 5 dB.

This nolse level ls almost 10 dp greater than the level measured In

L
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1988 summer survey on board Seljyu-maru. This made the Survey and analysis
difficult, especially for TS measurements. Slnee the echo sounding system
was the same for both surveys, the difference in noise level must be caused
by the difference {n the towlng methods and ships. The towed body was
deployed by a crane Imstalled on the front deck, the horizontal distance of
the towed body and broadside was enly asbout 4 n, and the towed body was
located ai near the side wall of the cngine room and the propeller. .
Halyo-maru is 2644 tons and greater than Seijyu-maru by a factor of 7.6.
From Ross's equation™ to estlmate ship nolse, we might suffer 13 log 1.6 =
13 dB greater nolse.

Thus, we often measured noise level {ahout one time a day) and by using
the results we carefully set the threshold. The threshold function® were
ardinarlly "FLAT ond SV at 100 m = -99 dB" or "“20 log ¢ and -90 A"

3.3 Intership Calibration

The Intership callbration (ISC) was performed between US R/V dliller
Frecman and Japanese R/V Knlyo-maru ln order to check the bolh side acoustie
systems. We attempted ISC three times,

The first one was tried together with the thlrd sphere calibration an
January 17.18 snd 19. Both vessels were moored at anchor side by slde and
systens’ triggers were synchronized, llowever, since there appeared few flsh
even In the night time, we could not get avallable results.

The second ISC was attempted In Bering Sea shelf waters oa January 21,
but bad weather halted operations.

Only the third Intership calibratlon was successfully donc and the
detalls are decrlbed below.

The ISC took plncé 25 nmi southeast of Bogoslef Island on Feb.12 {local
time). Transect lines in the calibration area are shown ln Fig.4.

The two vessels steamed almost side by slde with repeated transeet over
a large dense aggregation of pollock which was about 4 pnml long and at 320 -
480 m deep.  An exawple of color cchogram of this aggregullon Is shown [n .

«Flg.5. We collccted echo Integration data from the 1S passes above Lhe
school.  Kafyo-maru salled aboul 0.9 nnl to port aml 45° astern of MI1ler
Freeman. Vessel speed varied botween 4 and 8 knots depending upon wealher
candltion, but f{t was kept same on Lhe ench lline.

The Japanese system operaled at 800 m range mede. We measured nolse
level hefore and during the intership callbration. According to Lthe result,
we used the thresheld functlon of "20 log r* with SV value of -90dD at 100m.

There appearcd two problems In analyzing the ISC data: The deptlis of
both slde towed hodies were about 10 m, but not measurad oxiactly: US systuem
could not measure the aggregation below 400 m where the dense aggregation

still existed. Thercfore, strict comparison could not be done and we
compared the results selecting some plausible ranges of analysis.

The comparison of the estimated Fish densitles (kg/m®) averaged over
eacl pass are shown En Flg.6 where we assumed TSkg of -30 dB/%g as the
transformution Factor from the areal backscattering strength {(S4) to the
fish density. Assumning the towed body depths of 10 m, US calculztion was
done for SV In three different depth layers frem the surface and Japapese
from 26 to 410 mas shown In Fig.6.

We see the slmllar trends in both side results, but wlth slight changes
of the anlysis range US results shift considerably. Since the results of
this experiment show ne large difference and since independent analyses of
standard sphere callbration datn confirmed the accuraey of loth acoustic
syslems, wo assutie an fniershikp entlbratlon laclor of unlty,

4. Target Strength Measureamcnts
4.1 Method and Resulits

We measured TS In gltu 24 hours g day along with the eche Integration.
The results were shown on a CRT and a printer online as a matrlx form
showing distributlon density In cach depth layer and TS elass.'™®  Ruwer
datoe were memorized In riles on floppy disks. In these flles times of
slngle cches measured from trigger, pulse width at half level, echo levels
for narrow and wide channels etc., were recorded. In the following analyses
we used these flled data.

In this winter survey the TS estimatfon was somewhat dIfflcult compared
with the last summer survey from the following reasons: Flsh dltributed at
depth { summer aroud 200 m and winter sometimes deeper than 400 m ); The
dlstributlon density was generally high; WNoise level was about 10 dli higher
than in summer survey, Thus, we analysed the data considerlng these polnts.

From wany dota we sclected the portlon as Lo be able to examlne the
effect of distrlbutfon density (Table 1). First, we selected one or sore
data sets from each leg (posltlons are shown by black cireles in Flg.1)
consldering as to include high, med{um, .and low densitles, and patehy
distributions., Nexl, In order to compure the results In the cendition as
sime as possible, we selected data at high and low densitles {n the same day
( 23 Dee. and 23 Jan.). HNoise level was observed on the 40 log r echogran
basis. The erlterion wos that 1f we observe almost the same level of nolse
as fish echo we call the nolse is "high.” In order te c¢limlnate the fish
whlch locate largely out of the main groupe, we computed the average and
standard deviation of flsh depih, and selected the echo {n the average *
one standard deviation ( we call Lhls process “depth restrletlon”).
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Table 1 shows the data and results. The asterisks In the table mean
the depth restriction. TSem is the normalyzed TS which 1s defined by

TS[dB] = 20 log L{em] + TScm[dB} (1)

where L Is the folk length In em. We used the average body length of 48.8
cn obtained from trawl samples. Flgures 7 - 9 show echagrams coresponding
to the data No.3, 7, snd 10. Filgures 10 and L1 show TS agalnst depth and TS
frequency as a hlstogram for the data set No.d, respectively.

4.2 DIscussion

The cbtalned value of TScn [s about -64 to -50 4D and is conslderably
high compared with the value of -66.0 dh which has Leep obtalned for pollock
by several methods® 2 We can imagine some causes for this: (1) There
might be differences fn the body or bladder shape and the orlentation
distribution of flsh due to the d¢ifferences of season and maturity; (2}
There might be difference In the hody length sampled by trawl because of the
¢lfference of the ship and net; (3) The high dlstribution density and the
deep fish locatlen might cause erronecous TS: {4) Nolse contributlon might
make observed TS high.

Although we could not diretly check the [frst two posslbilities, we can
compare body shape nnd slue with pust data and estiwmate the difference. We
compare the relationships between folk length and body weight obtalned in
this survey and In the last summer survey. Since the body weight was not
measured in the summer survey, we use the data obtalned by angling In
Malkushln Bay, Unalaska Island. The relatlons are regressed to the forpula

¥=al® (2)

and get the coefflelent a of 6.9 x 1072 g/w® (correlatlon coefficient 0.87)
for suumer and 7.0 x 1079 g/a® (0.77) for winter. Slnce the ¢neffielents g
may be thought as an Index of body shape, these results reveal that there
w&s no large discrepancy In body shape.

tevicwing the past results® of the survey In these area, the average
body lengths of the pollock in the Derlng Sea have been estimated fram 46 cm
to 48 cn In both summer and witer secasons, Therefore, the average foll
length of 48.8 cm may be Lthought as a representative value.

fe next conslder albout ahove reasons of {3) and {4). We sce tendency
of Increasing measured TS with Inercaslng densitles and depths. These
phenomena must be come from the fact Lhat increasing number of fish echoes
or increasing depth prodiuces more mulifple echoes and their echo peaks may

be classifled as “single echoes” glving large false TS, The depth
restriction results In a little fncrease In measured TS. This tendency can
be also explalined by the above reason, because thls procedure might select
dense portjen of school.

From Table 1 we also see a tendency that measured TS 1s large when the
noise Is high. The reason for thls may be that noise added single echoes
gave large TS. .

The present pulse widlh comparison method for single echa
diserimlnation is pointed out that the discrimination sometimes fails when
the echoes contain multlple cchoes®’,

As we have original and raw data in MT and disks, we will reanalyze by
using other discriminatin methed such as wave [orm comparison. Our method
presently adopted Is simultaneous operation of the echo Integrator and dual
bean processor. Tils method succeeded in the last summer survey, but thls
would be problematical for the winter distribution of polleck. In this
connection, In 1989 summer survey we again cbtained TScm value of near -66.0
d3. Therefore, we can conclude that !f there are a few fish In the
effective beam width, we can measure cxact TS, The elffeetive method for
dense aggregation should be to lower a trensducer down near to fish
distribution as was done by AFSC.

Above mentioned problems suggest us that as for this winter survey we
must nol wse measured TS value [or scaling the echo integrator output. Then
we calculsted TS value of -i32,2d8 for the scale lactor by substituting TSen
of -6G.0 (B and the average rolk lengch of 48.8 c¢m obtained by trawl samples
into Eq.{(1). This TS value happened to be exactly the same as the one In
the last sunmer survey.

5. Fish Distribution and Abundance Esti{mation
5.1 Meihod

We operated the echo Integrator on 24 hour basls. The ship specd was 7 -
8 kt according to the weather conditions. The Integration perled was set
In Lime mode and was ordinarlly three minuges.

The apalyzing method ls almost the saie as 1988 summer survey. We read
small mesh integrated data {SV) from disks and, by vreflerencing echograu,
classified them to leave the objectlve fIsh echoes, According to the
classification we restrict depth range and compute the areal backscattering
strength {SA) for cach three minule perlod. In this survey as the noise
level was hlgh and the fIsh distributlon was rather deep, nolse and fish
echoes were often superinposed. Many efforts were made to discriminate
noise from fish echoes by seeing cehograms aml-the fleld note. The datla
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collected when speclal operatiens such as trawling and CTD cast were
performed were abandoned in SA calculations. The ISC data were also omltted
in abundance estlmation process because of many repeated passces over one
large school.

5.2 Distribution of Pollock

Filgures 5, 7, 8, and 9 show some examples of cchograms exhibiting
distributions of pollock. The density was generally high and the depth was
deep than 1n the last summer survey.

Figure 12 shows SA values averaged over 40 integration period {(abourg
two hours) along track llines.

In order to see the distributlons more clearly, we conbine data from
all legs and averaged SA in each block of 30 min latitude by one degree
longitude. Since thece are variations in sample numbers In blocks, we omit
the blocks whlch contain less thanm 20 Integration period ( approximately 20X
Thktx3 min = 7 nml }. The result 15 shown Im Table 2. In the table minus
symbols mean no-data and asterlsks less than 20 integratlon perlods.

From these flgure and table, in the west part of the surveyed srea
there were a few pollock and in the cast part pollock were abundant
especlally near Alectian Islands. This distributlon pattern colncides well
with the CPUE distributlon obtalned by trawl sampling.™

5.3 Topulation Slze Estimation

In this survey lt was very difficult to follow the originally planed
grids because of the bad weather of this winter and the resultant traeck
1ines became much irrvegular as shown in Flg.1, Therefore, computation of
abundance Is not stralghtforward., We trled two methods to estlimate
abundance,

one trial s to compute abundance for the maln part of each lep.
Average SA are calculated for each leg excluding cruising tracks and
meltiplied by the area shown by bold lines In Fig.l. To convert SA into
flsh nunber and abundance we used the TS value of -32.2 dD and the welght
for onc Pish of 801.9 g which was cowmputed by substitutlng average length of
48.8 cm into Eq.(2}. The results arce shewn in Table 3, No.l - 4. As an
index of abundance fn the Internationnl Zone (I1Z), SA values obtained only
in IZ In Leg 2 are averaged and multiplied by the surveyed area (33.5 % of
the total IZ arca) as shown In Table 3, No.5. These abundances for cach ler
reflect dlfferences both in tlme {leg Interval were about two to four weeks)
and surveyed area, The cstimated abuntunce is large for leg 4 which
Included abunidant coastal area along Aleutlan Islands.

The second trlal Is to use block based data and compute abundunce per
block and all areca surveyed. Table 4 shows the abundance {n cach bloclk
obtained by using the SA values of Table 2. The total biomass is shown In
Table 3, No.8. Comparing this results with No.4, it seems that the latter
is too large. Thls may come from the fact that there were very dense
aggregation at the small area near Aleutian Islands (see Fig.12) and the
data obtalped for the aggregation made the average SA too large.

e, with cooperation of AFSC, USA, will father analyse these winter data
and estimate not only abundance but also samplling error.
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8.0 - SAS
§1.5 = §5. ¢
51.0 - 51,5
SE. 8 - 57,0
5.0 - 85,8
§5.§ - §5.0
55,8 - §5.%
54,5 - §5.0
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515 = 54,0
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5.0 - 5.5
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54.5 - 55,0
S4.0 - 54,5
$1.5 - 54,0
53,0 -~ 51.5§
52.5.- 5.0
§2.0 - S5
Total
area (ha?)
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Table 3 Estimated abundance by severzal methods.

%0 METHOD AREA AVE.SA POPULATION ABUNDANCE
[kan=] [dB] [fish x 10%] [k ton]

1 . 18T LEG 95,453 -66.5 35.45 i

2 25D LEG 88,394 -57.8 241.95 194

3 JRD LEG 195,818 -63.3 153.20 123

4 4TH LEG 228,243 -45.7 3484.47 2794

S 24D LEG, IZ 68,804+ -358.1 177.23 142

6  TOTAL(BLOCKS) 326,621 1746

# This area [s 33.5%

of total IZ area {205,311kn®).

Table 4 Estimated abundance ( k tons ) in each bloeck.
J31-172F 171-133% 173-174F 174=195F 17S-17$F  175-177F  177-178F 173-175F 115-149E 188-1797  179-118y 173-173f
- -1 - - B - - - - - L 67 -
- =1 < < < - - - - - . 0, 40
- CHE - - - 7553 M 15, &9 - - . -
- L - - B . T - . =
= . - A s . : 5. [F] . -
- - - - 0 18, . Il 2 .93 NE 1141
- -1 = - - 1 6 K - - I3 -
- hd d 1.08 - - - L E7 1.33 - - -
- [T - - o517 D - - - - - 37
[T - B T 1.58 T - N3 7,13 1532 1L,
- s - = - .35 7,55 (X 9.8 - N
- - - - 1 - 0. 55§ 0,54 - - 1. 15
- T B T B = = = = . - <
T 61| B %8¢ .00 T 02 S 1716 T iE. 32 7505 T3 4% 7555 7. 5%
3650 1 3596 1 ] I562 7Ti8 Ti5T4 FisTd 78050 Tii81 | 17387 11017 71431
197=175% 17§-175%  175-174Y_ 375-1730 123=132¢ 1721717 131-318%  170-1657 Jc5-1E8F  |SE-IE7F PE7-15c¥_ 1EE-155T
< B 5 - . s B . - = " -
. = = M 31, = - - - - A -
< - - 7045 - - - 3 - < = 5
hd - - 3.7 21. - hd - - - = =
T 04 0 D - - - 30,33 A 41701 - - -
3 T = < - - 75,67 1 T3 02 - - 75, 87
N - - - - - - 2 - [EWCE 7. 34
- - - - - - - 1703 il. 142 -
§. 41 21. 60 33.07 22, 5C - 25,08 B1. 28 - ] 0 - -~
- - - - 7,15 19,88 % 5]5.02 - - - =
- - X T8 7301 - - - T . = -
- - 3 . - - - - - - - - -
312,21 9,41 1535, 72.34) 105. 42 115 120. 95 E47. 58 100. 0§ 3%.70 56,34 33. 8%
21504 16450 1 14189 1751% 31633 14135 17E5L 10554 10518 H1E] 1081
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Table 1 Reslts of target strength analysis.
No. 1 2 3 4 3 ]
DATE 12/11/88 12/25/88 12/21/88 12/30/88
TIME 16:45~17:34 09:09~09:40 09:49~10:16 11:24~15:55 13:26~13:58 03:31~03:486
LEG = 1 2 2 2
POSITION N53° 227 N55° 48.33°7 N55° 52,597 N56° 4,197 NS6° 11.5 7 K37° 16.71°
E179* 29.2° E£79° 6.29 " E179° 8.80 " E379° 12.B4 ~ E178° 2.4 EL76° 59.:20°
PING = 1325 8517 61 8351 8457 1517
ECHD = 187 453 697 1544 1602 483
ECHD 2% 132 368 569 1031 1087 323
TS [dB) -29.71 -30. 16 -28. 9% -27.22 -28.41 -28. 89
TSem [dB8) =63. 48 -63.93 -62. 176 -60. 39 -62. 24 -§2. 66
TS# [dB] ~29.62 ~30.12 -28.92 -26.93 -28.85 -28. 59
TSemd [dB] =-63.39 -53. 8% -62. 74 -§0. 10 -62.12 -52. 36
DEPTH [=] 187.49 213,17 216. 175 256, 84 £70. 49 263,48
o [2] £3.87 t4. 817 11.04 20,13 20,75 27,08
DENSITY Low LOW MEDI UM Higi M. H PATCH
NOISE LOW LO¥ LOW LOW LO¥ LoW
No. T ) 9 10
GATE 1/723/8% 2/25/8%
TIME 05:16~05:3! 11:27~11:50 13:32~14:03 21:07~121:32
LEG = 3 j 4 B
POSITIQN NE3° 48.45 7 K53* 28.21° N53° 21,7 NS4 4201
H176° 45.38 7 F$176° 9.09 " Wi76® 39.82° K166° 8.8
PING = 494 101 B3l 1274
ECHO = 642 583 1221 3198
ECHO =¥ 486 383 1035 36
TS [di] -26.34 -21.31 -26.96 -26.19
TSem [dB] -60. 11 -61.1¢ -60.173 -£0.87
TS+ [dB] -28.1 -21.129 -26. ¢ -25.912
TScm+ [dB] -§0.07 -51. 08 -60. 87 -59. 69
DEFTH [al 301. 45 104. 92 788. 64 233. 5
o [=] 21. 44 20.89 16. 54 23.58
DENSITY iiGH LOW MEDIUM FATCH
NOITSE TG G $1G1 [
* Lepih yesbrirind
Table 2  Average SA in each block. { - : no data, » : too smalil sample)
LTL-1728  173-173F $33<194F 174-175E  175-176f  175-177E_ I77-174F 172-179F 118-1%0F 186-179%  178-1780" 178-1757
58,0 - 58,6 - - P ) - - - - - =1 -54, .
57.5 - 5.0 - - - - - - - - - - 59, =10, 36
§7,0 - 51,5 - - - - ~ | =sT.9t 1 -54. S 5 - s -
55.5 - 51,0 - - - - Tl -5 38 1 -5k, - -FE, - - -
56.0 = 55.5 - - - - -5 ] -ss, - CT ~§1. 70 - -
55.5 ~ 56.0 - - P - -84, 451 58, =59.42 | -62. -5§. 92 ¢ = -55.89
55,0 « 55.5 - = - - ~ 4<%y 61 %% -51. 81 D -7 - -
54.5 - 55.0 - - =~ [ -86.43 - - - -%§.23 | -&0.15 - - -
54.0 - 54.§ . ~64. 18 v - B3 27 - T 5 - P Ty -t
$3.5 - 54,0 [ _-59.78 - < -1 -£3.09 - - | -85 151 -5 2E 1 - -80,72_ ] -56.
53.0 - 51.§ - - - - «§ -91.49 ] =§9.51 [ -v.05 ] ~-67.99 1 = FRECYIR
§2.5 - 510 - - - - = | -69.&0 } -85 b2 - - 66,37 ] -84.91
§2.0 - 52,5 - - - - - - - - - - - -
ho - s 177-176Y  176-178Y  176-31747 174-179% 173=1720 172-1317  [74-170% {30-159F 1£9-168% JEE-[EI¥ 1E7-156Y |68163%
51,5 - 58,0 - D < > = = - = = - -
57,0 - 5T.§ T - - N 0 B - = n n -
5§.5 - 57,0 - - - 57, 41 - - - - - < <z <
56.0 - 56,5 D T N N N O B O = - - =
55.5 - 5E.8 N - - . < -1 -svai | - 50,32 = - -
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Report of Acoustic Survey of Aleutian Pollock Conducted
in 1988 Summer

. 1. Introductlon
Document for the Working Group on U.S. - Japan Joint

Survey of Aleutian Pollock (6 -~ 11 November 1989, Seattle) .

(Revised January 1990) A midwater trawl / acoustic survey on walleye pollock ( Theragra

chalcogramma ) in Aleutfan area was conducted In 1988 summer as one of the
National Research Inatitute of Fisheriea Englneering

Tokyo, Japan programs of Japan-U.S. cosurveys for the purpose of sclent{fic management of
pollock resources In that area. Japanese survey was planed and performed by

two Instltutions of Fisherles Apency of Japan, Far Seas Fisherles Research

CONTENTS lL.aboratory (FSFRL) and National Research Institute of Fisherles Englneering
(NRIFE), with cooperation of Northwest and Alaska Fisherles Center (now
1. Introductlon renamed Alaska Flsherles Sclence Center (AFSC), NOAA, USA).
2. Outline of the Survey . In this report we describe malnly on acoustic Items of the survey. A more
2.1 Survey ltems and Methods comprehensive report will be published near future.

2.2 Crulse Itinerary

2.3 Selentlfic Personnel - . 2. Outline of the Survey
3, Acoustle System and Callbration ‘
3.1 Acoustlc System 2.1 Survey Items and Methods 8
3.2 Acoustle System Calibration =
4.3 Nolse and Threshold The survey ltems are as follows:
3.4 Intership Calibration (1} Acoustle system check and callbratlon for ensuring and maintaining
4. Target Strength Measurements Co mccuracy of the system. ( This Ltem includes the operatlonal check of our
4.1 Method and Results system, sensltivity callbrations using a standard sphere, nolse measurements,
4.2 Conslderation and Intershlp callbration with U.S. vessel.)
5. Fish Distrlbutlon and Abundance Estimation (2) In situ target strength {TS) measurcments by the dual-beam methed for
5.1 Method obtalning a rellable scale factor for abundance estimatlon and for examlning
5.2 Distribution of Pollock characteristics of pollock TS.
5,3 Populatlon Size Estimation (3) Measurements of volume backscattering strength (SV) by the echo
5.4 Conslderation Integration method for knowlng abundance distribution of polllock in the
6. Conclusion survey area and cstimating the total blomass. )
References (4} Mldwater trawls for obtaining blologleal samples.
Appendlx A flsheries vessecl, Selju-maru #28 ( Hokuten trawler, 349tons ), was
Al. Basle Formulae for Echo Processing chartered for this survey. Survey operatlons were divided Into for legs,
A2. Appendlx Filgures commenced on August 10, and were completed on October 12, The survey tracks

In each leg are shown In the maps In Fig.1,
Acoustle system operatlons were conducted 24 hours a day. Vessel speed

was usunally elght knots., It was sometimes slowed down to 4 - 7 knots for TS




data collection or for decreasing noise. When we ohserved somewhat dense

fish slgns, we made mid-water trawl to get biologlcal samples. The average

trawling speed was hetween 3 and 4 knots.

2.2 Cruise Itlnerary

After inltial tests and calibration of the acoustlic system [n Mutu Bay of
Aomorl prefecture, nothern Japan, Selju-maru %28 departed Hachilnohe on July

31, 1988. The vessel's ltlnerary was as follows:

Pre-Survey
(JAPAN TIME)
July 10 - 13

July 14
July 16-17
July 18

July 21
July 24~ 25
July 31

(US TIME)
August 1 ~ 5

Leg 1
August &
August 7
August 8
August 9
August 10~ 11
Aupust 12
August 13
Aupgust 14~ 15
August 15~ 17

Acoustic system loaded on F/V Selju maru 328
in Hachlnohe.

Inltial tests of acoustic system.

Standard sphere callbration (#1) In Mutu Bay.
Mld water traw! and Scanmer Initlal tests.
Noise measurements.

Standard sphere calibratlon off Hachinohe.
Mini-survey for system check off Hachinohe,
Embark U.S. seclentlst.

Depart Hachinohe.

Transit to Aleutlan Dasin,

Check of acoustle system.

Transit to the east of Aleutlan Basin,

Adjustment of towed body.

Transit to the aren of lntership calibratlon.
Intership callbration with U.5. F/V Pelagos,
Standard sphere callbration (#2) In Makushin Day.
Intership calibration with Pelagos In Makushin Bay.
Research, transect 1, '

In port, Dutch larbor: Exchange sclentlsts,

Leg 2

August 18
~ Septemher 2

September 3
September 3§ ~ 6
September 6 ~ }2

Leg 3

September 12~ 14
September 14~ 26

September 28
September 29
~ QOctober 2

Leg 4

October 2 ~ 3
October 3 ~ 12

October 12
October 13~ 18
{JAPAR TIME)
October 19

lLeg 1

Kazuyuk! Teshina
Yoshiml Talcao
Kikuro Nemoto
Masahlro Tukuda

JIm Traynor

Research of the southeast Aleutian Basln.
Transect 3 ~ g,

Standard sphere callbration (#3) In Makushin Bay.
Translt to Kodlak.

In port, Kodlak; Exchange scientists.

Translt to start of transect 10,

Research of the central Aleutian Basin.

Transect 10~ 20,

Standard sphere callbration (#4) in Makushin Bay.

In port, Dutch Jlarbor; Exchange U.5. sclentlst.

Translt to start of tronsect 20,
Research of central Aleutian Basln.
Transect 20~ 24,

Nolse measurcments.

Translt to Hachinohe.

Arrlve at Hachinohe.

2.3 Sclentific Personnel

Chiel selentlst, FSFRL

Fishery englneer, NRIFE

Electronies englneer, Kaljo Denkl Co, Ltd.
Ass|stant, Slhoura Tnstltute of Technology (SIT)
Fishery sclentist, NWAFC .
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leg 2
Kazuyuk! Teshima
Yoshliml Takao

Chlef scientist, FSFRI,
Fishery engineer, NRIFE
Asslstant, SIT

Electronics technician, NWAFC

Masahiro Tukuda
John Garrison

Leg 3
Taku Yoshimura
Yoshiml Takao
Masahiro Tukuda
Douglas Smith

Chief sclentist, FSFRL
Flshery englneer, NRIFE
Asslstant, SIT

Flshery blologist

Leg 4
Taku Yoshinura
Yoshimi Takao
Masahliro Tukuda
Wililam Karp

Chief sclentlst, FSFRL
Fishery engineer, NRIFE
Asslstant, SIT

Fishery blologlist, NWAFC

3. Acoustlc System and Calibration
3.1 Acoustlc System

For thls survey program, NRIFE developed a now versatile echo sounding
system, abbreviated VESS. The system |5 a modified and expanded version of
the multipurpose echo sounding system® previously developed by NRIFE,
Since the outline of YESS was deserlbed In the previouse report®, here we
briefly describe the system and necessary Information for further
explanatlons,

* The ccho integration and the dual-beam target strength (TS} measurement
are the two Important methods appllcable by this system. The followings are
the prominent features of the system:

(1} The transmliting and recelving system was designed accordlng to the
deslgn procedure whose prineiple Is minimum error®;
{2) Recording and displaying absclute ccho levels make casy to understanding

and diserlminating objective schools;

{3} We introduce an averagling procedure in the dual-beam method to get more
accurate TS;
(4) Combining the measured In sltu TS data and the distribution densitles
obtalned by the echo countlng method, the system can dlsplay TS distribution
as a matrix form easy to understand:
(5) Two-step and multl-channel echo Integratlon method cnables both on-line
checklng and accurate pest-processing of volume backscattering strengths °
(8V)
(6) By appllng dual-beam echo Integration method, fish avoidance to surveying
vessel and effect of nolse can be monltored, and variablllties of SV from
smallness of sampling volume and errors by beam motion can be reduced.
Figure 2 shows the system block dlagram of VESS and Table ] lists the
speclfication. In Appendlx Al, the basic formulae for processing echoes are
decribed with definitlons of variables.
The towed body was suspended by a vessel boom through a snatch block
with a shock absorber. By thls arrangement the body was towed ubout Tm
apart from the vessel side. In most occasions the cable length was driven

15m below the sea surface (when the vessel was stoped) and towed depth was

about 10m below the surface at survey speed (about elght knots). Flgure 3 1s

one of the towlng chracteristlcs silowlng towed depth agalnst the vessel
spead.

Figure 4 Is an example of paper records. From the markers In the left
marglne we can read the absclute echo levels and some parameters necessary
for quantitative understandings. This example shows "40 log " TVG output
and the range {s 400m. Echo Integrator outputs are also printed at each
Integratlion perlod. )

Flgures 5 - 7 show typical color displays. The dispilay mode of Fig.5 is
TSS® and the declbel values of DTs {sae Bq.Ad In Appenndix 1) can be read
for single echoces l_)y comparing thelr color with the ;:olor pngtern. Flgures
G and 7 are the dlsplays of $VS mode and-directly show SV values il schools
are large compared with beam wldth.

The single echo processor consits of a dual beam processor (DAP), a
personal computer (PC, NEC, FC-9801X), and a printer. The DiP performes the
cxtraction of slngle echoes by pulse width comparing method, measurements of

the narrow and wlde channel echo levels, dlrectivity compensation, TS
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calculation, and eho counting under the comnands and parameters glven by PC.
In order to lessen errors by nolse Inherent to dual-beam system, average echo
levels are used, that s, speclfied number of samples prior to the echeo peak
are averaged. Since the echo counting is done only for the echoes within a
specified cutoff beam angle, there Is llttle bins caused by variabllicy In TS.
In Flg.8 an example of parameter settings of the dual-beam processor is shown.

The flnal results of DBP are transfered to PC and are displayed on CRT and
on the printer as shown In Fig.9, Rawer datg are memorized In floppy disks
for further processing. In Flg.9 the vertleal axls shows depth and the
horlzontal TS values. The numbers In the matrix are the distribution density
in the unit speclfled by "EXP". For exanmple, In the layer of 80-90m and TS
range of -53 to -5048 the distributlon density of fish Is é x 10™°m™3, The
marglnal distribution of TS Is shown as average distribution denslities in
"TOTAL" row and marglnal distribution of density in "Na® column. The row of
"rSa” is averaged TS by depth. In the column of "MULTI" indlces of multiple
echoes are shown Iln percent, and "BOTTOM" column counted number of hottom
echoes or maximum range speclfied by the sounder,

The upper part of Fig.10 Is diplay of TSS mode® and the lower part Is TSR
mode which shows truc TS processed by the dual-beam processor.

The echo fintegrator Is deslgned to perform the echo lutegratlon In
several groups of integration meshes ( perlod x layer width ) and In
independent two channels simultancously. This structure enables te apply
the two-step echo Integration and dual-beam echo Integratlon methods.

Figure 11 1s a typical example of echo integrator paramcters used in this

. survey. In the flgure, "INT.PERIOD" specifles a basic [ntegration period In
tlme (sceond) or salled distance (nautleal mile} seleeted by “INT.MODE." This
perfod i3 Tor the "small mesh” Integration and the resultant §Y are
memorlzaed on Mloppy dlsks., For Lhe "large mesh™ InLepgration multlples for
the above basic perlod are speelficd In "INT.PERIOD-1" for the bullt-in
printer, "-2" for the paper vecorder {Fig.4), and "-3" for the abundance map
and Lhe results are printed on the respectlve devices. Ten layers lor Inrge
mesh are sct by "INT.LAYER." FIfty layers for the smail mesh are set
automatically and the wldth fs the sounder range divided hy S0. The
threshold can he set by a SY value at 100m range ("THR.SY") and selecting

one of the range functlons of : 10 log v, & 20 log r, and tlat ("THR.MODE"}.

Figure 12 is examples of the threshold function of + 20 log r and threshold
SV of -75 ~ -95d0,

3.2 Acoustle System Calibration

The standard sphere callbratfon was conducted once durlng pre-survey
and three times during the survey (see 2.2) with the vessel anchored fore
and aft at water depths of 100~ 150 m.

We calibrated the transmitting and recelving factor (TR-factor, KTw) and
the equivalent pulse width { v ) by uslng a copper sphere { ¢ 60.0 [mm),
T5=-33.7 [dB]). (The deflnitlons of variables or parameters are shown In Al,)
We calibrated TVG ceoefficlents, GTw and GTw, at the same time. We computed
KTe by measuring echo voltages at the pre-amplifier output using a digital
osciltoscope at the Instant when narrow and wide beam levels were equal.

Table 2 1s the summary of the callbration results (see also Fig.Al). The
resulls of 1088-1089 winter survey und 1989 summer survey arce alsoe included
as a reference,

In order to male sure the accuracy of the measurced KTwr value and to checlt
the performance of NBP, we measured TS of the sphere by DOP using the
callbrated KTr. Flgure 13 shows thus measured TS against elapsed time from
the instant of the transducer launching. The results well agreed with the
sphere TS,

We made It a rule to adopt new KTx value obtained In cach callbration.
because the sea conditions in Makushin Bay were better than that In Mutsu Bay
and because the water temperatures were different In cach callbratlon.
Although we measured GTe and GTwm, sloce there arce no large change In the
results, we never changed Lhe parameter values. Also, Lhe ecqulvalent pulse
width changed 1lttle and we used the values measured In the fivst callbration.
{see Fig.A2), h

In the followlngs we describe more detalls of each calibration, referencing
the depth dependence of KTe shown En Flg. 14,

The flrst calibration was conducted in Mutsu Bay during the pre-survey,
We adJusted the sensitivity of narrow and wide beam to be the same value and
tdecided to use It In the 1st Leg.

The sacond callbratlon on Aurust 12 was conducted with U.S. chartered

vec



vessel, Pelagos, moored together. There werc rather large KTr changes
between narrow and wide channels and with depths under 36 m (Fig.14(a)). The
difference between channels might be come rom the fact that the suspended
sphere was not at the center of the beams. The value of KTy al 10m depth
apparently decreased by more than 1 <3 compared with the first callbration
results (sec Table 2}. We think this difference was caused by the temperature
characteristics of our transducer sensitivities. The water temperature was
15° C In Mutsu Bay and 11° C In Makushin Bay.

The third callbration on September 3 was conducted in good condition, We
changed the fin depth suci as 10 m, 4¢ m, 80 m, 40 m, and 10 m (Fig.14(b}). At
80 m the standard sphere was almost near the bottom, and the echo from the
sphere might be overlapped with rish echoes. The result at the last 10 m is
also unreliable because of fish interference.

The fourth callbration on September 238 was conducted also In good
condltion, The fin depth was changed In the sequence of 10 m, 30 m, 50 m, 70 m,
50 m, 30 m, and 10 m (Flg.14(c)). - At 70 m, because of [ish schooling near the
sphere, the accuracy of the catlbration was lower than the accuracy of the
other depths. The tendency was such that the deeper the fIn depth, the
hilgher the sensitlvity {(Fig.14{c) ). Thls was the general tendency as regards
to the present transducer (#1). tn thls tlme we adopted Lhe FEest values at

10 m.

3.3 Nolse and Threshold

We measured nolse level recelved by our system several time in order to
know the characterlsties of nolse and to speclify threshold parameters of the
ccho Integrator,

The measuring method Is as lollows. We stopped transmitting, recelved
«©only noise, and Integrated nolse signat by the ordinary echo integration
procedure but with small Integration widths. The Integrator outputs can be
converted to noisc speetrum level No (A re ;e Pasliz'2) by glving parameters
such as the equlvalent beam angle.

The englne speed dependence of nolse was measured In the pre-survey and
the end ol l.eg 4. Flpure I5 shows the nolse speclrum level as a function ol

englne spoed. Since the engine speed was ysually around 370rpm (8l1), the

nolse level was rather low as about 40dB.

Since the nolse level was low, Tish distributions were rather shallow
(FIgs.4-7), and our two-step echo Integration methed could select fish eclhoes
aglnst noise in post-processing, we used rather low threshold level; The
Tunetion was "+ 20 log r" or "flat"” and the threshold SV was -90 to -99dB {see
Figs.1! and 132).

lowever, during the mid-water trawl, the engine speed was about 500 rpm
and the nolse level was high (see Flg.15). So that the echo integratlon data
durlng the trawl had te be abandoned and those were Interpolated by the

nefghbouring data.

3.4 Intership Calibratlion

The U.S. F/V Pelagos and the Japanese F/V Selju-maru started kntersiip
calibration at 56° 11.4'N and 169° 01'W on August 10 (see Fig.1). The two
vessels salled side by side (about 0.3 nml apart). We could fInd fish schools
but we had to stop the calibration because of bad sea condition.

We restarted Incershlp calibration at N53* 35" and WIGT° 21" on August 11,
but we could not find fish school,

On August 12, Pelagos and Selju-maru were at anchor slde by slde in
Makushin Bay for the purpose of the sphere and Intership callbratlons, We
collected echo integration data of walleye pollock distributing below the
ships (Flg.10}.

The Japanese syster operated In 800 m range mode and the transmitting
period was about 2.2 sec. By synchronlzing the transmitting triggers, U.S.
and Japancse systems Cransmitted pulses alternately. In order to examine
Interference between two systems and nolse condltions of the calibration site,
the Japanese system collected the nolse integration data while the U.S.
system was transmitling. The nolse level was very low and nl!ﬁuost all the daca
were -99.9d1 which 1s the under-range indicator of the Japanese eclo
Integrator, This experiment ensurcd the effectivencss of the alternate
Lransmlsslon and low ambient nolse.

We operated cach systen in the condltlon ns same as possible: Towed body
depths were 15 w; The distance between bolh transducors were aboil 30m;

Prlse width was 0.6ms;  The Integration period was | min; No thresholding was
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used.

After the Intership callbration, we performed the standard sphere
callbratlon each other. This is our second callbration explained In 3.2.
Since the echo ntegratlon was done using KTr value callbrated !n Mutu Bay,
the Japanese echo Integration data were corrected by newly obtained result (
+ 1.6 dB ).

Flgure 16 compars U.S. and Japanese areal backscattering strengths (SA).
The echo integration layer was taken as 10 - 95 m from the transducer. The
average ratio of U.S. to Japanese Ils almost 4 {exactly 3.93). In the figure,
four times of Japanese data are also drawn as a reference. The trends of SA
with time sequence are similar between both data, but Japanese data are more
variable.

We compared SA of each 10 m layer (sce Fig.Ad). The average ratio of U.S.
to Japanese Is about 1.5 near the bottom {90 - ss;n layer), while the ratlos of
upper eight layers (10-80 m) are larger than 5. There might be a possibility
that we measured the same school not active near the bottom and different
actlve schools In mldwater.

In order to check other possibllitles of Inconslstency, we checked our
system by using electrically slmulated echo slgnals and by echo Integration
of sphere cche, but found no problem. In addltion, we checked our basie
formulae and processing method, but we also did not find problem. Further,
the Intershlp calibracion tn 1988/89 winter survey using the same acoustlc
systems showed a very good agreement between both systems.

These facts suggest us that there might be differences of observed schools
durlng the Intership callbration. It seems that we should checlc other factors,
such as shlp lights and engine nolse In the case of Intership calibratlon with

vessels anchored.
4. Target Strength Measurements
4.1 Method nnd Results
In order to get a scale factor for ccho integratlon outputs, to elucidate

the relationships between TS and body length of [ish, and to know the

distributlon of TS valuas In the survey arca, TS of pollock were measured by

the dual-heam processor all through the survey sImultaneously with SV
measurements.

Since most of fish slgns were observed upper 250m layer, the echo sounder
range of 400m was usually used. The pulse width was 0.6ms throughout this
survey.

The parameter settings of DBP are as follows (see also Flg.8):

Analyzing perfod: 100 plngs {about 6 min}
Cutoeff beam angle: 3°
Pulse wldth range for single echo extraction:
Ifalf echo level: 0.5¢4 -~ 0.76ms (for 0.6ms PW)
Basis echo level: 0.2 - 0.3 of peak level
< 0.96ms
Thresheld level: 100 - 150mV at 10 and 200m
Averaglng number: 3

The display of DBP as shown In Fig.9 were used for further analyses.

We refered to trawl samples to obtaln the relationshlp between TS and
body length. The trawlings were performed at 37 polnts, as shown by the dots
with station number In Flg,17. Table 3 shows the condltions at the tlme of
trawlings. ‘Tha vessecl speeds were in the range of 3.0 - 5,1kt,

As an example, the TS distrlbution and body length distributlon at Station
04 1Is shown in ¥lg.18. The summary results comparing the trawl results and
acoustle results at all trawl statlons are also shown In Table 3. The trawling
depth and depth range of TS measuremcnts were nearly the same. The sampling
volumes of trawling were computed roughly by multlplying the net openig area
{slmply the product of net width and helght observed by Scamer net
monltoring system), trawling speed, and trawllng time,

The average TS [s computed {rom the TS distribution (“TOTAL" ol Fig.0) as
welghted mean In which the representatlves are derlved from decibel range of
class after Foote and f'raynor (tef.4, Eq.{8)). The estimated body length from
TS are obtalned by the followlng relationship:

TS = TSom + 20 log Licml] (n
where TSam = -66.0d0, Thls value was derived by Foote and Traynor®. Our TS

measurements of pollock by controlled method nlso gave nearly the same
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value®™, The sampllng velume for each ping !s computed by

V=2/3 r(l-cos 8 o) (ra®-r™ (2
where ry and r= are depth range and 8 o Is cutoff beam angle. The total
sampling volume is the product of this sampling volume and plng numbers In an
analyzing perlod. The echo number Is obtained as the product of the total

sampling volume and the average denslty. The normalized TS, TSom. Is reduced

from Eq.{1) by substituting the average body length obtalned by trawl samples,

We see from Table 3 that the average body lengths by trawl samples are
concentrated In 47.8 - 50.6cm { o = 2,0 - 2.8cm). Whille the estimated body
lengths from average TS largely vary as 21.7 - 66.2ecm. Therefore, the
variavility of TSom !5 also large and In the range of -73.2 - -63.2dB. lNowever,
the mean of TSom for all 37 data is -66.3dB (95% confldence range is -67.2 -
-65.5dB) and this very well agrees with the above mentioned general value of
-66.0dB.

Figure 17 shows the average length by trawl samples and the estimated
length from TS as a distribution map. This map suggests that although the
estimated length Is varlable, there may be a somewhat systematle differcnce In
TS by sea area. That Is, we can see large TS In north-west and east parts In
the map.

Sim{lar anlyses of TS were performed for other data where trawl data was
absent. The results are shown In Fig.19. The radlus of the clrclé is
proportional to estimated hody length. The data base of this figure is about
three times larger than that for Flg.17. From this flgure we con see that
there are pollock population with smaller TS In the eastern part of the

International zone.
4.2 Conslderation

As the orlgln of difference between body lengths obtalned by trawl
sn:;lples angd estimated from TS data, we can imagine two reasons: (1) The trawl
samples mlght be blased by vulunerablllty and mesh size: (2) There might be
differcnces {n factors affecting to neoustle seattering property of [ish, such
as orlentation distributlon of flsh and sltuation of flsh component,

especlally swimbladder, In each surveyed area,

With respect to the rcason (1), we examined Lhe past trawling data and did -

not find serfous selectability by net (Sasakl and Yoshlmura, personal
communicatlon). Therefore, the above reason of {2} wil)l be more plausable.
This suggests that we must more deeply examine morphological and
behavioural propertles of fish. Conversely, there may be a posslbility to
guess generle difference by acoutic means.

As mentioned above, although the varlability of TS.,, in each area was

rather high, the total average of TSom Is very close to the generally

accepted value, This shows the correctness of our measurlng system and the

previous TS data obtalned by several different methods,™

Therefore, as the scale factor for conversion of echo Integrated data to
distributlon denslty, we can use the TS value computed by Eq.(l) Inserting
TSom = ~66.0dD and total average body length by trawl samples (49.0cm). {This
concluslon was agreed In the prevlous working group of Japan-U.5. cosurvey.)
Thus, we get the flanl TS value as the scale factor for conversion of SV to
distributlon density by

TS = - 66.0 + 20 log 49.0 = -32.2 dB

Since the body length discributlon by the trawl sample was uni-modal and the
varlance was very small {see Table 3 and Flg.18), we used the above value

throughout for abundance estimation.
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5. Fish Disribution and Abundance Estimation

5.1 Method

Relative and/or absolute distribution of pollock was observed by
quantitative displays of the sounder and echo Integrator outputs.

Typical echo Integrator parameters are shown in Fig.11. In the body of
the survey the echo Integration perlod was set in "TIME" of "0240"sec and SV
data were obtalned at four miputes Interval which was about 0.5nm at normal
survey speed. (A period of 1 minute was uscd in the nolse integration and |n
the Intership callbratlion.) Since we usually used 400m range, the lntegralion
layer widths of 25 - 100m were selected to cover the whole echo sounder range.
We sometimes drew on-line abundance maps on CRT or plotter. These rosults
were used for the rough observation of abundance distributlon.

Since we collected many output data flles In thls survey, we made a sluple
data base for management of the data flles. It Includes flle name, start and
end times, lecatlon, day or night, Fish exlstent depth, depth range for the
areal backscattering strength (SA), noise, and comment. '

Comparlng echograms with the small mesh SV data In each data file, we
selected the meshes which contain fish echoes to complite SA (two-step echo
Integratlon)., Slnce there were almoast no contamination by other Fish than
pollack and by nolse, the s¢lectlon procedure was rather slmple and dlrected
to exclude the meshes where no lish was observed. But when trawlings were
operated, the noise contrlbution hecame large and we had to onit the data,
e examlned the effect of excluding the data obtalned when the Lrawllng was
operated and found little errors. Thus obtalned SA values were averaged in
each 0,5% latitude by 1° longltude mesh (Flg. 20, Fig.Ad), becouse most

transect lines were designed to cut diagonally the abhove geopraphyenl moeshes,

Since both narrow and wlde (strictly composite) beam echoes are
Independently Integrated (dual-beam ccho Integration) in our echo Integrator,
we can compule the difference between narrow beam SA and composite beam SA

to cxamine the avoldance effect and nolse effect (Fig 21).

5.2 Distribution of Pollock

fn the rirst place, we qualltatively sce pollock distributions by legs

(Fig.1) through the paper records and color displays.

Leg 2; Survey work began at 55° N, 168° W » we observed many Tish signs
between August 18 and 22, We saw comparatively high density distributions
near Aleutlan [slands. Pollock concentrated between 150 and 200m In daytime
(Fig.5), while they rapidly dispersed In 100 to 200m layers at nlght. We could
not see good fish slgns on transects 7 and 9 after August 22, After we
surveyed on transects #8 and 6, we surveyed agaln the area where we
observed good fish signs In the first half of Leg 2.

Leg 3: Survey began at transect #10 on September 15. In the afternoon
of the day we observed good rish signs continuously between 200 and 260m.
After sunset, the rish distributlon was dispersed between 150 and 250 m and
the numbers of flsh slgns decreased. on Septemher 17, we observed many
single fish slgns between 100 and 200 m at the eastern part of the
Internatlonal Zone (IZ), 55° 30'N, 176° W. Flsh nuaber Increased after the
sunrise and fish concentrated between 150 and 200 m. On September 18, fish
slgns started to Increase at 56° 12'N, 176° 30'“’ in daytime. These signs
distributed between 160 and 190m. They spread 130 - 230m In the evenlng (sce
Fig.22) and (ﬂspersed at 55° 30'N, 178° W. After thls time, we did not observe
densc flsh schools Ip the middle of 1Z,

Leg 4: We started our survey from transect %20 on October 4. In the
middle of [Z, we observed polloclk layers between 180 and 200m. But thelr
denslties wore comparatlvely low and they epread In 100 - 200m depih at night,
We could sece more fish signs when salllng In the western part of 12, We
observed a dense pollock school at 170 - 200m depth at from 56° 10'N, 174°
to §56° 40°N, 174° 20'E.

We Tinisked the survey on the designed transecct llnes on October 10, Then

. we started a exploratory survey at the cnd of Leg 4 {sce Flgs.1 and 4), Selju-

mary wenl to the western edge of 12, beeause many commerclal [Ishing vessely
ware flshing there and getting good cacch at that time. On October 10 19:30 (
carly morning ) at 56° 53'N and 174° W, we met a dense and contlnuous f'ish
layer at 170 - 200 m depth (sece Fig.8). Its thickness was about 15m... Fifteen
fishing vessels were flshlng near Selju-mari. The number of schoolsg
decreased on October 11 at 4:30 (evening). We again observed dense fish layer
hetween 180 and 200 m on October 12 at 1:06 (see Flg.7). The flsh kepl dense
layer Lill 13:30 (night) at 56° 50°N, 173° o0g'w, Its thickness was about 20 m,

and iLs maximum SV was - 28.1d0 and mean SV about - 35 dB. We stopped Lhe
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research on Octoberl2 14:01. .

Looking over all legs, pollock mostly distributed around 200m depth, but
they occasionally dlstributed as deep as 400m depth.

Next, we Inspect pollock distribution quantitatively, referencing to the
echo integration results.

Figure 20 shows the distribution of the average 5SA values in geographical
meshes of 30° latltude by 1 londltude and the results are divlded into
3dB-step classes from -66dB to -54dB (see also Fig.A4). In the figure blank
meshes means no data. The largest SA (-57 < SA < -54d0) are seen at near the
Aleuclan Islands (August data) and at the west end of the 1Z {October data).
The next class {-60 < SA < ~57dN) distributes also along the Eslands {August
data) and at the western part of 1Z (Dctober data), and further at the east
end of IZ (September data). At from the center of IZ to the southern part of
the south of IZ where the survey was conducted from September to October,

there were few distributions.
5.3 Populatlon Slze Estimation

Although there remains the problem of disagreement in the intership
calibration results as shown [n 3.4 and our survey tool as long term as three
months In whlch pollock mlght moved extenslvely and the distribution might
changed, we try to estimate pollock population slze by the present acoustie
results.

In the first place, we calealate population from SA values obtained only
on the parallel transcets In IZ; Several exploratory transects data at the
end of Lo 4 were excluded.

The total average of SA in IZ was calculated from SA of cach geographycal
mesh which was welghted by {ts arca as follows:

SA =10 % log M = = (0.8 di
p
v:here Sa1 s arlthmetle value of average SA Cor cach mesh, A s area ol each

mesh in 12, and £ A, {s avea of 1Z (205,311 km®), Uslng thus obtalned average .

SA and TS value of -32,24D (see 4.2), we get the average arcal density of

pollock, n{m~2}, and the population of pollack In 1Z, N, as followlng:
n=10" [ (SA-TS) / 10 1=0.0014 m™2,

N =nx ¥ A =284x%x10°,

Using the regresslon curve between the fork length (L) and body weight (W)

obtalned by trawl samples In this survey, the average body welght Is
W=06.9x10"2L%=06.9x 10~ x 49.0° = §11.8 E.

From the above, biomass In 1Z s estimated as
Wx N =811.8x 2.84 x 109=2.3 x 10° ton .

In Table 4 the results of abundance estimates are summarlzed.

In order to assure the order of the above acoustic estimate, we trled to
estlmate roughly the populatlon slze of pollock In IZ by using the mld-water
trawl data. The followlng formula was used to get areal density:

{areal densl(ty) = (number of flsh caught by trawl)
/ [{width of net mouth) x {(trawled distance)}]
The fish denslties were calculated for each trawl. They were averaged and
multiplied by area of 1Z. Estimated biomass was 3,1 x 10° tens. This value is
sllghtly (8 x 10° tons) larger than the acoustle estimate, but the order is the
sane. ,

In the western edpe of 17, we surveyed on the exploratory transects. In
the above estimation these data were not included and only the data ohtalned
‘on the regular transects were used, Slnce most of the pollock fisheries aim
at winter schools one ot; which we happened to met on the exploratory
transects, we try to estlmate the abundance In these flve meshes snrveyed
exploratory. This resulis 6.1 x 107 tons. And If we exchange the abundanee
In these flve meshes with those obtalned by the regular transects, the
estimated biomass In the 1Z becomes 2.5 x 10° tons.

In the same manner we estimated :‘.he blomass of the surveyed area axcept
IZ and the result was 3.7 x 10° tons. Thus we et the blomass estimate of the

whole surveyed arca of 6.2 x 10° tons.
5.4 Consideratlon

SInce the present survey was carrfed out through three months (from
August to October), we must take the seasonal movement of pollock popu l‘ution
with season Into account In order to reascnably evaluate the distributlon.
Sasakl®™ reported that a large pollock stack are used to appear In the
western end of 1Z In October and move castward by month and the above
distribut{on can be thought to roughly fit to chis tendency.

The estimated value from treawl data should be larger than acoustic value
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because we trawled at where fish sigh appeared. Inversely, the trawl result
may be under-estimate, because only the laver of net helght were swept.
Anyhow, the order of the abundance estlmate by trawl data agreed wlth that
by acoustic data.

Since our echo integrator can integrate both narrow and composlte beam
echoes Independently. we can extract several Information by comparing
narrow and composite beam outputs: The composite beam has a wider
directivity than narrow beam (see Table 1}, so that It is affected more by
noise than the narrow beam; If there Is an avoldance of fish to a surveying
vessel, the composite beam gives larger values because of larger obsrvation
volume. The differences between narrow and composite beam SA are shown in
Flg.21. The composite beam SA are slightly larger than narrow beam SA at
many geographycal meshes. Thls fact demonstrates that there might be stight
contrlbution of nolse or avoidance effect, but the general smallness of Lhe
difference assures that our system operated properly and nolsc and avoldance

effects were not serlous.
6. Conclusion

Japan / U.S5. cooperative hydoroacoustic / midwater trawl survey of
Aleutlan pollock was carrled out successfully from July to October In JUSS.

The results of the Japanese acoustic survey are as follows:

(1) Newly developed ccho sounder system fulfilled Its function. We could
collect the echo integration data to ¢stimace the distributlon and blomuss of
the Aleutian pollock. We could also collect the target strength data as the
scallng facter to estlmate blomass,

{2} The callbrations of the system showed lttle changes In crltical
parameters such as the transmitting and reeelving factor. The receclved
nolse In the survey crulse was low.

(3 The Intership callbration between U.S. and Japanesce acoustlc systems
conditcted In Makushln Day showed a large difference between two systems,
and the average rotlo of U.S. / Japahese SA Is about four. We have cheeked
our system hardwares, processing methods, and theories each other, but we
have not found any problems. There might be a possibllity that the
objectlve Fish of the two systems were different.

(4) As the results of the target strength measurements, we got the body

length - normalized TS, TSom = - 66.3 dB. This value agrced well with the
result of the study by Foote and Traynor® and ours®.

(5} The vertical distributlon of pollock were seen to be Trom 150m to 250m
depth. Dense schools were distributed along the Aletlan Islands In August
and at the western most part of 1Z In Oetober.

{G) A tentative estimate of the poliock biomass in 1Z Is 2.5 X 10° tons, It

Is estimated as 6.2 x 10® tons for the all surveyed area.
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Appendix
Al, Basle Forimulac for licho Processing

In this appendlx, we show the basle formulae which we usc In our system.
The ¢ccho pressure Pr of slagle CIsh {s shown by
Pe2 =P D* r2expl-dar) Ts, (A1)
where Pp Is source pressure level, {r, 8, ¢ ) are spherical coordinates of fiIsh

posltion, D Is pressure directivily funetion, « {Neper/m) Is absorptlon
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attenuation coefflelent, Ts Is arlthmetice value of TS. This slgnal is amplified
by the ﬁre—amplifler to glve

Eg 2 Py M Gp . . (A2}
where M Is the recelving sensitivity and Gg Is the pre-amplifier galn. In
order to compensate for range, we usc & "40 log r" time-varied-galn (TVC)

amplifier whose galn Is

Gr(r) = Grr r%exp(2ar), (A3)
where Gye Is TVG coefficlent. The TVG output Evyr Is then
ErrZ s K2 D4 Ta, (Ad)
Ke = Ktr Gvr . {A35)
Krr = Pa M Gu . (AG)

We call Krr "transmitting and recciving factor" or “TR-fuctor”, and this
factor 1s totally callbrated by a standard sphere. In the lndividual fish
estlmation procedures, we deal with this slgnal.

The echo pressure returned from a layer or large school of {Ish, Pum, Is
shown by

Pa®=Po"Cr /2 ¥ r™®exp(-4av) nm<Ts>, (AT)

where ¢ ls the sound speed, ¢ Is equivalent pulse width, ¥ is the equivalent
beam angle, nw Is the averoage distribution density, and <Ts> is average TS.
We coan compute v {rom Lhe observed wave form wit) obtained in the process

of sphere callbration by
Tm
T = {) wH(L) dt, (AB)

whera w(t} has values at t =0 - t , and-ls unlty at the polnt where Kep Is
ohserved. W Is computed from the observed divectivity pattern by

¥ =0 D*aq , (AD)
Q
2x 1 /2
= IO I() Mo,.g)sinododg (ALD)

where @ iIs solld angle. This multiple echo Is pre-amplifted and compensated

for range by 20 log " TVG, whose roln Is

Gty = G rexp(2e r) , (A11)

where Gom ls TVG coefflelent, The TVG oulput is
Emm® = Km® Sv . {Al12}
KM2=(KTHGTM)2 V¥ oer /2, (A13)

Sv = e <Ta> (Al4)

where Sv 1s the volume backscattering strength (SV) In layer or school.

In the echo integration method, we average all the echees, slngle or
multiple echoes, In the predefined layer (r~ r+r.) and plng sequence (m), and
cbtain the followlng averagpe SV

1 1 rm™re 1 m
Syre —— — [ [ — ¥ E®)dr=<n> Ty, (A15)
K™ Tw 1 m 1=1

where <n> Is average distributlon density. E+ ean be multiple echo {Eq.A12)
or single echo through "20 log r" TVG:
Evuur® = { Kvg G )2 D T / ¢, {A16)
In this paper the declbel value of any arithmetic value Is shown by muking
the rirsc two letters of the arlthmetle varlable capital, for example,
KT = 20 log Ktr , (AL7)
TS =10 1og Tso -
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Table 1 Specifications of VESS.

Transducer (BloSonlcs)
Frequency: 38kllz
Element: PZT, 79 elements
Size: 450mm
RBeam width: Narrow 6.4° , Wide 15,6°
Equlvalent beam angle: Narrow 0.0072sr, Composite 0.012sr
Transmltting sensitivity: 175.3d0 re g Pa/V at 1m
Recelving sensitlvity: -159.7dB re V/u Pa
Towlng system (Endeco/BioSonliés)
Towed body: V-fln, 1.3m ,
Towlng cable: 26.Tmm¢, 200m, Nalred falring (30m)
Winch: 1500kg max, L0m/min
Transmltter
Power: 2,8kW
Source level: 228.3d0 re x Pa at lm
Nomlnal pulse width: 0.6, 1.2, 2.4ms
Equlvalent pulse width: sece Flg.A2
Range: 50, 100, 200, 400, 800m
Pulse repetition perlod: 213.3, 346.6, §13.3, 1146.6, 2213.3ms
for above range
Recelver
Channels: Narrow, Wlde (Composlte)
Sensitivity: 0. 10, 20, 10, 40dB (relatlve)
Band wldch: 3kllz
TVG: 20 log v+ 2ar, 40 log r + 2o 1, Independent
a = 10.0 dB/km (ROM)
Analeogue data recorder
conponent: PCM data recorder (NF Elee.Instr. RP-880)
Vldeo deck (Sony SL-HF500)
s Slgnals: 4 TVG outputs, Sounder parameters, Navigaltlion data
Paper recorder
Paper: Dry, 300mm wide

Record absolute echo levels by stepwise darkness and markers

Calor display
Display modes®: TSS, TSR, TSD, TSH, SVS, SVR, SVB
Colors: 12 selectable from 4024 colors
Continuous color hard copy (Mitsubishi G500A-10)

Single echo processor
Component: Nual-beam processor (DBP),
Personnl computor (NEC FC-9801X)
G4 Mbytes Tloppy drive (Tokin Co. MDP-6400)
Color printer (NEC NM-9700)
Single echo extraction: Pulse width comparlzon
See text for more detalls
Echo Integrator
Component: Echo {ntegrator (JRGC NIZ-544)
Personal computer (NEC FC-9801X)
Plotter {EPSON 1t[-80)
Channels: Narrow and wlde (composite)
Outputs: built-In printer, paper recerder,
abundance map (CRT, plotcer)
floppy dlsk {1 Mbytes)
See text for more detalls '
Calibrator .
Sphere: Copper 60.0mm¢, TS = - 33,7dDB
Tungsten carbide, 38.1mmg, TS= -42.340
Oscilloscope: Dipltal (NATIONAL VP57200)
Mlscellaneous
Interface hetween navigallon alds and VESS (JRC)
Power supnly
Container (Tokal Fruehauf): 2.8m x 2.3m x 2.4m
4 racks, tables etc,

( KaiJye Denkl Co. arranged the total system and manufactured all the

components except those with which maker's nome ave listed. )
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Table 2 Summary results of standard sphere callbration. 1988-8¢ winter and
1989 summer results are also listed as reference.

STMT ENO I [Tl FACTAR (9B) 1vG GGEF. (20L.0GJIVG COEF. (4GL.OG] ERIVALENT PULSE GIUTH (mserey i
04TE DATE POSITION | 78 ¢ KTRY TR GidN | GISW | 6Ty TER _jT5 (w0.G)irs (Ni.elrs (Ni40Ts (Wit 6){rs (WI.ZH7 s (WZ.13
T/21/83 { 1721780 ] BUis0G | 1@ 83| %0.490300.20 F.107 3.691 -10.40 ] -13.40 0.571 117 2,08 .55 111 R
§/12/88 ) 8/12/88 | HAXUSHIN | TR 21| 9&.10| D4.31C * ® -17.038 ) ~19.49 * . N . . &
9/3/88 1 07178B | MARYSKIN | TR 21| 9a.90| s9.10 5.0 .58 -19.48(-19.42 L) D * . i *
9/28/88 | 9/28/84 | NAKUSITN | TR #1| 98.50 ] 98.50 5.701 3.97] 1988|101 0.55 * * 1,55 | - LI
/88 1/14/88 [ TATEYAHA | TR 91 | 98.507T 94.30 5.4 141 -13.32) -19.7% 0. 54 .12 .27 15 1.13 .88
12/14/88 [12/15/80 | YAXUSHIN [ TR #1 | 85.00| f58.00 5.8 | 3.51] -19.37|-19.55 0.59 * * .54 £ .
115780 3 1719789 | sakusuiy | 72 ¢1 | 97.40| 97.40 .47 3.82| -19.23( -19.41 0.55 * * 0.57 + «
27217489 | a/1/a% | sakpsniatse 221 91.70 ] 91,70 5.591 3621 -19.651-19.57 0.5% * . pvdl s [
/14789 | T/14/80 | SUTSU | id s ] S2.00| G&.00 S8BT J.6L] -19.771~20.30 0.55 .18 2.1 w57 (RE FRER]
/28789 [ 7/21/89 | AAXUSIIN | TR 82 | 92.G0| %2.80 5.10( 1,30 -13,92 -18.82 0.5] . . 055 . -
8/11/8%3 | 8/12/80 | HAXUSNIN | TR 82| 90,70 | 153.00 5371 1.0 -19.80 -19.49 0.55 . . n.45% * »
8/25/89 | B/26/89 | HAKUSNIN | TR 32| 99.50| 98.%0 * " -18.671 ~19.5 0.57 116 2.29 0.54 * 2.3z
979709 | 9/10/8% | MAKUSHIN [ TR 32| 93.30| 26.00 5.30 1 3.19% -18.92(-19,37 0.58 1.16 2.42 0.537 115 2.4
9/27/59 1 9/29/89 | MaXusuIN ) 7% #27 99.401 93.00 5.341 1.621 -18.72] ~10.66 0.57 1.1 2.12 054 1.16 2.40

Table 3 Comparison of trawl sampting datza and in situ TS data.

(%
—

Tize /D Condition
Japan Alas¥a GHMT Speed | 4T, § S:ats)
03/20 04:53 | 08/19 11:33 | 08719 19:53
03/21 03:12 1 08/20 10:12 | 08/20 1§:12
08/21 16:29 [08/20 23:29 { 08/21 01:29
08/27 04:3t [ 08/2) L1:31]08/21 19:3¢
08/12 03:3% [ 08/21 15:39 [ 08721 23:39
08/24 09:02 | 08/23 18:02 | 04/24 00:92
¢8/25 08:40 j08/24 15:40 ) 08/24 23:40
08/25 17:15 | 08/2% 00:15 }08/25 08:15
08/25 03:08 | 08/25 15:08 | 08/25 23:03
10 {08/26 23:55 | 08/25 05:55 | 08/26 14:55
11 | 08/21 69:07 [ 08/25 15:07 | 08/27 00:07
12 | 08/28 00:44 [ 08/27 07:44 L 08/27 15:44
13| 08/29 09:16 | 08/23 16:16 108/29 00:16
14 108/29 19:34 | 08/29 62;34 (03/29 10:34
15 [ 08/30 08:43 | 08/29 15:43 [ 08/29 23:43
16 {69/01 14:54 {08/31 21:54 ] 05/01 05:54
17 | 09/02 07:52 [ 09/0% 14:12 {09701 22:12
18 | 09/03 00:05 | 09/02 87:05 | 09/02 15:05
19 109/16 07:13 [ 09/15 :4:13 [ 09715 22:13
20 | 09/17 13:10 } 09/16 20:10 | 09/17 04:10
21 [ 09/18 07:15 {09/17 14:15 F09/17 22:1%
22 [ 09719 06:27 | 09/18 13:27 {09/18 21:21
23 [ 09/21 06:20 | 09720 t3:20 | 09/20 21:20
24 109721 16:12 | 09720 23:12 [ 09/21 97:12
25 [09/22 05:24 {08/21 12:24 {09/21 20:24
26 | 09/23 09:01 | 09/22 16:01 ] 09/23 00:01
27| 09/24 05:24 | 09723 12:24 [ 09/23 20:24
28 | 09/25 07:01 | 09/24 14:01 [09/24 22:0}
29 109/26 03:04 | 09/25 10:04 [ 08/25 12:04
30 | 10/04 11:08 {10/03 18:08 | 10/04 02:08

40 06 =3 g en B LD B -

o m

m

o
aaoomoOoOoOaemmOoOmOoOOaOOCGoOORmaOOaOnmo

—fm 3w 3 D L3 43 B3 O G L) O ) G G CN LR e de G B RS S 3 R O @ G e €] 63 L] de G

P D oo U Do DD 0D 0D 0 0o ooOoR oo =o o
0 03 £3 &7 €3 €0 A L3 €3 £2 £ 63 83 €0 £ fn £3 fu L S B 3 e LD 00 €3 Su £3 L3 (3 B e 03 B o e
fon o 90 00 2a 0O R B0 LD LD LD D LD L0 O G D — 3 3 Fu 00 1 r— O3 =} Gh 43 L O gn GO D OO e e— OB

31| 10/05 08:3% [ 10/04 15:39 | 10/04 23:39 BC
32 | 10/06 08:57 | 10/05 15:57 | 10/05 23:57 BC
33 510/07 05:52 [ 10/06 12:52 | 10/06 20:52 BC
34 1 10/07 £1:38 {10406 18:38 { 10/07 62:38 BC
35 (10708 07:24 | 10/07 {4:24 | [0/07 22:24 BC
-36 | 10/69 07:09 [ 19/08 14:09 | 10/08 22:09 ¢ "
37 010/e2 je:07 110700 18-07 1 10/12 07:07 c

3T:Station number, H/D:Nighi/Day, Specd:Ship speed in kno.ts.
¥T, :Weather(C:Cloudy, F:Fog, R:Rain. BC:Blue sky & Cloudy .
D:Dense fog, 0:0Overcast). S.State:Sca State



. 304

Table 3 Comparison of trawl sampling data and in situ TS data (continuved).

ST Iravline Tarzet strepath TScn
Den_Irnt WFol. [mo1l Sum. Wve. Fllcello (cnll Dep. (] _Rve 75 [dRl o (gBt [Est. FL [cml] Vol (n®] |Bcho # ¢ [dB]
1170 =~ 200 (10837904 | 142 8.8 2.0 - - - .- - - -
2 E20 ~ 170 52087711 210 43,2 2.4 - - - - - - T -
3| 160 ~ 160 f1130894t 16l 0.6 2.4 128 ~ 220 -33.1] -32.3 4.2 | 2580303 384 | -67.2
4 180 ~ 180 (5193748 233 49.5 [ 2.4 [120 ~ 220 -31.9 | -33.1 50.% | 2550301 2740 | -65. 8
5| 180 ~ 1BD | §5745201] 267 49.5 1 2.3 140 ~ 240 -31.3 | =321 54,1 3180237 2187 | -85.2
6| L60 ~ 210 | 6347174 ] 226 49.2| 2.z {1c¢ ~ 20G -32.0 | =32.2 50.3 | 2009206 g64 | -65.8
T| 140 ~ 160 149800784 ¢ 178 49.21 2.41{100 ~ 100 =331 =337 {4.0 | 20048206 ]5‘07 -67.0
81 140 ~ 180 | 7331920 a7 49,3 ] 2.5]100 ~ 204 =330 | -32.3 44,5 | 2009206 1349 | =-66.9
91 180 ~ 180 | 9932280 ¢ 1283 48.6 | 2.1 (100 ~ 200 -32.8 | -8 45.9 | 2009206 1427 | =66.3
[0 180 ~ 180 f21843068 3 117 48,4 | 2.7 (140 ~ 24D =341 -3L8 8.4 1 313087 8014 | -€3.0
11 180 —~ 180 | 4900392 199 49.1 2.3 | 140 ~ 240 -30.3 -32.1 $9.6 ] 3180287 1580 | -64.3
12 | 160 ~ 130 flO175814 | 122 9.2 Z.2 - - - - - - -
13| 180 ~ 20049521872 90 19.9] 2.6 120 ~ 220 =32.4 | -31.5 47,71 1560303 1306 | =66.4
141 120 ~ 160 {19934207 - - - 1120 ~ 228 -33.1 | -39 24.2 | 1560303 1101 -
15| 180 ~ 200 {t0013208 | 275 48,8 | 2.1 |[140 ~ 140 -33.9| -3..8 46.1 | 3130287 1431 | =871.7
16| 200 ~ 220 (12445440} 279 49,6 | 2.7 - - - - - - -
17| 140 ~ 170 13689984 | 294 50.4 ) 2.8 - - - - - - -
18 | 150 ~ 150 19543230 | 263 50.0f 2.5 |L00 ~ 100 -30,8 ) -32.3 57.6 | 2009206 1889 | -64.8
13| 160 =~ 180 12334320 | 292 £8.9 | 2.5 120 ~ 220 =35.0 | -35.0 35.4 | 2560303 1024 | -68.8
20 | 140 ~ 150 13526862 | 328 £9.5 ] .2 )t20 ~ 220 -30.6 | -37.9 59,1 | 2560303 256 | -64.5
21| 160 ~ zoo 17209710 421 6.4 2211000 ~ 200 -15. 81 -34.4 33.6 | 2009208 1045 | -649.2
22| 180 ~ 200 f 6400512 { 518 £33 2.0 (100 ~ 200 =313.8] -333% §0.3 | 2009206 2532 | -67.6
23 180 = 200 111200898 245 49.5 2.4 1420 ~ 220 -38.3 | -d4I.Q 21,7 | 2860393 433 -13.2
241 160 ~ 130 {L[375910 35 9.6 2.7 (120 ~ 220 -38.7 | -3%.§ 23. 1| 2540303 256 | -72.6
251 130 ~ 180 %0063583 | 238 43.9] 2.4]100 ~ 200 -35.7 ] =-35.9 32.7| 2009206 1125 ] -69.5
257 190 ~ 210 0920873 | 245 49.3] 2.3 |10 ~ 220 =-34.3 | -3 % 38.5 | 2580303 1843 ¢ -58.1
T 160 —~ 170 15594803 | 497 300 2.2 - - - - - - -
B 170 ~ 190 15598303 | 360 49,9 2.4 60 ~ 1860 - - - 1113674 - -
29| 150 ~ 160 N1295459 [ 464 48.0( 2.1 &0 ~ 180 - - = 1528997 - -
30 | t8p ~ 190 5542110 ) 378 43,2 2. 1]120 ~ 220 -29. 6] -29.% 66.2 ; 2560303 973 | -63.2
31| 200 ~ 220 {L0889760 | 503 43,3 2.4 150 ~ 130 -3L%1 -31.1 50.4; 3516112 527 | -85.6
32} 130 ~ 210 | §542110 | 599 7.8 2.2(130 ~ 230 -30.74 =32.1 38.5 1 2851684 83T | -64.2
33| 180 - 200 §{ 4958730 [ 59§ 48,5 2.2 (100 ~ 200 -32.5 | =331 47.1 | 2009206 482 | -88.3
14| 180 ~ 200 (3500280 | 574 48.4 | 2.4} 100 ~ 200 =29.7 | -32.9 65.6 | 2009206 | - 804 | -63.4
351 160 ~ 170 17365278 | 250 3.4} 2.8 - - - - - - -
36 ] l3o0 ~ 190 10434136 554 43.01 2.5 |loD ~ 200 -1l -39 49.8 | 2009206 502 | -65.17
17 180 ~ 180 | 2508534 513 43 0 2.7 = = = = - =1 o
Ave |_=R4. 3
Table 4 Estimated pollock biomass
Item IZ1 Wiz A IZz2 N TIL

Area [km®] 205,311 17,010 260,076 205,311 205,31 448,377
Ave.SA [dB] -60.8 -53.7 -39.B - - -

Population 284 75 437 313 - 770
[10° fish]

Blomass 230.5 Gl.1 370.6 254, 2 310 624.8
[103tans]

1Z1: International Zone (IZ), regular transects
WIZ: West end of 12

ATA: Aleutlan Island area (Toal surveyed area - 1Z)
1Z2: 1Z, exprolatory transects for west end

1ZN: 1Z, trawl sample

TTL: Total (IZ2 + AlA)
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FIY DEPTH {m)

Cable length 15 m

Trim tab : Right 10 cm, 38’
toft 10 cm, 3%

. -
- - see - - .'. -
.. -
: - S .
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s 1 ' ' : 1 N 1 L 1 s 1 1
] 6 T ) 9 1 11

SHIP SPEED (knot)

. Fig. 3 Relation between measured fin depth and ship speed.
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—PARAMETERS:

I [ PRP PARAMETER ]

L

I 1) PULSE WIDTH (0~ 9980 STEPS 20y SEC.} 2) AMP. TIRESHOLD LEVEL

t - b { 0~ 9990 STEPS 1lOnV )

1 . r0.6 r 1.2 ¢ 2.4 - -

1 MIN. AT :/2 LEVEL 540 400 400 t 10m 200m }
I MAX. AT 1/2 LEVEL 780 1600 3200 NARROW BEAM 500 500

t N. MAX. AT B, LEVEL 960 2000 4000 WIDE BEAM 500 500 |
1 W. MAX. AT B, LEVEL 960 2000 4000 |

I

| 3) BASE LEVEL (0,4~ 0.1} 0.2 4) START DEPTH (0-- 99) 10 m
]

I 5) AVERAGE NUMBER (1~ 10) 3

I

1

]

|

|

I .

FILE P PER1 ¥ PRF P OLP P Dn TUL [w THL B MAX. FILE MENU PPRE R
—PARAMETERS v
! N 1
] | OLP PARAMETER ] 1
I 1
! 1) TOw DEPTU o ™ :
|
] 2) KN 8.7 dB :
t R
! 3] KW J8.9 40 }
1
] 4] & CUT OFF 3.0 * :
!

] 3
] I
{ t
) ]
] I
| |
I |
I I
| |
FILE P PERI P PRP P OLP P Da TOL Ow

TOL D MAX. FILE MENU  PRP R

Flg.8 Parameters of dual-beam processor.

0 : ' N

Y et =

80¢



O b i )
DUAL BEAM PROCESSOR
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SHIP IWFORMATION
LAT, N 56° 22.44°
LON, E 1687 &0, 59

—PMEASURING T1HE
1986-08-09 05234

SPEED 7.8 knt
COURSE kiklk
WATER TR +103

F1g.9 An example of online DBP output.
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Fig. 10 Color ¢isplay obtalned In Makushin Bay. Upper:TSS node, LowersTSD

mode (owtpul of DHE).
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Flg.11 Typleal parameters of echo Integrator.

I7ig. 13
dual-beam progessor,

Target strengih ol cupper sphere (TS
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JAPAN//US Intercalibration
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Fig.16 Time sequence of S4 values In Intership callbratlon at Makushin Bay.
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Specific Conposition and Biomass of the Bering Sea
Mesopelagic Fishes

Balanov, A.A.

Institute of Marine Bileology
U.S.S.R. Acadamy of Sciences
Far Eastern Branch, Vladivostok

and Y.N. Ilyinsky
TINRO, Vladivostok, U.S.S5.R.

Lata obtained lately as a result of ecesystem surveys in
the 'ar<iastern sens change considercbly our notion of meso-
pelagial as a part of pelaginl poor in fish (Shunmtov,1865).
It haas been reveeled thot fish blonsss in mesopelagial rather
'exceada the total blomass of eripelagric fish., The question
arises about the actual role of mesopelpgic fish i the sea
ecosystern, “his paper is only tne first step in solving the
problen.@ho aiy pf this work 1s to detormine the biomass of
mesapelagic fish and specific composition of ichthyocemosis
of mesopelaor;inl of the western Sering cea.

Material and methods

late on trawl spurvey in meso~ ond bsthypelngial conducted
in the western nering ream from 05.23 to 07,01.09 wera used

in this work. Scheme of ntations ia piven in Fig.1. Two obliguo

trawlings by midwater trawl were conducted in each point, in
S00-200m loyer and -i000-500 m layer where depths eanbled to
cerry olt second trawling. aporture of o trawl is 5500 sqQ.m.
Gpeed of travling is 3,54 knots,over the entiro lengch of a
codend there was 12rm small-moshod ingertion.

siomoen was entinated with the help of the volume method
using the following forrmules: 8 « (C * ¥)/{v,K),vhere B ~ ig
vismess, ¢ -mean cateh, Y-volume of a surveyed volume, v-voluma
of trowled uater, K~Tishing efficiency, Wherens the density of
a trawl nct wos culte different in Jdifferent asa areas,the bio-

oL

nass of srecles was corarately cslculeted by statistical arcas
(¥ig.1). Total values are used in the peper for the sea as a
whole.

Pishing efficiency wuns taken to be G471 for 211 fish,where
finhing efiiciency 1s unknown frow literature.when choosing
sifieiency we procceded from the feollowing consiceration. Do-
rinmit gpecice (Leuroglosgeus sehnmidti,Ltenobrachius Loucopse—
rug) nre the wort eirdilar to [seific capelin ng for Vady length
and nerphology. Yishing efficiency for this fish wes determin- .
o€ Ye e 0,1 on an nverare for mideveter trewls (nouneniio,1986).
‘heyefore,for mesonelagic fish of rether emnller size from the
Horth .tlantic,fishiug effielvney vas determined to be 0,087
(s opkov,t8Ee,, iuking into courideration thut pmong other speocies
there ere sreller ok well se larger fish, it can be acsumed
tiset tetal bLiomass of mesopelegic fish being celeulated at
fishing efficiency - 2,4, is clese¢ to their nctuel totzl bio-
nast. kor larper coumercial crecimen, fishing efficiency wus
toxen uruelly ured fer estimetion of their stocks: grensdicr
(fecruridae; = 4, Lsemoneann - 0,2, swooth lunmpsuckwe— O,5.

1% is clear thet opecific structure st such ailowsnce is rath-
er aisrcprescuted, ltorever, the differences in body length of
the veft musopelapic fish wre inrignificent and woake it pos-
#iple To depend on fluctusrions ol rigning efficiancy fer them
no wore then two times.

when deowing un guscifie listas cata of the previous research
cruices wné litesrvture dabn vere used concurrent with the ca-
ta of this raceerch eruice.{lizss 1954, Hoag,Rachikine,1957, Te-
dorov, W7%50,197Z0; Lukhacheve, 1974, bolin,1939; liass,1956;
vilinownicl 1956, Here  19Y5).

nesults und diccuseiang

Jpeelfie compocition of fish in nesos rad aathypeluaginl
is prevented in Table 1. sltogether, §2 epecles vare obsurvaed
in the rurveyed lorizen,velonging to 54 icoera end 35 femélies.
rhe mein nurper of families snd gepera is represented by 1 or
é Cpuciéc. Pwo. fomilics heve the widest reprecentation.Fumily
lyctophidne hae pot nere € upecler and suthylogidne - & npecles.
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In previous works (Fedorov,1973a2,1976u) 61 specie were
marked for surveying uorizon,which could wve found here.oven- '
thal species,wnich do not leave venthopelagic layer (For ex.
Antimora rostrata),were puti. iy the author in this group. He
marked 35 spezies out of actually mesopelagic fish, Only 12
species were'cougnc vy us in weso- and cathypelaglal which ’
are not actually mesopelagic vut tmey irequently occur nere,
ror ex. Coryphaenoidea pectoralis, U.ci_ereus, Laemonema lon-
gipes, Theragra <naloogramma and otuers. '

Seven species have been first found by us for the Hering
sea: Nansenia candida, Deolichopteryx sp., Malacosteus niger,
Pachystomias mierodon, Scopelengys tristis, Bertella idiomor-
pha, Thalassobathia pelagica,.

18 mesopelagic species are "cnaracteristic",that is,toey
o0:..r 2))l over the asea, for ex, all four species of vathylagi-
dae,la.pa_yectus jordaui; L.: galis, ~tenobrachius uanunocoir ,
5. leucopsarus, Chaullodus macouni, Macroplnna microstoma fr-
milies and others.These species can probably pe regarded as a
nucleus,defining ichtnyofauna of meso- and vathypelagial of
the sea. : )

Total piomass of mesopelagic fish in the weatern vering
sea is estimated to ve 5.921 mln.t., that is 9gr per square
meter on the average. This value exceeds fish biomass of epi-
pelagial ,was estimated by us to pe 2,8 mln.t in the surveyed
period. Therelore, we do not include the plomass of pollock
(Thersgra chalcogramma) as epipelagic speeies intve the piomess
estimate of mesopelagic fish., sut in the deep-water areas of
the sea, a part of pollock constantly occurs in mesopelagial.
4y our estimates the biomess of such polloek in the pering sea
waa 1,181 mln.t (19,2% of the total biomass of fish of meso-
anh bathypelagial). Given value is daily average whereas signi-
ficant part or pollock has daily migratviona oetween epi- and
mesopelagial. The value of this part is significantly varied
in time and space.

94,2% of total plomass of mescpelagic fish (Tapl.2) comes
for tne share of six families., Two most polyspecific famili:zs
dominate among them: Myctophidae (47,1%) and sathylagidae{33,8%)

A group of seven dominant spacies ie 84,1 of biomass of
nesopelagic fish (tabl.3). 5.)leucopsarus doninutes emdng them
(37,60). B.pacificus and P liilleri (12,0 and 10,3~ respeetively)
conet next and are about one third of its biomess, Lther .L.o-
clos of the group were a constant component of trewl) cetches.

The paric part of biorpes 18 comprised of a low nurbor of
specios,that is characteristic of the surveying horicon of the
epering cea un well a6 of the entire temporote cyea. L.oreover,
one species dominates by viomscs over the rest specles though
it is not clearly expressod. sionass of dorninont ‘species ava-
rages only two Fifte of the toterl viomass. Cpeeice coming wfter
tno doaimaut mpeciec have the biommss three timas lesm Gthan that
of the dominant species,

Lesonelagie epecias have disperse distribution in Zo0-1000
layer,tney do not forn epgrepations, Their catchee are nore
sipnificant in mosopelugisl,particulorly necr the continentel
zlope (Iig.2). The maxinum yleld (0,2t per one hour of trawling)
wif caupht on the Loundary of Lhirchov ridge end Clyutorshkic—
~Vavurin part of the clope.

LTE

COn LU T

viemnss of nesopelapic fish of the wectarn sering sea is
cotinated to he 5,92 nln.t. Lorcover, *,44 nln.t of feeding pol-
lock oecured in mcoopelszgianl,

6 Eyccies were observed in thne sec Lelongiag to 51 prenern
ond 53 families.

whe bosic part of bionass (84,% ) ic comprised of 7 rpecles
tne species (Jtenovrachius leucopsarusn) dominaten by the Lig~
mags wnonpy tho rest ones thouph not elerrly expresaod. Tho bio-

‘nann of the dominent specien averages two f1fth of the totnal

blonase. whe following specles have the blomacs three timéa locs.
tiesopelagic fish are dispersely distributod din 2C6-1000 loy-

er,tiey do a0t Forn aggregations. Its entchen are jpore sifnifi-

cent in nesonelapginl. Yhe naximum concentrations anre observed

@ the continental slopn,particulsrly near tho hirshov ridige.



List of species and accurence (2 of fish in
1ayer 200-1000 m in Berin z2a

Tablie 1 ~- continued
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Somniosus pacilicus Bigelow &t Schrceder, 1342
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nsenia candids Oohen, 1559
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Stencbrachius leucopsarus Bigenmann at
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Table 2

Hioaasa (1) and ratic (2) of dominowd Famllies of ,

gesopelupie Tina of the Lezins: sea
z Podlo I1dmdat I 2,0 k4

R I i 275l 47,1 I
I Sethrlozites I 2001 I33,C0 I
T uonlizfoniiloe L 270 I 4,8 I
L wacrouidas I 213 I 3,6 I
I ¢reliopteridee- X165 I 2,0 X
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I SYenohrachius lcucopoarua 2224 31,6

T oeviyiooun pueifiens Ti0 12,0

I ispudcaeTijicgus udllesi  GOQ 10,3

I Steoscihractiug nasasschir 470 7:9 . .
I Sourorloasun oclmidd: 30 G,y4

I Iinclonuo coloteonain 35 523

Choviiolns uneguni 270

o

otlors 9'1;4

Total 5921
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100,09

TP M o eyt owm e me e am v e mm e w en e

-




9

2

321

L T
: I70 180
Figure I, Distributicn of catehes per unit (kg/hour) of mesopelagic fishes in lyer
_ 206-300 moters, I - 05 2 - below 105 3 - II-25; 4 - 26-50; 5 - 5I-I00; 6 - above IOO

Figure 2. Distribution of catches per unit (kg/hour) of mesopelagic fishes in lyer
5001000 meters. Legend as fipure I,
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The Spatial Differentiation of Walleye Pollock
Yearlings in the Eastern Bering Sea

Moiseyev Ye. I. ‘
TINRO, Vladivostok. U S.5.R.

wWhen cerrzing ocut the botton traowl surverys at the
Bastern Bering Hee shelfl in lay - June 419838 - 1983, the wall-
eye pollock Juvenilez' spavicel diffedbnviation cculd be
traced in mul?isized STOLDS.

In 1989 swpall yearlirgs with 10 « 12 cm medsl groun

were disgirivuted ip Yhe porthesn part of The trawl suovey

f

ares, large yesrlicgs with 13 - 135 ce nodal group were dist-

lings with 12 -« 13 o= nodal gooup were ir bebtwees the lurge
and small oner.

The reason for the resarlings' different sizes

u -

gination is the cercying of the erre vo the =sast ~nd the norih-
east out of rovrecducticn aveas by exrrext, zndé tie diflerent
tige of spewvning.

Tne yearlings' sevarateness by diffcrent sice ssszs
to be also explained by the Juveriles'

the coasequence Yo the food celectiviby.

o
e
o
v

Thus, the walleye pollock ysarlings' distrivu
in the éastern Bering Gea sfcems to be influenced by:

1. The current corrying tie ecgs and larvee cub of
the main spewming pluces;

2. Wifferent time of spawning;

Z., Digtribution of the mezoplenktsn differert fzee-

tions and the juveniles' sctive misrztions zs a conzequance

to food solectivity.




LUJ‘

Outline of Biological Information obtained from
Winter Pollock Stock Hesearch in the Aleuwtian Basin
by Kalyo maru in 1988/89

Kazuyuki Teshiwma
Selai National Fisheries Research Institute

and Takashi Sasaki
National Research Institute of Far Seas Fisheriles
Shimizu, Japan

Introduction

This report presents an cutline of midwater trawl
survey conducted for sampling as part of the pollock stock
survey in the Aleutlan Basin by Kaiyo maru, a survey vessel
of the Fisheries Agency of Japan, from December 1988 to
March 1988. It also presents an outline of biological
information concerning pollock obtained from the survey,
Reports of the survey by Kaiyo maru under the title of
entire survey crulse., blological survey, acoustic survey and
marine environment research are now being prepared by re-
spective authors and is scheduled to be published shortly.

Qutline of the Survey

Kaiyo maru left the Tokyo Port on December 1 1988 and
conducted survey on pelagic pollock stock for 55 days and
returned to Japan on March 20, 1989 (Fig. ). Under ghe
initial program, it had been planned to conduct quantitative
echo sounder survey, midwater. trawling survey, research on
marine environment (Flg. 2), but, as sea conditions were
worse than anticipated, only the transect lines as shown in
Fig. 3 were implemented. Further, only 24 samplings by
midwater trawl nets were conducted.

Midwater Trawl Survoy

During the survey perliod., a tota]l of 24 samplings were
conducted using midwater trawl nets in the locations shown
in Figa. 3. Table | shows the location, date and time,
towing heur, towing depth, collected specimens, etc. At
each towing, the number and welght of collected specimens
were measured, and then about 200 kg of pollioek [(or all the
amount when the catch was below 200 kg) on a random sampling
basis and dividing them into males and females and punching
was made aqn the length punchlng cards to obtain length
compositlon each for males and females. Specimens of 20 to
30 individuals by sex were selected from amaong the punched,
specimens so that they represent length range of collected
pollocks. Their fork length (referred to as length hereaf-
ter), body weight and weight of gonads were measured, and
stomach contents were identified. As regards gonads, thelr
maturity conditions were observed and identified on board
the vessel and then fixed by formalin for examination in
the laboratory. The gonads were then turned inte tissue
fragments for further detailed histological study,

Table 1 shows total catch amount of pollock, the weight
and number of specimens measured, CPUE (weight and number of
pollock caught per one-hour towing) and_the weight and

number of catch of other fishes. Pollocks accounted for a
predominant part of the catch, Besides pollock., smooth lump-
sucker showed a relatively frequent appearance. One individ-
val each of arrowtooth flounder and Greenland turbots, and
two individuals of glant grenadier. which are seldom ob-
served In the mesopelaglic layer, were collected.

Pollocks were caught by all the traw! nets other than
MT-14, and CPUE (catch per one-hour towing) was extremely
high in Bogoslof area north of Umnak Island while |t was
relatively low In the international waters (Fig. 4). CPUE
was also low in the Basin within the U, 5. 200 miles zane
other than Bogoslof area, showing little difference from the
international waters, but relatively high GCPUE was observed
in MT-23 near the continental shelf of the eastern Bering
Sea and MT-19 north of Atka lsland of Aleutian lslands.

Biologlcal Information
I. Length composition

Table 2 shows length composition of pollock by sex
compited on the basis of length punching cards in each
midwater trawl sampling survey. Fig. 5 shows distribution
of pollock length frequency from the international waters
made on the basis of Table 2, the U. 8. 200 miles zone and
all the survey areas (Aleutian Basin).

The length composition of pollock in the Aleutian Basin
was within a range of 34-60 cm, with their modes at 48-49 cm
and average length at 48.3 cm. Modes for females ranged
from B0 to 81 cm and thelr average length was 49,3 cm,

Modes for males were 48-49 cm and the average length was
47.4 cm {Table 2). Comparing the lenath composition for
males and females combined In the international waters and
that in the U.5. 200 miles zone. the modes and average
length in the international waters were 47-4B cm and 48,0
cm, respectively, which were slightly smaller than the
corresponding flgures of 48-49 cm and 48.4 ecm for the U, S,
200 miles zone. Pollock of the body length of 40 cm or
less, which appeared only in a small number in the U.$%. 200
miles zone, were caught in the areas near the continental
shelf (MT-22 and MT-23) :

2., Length-welght relations

Fig, 6 shows the length-weight relations of pollock by
sex for all the survey areas {Aleutian Basin). international
waters and the U. S, 200 miles zone based on the data meas-
ured in each sampling survey. On the basis of these data,
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the following formulae were assumed concerning length-weight
relations for pollock., males and females combined.

7.1854 x 1078 Fr 2, 9960
25. 8522 x 10°B, Fy2. 7887
4.2900 x 1075, F3.0793

Total survey area: BW
International waters: BW
U. 8. 200 miles zone: BW

Here BW means weight {g) and FL means fork length {mm).
3, Stomach contents

Of all the 744 individuvals for which stomach contents
were examined, 403, or B4X, had empty stomach. The frequen-
cy of appearance of food items as regards 341 individuals
for which stomach contents were observed., 54%, the highest
percentage, were krills, followed by 16% of cephalcpods
(Fig. 7). The appearance of fish eggs was relatively high.
This was due to the fact that the stomach contents of pol-
lock collected in MT-24 on February 26 19B9 were filled with
what were believed to be pollock egys.

4. Maturity conditions

The proportions of gonad weight to the body weipht
{(maturity index, GSI) were obtained on the basis of pollock
data measured on board the vessel!. By ordar of collecting
days, the GS!I values for males stayed within a range of 4-
4% throughout the survey period, showing no conspicuous
trend (Fig. 8). On the other hand, GSI values for females
showed increase In the course of tlme, peaking out at around
February 22 and 23, and gradually decllined since then. It
was conjectured on the basis of the change trend of female
GSI values that spawning started from around February 22 and
23 in 1989, Concerning female GS[ values in the period
after February 26 when Kaiyo maru completed midwater trawl
survey, we used data obtained by Miller Freeman, a research
vessel of the U, 5. National Oceanlc and Atmospheric Adminis-
tration, which conducted the jolnt survey in the same area.

Observatlion of mature male fish was conducted on board
the vessel in four stages: DReveloping, Mature, Spermatozoa
discharge and Spent. Observation of mature femalss was
conducted in five stages: Developing, Premature, Mature 1

' (having partlally mature eggs)., Mature 1l (from those having

consjderably mature eggs to those immediately before spawn-

. ing) and Spawninag, Fig. 9 shows the frequency of appear-
ance of each stage by sampling location. Pollocks In the
process of spawning and spermatozoa discharge were collected
only in MT=24, the area north of Umnak Island, Males re-
mained in the mature stage constantly, except late February
(MT-24) when they were in the stage of spermatozoa dis-

charge. On the other hand, females were mostly (80X) in the
Premature stages except late February when they were spawn-
ing,

!t was assumed from change trends of GSI values and
maturity stages that spawning of pollock in the Aleutian

Basin in 1989 started in the southeastern area of the Basin
around late February.
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Table 1.

to March of 1989,

Trawl no
Date trawled
Duration {ain)
Total catch {ksg)
Total number
CPUE ({kg/hr)
CPUE {no/hr)
Sample size
Female, kg

no
kg/fish
Hale, kg

ne
kg/fish
Other species,kgino)
Smooth 1.s.
Arrowtooth ft,
Greenland tur.
Giant gre'dier
Hyctaphiform
Chinook salmon
Pac. sl. shark
B. magister
Squid unident
Octopus unide,
Jellyfish
efstimated

Trawl no
Date trawled
puration {min}
Total catch {kg)
Total number
CPUE {kg/hr)
CPUE {no/hr)
Sample sire
Ferale, kg

no
kg/flsh
Hale, ko

no
kg/f1sh
Other species, ka{no)
Smooth 1,s.
Arrowtooth f1.
Greenland tur,
Giant gra’dier
Hyctephifora
Chinook salmon
Pac. s, shark
B. magister
Squid unident
Dctopus unide.
Jetlyfish

Higwaler trawl calch data
HT=1 HT-2 HY-3 K-
s/12/88 1112788 12/12/88  22/12/88
{1 60 26 60
191.3 31.2 16.7 1.6
219 61 90 97
260,0 571.2 177 11.6
120 61 201 37
$7.8 48.3 24.4 i5.8
10§ 50 n 1%
0.921 0. 966 6.904 0.8232
74.5 8.9 18.4 21,2
9N 1 23 28
0.818 0.B0Y 0.800 0.757
2.301) 20.3(24)
0.081{1)
Hidgatee feayl cafch data
HT-6 HT~2 HT-8 HT-9
H/1z/e8 sa/as 15N /08 26/11/88
65 15 s 59
2l0.9 11.2 B1.0 16,7
M 21 12k 148
213.1 29.5 a7.0 18,7
253 36 [RE] 151
100,3 - 1.3 6.8
113 - 58 15
0.888 - 0.147 0.825
91.1 - 3.1 54.8
121 - 61 13
0.804 - 0.718 B.75¢
13.0415) 10.5(19) 480110 22.400)
0.044{5)  0.053(4)
0.417[1) 04Nt
0.732{4)

Records of operations and catch data on the midwater trawl survey
conducted during the Japan-U.5, joint acoustic/midwater trawl
survey by Kaiyo maxu in the Aleutian Basip from December of 1988

HT-3
23/12/88
40
440
n

216.2
266

8.4(30)

4.3(4)

KT-10
26/12/88
&0

1.2
.2

.5

4.
. 0.636
14.B[54)

0.3(3)

0.502

<

U O
Table 1. Continued,
Bidwater traw) cakech data
Travl no HT-11 HT-12 HI-13
Date trawled 21/ve/e8 212788 29/12/08
Duration {afn) 57 60 98
Total catch (ha) 1.2 162.2 153.6
Tatal nvaber § 202 130
CPUE {%kg9/hr) 4.4 §62.2 35.3
CPUE {no/hr} 6 2 116
Sample size
female, kg 3.0 84.7 .7
no 4 {1 1]
kg/f1sh 0.750 0.89 0,869
Hale, kg 1.2 7.5 80.9
) no 2 101 104
kg/fish 0.500 0.767 0.718
Other species,kg{no)
Smooth 1.5, o0 g.2(14)  18.7(32}
Arrowtooth f1.
Greeniand tur,
Giant gre’dier 3.3{1}
Kyclophiform
Chincok saleon
Pap. sl. shark
B, magister
Squid unldent N4} 0.3(3)
Octopus wnide.
Jellyfish 0.3(2)
Hidwater trawl] catch data
Trawl no HT-16 HT-11 HT-18
Date trawled 23/1/8% 25/1/89 28/1/88
Duration {min} 120 109 120
Total catch (kg) 142.9 51.9 38.5
Total number 175 66 48
CPUE (kg/hr) 11.5 29.7 19.1
CPUE {no/hr) 88 6.3 H
Sample size
fezale, kg 59,2 8.4 24.3
ne 66 n 29
ka/Tish 0.897 0,808 0,808
Hate, %o 81.7 28.5 .2
no 10% kY] 19
ka/f1sh 0,768 0.75¢ 0747
Other specles,ka(no)
Saaoth 1.s. 5.8(4) 6.2(8) 20.71(IN)
Arrowtooth f1,
Greenland tur.
Glant gre’dier
Hyctophifore
Chinoak salmon
Pag. si. shark
B, magister
Squid unident 2.1 1.0(1)

Oclopus unide,
Jellyfish
vEstimated

0
HT-14 HT-15
Itf12/88 2/1/89
60 0
0 2.4
0 99
0 10.6
0 85
- 6.3
- 54
- 0.857
- 36,1
- 15
- 0.802
2.5{(3)  10.6(8)
2.8{1)
0,08(2)
0,5(1)
1.4(3}
HI-19 HT-20
572789 6/2/89
5T i1
815.2 4. 414
+],098 25,350
921.3  5,669,9
1,156 6,830
14.0 185,2
87 210
0.851 0.082
1,2 131.1
183 1
0.172 0.767
11.1(8)
3.0018)
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Table 1. Continued,
Hidwater traxl catch data
Travl no HY-21 KT-22 KT-23
Date trawled 1/1/89 13/2789 16/2/8%
Duration (win} 40 45 55
Total cateh (kg 1,191.1 1,161 1.252.0
Total number 24, 534 31,822 2,054
CPUE (kg/hr) 5,695.8 1,448.1 1,165.8
CPUE (no/hr} §.891 5,087 2,141
Sample size
Fesale, kg 18§ .6 15,1 78.4
na 211 ) 116
ka/fish 0._860 0.9 0.676
Hale, kg 121.7 65,17 95,3
: no 156 83 169
kg/fish 0.780 0.738 0.564
Other species, kalno)
Smooth l.s, t.8(1) 1.0(2)
Aerowieoth 11, ={1)
Greenland tur, ~{1)
Giant gre'dier B.1{1)
Hyctophifora
Calnook salmon '
Pac. s). shark 20(2)
B. maglster 0.17(2) .
Sauid unident 0.33(1)

Octopus unide.
Jellyfish

Y-
16/2/89

sEstimated, ¢sNel vas broken durlng hauling. Tolal catch vas

eslinated roughly between 12 and 15 tons.

Table 2. Size compesition of pelagic pollock cavght during the Japan-U.5,
joint acoustic/midwater lrawl survey by Xaiyo maru in the Aleutian
Basin from December of 1388 Lo March of 1889,

Size class Internalional waters U.5, walers ¥hole servey are
(cm) o % Total o £ Total d § Total
14-35 - - - 1 - 1 1 - 1
=36 - - - 9 - 9 9 - 4
=317 - - - 5 1 6§ 3 1 b
-8 - - - 6 - B [ - 6
-3y 1 - 1 ] ] 9 g 110
-4 2 - 2 13 2 17 17 2 19
-41 1 4 1 7 6 13 8 8 16
-42 K] 3 6 12 ] 21 15 12 27
-43 8 2 10 28 & 4] 36 17 3l
~-14 28 7 33 26 13 39 52 20 72
-13 2 tq 16 67 31 98 599 45 baa
-46 61 19 80 161 52 213 222 71 293
-47 92 1 128 266 106 112 138 143 501
-48 83 57 142 L a8 135 453 113 192 605
-49 (i 59 128 320 208 528 189 267 636
-50 41 71 3% 211 2318 168 272 315 587
-5l 31 58 89 121 193 314 152 23t 403
-52 7 47 54 56 166 222 61 211 276
-5} 2 t7 19 20 84 104 22 101 123
-54 1 13 16 It 59 70 14 72 86
~-55 - 1 3 5 35 10 5 ktil 41
-5h - ] 1 - 12 12 - 15 15
-51 - 1 1 1 7 ] L, B 3
-58 - - - - 4 q - 4 4
=59 - - - - [ ] - & B
-60 - - - - 3 1 - K 3
Total 464 418 883 1,704 1,366 3,090 2,168 1,805 3,973
Hean 4i.l 48.9 48.0 47.5 49.4 48.4 47.4 44,3 48.3
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Figure 1. Track and nocn positions of a cruise by Kaiye maru during the Japan-U,$. joint acoustic/
midwater trawl survey for pelagic pollock in the Aleutian Basin from December 1 of 1988
to March 20 of 1989.
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Figure 2. Prearranged transect lines for the Japan-U.S. joint acoustic/midwater trawl survey by
Kaiyo maru in the Aleutian Basin from December of 1988 to March of 1989.
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Figure 3. Actual track lines and sampling stations by midwater trawl gear conducted during the Japan-U.5.

joint acoustie/midwater trawl survey for pelagic pollock by Kaiye maru in the Aleutian Basin
from December of 1988 to March of 1989.
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Figure 4. CPUE (kg/hour) of pollock by sampling station of midwater trawl during the Japan-U.S5. joint,
acoustic/midwater trawl survey by Kaiyoe maru in the Aleutian Basin from December 1988 to
March 1989, '
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Migration of Eastern Bering Sea Herring.
as inferred from 1983 ~ 1988 Joint Venture
and Foreign Trawl Bycatch Rates

Fritz Funk
Alaska Department of Fish and Game
Juneau, Alaska

INTRODUCTION

Migration of Pacific herring (Clupea harengus pallasi) in the eastern Bering Sea
was first described during Soviet research in support of the Soviet directed
herring fisheries in the early 1960°'s (Dudnik and Usol’tsev 1964, Rumyantsev and
Darda 1970). Subsequent records of the lecation of Japanese directed herring
fisheries summarized in HNPFMC (1983) and by Wespestad and Barton (1979}
supported the two major migration patterns ebserved by the Soviets. During June
and July, a southwestward movement of herring was observed in the northern
Bering Sea, from Norton Sound to Munivak Island (Figure 1). 1In Bristol Bay,
Japanese vessels followed herring moving along the Alaska Peninsula during the
summer months, heading offshore from Unimak Island along the continental shelf
edge to the northwest in Jate summer. It was commonly hypothesized that stocks
from bath the northern and southern coasts of western Alaska shared a common
wintering ground northwest of the Pribilof Islands (Wespestad and Barton 1979).
Soviet and Japanese commercial vessels exploited large concentrations of herring
during the 1960‘s near the continenta) shelf edge between the Pribilof Islands
and St. Matthew I[sland from October through March. Fforeign directed fishing for
herring ended in 1980. After that time herring became a prohibited species and
foreign fleets no lenger tracked the movements of herring in the Bering Sea,

Stock identification studies were conducted to determine the origins ef herring
captured in a food/bait fishery near Dutch Harbor in July and August. These
studies established that most of the herring in this area were Togiak spawning
stocks (Rowell 1986, Regers and Schnepf 1985, Rogers et al, 1984, Walker and
Schnepf 1982).

$pawning locations of herring in the eastern Bering Sea have been generally
well-documented since the beginning of the Bering Sea herring sac roe herring
fisheries in 1978. Other than the 1imited stock identification studies of the
Dutch Harbor food/bait fishery, information about the herring migration at other
times of the year has not been available since the cessation of foreign directed
fishing for herring.

Observer records of herring caught incidental to foreign and joint venture
groundfish trawling provide another source of information about the Liming and
location of herring migration. The NPFMC has required a high level of cbserver
sampling of foreign and joint venture groundfish harvests since 1983. This
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paper examines the ratio of the weight of the herring catch to the tetal weight
of the groundfish catch in observer records from Pacific cod (Gadus
macroceghalus) and poltock (Theregra chalcogramma) bottom trawl tows, in order
to define an index of herring abundance. The index is used to determine the
timing and location of herring stocks during their annual migration. This index
would be expected to fluctuate with groundfish density as well as with herring
density. However, because the herring migration is a relatively distinct
phenomenon, the index is sufficient to delineate the general movements of
herring stocks during the annual migration, Also, over the 1983 through 1988
period, the abundance of both herring and groundfish stocks was relatively
constant.

HETHCDS

The weights of herring bycatch and total groundfish catches were recorded by
observers aboard joint venture and foreign groundfish vessels from 1983 through
1988. These data were summarized by month, 1/2* latitude by I* longitude area,
and target fishery category. Target fishery categeries were arbitrarily
assigned in the observer records based on the species composition of the catch,
using criteria established by the NMFS observer program. The observer records
used for this study were primarily from pollock and cod bottom trawls, using the
NMFS-designated categories “pollock bottem trawl" and “other bottom trawl".
Trawl tows in these target categories were defined as consisting of less than
20% Atka mackerel, less than 204 flatfish, and less than 95% pollock. Tows with
greater than 95% pollock are assigned to a midwater trawl category by the NMFS
eriteria. Because preliminary analyses showed that midwater trawl bycatch rates
were substantially less than bottom trawls, traw) tows from the midwater trawl
category were not used. Because little difference in herring bycatch rates was
found between the “pollock bottom trawl" and “other bottom trawl" categories,
tows from beth of these categories were combined.

A herring bycateh rate index was computed by dividing the observed herring catch
for each month and 1/2° tatitude by 1°* longitude area From 1983 through 1988
by the total observed groundfish catch for the same area and period. The
resulting bycatch rates by latitude, lengitude and month comprised a grid that
covered much of the Bering Sea in most months,

The area of study was restricted to 160* W. to 180* longitude and 51" N. to 61°*
N. latitude. Although some flatfish trawling occurs east of 160" W., little
pollock and cod bottom trawling occurs east of this longitude. Little
groundfish trawling effort occurred north of 61* in the winter months, although
herring did appear te occur in this area, For each month, the grid of herring
bycatch rates was smoothed by distance weighted least squares' to aid in the
interpretation of migratory patterns. These data were plotted as a 3-

The SYSTAT/SYGRAPH distance weighted least squares 2lgorithm was used for
smoothing, with a tension parameter (weighting) equal to the inverse of the
number of 1/2° Tatitude by 1* lengitude squares containing bycatch rates for a
given month over the 1983-1988 period (SYSYAT 1988),
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dimensional surface, with the vertical axis representing the bycatch rate. In
order to better define the location of the herring migration with respect to the
HPFMC's management areas (Fig. 2), the bycatch rate data were also plotted as
a contour surface. Graphs of these surfaces for each month were used to
delineate the average distribution of herring in the eastern Bering Sea over the
1983 through 1988 period.

In some months few tows were made in some 1/2* latitude by 1* longitude areas.
Bycatch rates computed from areas and months with small sample size may not be
representative of actual herring abundance. To depict the sample size on which
the bycatch rates are based, the magnitude of the observed total groundfish
catch in each square was indicated by shading.

RESULYS AND DISCUSSION

The pattern of observed herring bycatch rates in the sovtheastern Bering Sea
strongly supported the clockwise migratory pattern inferred from earlier stock
identification studies and Soviet and Japanese research. During January,
herring bycatch was almost nonexistent (Fig 3). However, almost no data were
available for the month of January from the herring wintering grounds nerthwest
of the Pribilof Islands, as indicated by the shading in the bottom panel of
Figure 3, The occurrence of substantial trawling effort along the Alaska
Peninsula coup]ed with no herring bycatch strongly suggests that no herring
overwinter in the southern Bering Sea, In February (Fig. 4) the observed
fishing effort shifted northward., A few vessels fished southwest of St, Matthew
Island and recorded high herring bycatch rates, consistent with the earlier
reports of the herring wintering location in this area, Substantial bottom
trawl ing effort along the continental shelf edge from the Pribilof Is)ands south
to Unimak Pass resulted in almost no herring bycatch. In March and April (Figs.

5, 6}, almost no herring bycatch was reported, although there was very little
effart in the area of the herring wintering grounds. During the May herring
spawning period herring bycatch rates were again very low (Fig. 7), except for
some moderate bycatch just north of the Pribilofs. This could be due to
immature juvenile herring that remain on the wintering grounds year round as
suggested by Rumyantsev and Darda (1970). Peak herring spawning for the large
Togiak stock occurred during early to mid-May. In June, high herring bycatch
rates were reported aleng the Alaska Peninsula, southwest of Port Moller (Fig.

8). Fishing effort during June coversd much of the Bering Sea, with little
herring bycatch reported elsewhere. 8y July, most of the high herring bycatch
rates shifted to the "horseshee® area just north of Unimak Pass (Figure 9),
where the 100 fathom contour creates a "horseshoe" shape, The distribution of
bycatch rates indicates that offshore movement toward the Pribilofs has already
begun in July, with moderate bycaich rates reported to the north of the Pribilof
Islands. Again, the widespread distribution of fishing effort indicates that
few herring are found in other areas. By August, herring bycatch was relatively
high along the entire continental shelf edge (Fig. 10), with high bycatch rates
continuing in the horseshoe area. By September, bycatch rates in the horseshoe
area declined, and the area northwest of the Pribilofs became the dominant area
of herring bycatch (Fig. 11). Sampling effort covers a wide area of the Bering
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Sea, with good coverage along the entire continental shelf edge. In Octaber,
despite a large amount of effort in the horseshoe area, no herring bycatch was
reparted {Fig. 12). Herring bycatch was reported from the immediate vicinity
of the Pribilof [slands and from the area southwest of St. Matthew [sland.
Sampling coverage is adequate along most of the continental shelf edge. In
November, herring bycatch was low except for the area southwest of St. Matthew
Istand, with good sampling coverage over most of the continental shelf edge
(Fig. 13). In December, some very high bycatch rates were reported southwest
of St. Matthew Island (Fig. 14}, Sample size was small however, so that the
data are best interpreted as indicating the presence of herring. Further
quantification of the herring bycatch rate may not be appropriate when sample
sizes are small,

The herring migration in the southern Bering Sea appears to be a discrete
phenomenan in time and space. The distribution of herring is unlike that of
other prohibited species such as crab and halibut, which tend to have much
broader distributions over a wider range of time. Because herring accupy areas
along the migration route for only relatively short periods, herring should be
easier for groundfish trawlers to avoid than other prohibited species.

The sporadic occurrence of high bycatch rates on the wintering grounds is

consistent with the locations of the earlier Soviet and Japanese directed
fisheries. Because sample sizes during the winter months in these areas were

jmall. high herring bycatch rates only occur occasionally in the aggregated
ata.

These data provide 1ittle information on the migration of the northerly
component of herring stocks which spawn from Norton Sound to Etolin Strait,
Groundfish trawling effort in the area north and east of the herring wintering
grounds that would intercept these stocks was very low from 1983 through 1988,

The movement of herring offshore from the horseshoe area eccurred earlier than
previously reported. It appears that this movement begins in July, and that
substantial numbers of herring are in the area northwest of the Pribilof [slands
by August.

CONCLUSIGNS
1. Herring bycatch rates from 1983-88 joint venture and foreign bottom trawling
for Pacific cod and polleck strongly support the previous Soviet and Japanese
hypothesis of a cleckwise migration of herring around the southern Bering Sea,
with a wintering ground northwest of the Pribilef Islands.

2. Herring stocks migrate aleng the Alaska Peninsula during the summer months,
appearing in the Port Moller area in early to mid-June.

3. Offshore movement from the Unimak Pass "horseshoe" area to the Pr1b1lnfs
begins as early as July, and is complete by mid-September.

4, Bycatcﬁ rates were extremely low along the Alaska Peninsula except for the
summer months, indicating that all herring stocks winter offshore.
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5. The herring migration §s a relatively discrete phenomenon. At amy one time,
herring stocks occupy only a small proportion of the Bering Sea.

LITERATURE CITED

Dudnik, Y.I, and £. A, Usol’tsev. 1964, 'The herrings of the eastern part of
the Bering Sea. fn P.A. Moiseev {ed.}), Soviet fisheries investigations in
the northeastern Pacific, Part 11:236-240 (In Russian, Translated 1968.
Israel Program Scientific Translations, available from U.S., Dept. of
Commerce National Technical Information Service, Springfield, Virginia}.

Funk, F., L. Watson, and R. Berning. 1990. Revised estimates of the bycatch
of herring in 1989 Bering Sea trawl fisheries. Regional Information
Report 5J90-01, Alaska Department of Fish and Game, Juneau.

North Pacific Fishery Management Council (NPFMC) 1983. Bering-Chukchi Sea
Herring Fishery Management Plan, final draft. MNorth Pacific Fishery
Management Council, Ancharage.

Regers, D.E., K.N, Schnepf, and P.R. Russell. 1984, Feasibility of using scale
analysis methods to identify Bering Sea herring stocks. Univ. Wash.
Fish. Res. Inst, Rept. FRI-UW-8402, 47p.

Rogers, D.E., and K.N. Schnepf. 1985. Feasibility of using scale analysis
methods to ldentify Bering Sea herring stocks. Univ. HWash. Fish, Res.
Inst. Rept. FRI-UW-8501, 48p.

fowell, K.A. 1986. Feasibility of using scale patterns to describe growth and
identify stocks of Pacific herring (Clupea harengus pallasi) from four
spawning locations in the eastern Bering Sea. MS Thesis, Univ. of Alaska,
Juneau, Alaska, {unpublished), 89 p.

Rumyantsev, A.I., and M.A, Darda, 1970. Summer herring in the eastern Bering
Sea, Pages 409-441 jn P.A. Moiseev (ed.), Soviet fisheries investigations
in the northeastern Pacific, Part V. (In Russian, Translated 1972, Israel
Program Scientific Translations, available from U.S., Dept. of Commerce
National Technical Information Service, Springfield, Virginia).

SYSTAT.-1988. SYGRAPH user’s manual, SYSTAT Inc., Evanston, I1linais,

Walker, R.Y., and K.N, Schnepf. 1982. Scale pattern analysis to estimate the
origin of herring in the Dutch Harbor fishery. Unpubl. rep. for ADF&G,
FRI-UW-8219, 21 p.

Wespestad, V., and L. Barton, 1979. Distribution and migration and status of
Pacific herring. Unpublished manuscript available from Northwest and
Alaska Fishery Center, National Marine Fisheries Service, Seattle.

5

ACKHOWLEDGHENT S

The Joint venture and Foreign trawl catch data on which this paper
is basgd were coellected under the auspices of the Natfonal Marine
Fisheries Service Observer Program. The assistance of Russ Nelson
and Jerry Berger of the Observer Program at the Alaska Fishery
Science Center in obtaining summarized observer information is
gratefully acknowledged.

FURSA B AT Ll ¢ AN L A TION

[=g PR AN -

- W laparass sana - b
= Bmpeting fummat Rrprsbetn PN '\ . &)
'y
»

P— rs

Figure 1. Summer and autumn migration routes to winter grounds. Large solid
arrow: area of reappearance in offshore waters as determined by
Soviet research and Japanese catches, Large open arrow: area of
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Fiqure 3.

anuary herring and groundfish catch distributions. Upper panel:
ﬁerrinz bycatcg rate by foreign and joint venture poltock bottom
trawl and "other" bottem trawl (primarily Pacific c‘od) gears,
averaged from 1983 through 1988, by 1/2* latitude by 1* longitude
area, smoothed by distance-weighted least squares. Lower panel:
Mational Marine Fisheries Service regulatory reporting areas {511-
540), centour lines of herring bycatch rates from the upper panel,
and the distribution of observed foreign and joint venture observed
catches for pollack and “other” bettom trawls from 1983-1988
{shaded areas).
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Figure 4.
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February herring and groundfish catch distributions, Upper panel:
herring bycatch rate by foreign and joint venture pollock bottom
trawl and "other" bottom trawl (primarily Pacific cod) gears,
averaged from 1983 through 1988, by 1/2° latitude by 1° Tongitude
area, smoothed by distance-weighted least squares. Lower panel:
National Marine Fisheries Service regulatory reporting areas (511-
540), contour lines of herring bycatch rates from the vpper panel,
and the distribution of observed foreign and jolnt venture observed

catches for pollock and “other" bottom trawls from 1983-1988
{shaded areas),
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Figure 5.
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March herring and groundfish catch distributions. Upper panel:
herring bycagch rate by foreign and jeint venture pollock bottem
trawl and "other" bottom trawl (primarily Pacific qu) gears,
averaged from 1983 through 1988, by 1/2* latitude by 1* longitude
area, smoothed by distance-weighted least squares. Lower panel:
National Marine Flsheries Service regulatory reporting areas (511-
540}, contour lines of herring bycatch rates from the upper panel,
and the distribution of observed Forelgn and joint venture observed
catches for pollack and "other" bottom trawls from 1983-1988
{shaded areas).
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Figure 6.

LN ~)

April herring and groundfish catch distributions. Upper panel:
herring bycatch rate by foreign and joint venture pollock bottom
trawl and “"other" bottem trawl (primarily Pacific cod) gears,
averaged from 1983 through 1988, by 1/2* latitude by 1* longitude
area, smoothed by distance-weighted least squares. Lower panel:
National Marine Fisheries Service regulatory reporting areas (511-
540}, contour lines of herring bycatch rates from the upper panel,
and the distribution of observed foreign and joint venture observed

catches for pollock and "other* bottom trawls from 1983-1988
{shaded areas).
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ing and groundfish catch distributions. Upper panel: .

Figure 7. ::irihnegwl;ygatch ragte by foreign ahd joint venture pollock bottom Figure . #g:ii:erging and groundfish catch distributions. Upper panel:
trawl and "other® bottom trawl (primarily Paciflc c_od) gears, o] Qandycgtfl:! rjlte by foreign and joint venture poltock bottom
averaged from 1983 through 1988, by 1/2° latitude by 1 longitude ) averaged F other® bottem trawl {primarily Pacific cod) gears,
area, smaothed by distance-weighted least squares. Lower panel: ) ares gs réﬁmdlgas through 193‘3‘ by 1/2* latitude by 1° Tong: tuds
National Marine Fisheries Service regulatory reporting areas (511- ‘ Natic'm Tﬂ; ed by distance-wm_ghted Teast squares, Lower panel:
540), contour lines of herring bycatch rates from the upper panel, - 540) ] tarln]e Fisheries Service regulatery reparting areas {51t-
and the distribution of ohserved foreign and joint venture observed o t-hco(;l_ our bines of herring bycatch rates from the upper panel
catches for pollack and “other" bottom trawls from 1983-1988 . catchee }Stri ution of observed foreign and Joint venture observed
{shaded areas). 3. . s for pellock and

"other" bottem trawls from 1983- 1588

{shaded areas}. 2
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Figure 9.

h catch distributions.
nd joint venture pollock bottem
bottom trawl {primarily Pacific cod} gears,
2* latitude by 1* longitude
east squares.
tatory reporting areas {511-
ing bycatch rates from the upper panel,
d forefgn and joint venture observed
* bottom trawls from 1983-1988

July herring and groundfis

herring bycatch rat
trawl and "other®

ed from 1983 through 1988, by 1/
smaothed by distance-weighted 1
National Marine Fisheries
540), contour lines of herr
and the distribution of observe
catches for pollock and
{shaded areas).
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August herring and groundfish catch distributions. Upper panel:
herring bycatch rate by foreign and joint venture pollock bottom
trawl and "other” bottem traw) ({primarily Pacific cod} gears,
averaged from 1983 through 1988, by 1/2° latitude by 1° longitude
area, smoothed by distance-weighted least squares. Lower panel:
National Marine Fisheries Service regulatory reporting areas (511-
540), contour Vines of herring bycatch rates from the upper panel,
and the distribution of observed foreign and Joint venture observed
catches for pollock and “other™ bottom trawls from 1983-1988
{shaded areas}).
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Figure 11.

September herring and groundfish catch distributions. Upper panel:
herring bycatch rate by foreign and jeint venture poilock bottom
trawl and “other" bottom trawl (primarily Pacific cod) gears,
averaged from 1983 through 1988, by 1/2° latitude by 1* longitude

area, smoothed by distance-weighted least squares. lower panel:
National Marine Fisheries Service regulatory reporting areas (511-
540), contour lines of herring bycatch rates from the upper panel,
and the distribution of observed foreign and joint venture observed
catches for pollock and “other" bottom trawls from 1983-1988
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. Figure 12.
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October herring and groundfish catch distributions.

Upper panel:
herring bycatch rate by foreign and joint venture pollock bottom
trawl and "other® bottem .trawl (primarily Pacific ced) gears,
averaged from 1983 through 1988, by 1/2° latitude by 1* Vongitude

area, smoothed by distance-weighted least squares. Lower panel:
National Marine Fisheries Service regulatory reporting areas (511~
540), contour lines of herring bycatch rates from the upper panel,
and the distribution of observed foreign and joint venture observed

catches for pollock and “other" bottom trawls from 1983-1988
{shaded areas). ]7
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Figure 13,

L

November herring and groundfish catch distributions.
"herring bycatch rate by forei

Upper panel:
an and joint venture polleck bettom

trawl and "other® bottom trawl (primarily Pacific cod) gears,
. averaged from 1983 through 1988, by 1721

atitude by 1° longitude
arga, smoothed by distance-weighted Jeast squares. Lower panel:
National Marine Fisheries Service regulatory reporting areas (51}-
540), contour 1ines of herring bycatch rates from the upper panel,
and the distribution of abserved fareign and joint venture observed
catches for pollock égd *other" bettom trawls frem 1983-1988
(shaded areas). !
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Figure 14,
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December herring and.groundfish catch distributions. Upper panel:
herring bycatch rate by foreign and jeint venture po

1ock bokttom
trawl and “other" bottom traw) (primarily Pacific cod) gears,

averaged from 1983 through 1988, by 1/2* latitude by 1* ltongitude
area, smoothed by distance-weighted least squares. Lower panel;:
National Marine Fisheries Service regulatory reporting areas {511-
540}, contour lines of herring bycatch rates from the upper panel,
and the distribution of observed foreign and joint venture observed

catches for pollock and "other” bottom trawls from 1983-1988
{shaded areash. T
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Future Field Research Plans for Walleye Pollock
in the Bering Sea

4, 199271993 Winter surwvey

LT

Fisheries Agency of Japan
Tokyo, Japan Type: Acoustic/midwater tLrawl survey.
Period: Late 1992 to early 1993

Area: Alcutian -Basin (Internal waters
and U, 5. Waters) and western
Basin area of U, S.5.R. Waters
1990 Summer survey, if possible.
V%ssel: (New) Kaiyo maru {2,600 ton).
Type: Acoustic/midwater trawl survey.
Period: Middle June to Middle Qetober
Area: Aleutian Basin (Internal waters
and U. 5, wWaters) and eastern
Bering Sea Shelf. “
Vessel: Chartered landbased trawler
{350 ton class}.
[F]
1991 Summer survey K.
[\&]
Type: Acoustic/midwater Lrawl survey.
Period: Middle June to Middle October.
Area: Aleutian Basin (InLernal waters
and U. S. Waters) and eastern
Bering Sea Shelf. I{f possible
western Basin area of U. 5. 5. R.
Waters.
Vessel: Chartered landbased trawler
(350 toen class).
1992 Summer survey
Type: Acoustic/midwater rawl survey
Period: Middle June to Middle QOctober.
Area; Aleutian Basin {Internal watcrs
and U. 8 Waters) and eastern
Bering Sea Shelf,. If possible
western Basin area of U. 8., 8. R.
Waters.
Vessel: Chartered landbased trawler
(350 ton class). :
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Methodology of Data Collection on Net Selectivity
and Accidental Mortality of Fish passing through
the Mesh of the Codend

VHIRO
Moscow, U.S.S.R.

Abstract

This paper contains advice on determining mesh
selectivity factors for trawl codends uslng a special
liner. The design and technical speclflcations of the
liner are described.

J It also describes an experiment to determine the
2ccidental mortallty of fish passing through the trawl
codend.

It contalns proposals on standardising data collection
and handling for mesh selectlvity studies,
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METHOROLOGIE POUR LA COLLZCIT DES DONNEZS SUR LA SELECTIVITE
DU MAILLAGE ET LA MORTALITE ACCIDENTILLE DEZS POILSSOUS PaSSANT
D) A TRAVERS LE MAILLAGE AU CUL DE CHALUT. '

.

VNIRO
{J,R.S5.5.)

Résumé

Ce document présente des avls sur la determinatlon des facteurs
de sélactivité du malllage aux culs de chaluts utllisan: an voile
spécial. L2 modéle et les caractéristiques technlques du veile sont

décrits.

3 Le document présente auss! une descriptlon d'une expériences inss
pour détermlner la moctallté accldentelle des polssons passant 3
travers le cul de chalut.

Il contlent également des propesitlons sur la standardlsatiss

D) de la collecte et traltement des données pour les études sur la

sélectivité du malllage.
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