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KHABAROVSK, U.S.S.R. 
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(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 All­
Union Research Institute of Marine Fisheries and Oceanography), 
Moscow, U.S.S.R. 

Symposium Title: 

Dates of the Symposium: 
Location: 

Head of Delegation: 
and Delegation size 

GENERAL INFORMATION 

International Scientific Symposium on 
Bering Sea Fisheries 
April 2-5, 1990 
Khabarovsk, U.S.S.R. 

U.S.S.R. 
u.s. 
Japan 
ROK 
PRC 
Poland 
Canada 

(Studenetsky, Novikov; 40) 
(Aron; 6) 
(Morimoto, Sasaki, 14) 
(Chong Kab Lae, Yeong Gong; 3) 
(Song ZhiWen; 3) 
(Karnizki; 4) 
(Shaw, 1) 

U.S. Participants: (From AFSC) William Aron, Loh-Lee Low 
Jimmie Traynor, Neal 
Williamson 

(From ADF&G) 
(From Univ. of 

Douglas Eggers 
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: 
(Rapporteur: 

Panel 2 Reproduction and Early Life History 

Rodionov, USSR) 
Khen, USSR) 

(Chair: Bulatov, USSR) 
(Rapporteur: Serebriakov, USSR) 

Panel 3 Population Structure (Chair: 
(Rapporteur: 

Traynor, U.S.) 
Eggers, U.S.) 
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Panel 4 Commercial Fisheries (Chair: 
(Rapporteur: 

Panel 5 Stock Assessment (Chair: 

(Rapporteur: 

Karnizki, Poland 
Stepanenko, USSR) 

Shaw, Canada and 
Sasaki, Japan) 
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: 

YR PRC 

80 
81 
82 
83 
84 

85 
86 
87 
88 
89 

1.6 
3.2 
4.1 

17.4 

P.R. C. 
R.O.K. 
P.P.R. 
EEZ 

Donut Hole Zone 

JAPAN 

2.4 
0.2 
1.2 
4.1 

100.9 

136.5 
698.0 
802.6 
749.2 
647.1 

ROK 

12.5 
0 

2.9 
66.6 
80.3 

PPR 

82.4 115.8 
155.7 163.2 
241.9 230.3 
268.6 298.7 
302.0 268.6 

USSR 

41 
158 
135 

Donut 
hole 
total 

U.S. U.S.S.R. 
EEZ EEZ 
All 

nations 

958.3 
973.5 
955.9 
982.4 

181.2 1,098.8 756 

336.3 
1, 061.1 
1,436.9 
1,468.9 

1,178.8 
1,189.4 
1,253.5 
1,228.0 

662 
838 
688 

1,253 

- People's Republic of China. 
- Republic of Korea. 
- Polish People's Republic. 
- 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 
me~ric 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) 
Japanese Polish u.s. 

EBS stock 9.5 
Aleutian Basin 20.8 15.3 
WBS stock 

6.5 
2.0 
1.5 

Allowable Harvest (MMT) 
Japanese Polish U.S. 

1.71 
2.16 
0.43 

1.6 
0.5 
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 have to be conducted 
later to resolve the differences. 
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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 research. 

RESEARCH PLANNING AND COORDINATION 

The participants agreed to the following research and 
coordination: 

1. Conduct a workshop on ageing techniques in Poland 
this year 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 biomass 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 
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. 



+ +- l + D- z, 
8-3 
d?'-4' 
/'- 5 

(- 6 

5 

~ -
0 

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 pollock migrations in 
the Bering Sea". 

Notations: 1 indicates spawning locations 
2 indicates distributions of juveniles ages 1 to 4 
3 indicates distribution of adults ages 5 and above 

4 indicates paths of eggs and larvel drift 
5 indicates migration paths of juveniles ages 1 to 4 
6 indicates migration of adults ages 5 and above 
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AGENDA FOR THE SECOND 
INTERNATIONAL SYMPOSIUM ON BERING SEA FISHERIES 

lOam - 12noon 
6pm - 8pm 

9am - lOam 

PANEL 1: Oceanography 

lOam - 10:30am 

!0:30am - llam 

llam - !1:30am 

!1:30am - 12noon 

Khabarovsk, U.S.S.R. 

April 2, Monday 

Working meeting of the delegations' heads 
Welcome reception party 

April 3, Tuesday 

Opening Ceremony 

G. Khen, S. Glebova. warming of the 
Bering and Okhotsk Seas in the last 
decade. 
A. Krovnin, s. 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 

!2:30pm - lpm 

lpm - 3pm 

L. Halderson, o. Mathisen. A study on 
pollock spawning and level of food supply. 
Z. A. Voronina, A. M. Privalikhin. Bering 
Sea pollock fecundity. 

Lunch break 

PANEL 3: Population Studies 

3pm - 3:30pm 

3:30 pm - 4pm 

4pm - 4:30pm 

4:30pm - 5pm 

P. Dawson. Information on the stock 
structure of Bering Sea pollock. 
A. Nitta, T. Sasaki. Study 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 

12 

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. 

April 4, Wednesday 

PANEL 4: Some Data Regarding Fisheries Results 

9am - 9:30am 

9:30am - lOam 

lOam - !0:30am 

Yang Gong. Status of the Korean trawl 
fishery for Alaska pollock in the Bering 
Sea in 1987-1988. 
T. Yoshimura and T. Sasaki. Outline of 
Japanese trawl fishery in the 
international waters of Bering Sea (1986-
1989) • 
M. Kowalewska-Pahlke. Biological 
information on walleye pollock based on 
Polish catches in the international waters 
of the Bering Sea in 1988. 

PANEL 5: Stock Assessment 

11 am - !1:30am 

!1:30am - 12noon 

12noon - !2:30pm 

!2:30pm - lpm 

lpm - 3pm 

3pm - 3:30pm 

3:30pm - 4pm 

4pm - 4:30pm 

0. Bulatov. The fishery and state of 
stocks of the most important fish species. 

Coffee break 

Kei-ichi Mite. Stock assessment of 
walleye pollock in the Bering Sea under 
assumption of three stocks. 
J. Horbowy, J. Janusz. Assessment of 
walleye pollock biomass in the Aleutian 
Basin based on cohort analysis and Polish 
fisheries data. 

Lunch break 

N. Fadeyev. The walleye pollock 
migrations in the Bering Sea. 
B. G. Ivanov. Shrimp stocks monitoring in 
the Western Bering Sea. 

Coffee break 
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4:30pm - 5pm 

5pm - 5:30pm 

5:30pm - 6pm 

13 

Ye. Sobolevsky, Ye. Dulepova, V. 
Radchenko. Structure and functioning of 
ichthyocoenosis of the Bering Sea 
epipelagial. 

Loh-Lee Low. Harvest levels for Bering 
Sea pollock. 
R. Beamish. An examination of age 
determination structure of walleye pollock 
from five stocks in the North-West 
Pacific. 

April 5, Thursday 

PANEL 5: Stock Assessment (continued) 

9am - 9:30am 

9:30am - lOam 

lOam - !0:30am 

!0:30am - 11am 

11am - 1pm 

1pm - 3pm 

3pm - 5pm 

5pm - 6pm 

6:30pm 

N. Naurnenko et al. Year-to-year 
variations of stocks and community 
structure of Western Bering Sea pelagic 
fishes. 
T.' Sasaki. Distribution, abundance, 
length composition and potential yield of 
Pacific cod in Gulf of Anadyrsky and 
waters off Cape Navarin and Cape 
Olyutorsky. 
L. Grachyov. Stock state and commercial 
use of salmon in the Western Bering Sea. 
J. Traynor. Preliminary results from 
surveys of walleye pollock in the Aleutian 
Basin in 1988 and 1989. 

Open discussion on future research 
activities planning. 
Other business. 

Lunch break 

Main results and scientific ideas of the 
Symposium. 
Summary. 

Closing ceremony 

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

Pa~el 1 Oceanography 

Chsirman - D~ Rodionov S.N. 

Rapporteur - Dr.G.Khen 

EI'ief resulto of the Panel cliscu.ssions 

The Panal discussed the mo3 t important tssks of cor:Ls.er ci~1.l 

ocennogre..phy L11 the Bering sea. Much time ~~~,-o.a s'ent r8ViG·::inc; 

:reguln:r patte:r-.as of yee.r-tO-J.:)2I' ve.riatio::."ls i21 en~Jil~011J.'7!3~t::..,.l 

conditions and cha.racteriz;n;s the currents i11 the L1"lt!3!"11e.tio­

nal ·::aters of the Beri.~e; see.. 

At the Pe.nel tlu>ee pc.pe:m ·::ere presented. :.Ic.i.'l idec.s e.ntl r'o::­

sul ts of the pe..~ers e.re gi v :~Il be lo;,7. 

Deyendin.:?; on the mod~r-.:!. st2.tc of the p:r::)blems CGn:.:'l'"Z!Ct ~_~::1. 

to tne Beri~.-1.3 sec corw:'lercial objects' studias, the iollo·;:ill~ pi.-;i­

:na...""J tasks for the fisheries oceanography become clexr in the pre-

sent. 

1. Studies of !ilulti-ar.Lnu.?.l vc.:~iation regulo.xitios oi' tho c:n~;iro:n.­

mante..l conditions, &"'"ld the problems of long-tern fc:;.. ... zco.sti;!0• 

2. The detalizBtiGn of curr8nts in tne Bering Se~ ccnt~al p~t. 

P".cesenta~ions by Soviet sr:iGntists Drs. K.."l-J.an ::2-:C. Glabove, 

and K::-ovni..11. a"tld Rodionov, deo.l t ·;:i t!1 t!1e regulex> pe;~ t ;::l""'ns of lc..:r3·:;­

-scale variations of thermal conditio:'!:; in th3 Eerin;; Sec there 
exists the large-scc.le variation of tha:i:T.lic condi tio:ns • 

After sharp cooling that took plc.ce 

blishsd 12-13 later,such a regime i:3 

est:?:.-
still ch2rectori8Gic of the 

Berin;; Sea. The sGa ~.~,arming in 1980s C311 be G:{pl~;ned by the pe­

culi~rities of the atmospheric p~occsses development,but the du­

ration of this period is rather surpriein(:i· If this ·::e.:cmin3 is con­

nected to atmospheric processes, then, a.ccording to ?ill:m 2.Yld Glcbovs 

in the ne2rest ft:.ture the nexj see. cooling 1.-.:ill t~?.lc:J yl2.ce. 
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The question of the eAact time of the ~oder.n existi~g regi~e 
change is rather co~plicated,so the forecasts are so far prclimi.t~ax 
If one takes L"lto consideration the temporal scale of the quasis­
tationary climatic processes (5-15 years),it is possible that the 
-:;;arm regime of the Tiering se2 is ncc.r its end. On the other henc1, 

taking -into consideration that the solar activity m2:,imum will 
take place ap~roximately i.t1. 1391, Drs. Krovnin and Eodionov sup­

paGe that the e:{isting regime nill continue into the said ;y-ear. 

But if the high temper2.ture background of the Bering Sea is con-
nee ted to the global climate •:Je:rni11g, then the 1920s p:::·ocess '.•;ill 
Con r,; .. nue, I·~ T-l:J4ot Cc.>~e t'ne c~n~"'C:L1 ..., • .,C·"'S of' tn' e no~""';-;~'1 1 1-iYI"":' ···"l-r.rr,;.....,'"!" .... ""-\, J.• u .. ~...... v:.i.:) , vJ. ,.,;:~ ._. 1 -w...... .... _ v ~..~. v -------:..;:~ .. ~-~-·:..) 

v1ill be unp:redicta"ole.LL any cane, it is pl"'oposed to study both 

'Varie..i'lts. 

So far, '.7e have no fo.cta of ,r;ate:-

o.brmdm1ce of the Ala:Jll:a pollock, t!'le :m2.i':! corJ.t"!lerci2.1 objQct: 

~vail~ble.Eut the general tendency to ~1croQsL~g or docr~asL~g 
of ths ,anllave nollock y. ac..r-classcs' o.bu:tJ.C.o.nce in the ·J::o2.88;3 . - -
of coolihn;; or YI8I""&in6 is evident from the pre::.::entc..tion b~;- ~:c.-·8 .. 

Krovnin and Rodionov. So r;e h2.ve some hope that the latest Yie:::'fil 

yc:8.I's 1 ye2.r-classes are ~ore o.bundant than e.!; laa.st the yce.:.'­
-classes of the cold 1970s. 

The suggestions by Dr~. Schumacher and R8ed ~egardll1g the cooper­
o.tive studies of the BerL"lg Sea centrc.l dee9-r1ater part, h::clud­
ing the USSR zone,i;.-:1 1991, is "\7orth discuosi."lg,i.t"l. more detail. 
The problemo of the fisheries oceanography i.t"l those arcno espe­
ciall;tl concar-.a the dixections and speeds of currents, the ;:; t:::cn;;th 
of tidal curc:enbs over the cihirshov Ridge,2.11d the watex mc.s::;es 
e:cchange via the straits. 

If it is possible to carry out the specialized coo_9eratiV•J rGs­
earch, it will bG possible to discuss the problems of the ·::hole 
Bering Sea currents at one of the future Sj.nposia at the Oceanog­
raphy PGnel. 
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Panel 2. Reproduction :>:nc'. "So.rly Life HistorJ 

Chairman Eulatov O.A. 

Rappo:pteur - Serebri<:.kov V. P. 

'r'ao papers were pre-sen~; 2:d in \"ihich mo.i.n :results of G tuclics 

on pollock fecundity in -tn.e Dering Sea nrc gi·.;en. Th·:; resoe.z.,ch 
1Nes macle at the most modaZ"21 tecfl..nical l-evel. Erief revir:n~.r i:J 

given bolort. 

level of food supply". 
L.Vo::..~al"li..."lo..,A.Privalilc:C.d...:.~ ·:ll:.d ::1.0uchkovG. aEGring Sze. nolloc}:b, 

-Hte ralo...J.,'0"'1 :hJP. ~ ser-ln1 ---~-q~ 
fecundity;;. The first p;_:l .. p02"' i::J devoted to di:::::.X~ \u;r.:L ;_:f '.:.::.:±~r:J~:]t!l 

~ - ' . ' A_yl<e., l2i "'). """~ 11 1 1 '" -' " " ' ox J.a.rt.Jo.e J.::1 t; ... :.:: ...... ei- -!.--~ ..,._ .... ...:!.. :L..~ sm2. _ceo._ 8Cosys ... em::c.::.. ,..,:-'~'t', --1 ,.,-:-

f'ea.k - 1 ;s fo!/o...,..:. lo!j f.<><>-1<. ~&/~ 
om ti1:. develooment of nr:L-::a:r-y ;oroduction •. :~:.vocne~ of co•)e-oodG 

-k ;/Joc.U, - •- .. -
nauD14 4 n·1e1- f'u~·..,nsity· ot Al"'"'''"'"' "" -~---; b··'-.; ,., '~~·· 1;)" -'~" ~ •.,-~,_.,_ ~ ·~-""' ... •• :J.J. .1,. ...,. J.. • l (,;..;. ..... "./ <:.:.:o .... • u :::; Jo .... ~ • ...,.__ .. - J ~.._r !J __ :; c-.- "' ---.._., 

t:::.o opavm-1~:; ::be. Th~s,it ·.;ins somehoY~ verification of D:r-.£Ijor"!;:S 

h~rpothesis c.bout ~~e~e~e.j .;>el"iod in !;he c181Jelop!nont of~o{~~~c:.e·! ;> 

In the second paper the :r'csults of study on maturity e.:.'ld fecunCc­
ity of pollock are given. It ':na.s found out that pollock spexm 

once ;,,Jf:l..GI 2.nd tnnt in .c;one.ds upto 6-16:~; of undeveloped ofoc~i;ez; 
arG ~*'~hi3 fact shoulcl be tC?J~c;n ;nto CO!.'lSicler:1tion 1.;·1hen tr;:,r-i;:__:; 
i;o deteroine i..YJ.dividue.l fecnndiG;y-. It \~Ie.s also found that the2~(~ 

are differences in indi vic<.ue.l f 8Clli"ldi ty, of e.,::;c groups durin:; 
different yca1~s,2nd that Jur;ns the last three yocro the popuis~lc 
fecundity dec~oased 4 t~es. 

,_ 
Lolih ]2.1Je~., demonstre..tacl t·::c O.¢i'ferenG !""It• ·"!'1o~'"'h,....~ to t~c.e p~n­..... ~ . .z~~ ...... -- ..... <::~ 

bl8r2 of recruitL1ent. LYJ. tne fi~st oaper a t:::..:.Y--::c:.3 made to ,clsr-
fa...efor.s - e;.Jte.!. ~ 

if'J· -,·;hat~ i..'1,~~!,i.!;!,ilo~k~~;.;ere the most impo::.·t c..'1 t "act o:?C da-
te mining ;roc.::: el:::ss- :!t'""'en.;t~'l. 'n the second· 1:1.o~·r this value car. 
detemine tho :Jrocess of fecundit;r forming. T!U.s em be used for 
detemination of a!)a·.•ming level3 of population fecundity end 
according th3 G:l3:eshold biomass of syavmi..11g stack:~ Determ.ina.tio~:. 

oi' fecundity chould be a stando.rd orocedure, t!::le .SQ.!'le as e.ge de-
• ,...,,£ hLpJ·oAc 

termination • .i'o study the procsso of copepod abm!.dance ::o:'::'"'~.=, 

i!; •.-;auld be d::;si:::oable to use oai;ellitG info:rr.:o.tion o.bout v:ato:r 

temperature and cu:::orents ... '""'t.. 
cti'J..I ., of pollock 

eg3s and larvae. 
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n t• .. happor eur: 

Brief reoul·t 8 o.f' the .2e.nel cl.i3CUSSi011 e 

Ei-o;;e papers wer8 lXC'CGent:Jdl) ~;ractical end theoreGical ibew.s o::"' 

:.eri:r1g Sen pollock po]ulo.ti:J:'l stud:;- were re·vio\·iec1. : .. :etllods of 

ann1:rsi3 of nc:ris tic ch2.2"".::c ~e:;,. ... is t:.c:; of pollo~::;: s Gocl~s in the 

I~O~"!;h ?scific ~.vas sive:n,hy:;othetic theory of pollock bclong-i·.:.c; 

to bottom 02"1 pel&gic co::::::l.u'lities. --~:·cief conto:1·;:;z of ~he p8.~3rs 

ax-e Givsn belor;. 

~~-'l!~ f"l:~!:_·1:~j:_n_,.._ .• +:j_,~.~~-- 0.., n--·n :"'c~·.-.n·~·..'it-il...,.,., 1~-n'"':";..'!-l r.-1~ n'7~ ·""!1"1·-1 !'" ___ ,__ ~:.. •. ::.:l __ .:_"':-_, 
-- -----. U- ·• ~- -•....;'•'.; --:_..IJo .• ..,.J-JJ.J..J--'-J..•..:J'J- -;.1 U::.:;:.I.;O (......0. ... \. • .;.,/ •• - •••• -

indic2.~0 tho.ti polloc~.: -i:-2 th8 don'¢t hol-:; end i:'l Ghe U~T )Orti8.c 

of the Al-'Jv.ti&~ Ees-1--: ?.rc mem"bers of the scme stocl:. Recent GU:...,­

veys h:::-:18 .fot'l.nd · -.7.-2-~y fe,J pollee.~ spa~."l'i1i.n6 in the donglm.ut hole 

a~~.:; o.t ~hG s~e t-1mo...f~ti,;lc.z:"gs a:Jn•:m;ng :Jo-oulation :L1 tho south-
fl . - " -

eastel~ AlGutizn Ies~1 ~1 the vicinity of Eogoslof I3l$1d. 
3ec3U.::!G no juvenil:; or youn.:;c:r mature pollock have boon found 

1 . ' ve oc~:;y 

onto ti1e .::.astern IcrL""'lg ~3G. shelf ,,ollock in the dr.n) .. 3lu1.ut or 

elsewhez:e i.:.i. the o2.;:;te:E.'l ~;.l3uti.::n .:..o.sin cc..nnot bG .2 c;c:lf contd11.-

ed stock '0t..1.t are de]e:::1clc~.nt· o.n r~c:~itma.'rlt from ov..t-·:..~~o 7-;k!e :\.leut­

ian l..a3i.Il:~ 

Pape~ by Nitta end Se.se.ki 
·" 

~--Orphct:!et3.. .. ic rr:.ea:!tl~ernc1: ts t}l...rouGh a trues net~.7o::k lllGS!.surement 

sjs tem ( 1:~~2-J) were t2lc2n o:r1 .vollock from three di.f£\:~ral'lt ere as, 

tcra Of the :~e~-i-tJ.g ooa,cs.'1d the contL""'lental shelf of tho eastern 

:. e~i11..3 ...: cc. to lc:ngth o.nd 
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classified based on discri m2nt 2.D.alysis. I'he c~~sifice.tion 
accuracy was high for the three S2.!llples analysieo 

Paper by Gong, Hux 211d Kim 
·' 
:Leristic measLITements,including the number of rays of the three 

dorsal a.IJ.d ttio 2.D.al fins, the number of gillrakers on the first 
gill area, a.'ld the nUL:!be:r.' of vertebrne were taken of pollock from 
seven areas of the ::orth Pacific. J:he ,;sian areas includ-ing two 

. -r-
aree.s around !iokka.ido e.ro tv·io e.J.."'eas f1"1om the sea of JCJ.)Q.j,J., Lhe 

I::erL""lg sea areas includ0d the cont~cl e:.11d southeastertl. .. l~:;utiE·..n 

I.asin and the eastern ~cn.~..!..l13 3ea shelf. '.2he meen :r'J.l.:u:foc:rs· of 

vertebrae end gillra.l<:ers \7ere significzntillu different betr;een 
the leering Jea and .:..sian area g-.coups, hoqevezo, these difi'o:r.'ences 
V!ere iJ.ot sighificant· for s.reao ·::itl"'~-1 thG asicm grQU!) C~ for 

areas 'iiithin the 1~erins ·.·ea gxoup. 

PapGr by Sasaki 

Prelirrl..11ai"J ~eoults of the second C~"-:J.se by ··i\.::1iyo ... r:l.~.l ~ t!lo.t 

occurred 20 J2nuary 16 .:·ebruary, 1990 in tha .. In te:::n::. tioh:..~l zone 
of the central LeriiJ.g seo.,,:rere prezented. iollock v;crs ob::::erved 
i.'l extremely low densi tie:s. 93, 7,. of the female pollock hsd ma­
ture overios,ho,:;ever,only O,T.: of" the fsmale pollock had hydrc.tcd 
oocytes,i±.dica.ti.ng thG:G no nctive S,Pt?X."".aing ,:ie.G occurrin.s c:.t bhe 

time of the survey. 

Paper by Ilyi.11sky et o.l. 

~-:.nalysis of pollock catch Glld effort tlo.t~~. fo~ the ~::estern :...e.ring 
.~ea suggests that two di::::tL~ctive groups of pollock occur there. 
~he first gro~1) is a le::.:f·.:;u...7J.de:nt bottom oriented group rcst:'ic­
ted to the co::! ;;iL1.ental nhslf. :.L:he second group is the mars abund-

ant end i3 o:riGnta~·~l m:..:::.-~.-:ate:b. ~here arc distinct differences 
$1'Ce. 

in the"composition octv1ecm the tr1o groups,\·:ith the first being 
greater thc:11 55 em 2.D.d tl:lo c;econd 40-45c;n i11 length. '2he mid-·:,·ater 
Group appeazos to migrat;o b.:;tween thG ohelf o.'ld the ,;leuti:::'1 ::nd 
Kome:ndorslcy :. o.sins."'ocaus;:; tho bottom-oriented group· has 2. much 
larger length· at age; tha.'l the mid-;;ater group, the t•:;o grou)::J 
azoe thought to be sepm"ai;e stacks. 
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Panel 4• SOME DATA REGARDillG l!'IShERlES RESULTS 

Chairman. Dr.:Karnicky 

Rapporteur: Dr.Stepanenko 

In _tb-;nee po.pe:rs presen·~ed st the pe.21Gl so.me data and results of 

' .. d " 1' "' "' .. oy !\.ore an an .co lSi!. :r: J..::n:t.n,s 

::he contents o£ the p::."'esented papers is gi-;7911 in bl~ief belc·.;: ~ 

0r. ·:l eoug C.:.onG; :~he ~T'G 2.tuo o'£' t~o ~.o:reCll i~ro.~~7l fic;hz:c~.r fo~ 

.~.la.sk8. pOllock" in the ~.c::-;!1,3 ,_;02. iu 1987-1·::~20. J:he ·~-·.o:ce2n ::irle 
- .. a··'" pzoesenua "Glle c.av~ on the C?UE 

ly decre2.sed ~ver.. 

vest:L.""lg of Alaskc. pollee!: i;:1 ~i1·~ C3~1"t:. ... G.1 ~)~:;;,;.:>t of the S·8C. ~:tc.s ccr­

ried cut :L'"I'! Octobe::::-J&"lv.CZJ ... • Tl:c::=:J is subst~:ccial sec~so::.~c..l .. ~1o:ri:7~-

tiol'l of tho CPTJE. It is A: . ..lgu.s t-E) ept ember 011d. zrrc.:~.:i=:2.l -

saasOne.l ve.riation of Alask.:::. ~Jollock 
J. • 1 d. t . ' .<. • • • .. .. • ' • .. J. 1 t' . -.,_,cr~.~~co. J.s rJ.OUt~J.On: ~:::: ·:.~:w."1.v3:r J..'G ll!!lO.DJ.ts greavcJ; ~.,,ep .no,.t12~1.l~r 

20)-JOOm., in spr;'"!!;2; ald. s:.:~l8Y" :l.t is di~:;t:ributzd L-:. tho uyr,;e:;."\ 

ls;yer of 100-200m risep. 

The Alaska pollock s::..ze ccr.1:;osition L?!.cree~se is also noted 

:recently i11 the cf the sea. In the lat~st yesTs t~G 

Koroe.n trwa.le:cc start ca. to e::!!ploy the tl..,.:.ValG 'l.7=i: th a conside:rs.blj· 

lc.zoser vertical o pm;::i.ng tlk'm in t;ho; early decade, 
Dr.T.Se.saki p:!."'Gs;.:.:;iY~ed the result.: of the polat;ic t:rawl cJ .. :.7/"'7GJ 

curried out in the Alauti2.1.~ :i::2s;Lj,1 ~: the ;;J:l~"ltcr sea:3on of 1S~C:C/1SC: 

-The comparison of tihe z-esults oi tltis sUJ.:'ve:y ·:/itfl the sc.me oi tile 

pss·ti 3howed that the C.?T.J3 he.s :::.cently decreased. The mail1 t:;.c..::·­
vest:L."lg of Aleutian pollock tukes place in October-Januo.r;,r; i.:0sil 
the second period of the i."'1.Gcn::;i"TJe co1::z.ercie.l ncGivit~l is ob::o:-:7-

vccJ.. L"1. April-Mo.y, ~:;hzn the fisl"'.illl:; fl..Jot operates on the e.ftG:i. .. -

-s 90.'::ncd Alaska pollock. 
Despite the main commor·cio.l Alaska pollock l~arvesting t~:i::1,; 

place i.."l the sou the= part of the Central Beri.D.g Sec. ( "Doue;l'>.Imt 

hol3n e.rea), there aAists the considerable seasonal ,12.rie.tion of 
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~he comme~cial activities' distribution. The japanese commercial 

fishing for Alaska pollock is practically susl;e.1ned t,.Ju>oughout 

the whole Central Bering Se3. 

Dr. 

Dr.Kowalewsha-Pnhlko: :2iolo:;ical infor:n2.tion on Alaska pollock 

based on Polish catches in the Dering Sea inte::L":;·:w.tional ':iatel'::J 1·0. 

1989. The total Alaska po2.lock ha.""Vest by .Pols...""ld in 1989 in ·i;ne Do­

u,;hnut hole e.rea e.notL'l'J.ted to 268.6 thouc2:1:d to:.23. S:}w;t yGa"i.'"' t!F~ 

main Alc.ska 90llo(;.k co!:centretic:r:..J r:ere ob0e:.-:-...,·.:· ... l ·:7'1 ti1e ce:·2i;:::"2l 

end 
'"':"':I.-. .. ~-.:.. 
the 

The 
the 

south-eastern ]a:rt of tt.a d.~:.:~bnut hol0. ·:rl::.; fish siz::::rl 3~-6Jc:: 

pre'Jious yea~s, tl1e 1~G9 Ale.aka. pollock ~--~2.:; l2.r·ger in sizs. 
1977 and 1978 year-classes v:ere dominant.In Se:~tember-Cictober 

19B1 and 1983 year~cl8.soes ·;;,:~n .. "~e obaervec!. in. Ghe ce.t chea "i£1c 
studiso of 1939 didnot re,zcal 2::..'1~- subste.ncio,l ~Jo.zai2tion j~n the 
Alaska pollock biomass in the dow~r..nu t hole a:cca. 

At the same time, ii; ·,7o.s noted th2.t the C ?u-.s in 1989 v:a.s. s:::.:!..:-;b.t­

ly less th:u.J. i11 1983. On the ~;esi3 of t}1.-0.t cl:::i;c., :J.S Viell e.z of t~1G 

age structure stability, the conclusio11 is clra·:-~n thst the e:,;-:i.sti:'1g 
fishing does not ini'laence the Alaska pollock otocl<:s stato •. 4.8 in 
the dou6h.·lUt hole area ~he consta;"!tly spaYmi...""lg .li.lsslca pollock i3 

observ~d, the supposiGion iD ~ade thnt at lesst sc~e part of 
Alaskc. pollock sparms r;i thin this a:rea. 

Pk•i:E:L 5, STOCK ASSESS~.!t::!JT 

CHAIHHA.:•T; Dr. SHMi, D:;.•,SASAKI 
•'"' r 

RAPPOP..Ti3UR: Dr.Loh-Lee LO.ii 

(This section was drafted but had not.been 
typed for distribution at the sympos~um) 
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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. 

April 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 techniques 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) 

(2) 

(3) 

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. 

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

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 1990 

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, 
1989, Japan has prepared a draft format for reporting 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 ) 
( i i ) 
( iii ) 
( i v) 
( v) 

What are the necessary steps for handling the data ? 
What are the necessary capacities to process the data ? 
Who should be ''the clearing house'' ? 
How should the processed data be utilized ? 
How should the processed data be publisized, when 
necessary ? 
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!DRAFT I 

Fishing 

Pollock 
Data Format 

Fishieries 
for 

< 1: 0 be 

Bering Sea 

submitted 
to the clearing House) 

2 3 4 5 6 7 8 9 10 ~ 15 16 17 18 19 20 ~ 24 25~30 

Year Month Country p s Area Position G Number of Duration of Catch 
II au ling Hauling 

~/I 
3 _l_ 0 ';. g g 0 2 J. :14 3 {) $ § . ...2Ql..1 ~ 0 2 II 't ~-- ··- -· ·- - -

--f- - ... ·- -- - - 1-· 

0 or 
- -~- ·-·· ... 

t--

-

- - - f- - -- -- ··--t- -- ··--j-- -- - 1-

- - ·- -· ·- -- - .•. -· ··-· ---· --- - ---

=II= 
--· -·· ··-· ---

-I- -I- -f- 1- - ·--t- f--: I ' . 
. I ' 

- _j __ L_L___,___ ----·--··-

Year ( lower two digits of the year ) 
Month 
Country 

P ( Type of operation ) 

S ( Class of Tonnage of Vessel ) 
Area 

Position ( Longitude & Latitude ) 

G ( Fishing Method ) 

Number of Hauling ( times ) 

Duration of Hauling ( houurs ) 

Catch ( •etric tons pollock only ) 

column 1,2 

colu•n 3,4 
column 5 

column 6 

column 7 

colu•n 8,9 
column 10 ~ 15 

colu~n 16 

column 17,18,19 
colu•n 20 ~ 24 

coluwm 25 ~30 

1--·· - • - . ··-

·- •. .. 

·- ·-· 
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Code Table and Unit 

Country ( column 5 ) 
PEOPLE 1 S REPUBLIC OF CHINA 
JAPAN 
REPUBLIC OF KOREh 

I 

2 
3 

REPUBLIC OF POLAND 4 
UNION OF SOVIET SOCihLIST REPUBLICS 5 
UNITED STATES OF AMERICA 6 

P : Type of Operation ( column 6 ) 

( 

Mothership ( processing ) Mothership ( other ) 
4
2) 

Joint Venture ( catcher ) 3 Trawl ( processing ) 
Trawl ( other ) 5 

1-\o~ "-<.IA\\W. ckl\l\\ciOI\ l\'<d<:<\ or rQ.~VW?i~; e.~. C<>'>'!-<!.r ( Sor;"'; ~~oc•>>or, ot"-• 
9'foC."'"sor, -tr-tot.\t.r o. ..... a ot.l, .. ~y.) c. 

S : Class of Tonnage of Fishing Vessel ( column 7 ) 
~ 300 ton 0 ~ 350 I ~ 400 2 
~ 500 3 ~ I I 000 4 ~ I' 500 5 

~ 21500 

4,500 ~ 

Area ( column 8,9 ) 

6 

9 

~ 3,500 7 ~ 4,500 8 

By the five areas ( I,!,D,N,V 
independent Block i 

plus international waters as 

Position ( column 10 ~ IS ) 
By subarea of I degree in longitude and 30 minutes in latitude 

* Distinction of 0 ~ 30 minutes and 30 ~ 60 ( 0 ) minutes 1n 
longitude identified by the third digit of Position column 

0 ~ 30 minutes : 0 1 30 - 60 ( 0 ) minutes : I 

Distintion of the east longitude and west longitude 1s 
identified by the first digit of last four digit numbers. 

East Longitude : 0 

G Fishing Method ( column 16 ) 
On-bottom Trawl 
Mid-water Trawl 3 

1 West Longitude : I . 

Dcmarsal 

Duration of Hauling column 20 ~ 24 ) 
Unit : hours 

Catch ( column 25 ~ 30 ) 

Unit : metric ton 

2 
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Closing Statements 
by 

Each National Section 
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Closing Remarks by Canada 

Given by: William Shaw 
Pacific Biological Station 
Nanaimo, Canada 

On behl:\lf of tho Ctmc<lioll dolc;:;:.It:i.on I would li::c to 

thank Dr. !Jmril:ov ond ull of our Soviet colleag-t;.c:J fo:r.' oL'5"'-'lj.­

zing tho .SymposifiU.i"'J nncl :fo1. .. tho war::1 hospi·tin.lity ext.endod. to 
all of u.s • 

.Durir..g tho cour<:JO of this !.~y:;posium a l3rge number of 

papel"S h~~le bean :prc:JC!l'(;Cdo It i!3 ·t~'ll.~ougll forums ns ·:;his wlli·cb 

O!'.::lblo all of us to come ·!;oget!w~ and to co:.1tribute to tho l<..noM­

lodge of the biology of Bcr:L-:g Soa poJ.lock and to cli::cucs tl~c 

deYelopment; of rc~tionc.l .mc..::t..'1(;coent. 

As I mm1tio;1od in r:.r:J opcr..i:1G rc::~=ks Ctmado. is not on­
gaged in a pollocl~ £ishe:::y in t;1u Beri.l:lb ~oo. yo~ I co..n :;on ·l;ho.:.J 
we al.'e r-ursui.•1g tho D8.l!Je goals, as for pollocl~ off of our coas':;, 

a::d ~ha·!; is to attain a better u.;1d.erst.a .. 'ld:L"1g of tho p.ol.l.ocl: ~e·-
' source. 

lNhon I ·.-:as po.rticiva~ing :for tho first ti:1c cr~ tl·1o '-"fall­

eye pollock coopcr,:ttivo sv:;..~.;ey aboard the .Japanese rese.,.rch ves­

rs.el !<ArlO fJIA.RIJ, I wa!3 amazecl. ho~· h2~d il; ·w2.s to wo:.::-~;: in the 

Bering Sea. This i::; not o:J..ly due to such adile~se weatb.er bt~t 
obeer:ging the co<:Jple:dty of Beri:lg Sea pollock. 'l'hero arc many 

tu1l<no~·ms, yet I am irlpre~sed o.t thG gj:eut st.:-ides ovoryone ho.o 

taken to reveal these unl.-cnowns. 
·W.'e have heard ho·:r very l::trsc stocks of co:::tai.."l. cC>mmer­

cially importnnt species have existed :L"! tl1e po.st, however tt1ey 

cun only be found 1.:1 tex1;J.;ooks. All of us ru:e deeply cotnlDi tt•)'.:l 

to conso:l:"Ting ti:li::; yol'Y valuabla resotu•ce a.:.1d to J.:::?GVcnt histo­
ry from repoati..-.g itself. I admll'e all of you for ~·m= st:t>on~ 

committment to continued ccolJero.tion research and ·::ill conti~ 

nue to sup:(?Ol't this ei'forl. 
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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 Mr. 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 itjnecessary 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 source 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 link 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 evaluations 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 

delegates. 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 days we have haq meaningful and frank 

scientific discussions on subjects such as oceanography, 

reproduction, population structure, fisheries data, and 

stock assessment. I believe this scientific symposium has 

succeeded in presenting a significant amount of new 

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 st.ock 
structure. 

The very existence of these differences in opinions supports 

our long-standing belief that we should be discussing these 

Page one 
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issues of the Bering Sea pollock fisheries within an 

international forum in which 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 Korea on the basis of our mutual 

understanding reached at the international me,cting for 

scientific research cooperation on the pollock resources in 

the Bering Sea which was held in Shimizu, Japan, in 1989. 

Althougr; we could not adeq;lately discuss t;lis draft format 

at tl1 .. {s ruet.:t.ir1g because of the limited time av~ilal;le, .l8t 

m8 stress thC~t it is most important to report cr.tch and 

effort on tlw 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 ~av~a 

w~ to study more extensively the draft format and the 

procedures for compiling and utilizing the data. 

We also proposed research in the Commander 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. 

Page two 
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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 ~ni.ted States has agreed to host a 
workshop o~t~~t:g SLal~·/techniques. This is a very 

important subject and there are obviously significant 

disagreements between us in this areil, 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 

res2arch vessel will also be completed in 1991 for f\,rther 

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. 

Page three 
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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 me· 
express my opinion on the discuss in this symposium by the 
extensive research \·mrk from the coastal and fishing nations 
since last symposium 

~.-r-.. 

I fuond that many useful information on the Alaska pollock 
in the Berin,s Sea were presented to the sym1;osium oy the 
extensive research work from tha coa.stal and fishing nations 
since last symposium. 

However, I noticed that there are split ideas in the discussioD. 
on the stock structure and population size which were main topics 
. t' . ~n n:t.s sympos:.um. 
Th:(s means that 1·1e need much more :cese.3.J:'•;;h works and info::.·rnntion 
on the fishery to get generally to get generally acceptive 
results on the topics. 

I would like to suggest that every nations inv~l~ed in the fishery 

in the fishery in the entire Berine; Sea should excnane:;e every in­
formation from research vessels as well as from commercial fisnin~ 
act~vities bet\1een the scientific groups. 

It seems to me that an integration of groups be orgar"ised and 
through which all the opinions of the countries involve~ in tne 
fishery in this area be reflected for tne effective utilization 
of the pollock resources in tne hign seas of tne Bering Sea. 

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

Tha.hlc you. 
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Closing 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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Closing Remarks by United States Delegation 

Given by: Dr. William Aron 
Science and Researcn Director 

) Alaska Fisheries Science Center 
National Marine Fisheries Service 
Seattle, Washington 

) 

) 

J 
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It is with pleasure that I begin my closing comments with a strong 
sense of gratitude to our hosts fer their many kindnesses, their 
effective organization of a chaJ.J.enging meeting and their l<arm 
hospitality. I must also thank ea~h 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
ing past uncertainties and, of no less importance, providing a · 
sense of the direction that must be followed to close critical 
gaps of our knowledge.~ 

b'hat have we lear::.ed.? 
1. Based on investigations of stock identification by sci­

entists from Japan, Korea, the USSR ~~d the US there is a broad 
agreement on the exis-cence of at least three s-cocks in the Berin1:5 
Sea. These papers provided no support for tne existence of a uni~ue, 
self-sus·baining stocl;c in the "doughnut nole". 

2. Studies by Soviet scientists on tne distribu-cion or eggs, 
larvae and the movement of pollock in the Bering Sea are consistent 
I·Ii th the above conclusions. 

3. 'ile listened to important contri.butions from Japan, Korea 
end Poland regarding their ·commercial fisheries in the "doughnut 
hole". These papers all sho;:ed a do•.m-,.Iard t:;:·end in CPUE data, con­
sistent I'Iith the do:;nward trends in the Bering Sea reported by the 
USSR and the USA. Questions were raised by some delegates about 
the value of using CFUE data for assessing these trends. 

4. There vias little agreement on the heal tn of pollock popu­
lations, widely disparate views on the status of stocks 1vere pre­
sented. Currently available data and analysis do not permit a sa­
tisfactory resolution of these differences. 

What must we do? 

1. The grave uncertainty that exists virtually de~ands 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. \vith the clear. recognition that conservative fishing prac­
tices have a cost in terms of human food resources 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 ttese parameters. 

b. Strengthened cooperation between all scientists working 
on the problem to minimize duplice.tion, resolve disagreements 
about scientific analises, assure compa=ability of field data. 
Interchange of scientists and the development of joint research 
cruises can assist these efforts. 

c. For some critical areas of concern including aging 
methods, analytical approaches, especially cohort analysis, 
workshops should be held to standardize methods and resolve 
differences. Accordingly the US support Poland's proposs.l to 
host an aging \vorkshop and also offers to host a workshop on 
Age-Structured Analysis of Bering Se-a Pollock. 'lie will oe please 
to provide the necessary computer facilities and be pleased 
to examine all of the data provided b~ the participants through 
appropriate combinations of analysis. 

The U.S. is, of course, prepared to fully cooperate in 
the efforts essential to build the ~~derst~~ding re1uired to 
menage the pollock resource of the Eering 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 people of the Far East who are connected 
with the development 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 pollock and other species of 
the Bering Sea, as well as environmental conditions 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 resources. I 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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Wanri.ng of the Bering and the Okhotsk Seas in the Last Decade 

Khen .. G.V. and S.Y. G1ebova 
TINRO, V1adivostok, U.S.S.R. 

When analyzing interannual variations of thermal conditions, 

revea~ing apparent and oblique regularity,it is always necessa-

ry to be supported by a series of observations for many years, 
up . 

while drawing a series of forecasts.Tbe more number of periods 

of one or another-temporary exte~t is in a series,the saf~r the 

forecast of appropriate scale of priority.Tbat is why one of the 

prirn.ary tasks of com.:::ercial oceanograph:1 is a search of su-::~ -::ri­

t:~rion 'that could allo·,.. to have the maximum long serio.~::; ,_..r obser­

vations in actual commercial area. 

Unfortunately,thcra is no s=r;tion likt~ Kolsiy in tht· 3ru·l:':lt 

;,: .. .a "!:loth in the Berin~ sea am! the s~a ot Okhot::k. 3nt ··, :::-:. i.:·, 

case it were,it would be iwpossiUle to have a notion about ther-

.=::,.1 state of th~ f:ntir:e Basin by one section,for irl th~ ?'·J.I'-r:'u::t: 

seas cases of apparent counterpbase betwec:-1. nort~ and south, 

east and west are not infrequent 1 the data of shor~ sta~i~l:.s can-

not reflect the e::w-:nce of processes tnking place in high seas. 

That is why icing was talce!l as a criterion of thermal stat.:-,r.::J.:;:ll­

lar observa,tions of icing have bee:1. conducted sii<ci.' 1960 in the 

3cr:i.n5 sea <J.nd since 195? - in the t~ca o.f Okhotsk. 

\-ihile stuC.ying intel'i~JUl!llll va:..~iations llf hn:• oceartvbe;iC'.;.~..i. 

!Htl"~•Jr£tt:i:.' it is necessary to exclude interannual fluctu.:<~tion.or;:; 

a:nplituda of which is rather high t:o conceal a coursr~ f'=·r :L'"Irly 

~·ear>J. It might be possible to chouse _ru1y decade or rr:on\:3 tor aiJ 

analysis but it is difficult to detel·mihe tbe most informative 

amons; them. Even the terr.t of maximum icing is chane;~d. !rem yec.r 
. ' 

to year from the third decade of Februar;r o the first c!ec:o.<ie .;;.f 

April.Averaging of icing was conducted in January-April.~o avoi~ 

errors that allowed t:o 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 hot.i1 

s~as.Amplitude of fluctuations was2!J.% in the ~ering sea: from 

18% - in the warmest year,1979 up to 42% - in the coldest 1976. 

'l'he amplitude of fluctuations ia higher in the sea of Okhotsk 

(3€fl~) but total icing is also higher: from 50 to 86% in extren:e 

years.· 
Spectral analysis didnot reveal apparent rrevalence c.r -:-; .y 

regular.i.ty.~he best contribution is made by 11-year-old cycle 

in both seas 
1 
then 5-6 year-old cycle comes as for the level of 

significance. 2-year-old regularity is additionally distin­

guish~d in the sea or Okhotsk. 

The availability of 11-yeru.•-old cycle is probably relat.ad 

to the fluctuations of solar activity.lt is not by chance that 

as solar activity increases in the Bering sea,t'le level of id.n;:; 

considerably decreases tU1d in the st:a or Okhotsk it is just vic·~ 

·,eraa 1-the lev~l of ici!!f;; iucreases.\Jhen Wolf 1 s numbers are re­

duced1the c~ange of si~LS of anomalies take~ plac~ in one of 

the seas, but counterphase of p1•ocesses is the sa.mc. Cotu1t-::rrh<'t'r 

was revealed particularly clear in extJ:eme years.The colder in 

one sea the warmer in another l~te. 

Grouping of adjacent years. of the same type (table 1) l·:as 

carried out to have clearer idea of counte:rphase of proce!-:iH~s. 

Alternation of warm and cold ue~iods is clear from the table 

""' "'" 
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both in t~~ ~arll1g s~a and the sea of Okhotsk.There!ore,cool­

ing with incr'eased l~vel of icing was observed in the Bering 

sea. in 1960-1965,1971-1977 1 and warJting with lo\o·:-icing winters 

- in 1966-1970,1978-1963.Cold periods for the sea. of Okhotsk 

are 1960-1961 1 1966-1973 1 1978-1~8? and warm periods- 1962-1965 1 

199.4-1977 1 1984-1989. Thei-efore 1 thermal condi t:ic.m::; were actually 

d.tN-=lorJed in cou.'lter~hase ilt both see.e. till 1983. Nevertheless 1 

ice process1:S :u~.v~. been develo];ill(:!; by t~tpe of llarm or ~::t-au 

ye~s in both seas starting sip.ce 1985 and up to nowadays. 

Icing was g':'ite below the norm i.n the Bering sea even in extreu:.~· 

ly ware year fa~ t~~ s~a~of Okbotsk 1 1989. 

War:ni!lg of the sea of Ok~otsk in the second !::l~lf of the 

BOa proves 1~-year-old rhythmics of inter~~ual fluctuations, 

wher~R~·the warm bac~gro~1d is likely to be an anomaly in the 

Oaring sea4 By analogy with past years alternation of sign~ 

of a.w . .'U.!--!i.c:;; ~1:.U t·.:o o~ctU.' in th~ ]}eriag sea in the mid 80s 

and up to no";adays icing jn wjnter must be above the norm. 

By present st:a1·.; ~1J t:bei-mr.o~ condith,H5 (::.•-:!tl•Jc-:-d lr!·.r~l .-.r 
icinr; is in beth ~~ct!> for tC.e last 5 years) it. can be co!lclud­

ed about ch.a:1ge cf couuter?has·e of processes.Is it really f;O? 

J.,,t US go baclt 1;<, t:t,.., Er'!,.,.,.~.·ul<o ':'J' CO\.Il'<lC Jor U.'="l'•;:; yt:8'S l,1~l; 

with 5-year-old sliding averu~:ing (Fig.2). Therefore,?..:.j-ear-old 

and 5-6 year-old fluctuation~ were artificielly excl\H!f:!d fl't,\f;l 

the courst! for many years 1 that. allowed to demonstrate 11-year-ol 

cycl~ mor·c vi:mal:!.y. An it C?.I~ be noted,notwithstanding the 

low icing during the last years ,11 year-old cycle has been 

violated iu the .Dering sea.An increase of ici.!":; ·,dth regard to 

previous p:1as~ •:-f hn,· it:-JJ1g win1:ers occureC. here in the mid 

80s in con!"oru:.ity \.-ith 'i1 year-old l·Lytl:l.Clics.1reverthel~;H.::-,;,:U: 
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Years! 

1960 
1961 
1962 
196) 
1964 
1%5 

1966 
1967 
1966 
1969 
1970 

197I 
1972 
197) 
1974 
1975 
1976 
1977 

1978 
1979 
1980 
1981 
1982 
198) 
1984 

1985 
198& 
!987 
1986 
1989 

v v v v v 

Table I. 

Indices of warm conditions of the Bering Sea and the sea of 

Okhotsk 

The Bering sea Tbe sea of Okhotsk 

Signs of ftypes 'of 1 periods 1 signs of 1 types of 
anomalies _ye~rs_ I_ anomalies years 

periods 
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-- is much lower than that of previous cold periods, even low~l' 

than average meaning for many years. 

The given situation is very likely to be related to e.;t.:'l;~­

ral warming or· the ~Bering sea, the l.'easons could he either ano­

malous development .of atmos'Pheric proceSEn~s Ol' thtl (::;ltob~ \y£•!.·1a­

iog of the Earth climate. 

It is no doubt that fluctuationE of icing ere related to 

, peculiarities of atmospheric processHH that occur over the 

North Pacific and counterphase of the sea of Okhotsk anC. the 

Bel-ing sea are related. to location l+J\C. :inl:t>:U:.:i1::r of high-~lti­

tude ridges and hollows that have direct influence upon cycle-

nic activity off the Eart!:t. surface. Three types of 111acro:pro-

cesses are distingUished by Girse A.A. by the state of high­

-s.ltitude frontal a.t.ea in the Far-Ea:-;t~r·n )'eg;ion: first - I!leridio­

nal (M1), second- meridional (N2) 1 zone.l (3) (Fig.3). 

At 111 vast ridg~ is located over tile North-western F?.cific, 

high-altitud"e bollqws are by both sid~s of it: on~-~ lwllo·,: :i.~ 

directed !'mtt:h.,.e.rd. [J'OI•l t:!e .~.l.'l;t i.r..areas along tht! easte1·1: cOi!St 

of Asia (Far-easteru hollow) ru1d the second hollow - to tbe 

•t~est areas of A.mer,t-;an continent. At h2 the sign of baric field 

is alternated: larg,e-scale hollow is located over- the Uo;·1;;;­

-w.estern Pacific,and -well-devtlloped ridges a,re to the right 

and left of that h9llow. Both types of proCesses are an e:xe<Japle 

of meridional form 9! circulation. 

Tropospherical ""aves· either cott;>lE:t!!lY disappear or their 

amplitude is very l9w at zonal state of high-altitude t:rontal 

zone 1besides they are changed over sorr.e areas but rapidly shift 

in the direction from the west to ee.sb:ard. 

At 111 development highly-gradient zonr. with severe nOrt=:.ern 

winds a:?pears _to _b~ over the sea of Okhotsk tra.ns!er_i..ng cold 

masses of Arctic ai.c · from.9hukotka that promotes :intensive 
:. . . 

cooling of th6' Okhotsk .sea·· waters· and as a consequence it 
·;. . 

promotes development Or eXtremely high icing in this area. 
;•, 

The opposite S~tuatiOn is observed in the D.ext bas·in.Cyclones 

moving from ~~~ ~out~~~ trans :fer wa.rm oceanic ail! to th~ Ber.ing 

sea preventing rapid water cool~g. 

In case o! dominance of macrocirc~lation from M2 in tro­

posphere in wi.nter 1 the character of development o.f. hydrother­

mal regimes of the Okhotsk and Bering seas is con~iderably 

changed 1primarily due to the ch~ge ot t~ajectory'of shifting 

near-Sround cyclones.:Cyclonic activitY gets lower over the 

Bering sea,tbat leads to inflow limit of warm air masses intO 

this area !rOm the ocean,located in tb~ rear part of cyclones · 

of Aleutian depression. The Bering sea.~s subjected to the 

inflow ot cold arctic air that results in intensive cooling 

of water surface and development of consider.able icing. 

And vice versa,an increase of total temperature background 

in the sea of Okhotsk basin is stipulated by development of 

cyclogenesis oyer this area. Moreover, the shift of the Aleu­

tian !epression center eastward protects the sea of Okhotsk 

from the influence of its cold rear part. All this results ~ 

slower cooling of the area and quite slow ice accumulation. 

Therefore,development of icing occurs in counterphase 

in the sea of Okhotsk and Bering sea when one or anot~er.me­

ridional form of processes prevails in t.ropospbe~e. r-~ore inten­

sive icing is marked in the sea of Okb.ots.k at M11 and in :bhe 

Ber~g sea - at H2 • 

... 
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In some years, the level of icing in nei~hbourine Basins 

can be changed in one pbasa: as it has b~~n revealed. J..s a r·ule 

it is observed ·during zonal transfers. I~or~ovar,ict! cbnditiln 

can be either identically easy ar iCentically bard,dependiJ~g 

on high-altit~de front ~one position. 

In case if latitude-orientated frontal zone is located 

southernmost or both seas,over the No!'th-we:.'t Pacific, both area.s 

,are turned out to be in the Arctic sector under th~ influence 

or cold air maases.Cyclones,~oving southernmost,affect the sea 

by their rear parts.that is why northern transf'i'J.'S are observed 

in the entire area.Under such situaticn identically rapid cool­

ing takes place in both i3asins. r~sul~i;L~ in ext1·e1=1e hi:;h i<:i11g. 

Fent:!tr:o>.tion of Arctic air to the area is decret\scli and vice ver-

sa, an influence of warmer air ~asses of te~porate latitud~ 

gets higher 10hen high-altitude frontal ZlHlH is northernoost. 

Total ir:.cr~Hse of te?:P~l·ntur~:: background limits icing G.e\·dup-

:01ent: '...oot:h in the Okh,otsk and Bering .s~au. 

Such AXe the uain counterp!::tase mechanisms llf p:CI)t;..,~·:· ... ~ ·i:;, 

the Bering sea anC. sea cf G:.Chotsk hydrosphere and pos~ihl~;~ ·.ra-

riants of synchronous cooling in both Basins. If it is as:ru.:ned 

that peculiarities of dev~::!,l.:_J::t•:ld: or :-.t:'l:1..;fJ:\.~;,•i.r; ~·,.':·•~-~·· are 

~he main reason of SynchJ'cnou:: warmir.g of the O%!::tot!::k !=.<>i 3crin~ 

seas in the last decade, - restoration of cou."lt:t=rpha.:;~ of .si.gns 

of anorr:.alies in bydrosh~ro: cail.J be expected after a numbtr of 

years. 
Consequences of global . .,.arming of th':l E:ct rth can be non­

-~verse and lead to further intensification of processes or 

warming in both seas that will be related: to the state of 

commercial object.s.Possible shift of hydrological l'.un~-::-: causes 

u u u (_) u 

the concern that will Ul!C.oul,t:i:dly result in violation of modern 

ecological balanc~.It is not excepted that an amount of some 

species or fish will rapidly fall down and the all!.ount of oth­

er species will be increased. Even "outburst" in abui~..:~~.ce ''r 

non-traditional species are possible for these seas. 

Certainly 1 it is difficult to confirm that it will namely 

be this way. It is no ddubt that more detailed investigation~ 

of cauf>!~-os 'iiid regularities of long-term variations of waun stt:te 

of the l!"ar-eastern seae are required and thorough working 01.1t 

of both cause and effect variants to the last detail. 

u 
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Fig. 1. Fluctuations of icing anomalies in the 

Bering (1) and Okhotsk (2) seas for 

many years. 
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Interannua1 Variabi1ity of Thenaal. Conditions in the Bering Sea 

Rodionov S.H. and A.S. Krovnin 
TINRO. Vladivostok. U.S.S.R. 

During the last decades· three periods are distinguished rather 
clearly in variations or thermal conditions in the Bering Sea: 
1965-1969, 197Q-1976, and !rom 1977 up to now. Fig. Ia shows the 
changes or sea surface temperatures (SST) around the Pribilo! 
Islands. As it is seen the first period is characterized by positive 
anomalies or SST. In 1970 a rather sharP decline o! temperature 
occurred and the cold period started. But since 1977 a level of SST 
fluctuations rose again abruptly. 

The existence at these three periods o! quasistationary SST 
variations with rather sharP transltion !rom one climatic regime to 
another is not only regional phenomenon which is inherent with the 
Bering Sea. Similar periods show up 1n other time series o! thermal 
characteristics, o!ten thousands o1 miles distant !rom the Bering 
Sea. Thus, Namias (1982) defined the above climatic regimes 1n air 
temperatures 1n the south-eastern United States. The variations or 
air temperature 1n Fig. 1b are out-o!-phase with those or SST in the 
eastern Bertng Sea. Another good example is changes o! water 
temperature in the layer 0-200 m at Kola section in the Barents Sea. 
These changes serves as a gpod indicator or thermal conditions 1n 
the whole Northeast Atlantic Region. 

There is no doubt that manirestation or these three climatic 
regimes is associated with global or at least hemispherical 
processes 1n the ocean and atmosphere. It is known that during 
1960's the zonal atmospheric circulation over the Northern 
Hemisphere was relatively weak, but in 1970's its considerable 
1ntens1!1cation occurred. Some reatures or atmospheric circulation 
change which happened in 1977 are seen in Fig. 2. During 1977-1982 a 
significant increase o! geo~tential heights at 500 gPa sur!ace 1n 
high latitudes was observed 1n comparison with the period o! 
1971-1976 while they decreased 1n th9 middle latituaes. As a result 
zonal atmospheric circulation over the Northern Hemisphere was 
weakened. This process was accompanied by !re~uent outbreaks or 
arctic air masses in the Northeast Atlantic wliich led to cooling 
there. on the contrary, the increase o! geopotential heights over 
Alaska and their decrease over the Central North Paci!ic were 
responsible !or strengthening or southerly.!low in the lower 
troposphere over the Bering Sea which resulted in ~arming in this 
reglon. 

As shown by Pavlychev et. al. (1989), the changes o! thermal 
conditions in the Bering Sea are closely related to the pattern or 
stonn trac~.s. In winter o! warm years when meridional terms or 
atmospheric circulation prevail over the North Paci!ic the axis o! 
most Irequent occurrence or cyclones stretches rrom the southwest to 
the northeast bringing about enhanced advection o! warm air to the 
eastern Bering Sea. on the contrary, in cold years zonal !arms o! 
circUlation develop over the Bering Sea and to the south a! it. The 
axis a! most frequent occurrence of cyclones runs along latitudes in 
the region south o! the Aleutian Chain. In this case strong 
northerly winds over the Bering Sea produce severe winters. 

Location and central pressure o! the Aleutian Low may be 
considered as an integral characteristic o! storm.activity. The 
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deepening or this center o! action and its displacement to the east 
or normal position result 1n cooling 1n the Bering Sea. on the 
contrary, the relatively high central pressure ana westw~d shi!t or 
split o! minimum lead to mild winters ln the Bering Sea. It should 
be noted that location o! the Aleutian Low seems to be more 
important than atmospheric pressure 1n ~ts center. 

As Namias (1976) gointed out, the Aleutian Low is associated 
with El Nino/Southern scillation (ENSO). During the ENSO events 
zonal circulation 1n the temperate latitudes a! the North Paci!ic is 
enhanced. The Aleutian m1n1mllm tends to be more intense and 
displaced southward and eastward a! normal. As shown above this 
situation brings about the cooling in the Bering Sea. 

Statistical correlation analysis o! time series o! atmospheric 
and oceanic parameters !or the eastern Bering Sea region with an 
southern Osclllation Index (SOl) carried out by Neibauer (1986) 
gives an evidence ot stgniricant teleconnections between the 
tropical Southern Hemisphere SOl end events 1n the subarctic region 
or the North Paci!ic. Maximum correlations range !rom 9 to 15 months 
lag behind ENSO events tor processes 1n the Bering Sea. The signs o! 
correlation coe!!icients all s~st that warming 1n the eastern 
Bering Sea !allows an ENSO event: 

At the !irst glance1these results are in some contradictions 
with findings of Namias <1976) and Pavlychev et al. (1989). But 
disagreement disappears i! we take into account a conceptual model 
at development o! large-scale atmospheric and oceanic processes in 
the subarctic North Paci!ic. proposed by one o! the authors 
(Rodionov, 1987). This model may be used as a possible explanation 
ot about one year lag between the ENSO and Bertng Sea events and 
existence ot quasibiennual oscillations 1n the subarctic region. 
According to the model an 1ntensi!ication o! zonal atmospheric 
circulation over the North Paci!ic (as.ror example,during the ENSO 
events) and correspondent strengthening a! North Paci!ic Dri!t lead 
to warm~ along the west coast at the North America. This can be 
explained using a well-known Icelin's hypothesis (1940). When the 
currents in the subtropical gyre became more Intensive the gyre 
shrinks and the split point or North Pacific Dri!t shifts southward. 
As a resUlt warmer water is transported into the GUl! or Alaska. The 
warming in the GUl! of Alaska encourages the deepening of the 
Aleutian Low and its eastward displacement. Both deepening and its 
more eastern location lead to !urther strengthening or North Paci!ic 
Dri!t and increase at SST. However, as the positive SST anomaly 
is driven by the current along the Aleutian Chain toward the Asian 
coast, the Aleutian Low shi!ts in the same direction and sometimes 
splits. Zonal atmospheric circulation weakens and meridional 
circulation, on the contrary, enhances. The subtropical high 
pressure ridge extends to the Aleutian Is. region and advection o! 
cold arctic air along its eastern !lank results 1n the appearance or 
the negative SST anomaly along the North American coast. This 
anomaly driven by the Alaska current system to the north and then to 
the west promotes 1ncreestng o! meridional gradients both 1n ocean 
and atmosphere. As a result,the zonal type circulation establishes 
again. The period of this auto-oscillatory system is about two 
years. 

As it is really known, the quasibiennual oscillation (QBO) is 
strongly pronounced in fluctuations ot thermal conditions o! the 
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Bering Sea. The QBO is also displayed 1n variations o! relative 
abundance or pollack stock (RAPS) 1n the eastern Bering Sea (Hen, 
1988). So it ls natural to assume an existence o! relationship 
between RAPS and thermal conditions. Nevertheless, correlation 
coe!!icients between RASP and water temperature and ice conditions 
are turned out to be ins lgni!ican t. ... 

Probably the matter is that the relationship between RASP and 
thermal conditions is di!!erent 1n various frequency bands. Both 
thermal conditions and ~ exhibit linear trends so that the 
warming in the Bering Sea coincides with the negative tendency in 
the pollack stock size. 

Alternative type or relationship seems to exist 1n the hi~ and 
intermediate frequency bands, that is in variations !rom year~o 
year and !rom one group o! years to another. Variations or RAS.r eJtd 
ice conditiona a!ter the removal or linear trends are represented 1n 
Fig.3. The above mentioned climatic regimes become more pronounced 
in these data. The association between RAPS and thermal conditions 
is positive now: the warmer the sea the higher the pollack stock. 

In order to reveal the Similar relationship 1n QBO cycle the 
!allowing table has been constructed. Sign "plus" ("minus")" in the 
!irst row or this Table means that RAPS increases (decreases) up to 
the year given 1n the Table tram the previous year. Sign "plus" 
("minus") in rows 2-5 means warming (cooling) in the Bering Sea in 
accordance with such !actors as ice conditions, southern boundary o! 
cold water (SBCW), water temperature in the layerS· ·0 i£8 m er.d: 
Q-bottom at sections located to the south or the Pribilo! Islands 
(Pavlychev et al., 1989; Hen,1988) and SST 1n the grid point 55 N. 
170 W (data trom archive ot Hydrometeorological Center or the USSR). 

The Table shows that odds !or coincidence ot signs or 
year-to-year variations 1n RAPS and thermal conditions arg_ rather 
high and correspondent frequencies vary tram 0,6"4 (tor !ID:!) to~1!(for t.,.... 

o-&~i1Dt1.). The trequency increases up to 0,91 1! we take into account 1 

only those years when the signs ln rows 1 andl2-5 are the same that 
is one can judge about warming or cool~ 1n the Bering Sea rather 
firmly. The same frequency value is 1n tfie case when even one sign 
1n the rows 2-5 coincides with sign in row 1 • Thus, we can induce 
that in interannual time scale warming (cooling) in the Bering Sea 
is associated with increasing (decreasing} or the relative abundance 
of tha pollack stock. 

In order to answer the ~estion whether the warm climatic 
re ime started 1n 1977 is on or not let us consider the si~uation observed during fn.e ast years. Clla.nRes or mean winter 
(January-March) SST in tfie gr-id point 55 N, 170 W !or the period 
1970-1989 are shown 1n F1g.4. As seen, a level o! SST fluctuations 
continue to be rather high despite the !act that 1n 1988 and 1989 
SST decreased slightly. 

F1g.5 demonstrates a sequence or maps ot geopotential height 
anomalies 1n January !or the period !rom 1984 to l990. All anomaly 
patterns excluding those o! 1986 and 1989 indicate that southerly 
winds over the eastern Bering Sea prevail. 

As it was noted by McLain and Favorite (1976) the severe 
winters in the Eastern Bering Sea established in the 1970's were 

associated with the c~e in SST anomaly pattern in the North 
Pacific. During the 1960 a the positive SST anomalies predominated 
along the western coast or North America and the pool o! Golder than 
normal water was present 1n the central North Pacl!ic. In contrast, 
during the 1970's the general sea surface temperature pattern was 
the opposite: cold along the West Coast and warm in the central 
North Paci!ic. As seen in F1g.6, patterns or SST anomalies !or 
winters o! 1984-1988 are similar to those 1n the 1960's but in 1989 
spatial distribution o! SST anomalies has changed toward the 
situation observed in 1970's. 

A question arises when the existent warm climatic regime will 
come to the end. The answer on this question is very difficUlt end 
speculative. According to .Namias (191j2), characteristic time scale 
of the climatic regimes under consideration is about 5-15 years. So 
it is possible that soon warm regime 1n the Bering Sea will be 
terminated. As it was shown above, SST anomaly patterns give us some 
evidence 1n tavor !or this assumption. However, we shoUld take into 
account that maximum of solar activity is expected about 1991. 
Favorite and Ingraham (1978) pointed out that during the periods or 
sunspot maximum the mean winter position o! the center ot the 
Aleutian low pressure shifts tram the Gult ot Alaska to the western 
Aleutian Islands. So it can be assumed that the current warm 
climatic regime 1n the Bering Sea prolongs until about 1991. Then as 
the solar activity will start to decrease and zonal atmospheric 
circulation over the Northern Hemisphere, in accordance with Girs's 
hypothesis (1971 ), will strengthen, the cold climatic regime will 
possibly establish. 
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Fig.1 Thermal regimes over the last decades. 
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Suggestion for a Fishery Oceanography Coordinated Investigation Cruise 
for the Bering Sea for Suaa.er 1991 

Ji.-. Schumacher and Ron Reed 
Pacific Marine Environmental Laboratory 
National Oceanic and Atmospheric Administration 
Seattle~ Washington 

Prepared for 

International Symposium on Boring Sea Fisheries 

April 2-5, 1990 

at 

Khabarovsk, USSR 

Pacific Marine Environmental Laboratory 
National Oceanic and Atmospheric Administration. 

Uited states Department of Commerce 
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Bering Sea FOCI Plans, Summer 1991 

Introduction --The Fisheries Oceanography Coordinated Investigations (FOCI) is 

an effort by the National Oceanic and Atmospheric Administration (NOAA) to 

understand causes of recruitment variability of valuable fish and shellfish 

stocks of the Gulf of Alaska and Bering Sea. Our main interest is in ualleye 

pollock (Theragra cha!cogramma), ~hich is a major commercial resource in the 

Bering Sea. Variations in survival during early life stages, especially the 

larval stage, are thought to be the major factor leading to enhanced or 

reduced recruitment. NQmerous biological interactions and physical processes 

play important roles. Variations in ~cean circulation and the transport of 

larvae are especially significant. 

Rese~rch Cruise -- An investigation of the circulation and physical properties 

in the ~estern Bering Sea is the objective of FOG[ studies in summer 1991. 

Although this proposed study is ~ainly concerned vith physical oceanographic 

aspects of the region, it vill be integrated uith our general ecosystem 

studies. The field ~ark uill be conducted by the Pacific Karine Environmental 

Laboratory of NOAA. 

We plan to occupy CTD (conductivity/temperature/depth) casts along the 

sections shoun in the figure. The sections across Near and Kamchatka straits 

should permit examination of the exchange of upper and deep waters betueen the 

Pacific and Bering Sea. Sections along the Kamchatka Peninsula should help 

define the £lou of the suift boUndary current there. Other stations in the 

deep basin uould provide valuable information on the temperature, salinity, 

and nutrient (phosphate, nitrate, and silica) distributions in the region. 

Hany of the casts vould be taken to near bottom, and casts in the straits and 

near the continental margin would be at intervals of 10 km or less. 

u 

tn _, 



In addition to CtD York, Ye plan to deploy several satellite-tracked 

drifting buoys to obtain direct ~easurements of upper-ocean circulation. the 

vessel ~ill have an acoustic Doppler current profiler, Yhich measures currents 

in the upper 300 m. Ye also plan to deploy a feY current moorings to obtain 

long-term measurements. 

Opportunities for Cooperative Research -- The Sering Sea FOCI uork is planned 

for August 1991 aboard the NOAA ship ,'filler Freeman, a 65 m-long research 

vessel and stern trawler. the vessel is well-equipped for research and has 

computer systems, satellite navigation, and fish detection sonars. The cruise 

is tentatively planned for 25 days and YOuld probably start and end in Dutch 

Harbor, Alaska. 

Ye would welcome cooperative researc~ activi~ies uith Soviet scientists. 

Berthing space for a feu visiting scientists ~ould be available. Activities 

that could be undertaken include plankton-larval tous, limited miduater 

trawling, sonar detection of fish schools, and collection of water samples for 

biochemical analyses. The vessel vould also provide a good platform for 

observing various oceanic phenomena. Although observation time is limited 

because of the large amount of CTD vork, perhaps three days' ship time could 

be devoted to other research. Cooperative research programs should greatly 

enhance the value of the investigation of circulation and water property 

distributions. 

PaCific Marine Environmental Laboratory 
Se~ttle, Washington 
FOCI Investigators: J. Schumacher 526-6197 

R. Reed 526-6818 
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Fecundit.y of Wal.1eye Pollock. .. Theragra cba1cogramma (Pall.as) 
fraa the Bering Sea 

Voronina ELA. (VNIRO) A.K. Prival.i.khin (VNIRO). 
and M.G. Suchkova(TINRO) 
U.S.S.R. 

A stud_J" v;as made of walle,re pollock fecundit,r in the eastern 

Bering Sea·based on material collected in 1987-1989. A method for 

intravital evaluation of oocyte state in walle,re pollock ovaries 
and identification of nor~a~ly f~c~ianing and patbologicall,r matu­
ring gonads was developed ~d applied. Individual absolute fecundit,r 

u 

number of patbologicall,r maturiug ooc)tes and characteristic features 

of their resorption were deter~ed. Walle,ye pollock is characterized 

b,y synchronous vitelloge~esis ~J?e and a5Jnchronous maturation of 

ooc]tes with subsequent accumulation of ripe eggs in ovarian cavit,r. 

Spuwning of walleJ"e pollock is simultaneous. PathologicallJ devalo­

ping oocjtes were recorded in 6? % of females and thair relative 

nUI!lber maounted to 80 % in so ... e individuals. Females with total 

ooc;rte resorption in ovaries costituted 12 % oi spawni.ne; stock at 

tb.e beginnllg of spaw:o.in.g season and decreased to. 3·5. · % at the 

end of spa9.ni.ng. The exterior view of pathologicallJ developing 

overies is often normal, wich can be erroneouslJ interpreted as 

spawning of walleJe pollee~ in s~er. 

When individual absolute fecundit;r was estimated both normallJ' 

maturing ooc]tes (actual IkF) and ;rol~ed altogether with pathOlogi­

callJ maturing ooc;rtes (possible IAF) were taken into account in 

each feoale. In 1987 the value of possible IAF in the eastern 

Bering Sea varied froo ?3,000 ooc;rtes in fel!laJ.es 30-32 em of bodJ' 

size to 700 1 000 in. idividuals of maximum size. Actual IAF was on the 

average bJ q~ lower end constituted ?2 1000 and 600 1 000 oocrtes 

respective!)'. In 1989 possible fecunditJ of the recruited spawners 

wc.s lower than in 1987 e.!ld was esti!D.ated at 54,400 ooc;rtcs, whereas 

() () () u 

!.:m: .. l<!s of L .. rG..:r size e;~ibited ilil!,er fecundit:r of up to 1 1 (00,000 

occJtl.s. Actuc.l .fecunditJ was ou tho average bJ' 10 ~f. low~r SLJ 

'lias estimated at 38,0Q(J and 1 1 140,000 ooc]tes. 

Ti1e values o! cctual fecund.itJ in 1987 and 1989 all size. groups 

avzrageQ 318 and 432 thousand oocytes, respectivelJ. 

Fopulc..tion fecunditJ (Pf) \"IllS estililated as a total sura of 

contributions oade bJ individuals of all size groups constituting 

spa\'lnin;; stock. In 1987 the major contribution into population 

fecunditj was mad~ bj feoales of size groups of 37-44 em long (41 %) 

and lower shares (27, 13 and 16 $~) were contribut;ecl b;:; famalc:s of 

other size groupings of 45-52, 53-60 and 30-36 em lcng. 

In 1989 45 ~~ o£ contribution into popul.J.tion fecundity was made 

bJ females 45-52 cm long, 26% \'O.S.S contributed b;r fish 53-50 ere long 

and 20 % she.re wa..z made bJ the size group o.f 37-44 em. Contribution 

of recruited spa•om~rs 30-36 Clil long exhibited 16-fold decrease 

(1 %) as as co;apared Vlith 1987. 

The value of welleJe pollock population feclL~dity in the eastern 

Bering Sea was estimated in 1987 at 1801.65 x 1012 eggs, while in 

1989 it showed 4.2-fold decre3se constituting 423.82 x 1012 eggs, 

Vlhich r1ould necess&rilJ effect state of walleJe pollock stock in 

the nearest· 2-3 Jears. In view of the fact that quantitative 

estimation of ooc;yte resorption phenomena in walle;ye pollock had 
not been pe~formed before, the obtained values of abundance and 

biomass of the species from the results of ichth;yoplankton SurveJ' 

appeaxed to be undoresti!!lated up to 7 % at the beginninG of sp~wnine 

neason and to 17-20 % in the second hal.f of the spawning period. 
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Infonaation on the Stock Structure of Bering Sea PoU.ock 

Pi.erre K. Dawson 
AlaskaFisheries ScienceCenter 
National Marine Fisheries 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 and 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 pollack 
populations in the new and traditional fishing grounds. If pollock 
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 pollock 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 Basin (Figure 2). In both areas the 1978 year class 
has been a dominant year class but at different times. By the time 
it had become dominant in the basin as 7 year olds, the 1978 year 
class no longer made up the largest fraction of the catch on the 
shelf, having been surpassed by the 1982 year class. 

In 1982, in the Aleutian Island area the pollock age composition 
was broadly similar to that of pollock on the eastern shelf with 
the 1978 year class dominant as 4 year olds. Hot.,rever, as the 1978 
yearclass grew older and no strong younger yearclasses emerged, the 
Aleutian Islands pollock age composition has shifted and become 
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 of 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.s. portion of the Aleutian Basin (hereafter called 
the southeastern basin) and those from the doughnut hole. 

u u u v' 

Length at Age 

Like age composition, length at age varies by region in the Bering 
Sea. Lynde et al. (1986) and Hinckley (1987) demonstrated that the 
mean length at age of pollock on the continental slope northwest 
of the Pribilof Islands was smaller than that of pollock 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 Aleutian 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 pollock 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. 

'l'he recent data from 1989 again supports the above 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 includad 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 
Shelikof Strait sample was more closeJ..y related to the 
Bogoslofjdoughnut 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 Bogoslofjdoughnut hole stock, an Aleutian Island stock and a Gulf 
of Alaska stock. 

Spawning 

Hinckley (1987) and Mulligan et al.(l989) 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 northern 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 
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southeastern basin in the vicinity 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 sa N where one drifter headed west across 
the basin while two more headed up onto the northern shelf (Reed 
and Stabeno, 1989) (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. 

Conclusions 

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 pollock in the Aleutian Islands. The 
lack of any significant spawning concentrations in the doughnut 
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.S. EEZ. The 
Continued absence of young adult pollock 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 eggs 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 hleutian Basin are a self-contained stock but are dependant 
on recruitment from outside the region. 

Much more work needs to be done to 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 hypothesized that some western Bering Sea 
pollock migrate into the doughnut hole. Multi-lateral cooperative 
studies are required to obtain a more complete understanding of 
pollock in the Bering Sea. 

N 

Fl9ure 1. Ch11rt of the Derin9 Sea. 
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Figure J. Age composition of pollock caught on the eastern Bering 
Sea shelf, Bogoslof Island and the doughnut hole. 
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Figure 4. 1909 age composition of pollock caught on the eastern 
Bering Sea shelf, Bogoslof Island and the doughnut hole. 
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Figure 6. Mean lengths-at-age of male walleye pollock averaged across the 
years 1978-87 for each age, quarter and areas 1, 3, 5, 7, 9 and 11. 
Areas are as in Figure s .. 
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Figure 7. Mean lengths-at-age of male walleye pollock averaged across the 
years 1978-87 for each age, quarter and areas 2, 6, 8, 9, 10, and 11. 
Areas are as in Agure 5, 
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Figure s. Mean lengths-at-age of female walleye pollock averaged across the 
years ~978-87 for each age, quarter and areas 1. 3, 5, 7, 9, and 11. 
Areas are as in Figure s. 
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Study on Stock Ident~f~cat~on of Wa11eye Po11ock 
Based on Morpboaaetric Data 

1\kira 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 variabil­
ity as well as biochemical methods. Under the method based 
on morphometric variability, an approach to test statisti­
cally the variability In relative growth has been adopted, 
and Wlans (1984) showed the effectiveness of the method to 
process through multivariate analysis the values concerning 
the morphometries measured through Truss Network Measurement 
(TNM) Method as a method to identify Pacific salmon juve­
niles having different origins. 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 
Aleutian Basin, including the International waters of the 
Bering Sea, and the school of Individuals living on the 
continental shelf of the eastern Bering Sea. 

This study, Initiated In 1988, showed the possibility 
of distinguishing one sample group from another through 
morphometric variability, despite the fact that relatively 
few specimens were made available. However, as the range of 
body length of the specimens on the continental shelf of the 
eastern Bering Sea was relatively wide, only a part of 
specimens which belonged to the body length range of speci­
mens in the international 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 Identified on the basis of data obtained through 
measurement of large qua~tlty specimens under the TNM meth­
od. As a result, it was made clear that determination was 
possible at a fairly high level of probability. 

Materials and Methods 

The TNM method is designed to study the morphometric 
variability by grasping morphometries 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 morphometries, In pollock, 19 points, as 
shown in Fig. 1 (8 cells and a total of 43 Euclid distances) 
were established. In what follows, the distance between 
Point I and Point 2 is expressed as Point 1-2. 

Specimens collected in the international waters of the 
Bering Sea and the continental shelf of the southeastern 
Bering 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 northeastern 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.S. joint venture 
fisheries at the request of researchers. The number of 
specimens were as follows: 

-----------------------------------------------------------
Sampling Area Date Number -----------------------------------------------------------
U.S. Waters (Berino Sea) 
International Waters (Bering Sea) 
Off Hachinohe (Western North Pacific) 

Apr. 
Jan. 
Sep, 

1987 
1988 
1989 

682 
291 
249 

-----------------------------------------------------------
Measurement was conducted according to the following 

procedure. 
1) Place fully defrozen specimen on the measuring sheet ....J 
(YUPO paper 150 ) in a natural manner o{:::r. 

2) Punch the measuring point with a needle 
3) Read coordinates on the measuring sheet with digitizer 
4) Calculate the 43 Euclid distances from the coordinates 

Analysis was conducted according to the discriminant 
analysis. The program used In the analysis was FACOM OSP 
Statistic Package, 

Results and Discu~sion 

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 In the International 
waters of the Bering Sea and off Hachlnohe 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 
of the proportion of each of the 43 Euclid dlst·ances to 
standard length (ED/SL) for each area was unimodal with 
little variance, It 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
tal shelf of the southeastern Bering Sea and the interna­
tional waters of the Bering Sea to the orloinal area were 
determined at the probability of 85% each, and those from 
off tlachinohe at the probabilitY of 88%. As a result of 
discriminant analysis using actually measured values of each 
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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 66~ and 90%, 
respectively, showing a slight increase. 

Samp I i ng Area 

U.S. Waters 
lnt'l Waters 
Off Hach i no he 

Sample Percent classified into area 
size -----------------------------------

682 
291 
248 

U.S. Waters 

84, 9 
a. 2 
1.6 

In t ' I 
Waters 

II. 9 
85. 2 
10. 9 

Off Hachinohe 

3. 2 
6. 5 

87. 5 

Dawson (1989) applied this method to pollock juveniles 
and attempted to clarify 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. Dawson explained that this might have been 
due either 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 might have been mixed 
schools from several areas of different origins. 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. 

Recognition of variability between sample groups by 
means of discriminant analysis shows that tHe proportion of 
various parts to the body length, as measured by the TNt.! 
method, differed In the three areas. In 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 1% difference for almost all parts 
in both areas, But the results of the t test can 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, It is necessary to examine through 
various methods whether there are parts which specifically 

--·-~-·- ······· .... ----···- •.. 

u u u u u 

,-: .. "·;·// 
·:• .;-··· 

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, 

8 i b l i ography 

Dawson, P. 1989. Walleye pollock stock structure imp! I cat ion 
from age composition, length-at-age, and morphometric 
data from the central and eastern Bering Sea. In Pro 
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Pre1i.Jdnary Report on the Second Research Cnrl.se 
by Kaiyo ~ for fiscal. 1989 -- Research on 
Pollock Stock in the Internationa1 Waters of 
the Bering Sea 

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

Jntroductlon 

u 

This Is a preliminary repo;t on research on pollock 
stock In the international waters of the Bering Sea conduct­
ed as the Second Research Cruise by Kaiyo maru for fiscal 
1989. Additions and modifications were made to the prompt 
report compiled on board Kalyo ~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~~ In 
the Aleutian Basin, the present research was conducted with 
the participation of scientists of various countries con­
cerned. These foreign researchers cooperated among them­
selves In such activities as dealing with catches, biologi­
cal measurement and collection of ~arlous samples, They 
also collaborated with Japanese researchers In the Implemen­
tation of the research. Highly efficient research was made 
possible, helped by favorable weather conditions and flexi­
ble application of research procedure to changing situation 
in the research area. We are convinced that ample results 
were obtained In terms of International cooperation and data 
collection, despite the short research period. I wish to 
express our sincere appreciation to Captain Teruo Morooka 
and all the crew of Kaiyo !!U!L!! for their wholehearted coop­
eration. 

Backgr_ound 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 pefaolc pol locks 
was developed· In the International waters of the Bering Sea. 
Of the total catches, those from the International waters of 
the Berino Sea aggregated 1,280,000 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, S. 200-
mile zone, southeast of the Basin and the Kamchatka Basin in 
the U.S, S, R. 200-mlle zone. Catches In the waters off 
Bogoslof Island In \987 were 330,000 tons, and if those 
caught In the Kamchatka Basin are Included, a total of about 
2 million tons of pollock is estimated to have been taken 
from the Basin area. 

To clarify whether these pol locks taken extensively In 
the Basin area belong to a single stock or what the rela­
tions are between the pollocks Jiving in the Basin area and 

u u u u 

those living on the continental shelf have become Important 
and urgent international issues in order to establish a 
strategy for a rational utilization and management of pol­
lock stock in the whole area of the Bering Sea, According­
ly, Japan has been positively promoting research targeted at 
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 Fisheries Agency of Japan Implemented the Second Re­
search for fiscal 1989 by Kaiyo ~ in January and February 
in 1990 in international waters of the"Berlng Sea with the· 
aim to collect basic data concerning pollock stock In the 
said area.' 

Under the initial program. a Joint research proposal 
was made to the U.S.S.R. Government in· the hope to conduct 
the research in the Kamchatka Basin area In the U.S. S, R. 
waters where It was disclosed that high-density distribution 
of pollock was observed, But, as this proposal was not 
accepted by the U.S.S.R., the research was conducted only In 
a part of International waters of the Bering Sea In consid­
eration of the limited length of the research period. From 
the Information obtained In recent years, it was assumed 
that there is little possibility for high density distribu­
tion of pollock stock in International 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 Improves 
our knowledge on pollock stocks and further promote interna­
tional joint research and studies. 

This research was first proposed by Japan at the 
Mlnternatlonal Conference on Cooperation In the Bering Sea 
Pollock StockM held at the National Research Institute of 
Far Seas Fisheries In August \989. Not only nations partic­
ipating In the conference (the Republic;: of Korea and Poland) 
but also all the nations 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.S.R. participated in the research. 

Research Vessel and Research Equipment 

Kaiyo maru, a stern trawl-type research vessel owned by 
the Fisheries Agency, was 2,644 tons, with the total length 
of 91.87 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, 
quantitative echo sounder system, mldwater trawl net, CTD, 
and NORPAC net were mainly used. A quantitative echo sound-
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er system (F0-50) manufactured by Furuno Electric Co. was 
equipped with a recorder to record echogram data and a 
printer to print integral 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 Kaivo maru midwater trawl (KMTl net, used in the 
present research, was the same type as the one used in the 
two past Bering Sea pollock 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 from the middle 
part of head ro~e to cod end was 78.55 m. The otter board 
was about 6. 0 m , and aerial weight was about I. 8 tons (one 
side), with the length of hand rope was 150m. In the 
middle of the head rope was installed a transducer to moni­
tor the water depth and the height of opening of the trawl 
net. The average height of opening of the trawl net. when 
towed at an average speed of 3. 6 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 knots. 
was about 25m, although this measurement was not made in 
the present research. 

The vertical distribution of the water temperature and 
conductivity (salinity) was measured by the CTD system 
manufactured by Neal Brown. and the temperature of surface 
water was measured with a bucket thermometer. Zooplanktons 
were collected uslno tl1c NORPAC net 
with a11 aperture of 45 em. 

Cruise Itinerary, Research Areas and Research Procedure 

Kaiyo maru left the Tokyo Port for the Bering Sea on 
January 20, 1990, after making calibration of the quantita­
tive echo sounder system on the previous day. The ship 
steamed alongside the Kurll Islands and arrived in the 
Bering Sea off Attu Island on January 27. The vessel hour 
was set at the world timet 12 hours, by making 30-mlnute 
advancement of the clock each day between January 20 and 26. 
In the present research, the maximum possible sojourn 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 international 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 collected 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 

maru arrived at a point of 50 30'N and 176 30'W, and started 
fish school searching survey by means of the quantitative 
echo sounder system. At 08:00 on the same day, the first 
CTD and NORPAC net observation was made at a point of 55 
56"N 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 Korea, 
Poland and the U.S.S.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 oceanographic observation and 
midwater trawling were conducted during daytime. 

Until February 3, In the area between 56°00"N and 56° 
30"N and J76°30"W and 178°00"W, oceanographic 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 area 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 result, relatively clear echograms were 
observed around the area of 55°40' Nand 176°30' W. There­
fore. research was conducted ncar this point from February 4 
to 6. No flnhlno boats operated In this area. 

At 17:30 on February 6, the last mldwater trawling was 
completed at the point of 55°39"N and 176•26"W, and the ship 
started the return cruise to Tokyo. Kalyo ~ 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 cruising not 
encountering stormy weather it had predicted. In the 
afternoon of the same day, the U.S.S.R. scientist who was 
pressed In the schedule for return trip to his home country 
disembarked using Kaiy2 ~·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 cruise. 

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

Research Items and Methods 

Research Items are largely divided into fish school 
search survey. midwater trawling research. biological 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 observed, a more detailed research 
followed in the surrounding area and preparations were made 
for the mldwater trawling research on the next morning. 

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 positions 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 conducted for 40 each of 
male and female pollocks for each towing. All the individu­
als were measured when the number of the catch ·was Jess than 
40, and, when It exceeded 40. the size of the surplus catch 
was measured for all the Individuals by sex. Uowevcr, as 
the number of catch In the last towing {ST-21} was large, 
not all the Individuals were nu:asured. The I terns of biolog-
ical measurement consisted of fork length, weight, sex, 
weight of gonad and maturity of gonad, 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.S.S.R. collected scales. The Republic of Korea conducted 
measurement of morphometries and collected specimens for 
biochemical analysis, and Poland conducted measurement of 
morphometries and meristics. Observation of stomach con­
tents were conducted by the U.S.S.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 observatlon.was made per day from the second day onward. 
Fig. 3 shows the observation points and Table 3 shows record 
items at each observation point. In CTD observation, the 
wire length was set at I, 00 m and data to the depth of I, 000 
m were collected. In collection using NORPAC net, the 
length of wire was set at 330m and vertical towing was made 
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A at a speed of I m per second from the depth of 300 m. 
water filtration device was attached to the net to 
the amount of filtrated water. The av§rage amount 
trated water per one towing was 56.7 m {Table 3) 

measure 
of f i 1-

Scientific Personnel 

Japan: Takashi Sasaki. National Research Institute of Far 
Seas Fisheries 

Republic of Korea: Won Sook H, Yang, A:esourc·es Division, 
National Fisheries Research & Development Agency 

Poland: Andrzei Paciorkowski. National Sea Fisheries lnsti 
tute 

United States: Dennis Benjamin, Alaska Fisheries Science 
Center, National Oceanic and.Atmospherlc Admlnistra 
tion 

Soviet Union: Nicolay S. Fadeev, Pacific Research Institute 
of Fisheries and Oceanography (TINRO) 

~ !!@L!!: Ali the. crew assisted in the research activi­
ties, but the following officials in the ship's Research 
Section collaborated with the scientists specially In the 
conduct of the research and compJiat ion of data. 

Mlnckiyo Hasegawa 
Toshlmasa Yanaglsawa 
Yoshlzo Suzuki 
Seiji Toishi 
Kei. Miyamoto 

Summary of Research Results 

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

1. The density of pollock In the research area was consld 
ered fairly low judging from the records of echogram and SV 
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 
sheet of the quantitative echo sounder system (Fig. 4), Dot 
I ike echogram appeared mainly in the depth of 150-250 m both 
during 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 21 midwater trawlings were conducted in the 
depth of 145-500 m on •the basis of echogram, and 2, 320 
pol locks (total weight of I. 855.7 kg) were caught (Table 4), 
Besides pollocks, smooth lumpsucker (320 fish total weight 
of 384.4 kg), squid (144 fish total weight of 19.7 kg). and 
jellyfish (total weight of 81.3 kg) were among the main 
catches. 

4. In the towing operation at the depth of 400-500 m, 
lanternf ishes, Pacific vi perf ish, northern smoothtongue, 
deepsea smelts, Iongtin dragonfish, northern pearleye, and 
various species of squid were caught incidentally (Table 4), 
suggesting that mist like echooram was the DSL by the middle 
and deep layer biotic community. 

5. According to the results of the 14 midwater trawling 
directed at dot like echogram at the depth of 150-250 m 
(ST-2, 5, 17. 18, 19, 20, 21) and mist I ike echooram at the depth 
of 400-500 m (ST-7. 8, 9, II, 14, 15, 16). pol locks 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 .:100-500 m. The maximum CPUE was 162 fish at the 
depth of 150-250 m (ST-211. 90 fish at the depth of 400-500 
m (ST-7) (Table 2). It is conjectured from these results 
that tl1e 150-250 m depth layer represented a higl1cr distri­
bution of pollock than 400-500 m depth layer. 

6. According to the information from Japanese fishing 
vessels operating in the research area, the average dally 
catch per vessel between January 22 to February 6 was in the 
range of 17.2 tons to 53 . .:1 tons for large vessels and 9.0 
tons to 31.9 tons for small vessels (Fig. 5). With the 
mldwater trawling of Kalyo ~. 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 
ves~els was due to the substantial gap In the fishing tech­
nology and tl1e difference in the fishing gear. The mldwater 
trawl net (KMT net) Kaiyo !!l~ used in the present research 

'is an old-fashioned one. It was not a modernistic midwatcr 
trawl net, commonly called rope 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 tb 
be about one fifth of the net used by fishing boats. 

7, The length composition of pollock was within the range 

of 39 em to 60 em in terms of fork length, with the mode 
5tanding at 49-50 em and the average length at 49. I em (Fig, 
6). The mode of male was 1\8-49 em, with the average length 
at 48.2 em, and the mode of female was 49-50 em, with the 
average length of 49.9 em, indicating that the length of 
female was larger than that of male (Fig. 7). 

B. Comparing the length of pollock caught In the 150-250 m 
depth layer and those caught in the .:100-500 m depth layer, 
the mode of the two was within the range of .:19-50 em, and 
the average length from the 150-250 m depth layer was 49.3 m 
and the that from the .:100-500 m depth layer was 49. 0, thus 
indicating little or no difference (Fig. B). However, the 
percentage of large fish of 50 em or more was 38% for the 
fish from the 150-250 m depth layer and 28" from the 400-500 
m depth layer. 

9, The average weight of pollock oh the basis of precision 
measurement data was 810.6 g. The average weight of female 
was 876.3 g, as compared with 740. I g for male, The average 
weights of pollock caught in the 150-250 m and 400-500 m 
depth layers were 800.7 g and 815.9 g, respectively, indi­
cating a negligible difference. 

10. The relation between length and weight of pollock was 
shown 1n Fig. 9, and the following formula was assumed to 
express it: 

ow = 1. 7618 x-Jo-6FL2. 9783 
llere BW means weight (g) and Fl means fork length (mm) 

11. The average weight of ovary and spermary of pollock was 
85.2 g and 58.5 g, respectively, occupying 9. 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 874 individuals for which maturitygonad was 
checked (Fi!J, 10). g3, 7'' of female pollock had fully mature 
ovary. with the immature ovary standi no only at 5, 3%. 

12. No difference in catch by depth layer was observed by 
human eyes in the process of development of female gonad. 
tlowever, distribution of Indexes obtained through dividing 
the weight of gonad by body weight showed that gonad of the 
individuals caught In the 400-500 m depth layer showed more 
advanced development stage of gonad than those caught in the 
150-250 m depth layer (Fig. 11) 

13. The sex ratio of pollock was 451{ male and 55% 
indicating that there were more females than males, 

female, 
No 
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difference in sex ratio due to the catch depth was observed. 

14. According to the results of CTO 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. 12L 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, peak.ing 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 I, 000 m. The 
vertical distribution of water temperature and salinity at 
the last observation point {ST-20) showed unclear thermo­
cline, unlike those observed previously {Fig. 12). In other 
words, both water temperature and salinity gradually in­
creased from surface layar to 200m depth Jayar, suggesting 
that there was either mixture of sea water because of verti­
cal mixing of water thermocline above and below or partial 
flow different water mass into the area of sea depth above 
thermae! ine. 

15. In areas above thermocline, salinity stayed 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 various countries participating in 
the present research are expected to conduct research on age 
composition. feeding habit, studies on histology of gonad 
and morphometries and meristics as well as biochemical 
studies concerning pollock on the basis of specimens col­
lected in the present research. 
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Table l. Noon positions and observations during the research cruise by Kaiyo maru for pelagic: pollock survey in the inlernalional 
waters of U~e Bering Sea in January and February of 1990. 

Dale Pas i tion Time difference Survey Weather Wind Air press. Air temp. Sea surf. Wave 
Latitude Longitude from GliT s Lations Direc. Force (mb) (" C) temp.(" C) 

20 Jan. 35' -19.4 'N 139' -19.4 'E + 9:00 0 N 6 1019.5 G.! 10.8 ~ 

21 38' -27.2'N 142' -18.5 'E + 9:30 be NE I 1026.3 1.2 !1. I Calm 
22 42'-4!.8'N 115' -31.7 ' E + 9:30 b ESE 3 1019.8 -1. [j 1.7 3 
23 45' -42.2 'N !50' -25.6 'E +10:00 0 WSW G !197. 2 1.0 1.5 5 
24 49' -30.0 'N !55' -Jl.O'E +10:30 c SW 7 99~. 0 -O.G I. :J 7 
25 51' -29.9'N 162' -!5.9 'E +11:00 0 SSE 5 9!19.5 -O.G 2. 1 ~ 

26 52' -40.3'N 167' -25.9 'E + 11:30 s NE 7 992.5 0.~ 2.B 7 
27 53' -43.3 'N 172' -10.2 'E +12: 00 0 WNW 2 9!111. 0 -0.•1 3.7 :J 

00 
28 54' -43.8. N 178' -22.3 'E +12:00 be sw 4 994.3 0.3 . 3. 0 4 00 

29 56' -05.4 'N 176' -11.1 ·w +12:00 1- 3 s sw 4 974.5 2.0 :1.0 4 
30 56' -14.4 'N 176' -58.8'11' +12:00 4- 6 () Sll' 7 997.2 0.5 2.8 [j 

31 56' -05.1 ' N 111· -25.1 ·w +12:00 7- 8 be ~'NW 3 995.0 0.4 2.8 :J 
I Feb. 56' -06.8'N 177' -11.6 ·w +12:00 9-10 0 N 5 991.5 -0.9 2.7 4 
2 56'-14.!'N 177' -32.8 ·w +12:00 11-13 be II' G 1000.9 -1.:1 2.9 5 
3 56' -15.9 'N m· -43. o ·w +12:00 14-15 s Nil' 5 1006.5 -2.6 2.8 4 
4 55' -38.2 'N 176' -29.3 ·w +12:·00 16-17 be WNW G 1012.0 -2.0 2.7 G 
5 55' -12.6 'N 176' -36.6- w +12:00 18-19 0 WSW ~ 1012.7 1.8 2.7 ~ 

6 55' -38.6 'N 176' -25.2- w +12:00 20-21 s WNW 3 1010.5 -1.0 2.7 3 
7 54' -57.7 'N 178' -01.2. E +12:00 0 WNW 7 1012.6 -5.2 2. !I (j 

8 53'-44.1'N 170' -0!.4 'E +II: 30 be Nil 5 1019.0 -6.0 3.0 5 
9 51' -3!.9'N 161' -28.3'E +II: 00 s E 8 1007.5 -0.4 1.5 7 

10 48'-IG.!'N 155' -54.2'E +10:30 s WNW 7 1020.5 -3.8 l.O (j 

II ~5· -05.1 'N 1~9· -20.4 'E +10:00 0 SE 5 1024.3 2. I 1.2 4 
12 12'-04.G'N 1~5· -08.1. E +10:00 b WSW [j 1005.5 H :J.I 5 
13 38' -46.7 'N 111' -53.8' E + 9:30 c ws~· 5 1020.0 3.6 8.[i :l 
11 37' -21.6 'N 141' -19.1 'E + 9:00 0 N 3 1029.5 5.-1 JO.!J 2 
15 35' -34.6'N !39' -49.2 'E + 9:00 d NNW 5 1022.5 •l.!i !l. I :l 
l[j Came alongside lhe Jlarumi Pier of Port of Tokyo al 9:.10 Ali 
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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 to 
February 6 of 1990. 

Station No. ST-01 ST-02 ST-03 ST-0~ ST-05 ST-00 ST-07 ST-OB 

Date Jan. 29 Jan. 29 Jan. 29 Jan. 30 Jan. 30 Jan. 30 .Jan. 31 Jan. :11 
Start time of tow 09:~0 1~:25 !8:~0 08:30 13:35 17:25 08:30 13:~5 

End time of tow 10:~0 15:25 19:35 09:30 14:35 18:25 09:30 1G:~5 

Start position· Lat. 55· -57.3- N 56• -1~.7 'N 56' -25.7 ' N 55• -22.B'N so· -16.0- N 56• -08.5'N 5u· -o7 .8 • N 51i" -05. ~ . N 
of tow Long. 176. -3~.2- w 11o· -39.7 ·w 176. -~1.1 - w 170.-57.8''11 no· -5o. 6 • w m· -oo.o • w 111· -16.1 ·w m· -21\.3 · w 

End position Lat. 55• -58.7 .. N 56• -17.8'N 56. -26.1 'N 56. -25.0' N 55• -18.6 'N 5u· -o9.9- N 5u· -09A- N 56. -ou; · N 

of tow Long. 176. -~0.0'\i 176. -35.5- w 176. -3~ .6 - w 176. -53.3- w 17t;• -51.0- w 176. -53.8 - w m· -10.5 · w 177. -50.1- w 
Towing hours (h-m) 01-00 01-00 00-55 01-00 01-00 01-00 OHIO OJ-OII 
Towing speed (kn) 3.5 3.9 3.9 3.3 ~.1 3.7 3.5 ~.I 

Towing distance (nm) 3.5 3.9 3.6 3.3 ~.1 3.7 3.5 12.3 
Towing depth range (m) 215-385 170-2?0 1G0-270 170-~00 170-220 160-295 ~20-~~5 ~00-~10 

Height of net opening (m) 17-19 16-20 17-19 16-19 15-IB 16-17 17-18 lli-17 
Type of echogram 1 A A A D A A c c 
Range of echogram (m) 150-250 170-190 150-280 - 150-220 150-300 ~21H60 351HBO 
Pollock catch (number) 17 61 7 11 5~ 11 90 19:1 
Pollock catch (kg) H.8 51.2 5.9 7.9 ~5.7 12.5 75.6 15H.7 
Pollock CPUE (Number/hour) ~7 61 8 11 51 H 90 6~ 

Pollock CPUE (kg/hour) ~1.8 51. 2. 6.~ 7.9 ~5.7 12.5 75.U 52.9 
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Table 2. Continued. 

Station No. ST-09 ST-10 ST-11 ST-12 2 ST-13 ST-H ST-15 ST-Ill 

Date Feb. 01 Feb. 01 Feb. 02 Feb. 02 Feb. 02 Feb. 03 Feb. 03 Feb. 0~ 

Start time of tow 08:35 H:50 09:35 13:06 lfi: 35 09:~0 13: 15 09:~0 

End time of tow 10:35 17:50 12:00 - 17:35 12:00 17:00 12:00 \!) 

Start position Lat. 56' -12.4 'N 56' -08.0 'N 56' -11.1 'N 56' -H.O 'N 56' -H. 2' N 56'-17.8'N 56" -15.0'N 55' -~~.7. N 0 

of tow Long. 177' -38.1 'w 177' -3~.9 'W 177' -47.1 'W 177' -26.1 'W 177' -18.1 'w 177' -28.6 'W 177' -~0.7 'W 176' -~1.5''11 

End posit ion 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' -JB. 2 ' N 
of tow Long. 177' -50.7 'w 177' -55.7 'w 177' -32.7 'w - 177' -11.8' 'II 177' -~2.9 'W 177' -16.9. 'II 176' -29.3 • 'II 

Towing hours (h-m) 02-00 03-00 02-25 - 01-00 02-20 03-~5 02-20 
Towing speed (kn) 4.1 4.1 3.6 - 3.6 3.5 3.6 ~. 1 
Towing distance (nm) 8.2 12.3 8.7 - 3.6 8.2 13.5 9.1J 
Towing depth range (m) 360-460 210-470 400-450 - 250-400 445-500 400-460 41 0-~4 0 
lleight of net opening (m) 16-18 15-18 17-18 - 15-18 17-19 16-17 17 
Type of echogram' A A+C c c A c c c 
Range of echogram (m) 350-~50 300-~50 450 420-460 200-300 400-500 40lHBO WI 
Pollock catch (number) 85 116 56 4 5 72 66 GO 
Pollock catch (kg) 72.9 85.5 43.3 3.2 4.3 58.9 52.3 ~8.8 

Pollock CPUE (Number/hour) ~3 39 23 - 5 31 18 2B 
Pollock CPUE (kg/hour) 36.5 28.5 17.9 - 4.3 25.2 I :1.9 20.!1 
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Table 2. Continued. 

Station No. ST-17 ST-18 ST-19 ST-20 ST-21 

Date Feb. 0~ Feb. 05 Feb. 05 Feb. 06 Feb. 06 
Start time of tow 1~: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. ss· -44.6- N 55• -38.9- N 55' -44.2 'N 55· -43.3- N 55· -.19. o -N 

of tow Long. 176. -~I.~- w 176. -53.2- w 176. -32.1- w 176• -~2.2'W 176" -25.6- 'II 
End position Lat. 55• -38.2- N 55· -~2.6'N 55• -43.1 - N 55· -38.6- N 55· -38.9- N 

of tow Long. 116· -3o.o- w 176. -36.6- 'II 176• -36.6 'W 116· -25.2'W 176. -52. I - w U) 

Towing hours (h-m) 02-10 02-30 02-07 02-35 0~-05 
f-' 

Towing speed (kn) 4.2 3.8 3.6 1.1 3.7 
Towing distance (nm) 9. I 9.5 1.6 IO.Ii !5. I 
Towing depth range (m) H5-220 180-225 200-250 165-215 190-270 
!Ieight of net opening (m) 15-16 17-18 16-18 16-18 15-18 
Type of echogram 1 0 0 D 0 0 
Range of echogram (m) 120-250 200 - 100-250 150-220 
Pollock catch (number) 25~ 20~ 98 160 663 
Pollock catch (kg) 180.2 161.2 79.7 128.7 537.~ 

Pollock CPU£ (Number/hour) 117 82 ~6 G2 1G2 
Pollock CPUE (kg/hour) 8.1. 2 64.5 37.1 ~9.11 13J.G 

1 Abbreviation of echogram: 
A : Scattered dot 1 ike echogram 
0 : Dot like echogram 
C : Weak mist like echogram 
D : No echogram 

2 Unsuccessful tow because the tow was discontinued just after start of low due lo engine trouble. 



Table 3. Records of oceanographic observations by Kaiyo maru in the international waters of Lhe Bering Sea from January 29 to February G of I!JUO. 

Station Number ST-01 ST-02 ST-03 ST-05 ST-08 ST-10 ST-ll ST-11 

Date Jan. 29 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 12:02-12:51 13:00-11:13 08:01-08:57 Oll:00-0!1:00 
Position Lat. 55• -56.3 ° N 56' -13.7 ° N 56. -25.3 ° N 56. -11.6 ON 50' -05. 1 ° N 56• -09.2 ° N 56• -10.1 ON 56. -17.8'N 

Long. 176. -29.9 ° w 176. -11.3 ° w m· -13.6 ° w 176. -58.8°'11 177. -25. 1 ° w 177. -30.9 ° w m· -5t.B ow 177" -22.5°W «> 

Bottom depth (m) 3,710 3, 728 3,730 3,680 3.173 3, 778 3. 7!i2 
tv -

Weather c c c 0 be 0 be b 
Wind direction ENE sw w sw WNW N w E 
Wind force 4 4 3 7 3 5 (j 4 
Air pressure (mb) 975.5 974.5 977.0 997.2 995.0 991.5 1,000.4 1.007.!i 
Sea condition 4 4 3 6 3 4 5 4 
Air temperature c· C) 3.0 1.8 2.6 0.5 0.4 -1.0 -1.3 -1.4 
Sea surface temp. c· C) 2.9 2.'7 2.6 2.6 2.6 2.5 2.0 2. (j 
CTD (m) 0-1,090 0-1.090 0-1.091 0-1.090 0-1,092 0-l,O!ll 0-1.091 0-1,091 
NORPAC (filtered vol.:m3

) 50.64 52.82 Not recorded 63.25 51.44 63.28 54 0 27 59.64 



u v u u u u u G u u u 

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 

<D 

Long. 176" -44.7 ·w 176" -56.3 • w 176" -46.3. w w 

Bottom depth (m) 3,765 3, 778 3,767 
Weather 0 0 0 

Wind direction NW WNW WNW 
Wind force 7 5 4 
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 o~ 1. 089 o~ 1. 089 
NORPAC (filtered vol.:m0

) 48.62 71.04 52.16 



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 1990. 

Species'or ST-01 ST-02 ST-03 ST-04 ST-05 ST-06 ST-07 ST-08 
species group N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) 

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 10.!!0 4 G. 20 4 8.70 
Rougheye rockfish - - - - - - - - - - - - - - - -
Pacific lamprey 
Snipe eels - - - - - - - - - - - - - - 1 0.02 
Deepsea smelts - - - - - - - - - - - - - - I 0.07 
Northern smoothtongue - - - - 1 0.02 - - - - B 0.06 1 0.01 2 0.01 
Winged spookfish - - - - - - - - - - - - 1 0.08 
Longfin dragonfish 
Pacific viperfish - . - - -' - - - - - - - - 5 0. 03 4 0.03 
Northern pearleye - - - - - - - - - - - - 1 0. 04 
Lantern fishes - - - - - - - - - - - - 5 0.03 7 0.02 
Dreamers 
Manefish 
Squids I 0.15 - - 4 0.25 2 0.19 - - 9 0.21 B 0.45 30 1.74 
Jellyfishes - 5. 70 - 2.90 - 5.60 - - - 1.50 - 7.90 - 8.20 - 11.70 

T o t a I 55 56.95 71 67.50 16 17.37 15 14.09 5B 51.60 41 :!1.57 115 ~JO .li'l 242 lli9. !J!J 

\0 ... 
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Table 4. Continued. 

Species'or ST-09 ST-10 ST-11 ST-12 ST-13 ST-1~ ST-15 ST-16 
species group N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) 

Walleye pollock 85 72.90 116 85.50 56 ~3.30 ~ 3.20 . 5 ~.30 72 58.!!0 66 52.30 GO ~S.BO 

Pacific cod 
Smooth lumpsucker 17 30.90 13 13.50 6 13.80 1 0.~0 3 3.90 5 6. 00 10 2~.70 2~ 60.60 
Rougheye rockfish - - - - 1 2.10 - - - - - - - - 1 2.30 
Pacific lamprey 

\.0 - - - - - - - - - - - - - - - - U1 

Snipe eels 
Deepsea smelts - - - - - - - - - - - - 1 0.02 
Northern smoothtongue - - 2 0.01 - - - - - - 2 0.01 2 0.02 
Winged spookfish 
Longfin dragonfish - - - - - - - - - - - - 1 0.03 
Pacific viperfish 1 0.01 - - - - - - - - 7 D.OG 7 0. 12 
Northern pearleye - - - - - - - - - - - - 2 0.12 
Lantern fishes 2 0.02 2 0.01 - - - - - - 3 0.01 ~ 0.02 
Dreamers - - - - - - 1 0.39 
Manefish - - 1 0.60 
Squids 12 1. 20 30 6.95 12 1.60 5 O.G2 ~ 1.00 8 0. 27 15 ~. 7~ 2 ll. 25 
Jellyfishes - 8.~0 - 7.~0 - 1.80 - 3 .~0 - 8.80 - 3.10 - 6.2D - 0.90 

T o t a I 117 113. ~3 161 113. 97 75 62.60 11 8.01 12 18.00 !17 G8. :!5 108 1~!. 27 1!7 112.85 



Table 4. Continued. 

Species'or ST-17 ST-18 ST-19 ST-20 ST-21 Total 
species group N W(kg) N W(kg) N W(kg) N W(kg) N W(kg) N w (kg) 

Walleye pollock 254 180.20 204 161.20 98 79.70 160 128.70 663 537.10 2,320 1,855. 70 
Pacific cod - - 1 1. 05 - - - - - - 1 l. 05 
Smooth lumpsucker 51 41.70 26 17.00 40 40.80 22 26.00 57 40.60 320 384.40 
Rougheye rockfish - - - - - - - - - - 2 4.40 
Pacific lamprey 1 0.90 - - - - - - - - 1 0.90 \!) 

"' Snipe eels - - - - - - - - - - 1 0.02 
Deepsea smelts - - - - - - - - - - 2 0.09 
Northern smoothtongue - - - - - - - - - - 18 0. 14 
Winged spookfish - - - - - - - - - - 1 0.08 
Longfin dragonfish - - - - - - - - - - 1 0.03 
Pacific viperfish - - - - - - - - - - 24 0.25 
Northern pearleye - - - - - - - - - - 3 O.JG 
Lantern fishes - - - - - - - - - - 23 0.11 
Dreamers - - - - - - - - - - I 0.3!l 
Hanefish - - - - - - - - - - 1 0.60 
Squids 2 0.10 - - - - - - - - 141 19.72 
Jellyfishes - 3.60 - 0.50 - 1. 70 - 1.20 - 1.8.1 - 81.33 

T o t a 1 308 226.50 231 179.75 138 122.20 11l2 155.!10 720 579.8:1 2,1l6:1 2.3'19. 37 

1 English common name refered to Hart (1973): Pacific fishes of Canada. 
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Table 5. Size (fork length) canposition of pelagic pollock caught in midwater trawl operations by Kaiyo maru in the international waters 
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 
(em) ci" ~ T ci" ~ T ci" ~ T ci" ~ T ci" ~ T ci" ~ T ci" ~ T ci" ~ T 

35-36 
36-37 
37-38 
38-39 
39-40 
40-41 
41-42 
42-43 - - - - I 
43-44 - l 1 2 2 4 - - - - - - l - I - - - - I I I J 4 
4H5 - l I - - - - - - - - 2 - 2 - I I - - - li 4 10 
45-46 l l 2 2 2 l l I I 5 1 6 11 J 14 

<D - - - - - - - - -.J 
46-47 - l l 5 l 6 - - - I - I I - 1 I - I 2 I J Ill 5 15 
41-48 J 2 5 7 J 10 - 1 1 l J 4 2 I J l - I 11 5 IU 13 6 19 
48-49 4 l 5 4 2 6 l l 2 l - l Ill I 11 I - I 6 II 14 II 15 2.1 
49-50 2 8 10 2 6 8 1 2 J - - - J 1 4 l 1 2 5 19 24 11 29 46 
50-51 J 6 g - 6 6 - - - - l l 6 2 6 - J .1 2 7 9 4 15 19 
5!-52 - 4 4 J 5 ·8 1 - l l - l 2 7 9 - I I J 7 10 4 21 25 
52-53 - 2 2 - 5 5 - - - - l 1 - 9 9 I 2 .1 I 2 J 2 II 13 
53-54 - 2 2 - l 1 - - - - - - - I I - - - - 2 2 - 2 2 
54-55 - 4 4 - - - - - - - - - - 1 I 
55-56 - - - 1 - I - - - - - - - 2 2 
56-57 
57-58 
58-59 
59-60 
60-61 
61-U2 
62-63 
63-64 
64-65 

Total 13 34 47 27 33 60 3 1 7 1 7 11 28 21i 51 5 9 11 35 s;, 911 71i 117 19.1 



Table 5. Continued. 

Size class ST-09 ST-10 ST-11 ST-12 ST-13 ST-14 ST-15 ST-Ifi 
(co) cf' ~ T cf' ~ T cf' ~ T cf' ~ T cf' ~ T cf' ~ T cf' ~ T cf' ~ 1' 
-

35-36 
36-37 
37-38 
38-39 
39-40 
40-41 
41-42 
42-43 
43-44 - - - 3 1 4 - - - - - - - - - - I 1 1 I 2 
44-45 I - 1 3 1 4 - - - 1 - I - - 1 - 1 1 - I 
45-46 J 2 5 10 1 11 4 - 4 - - - - - 5 - 5 4 1 5 2 . - 2 
46-47 8 1 9 9 - 9 7 - 7 - - - - 4 2 6 J - J 3 2 5 \0 

47-48 5 1 6 18 5 23 6 5 11 1 1 15 2 17 2 I 3 7 
00 - - - - 4 11 

48-49 2 9 11 10 5 15 9 5 14 - I 1 1 1 2 7 5 12 12 8 20 9 5 14 
49-50 11 11 22 8 11 19 1 4 5 - - - - 1 I 4 7 11 5 7 12 6 9 15 
50-51 5 9 14 4 7 11 2 4 6 - 1 1 - - - - 5 5 1 5 6 3 2 5 
51-52 3 1 4 3 7 10 - 5 5 - - - - 2 2 1 5 6 4 4 8 - 3 3 
52-53 2 4 6 I 5 6 - 2 2 - - - - - - 1 2 3 - 2 2 I 1 2 
53-54 - 4 4 - I 1 1 I - - - - - - - I 1 I 2 3 
54-55 - 2 2 - - - - - - - - - - - - - 2 2 
55-56 - I I - - - - - - - -. 
56-57 
57-58 
58-59 
59-60 
60-61 
61-62 
62-63 
63-64 
64-65 

Total 40 45 85 69 45 114 30 26 56 1 3 4 1 4 5 39 33 72 35 31 G6 32 28 60 
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Table 5. Continued. 

Size.class ST-17 ST-18 ST-19 ST-20 S'f-21 Total 
(em) <1' !(- T <1' !(- T <1' !(- T <1' !(- T <1' !(- T <1' !(- Total 

35-36 
36-37 
37-38 
38-39 
39-40 
4D-41 1 1 2 - - - - - - - - - - - 1 2 3 
4H2 1 - 1 - 1 1 - 1 1 - 1 1 - 1 1 3 4 7 
42-43 3 1 4 - 1 1 - - - 1 - 1 2 1 3 8 6 14 
43-41 2 1 3 3 3 6 1 - 1 1 1 - 3 3 15 17 32 
44-45 4 1 5 1 - 1 5 1 6 1 - 1 3 4 7 30 13 43 
45-46 8 5 13 12 2 14 2 I 3 3 5 8 11 5 16 84 28 112 
46-47 10 3 13 10 5 15 3 1 4 7 3 10 23 9 32 107 34 141 "" 47-48 15 11 26 16 6 22 5 5 10 5 10 15 38 18 56 170 90 260 "" 
48-49 27 22 49 17 17 34 6 9 15 15 12 27 45 23 611 195 !50 345 
49-50 17 28 45 15 13 28 6 8 14 12 17 29 30 46 76 146 2211 374 
50-51 11 18 29 12 22 34 5 13 18 6 18 24 23 45 611 87 11!9 276 
51-52 4 22 26 4 21 25 3 6 9 4 16 20 16 21 37 !j(j 1511 214 
52-53 2 12 14 2 13 15 - 7 7 2 9 II 2 18 20 17 107 124 
53-54 2 7 9 I 2 3 - 5 5 - 4 4 1 13 14 5 49 54 
54-55 - 2 2 - 3 3 - 2 2 - 2 2 - 2 2 - 23 23 
55-56 1 1 2 - - - 3 3 - 1 1 - 3 3 2 13 15 
56-57 - - - - - - - - - - 1 I I - I I 5 6 
57-58 - - - - - - - - - - - - 1 - 1 1 I 2 
58-59 
59-60 
60-61 
61-62 
62-63 
63-64 
64-65 

Total lOB 135 243 93 109 202 36 62 98 59 99 1511 196 212 408 9:111 I. 117 2.0·11 
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Ffgure 1. Track and noon positions of a cruise by Kaiyo maru for the pelagic pollock 
survey in the international waters of the Bering Sea from January 20 to 
February 16 of 1990, 
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Figure 2. Track line for searching pelagic pollock. school by Kaiyo maru 
using quantitative echo sounder system in the international 
waters of the Bering Sea from January 29 to February 6 of 1990. 
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Figure 3, Track line of midwater trawl operations for pelagic pollock 
and oceanographic stations conducted by Kaiyo maru in the 
international waters of the Bering Sea from January 29 to 
Pebruary 6 of 1990. 
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Figure 4, Echogram from quantitative echo sounder obtained in the pelagic pollock 
survey by Kaiyo maru in the international waters of the Bering Sea from 
January 29 to February 6 of 1990. Tho upper figure shows a weak mist 
like echogram observed in a 400-500 m depth layer ~~ot ST-8 amd the lo..,er 
figure sho..,s a dot like echogram observed in a 150-250 m depth layer at 
at ST-20. 
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Fiqure 5, Averaqe ca~ch ot pollock (ton/d~y/vessel) by J,1panese tuwl vessels 
oper,.tcd in the international waters of the Bednq Sea from January 
22 to Febru.,ry 6 in 1990, 
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Figure 6, Si~e composlti~n of pelagic pollock caught in midwater trawl survey 
by Kaiyo maru in the international waters of the Bering Sea from 
January 29 to February 6 in 1990. 
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The hypothesis of the existence of near-botta.. and· pel.agic pollock 

Ye. I. llyinsky et. a1. 
TINRO. Vladivostok. U.S.S.R. 

(Hote: Written paper was not avai.l.abl.e.. Figures were presented only) 
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Figure 1. Distribution of catches of 40-~5 length group: a in Septem-

ber-October 1986, b- in August-Se_Ptember 1987, c - in October 
1987, d - in October-November 1988, e -.in November-I·ecember 

1988, f - in May-July 1989. Legend as on Figure <:)2 
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Figure 2. Distribution of catches per unit effort (numbers/hour) of 

above 60 sm - length groupe: a - in September-Octobe'~ 1986, 
b - in August-September 198'1, c - in October- Novemb,,r 1988, 

d - in May-July 1989. 
1 - 0; 2- 1-5; 3- 6-25; ~- 26-50; 5- 51-250; 6- 251-
1000; 7 - 1001-2000; 8 - 2001-5000; 5001-10000; 10 - above 

10000 numbers. 
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(Andrinshev,1954). 
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Status of ltorean Trav1 Fishery for Alaska Pollock 
in the Bering Sea in 1987-1988 

YeOngGong and Young nee llur 
Nations~ Fisheries Research and Development Agency 
Republic of Korea 
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r.t>Uthr.rn J>:ll't in f.l>l'\nl! :;mt.':on. t\mJ in ::U'II'r.r ~:n:o::un{,fuly In ~i<:l>1.r.,JI(:I') fl::hlnrt 
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Al lhr. bt:j:honlnt: uf thr: l.:owr.nn l.t·Jtlll rlr.ltr:l')' in Uu: hij!h !lf!n of lhr. llt:riu1: 
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Yr,r:t_lr.ni...Dl:;lr I hul.lun 
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lnq:cr lh11n lhn::r: nr :.•dr::: In r.vr.r·y )'r:nr. 

Hnnl.hly l•:n1:lh """t><mll.lrum for· 1!1117-l!tn/1 m·n !!l"'"n In 1-'11:uro fl, l.c:ror:th 

~ . : 
J_.,• 

i" 

:_·. 

·.·.· 

r:.· 
I-' ·. .... 

i.'. 
tho :.igrntlun )1/l.l.i.f)l'll'l or fl::h.. ·:·· 

Hon~.hly t:c:•~l:•·nJ•hl~:nl oll::h·lhutlc•ll ,,r r.nlt:h nne! 1:1'1!1\ nf l.hr: J:nr·nnn Jr·nul 

fi:;hr.r·y In lhr: ro!':rin1: ~;,:n for 19117 mul 191111 nn: ::hn1.1n Jn Fls:uro::: <! nurl S. In 

l:l•rllllt ::r:n:J(lll tho~ fl::hlnJt l!•·numl l:fll'fl dl::l'c:r::r><l In I hn r.r.nl.rnl m·r:n In 1.1": 
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nl'!'!ll hn:: l.r.mlr:rl Ln JtriVI'l r:.,:.;l.wtu·ol !.ill In m1lu•n In wil!ll'<:l• ::r:nnnn(Oc;lnl":r· tu 

!Jnnunry), 

·-·-···· ·--·-··--"- ---· .. ----·---·- -

r.Onf'<ll:llion In 1!1,,11 ::I•O\lflrl n ::ll!thtly rliffowo:nl: llhnpr. h)' "nnl.h. In Atll'll ln 

H:l)', Ll-'n 1u11lr: 111'1': ::hcl\./11 In ]H•I.h ::mr.r::: ; In ffl:.nlr. -11.5 "" trnd ;17,5 ""• nml In 

Mill -11.5 <::~~ nnd <17,0 r:n. F.x•:r:J•L few l.hc:::r: lwu 11nnlh:: lh<:l'll ni'C ono ••wlc In 

hnl.b ::r.xr.::. !1111·, .Inn•: nntl ,/uly !.111: l"~•f><ll'tinn or l<:us:th~: 11::::: thnn -10 o:" vr.rn 

hiJ:hr.r cu"l"'rc:d !.11 Llrnl. nr lhr: ol.hrw 11rml.h::. 

(:un!•!lm:p"!ni.Jfi .. 1 mlr..~ 

Hr.nn J:nnmlm:f)lonl.lr: lmlr:x (GSI) lw l.lln dnys of fd11::l:n J><llloc:k In lhn hl1th 

::r.A or u,,.. Jlllri nr~ Snn In 19117 mul I !Inn !;n .. r>lllrl fro, J:nrr.1111 n::lllnst vc:m:nl:: In 

::lnn.m In ~·i1:11rr: 10. C.SI hn~ inm·11n::o:d ::htu'I>IY frn• lk:J.ul~r:c• J,fl ))ct:r.•hr.r. 

!l!'ru.mln,~ nnrl ::f•nwnrAI l1111ivlclnnln wo:l'c: nh!:t'.I'VI:d fru" llr:r.nnl~r:r· t] II ft'.hrnnr)', 

:.· 

•.; 

·;·!,· ,. 



) 

~) 

~~ 

) 

115 

T.1blr. I. Aununl C."ll.r.h (•1.) :u!d f.I1JE~(tll./hr) uf Aln::lm Jlllllock by Knrcnn 

tr~Jwlr.r:o; in the hi~h mn:o; nf tl~ flcrintr Sr:n, l!l11Q-I!'ln11 

Ycn.r 

19110 

1!!111 

1911?. 

t!lli:l 

19M 

l!l85 

191\G 

1!!117 

l!:tn8 

1989 

Nn~ uf vr.:o;~r.l~ 

npernLI~ 

0 

5 

" 
" 
" 
30 , 
3.1 

" --------------·-

C.~ttr:h CI'Ut: 

1:!.,509 

0 

?.,9:1>1 

1':1>,5511 10,0 

liO,:J\7 9.:1 

117.,-1·1>1 7.9 

15.~. 718 9. 7 

7.~1,1170 10.11 

?.CII,GOO s. 7 

301,550 

---- -------···--· --

TLLhlc 2. ,\nnual clulllJ~<::: uf tilt: ri::hin!: l""'':r uf Lh•: Xtwo:un fi::hiu1: V<::::a:l:: und their ri::hi~: 1:c:o.r 

Ycur no.nr 

vc::::cl:: IL!in,_;r. ,\vcra!{C ltan1:c: ,\vo:rnJ:<: f:t:Hr n<:t hci!{hl m:l :muth= 

----- ----- --- -- --·---··· 
tyM " :J.:S::.o-5'/(10 :~ot:JS !IllS· ;,;·,.J!J Zl"l~ ~li•hml •w ll':u.l :!n--111 " 
19115 " 2000-6000 :f/1%:.1 ]()1~-~~~110 %11:1% :m--HJ 

191\6 " :woo-Gooo 3>00 11115-!'llji!O %'/•IS :w--15 

1!187 :12 :1.000-liOCO :~a1·t 1015-:.IWU ;.:'1!·0 :t;;-·,u 

1911/l .JJ F.ClOO--GC'AiO :11197 tnl5-51ii~U ;(7~0 ;1.'>-"10 l [Q0--\:!00• ' 

-----------· -··-. ·- ·-- ·-------·--

• 



• 

~~ Totfll Horea ~r 8SJ ToiAI OAT 

140~T~ho=u='="="=d'=------------------------------------------, 
19915 

12Dr'[2'9T 
!271 rn-100 ~~ ~ 

eoH\Iil~-~~: -~~~ ' ~li 
i '- ~ ------- _ __tllt_ 

' '* [{ ~·:: 
BO 

40 

20 

0 
\40 

80 

60 

40 

20 

0 

[l)* -iffij"' 9 ' tj ,', - ~ : 
' ~ . ~ (8) ~ "· ~' 
~ -,(!:uti ll -----·-----;-;;--~ :1-~1 0 

~ ~ ··. · ,~ _:, ~ · S\\'t:l_~r lUl 
. 1997 

1988 (_3_21 ~2} 

·----· 

___ . __ 01 .... 
m· 

~--

Fl--~ glLfil+ 

::1131 Ill 
·. ~h 

h 
!T u 

--tm--tm --· 

Jan Fob Mor Apr Mev Jun Jul . A!JQ Soo Oct Nov Doc 
Fig'urc 1. Seasonal chang ell of f1:;h1ng power t total GRT & 

horse power) in the high seas of the B'!dng Sea 
in t986-19RS. 
Numbers in parenthesi~ dennt.~:; the number of fishing 
Vf'!!'sct5 oper<~tin•1 

------~---------------------

Thow~tmcl3 

1996 
,!, 

.. 
c 
0 
u 

u 
'" " u 
• E 

"' " • • -, ~~ u -------I Ifill 0 
0 
~ ~,, 
" c 
'" • • r. 
0 
u 
• <J 

JAN FEB MAR APR MAY JUN JUL AUQ SEP OCT NOV DEC 

Figure 2. Seasonal changes of catch in the high seas of the 
Bering Sea in 1986-1988, 

·~ :· ·;·.·'·. 

': . . 
' 

··.~~ 

I-' 
I-' 

"' 

: .. ,._,: 

'· ;. 

'r-·c-• .. !'it~; 
\'' 

·.-; 

fl 
~--~--: 

.'•. 

~ 
~h~'. 

:~i.n 
'f~ 

·~· 



J 

J 

) 

) 

) 

J 

) 

) 

) 

117 

__,_ Ca:ch per Hour -+- Cl!!ch par HP-Hovr 

14 

8 

1986 1 

I 
I 

\ I 

12 

10 

\~ I ' 
=---=-· ---- --- . -~/ 
~ ' 

6 

2 

0 

14r------------------------------------. 
191'7 

121------------------------- .... ---------

19BO 
12r--------------- --------------- ---1 

10----------------------------- -------

sr------------------------------~ 

sf------+r-----.._~-----c~ 
·r--t--/ __ ---T-:\~,_...x-~J----1 , I v 
2 ::}/ ......___ 

0~ 
Jon Feb Mer Apr May Jun Jul hlg Sap Oct NCN Dec 

Figu:e 3. S~asonal chances of catch per unit o[ effort 
{CPUE) in the ·hig:, se.o.s o: the Bering Sea in 
1986-1988. 



118 

Figure 4. Monthly geographical distribution of catch 
by the Korean trawlers in the high seas of 
the Bering Sea, 1987-1988. 
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Out1ine or Japanese Trav1 
Vaters of' the Dering Sea 

Fishery :Ln the International. 
(1986- 1988) 

Taku Yoshi.Mura and Takashi Sasaki 
National Research Institute of Far Seas Fisheries 
Shimizu. Japan 

Introduction 

Japanese mldwater trawl fishery targeted at pelagic and 
mldwater pollock In the Aleutian Basin was started by a 
limited number of fishing vessels from around 1980. Ini­
tially, most of the catch came from the Aleutian Basin of 
the U.S. 200 miles zone, and catch from the International 
waters of the Bering Sea was very small. Catch amount of 
pollock in the international waters of the Bering Sea sharp­
ly increased following drastic reductions in catch quota in 
the U.S. and the U.S.s.R. Notably, catch amount In 1989 saw 
a dramatic Increase 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 aval !able Informally, This Is due to the fact that 
these figures, compiled by the fishing industry Informally, 
were used on a provisional basis. But it Is to be noted 
that the figures given In this report is the final and 
formal statistics of the Fisheries 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 fishery 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 Berino Sea: North Pacific Trawl Fishery, Tenkan Trawl 
Fishery and Land-based Trawl Fishery. 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 authorization. However, no sub­
stantial difference exists 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 
vessels, 16 tenkan trawl vessels and 51\ land-based trawl ves­
sels in 1986 and 1987. In 1988, however, North Pacific 
trawl vessels were reduced by one, Tenkan trawl vessels by 2 
to 39 and 14, respectively. North Pacific trawl vessels 
were reduced further by 2 to 37 ln 1989. The number of ves-
sels actually engaged In this operation Is shown in the 
parentheses In the table, 

Type of fishery 

North Pacific Trawl Fishery 
Tenkan trawl fishery 
Land-based trawl fishery 

1886 

40 (28) 
16 (II I 
54 (54) 

1987 

40 (34) 
16 (12) 
54 (54) 

1988 

40 (36) 
16 (13) 
54 (54) 

1989 

37 
I 4 
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 
season 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 which 
operated under the same license number Is counted as an 
operating vessel. But the figure used in the table repre­
sents the counting of more than one vessels operatinQ under 
the same license number as one vessel. 

There are some 280 tons register among North Pacific 
trawl vessels but about half of them are large vessels of 
2,500 tons or over (Table 1). Tenkan trawl 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 effort and catch amount 

I) Fishing effort 

As shown In the table below, the vessel days of Japa­
nese trawl vessels In the international waters of the Bering 
Sea saw a gradual increase from 7. 265 vessel days In 1986 to 
9,061 vessel days In 1988. However, 1989 saw a 7" decline 
over the previous year to 8, 407 days. Overall towing hours 
Increased from 81,311 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 

1986 
1987 
1988 
1989 

Vesse I day 

7, 265 
a. 449 
9, 061 
8, 407 

•Data are not available. 

Fishing effort 
in hour 

81. 31 I 
95,375 

I 09, 742 
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2) Catch amount 

Catch amount of Pollock, as In the following table, 
reached 700,000 tons In 1986 and rose to a record of 800,000 
tons in 1987, but fell to 750,000 tons in 1988 and to 
650,000 tons In 1989. 

Year 1986 1987 1988 1989 

Catch {t) 697.975 803, 550 749, 982 638,914 

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 
Apri I, dropped sharply in summer from June to August. 
Bulky catch started In September and showed swift Increase 
until December. The year 1987 also had a similar tendency, 
but due to a 146~ increase In November over the same period 
of the Previous year, the catch In January, February, Novem­
ber and December combined accounted for 77. 7~ of the total 
annual catch. Further, catch amount In October also grew 
185~ from a year earlier. The Increasing trend In autumn. 
observed In 1987, became more conspicuous In 1988, with 
catch amount in October-December rising 34k from the corre­
sponding period 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 catch in summer to Increase 
drastically, although it remains still small in proportion 
to the total annual catch.- The year 1989 saw a similar 
tendency as in 1988. But the catch In October-December 
dropped 29% from the same period of \988, with the propor­
tion to the total annual catch also declining 55,8%. By 
contrast, catch amount in Apri 1-May saw a dramatic increase 
from the same period .of the preceding years. Specially that 
in April advanced 52% from a year earlier to 83.000 tons. 

CPUE 

Pollock fishery In the International waters of the 
Bering Sea is a relatively new type operation using mldwater 
trawl nets which had not been well known to Japanese trawl 
fishermen previously. According sd catch amount increases, 
development of mid trawl nets entered a ful !-scale phase from 

u u '--"' u u 

around 1984. Fishing efficiency is deemed to have Improved 
annually because mldwater trawl nets with new specifications 
were developed year by year and fishing vessels competed in 
replacing the conventional 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. It 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 used 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 until 1986 to reach 8.58 tons/hour in that year. 
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 decline 
to 76 tons from 83 tons In 1988, 

Year 1986 1987 1988 1989 

CPUE (t/hour) 8, 58 a. -13 6. 63 

•Data are not available. 

The decline in CPUE suggests that the migrating stock 
size of pollock In the international waters 'of the Bering 
Sea decreased In 1988 and 1989 because the catching effi­
ciency of fishing vessels Improved year by year due to 
accumulation of experience of fishermen and improvement of 
fishing nets. But it Is not considered that pollocks take 
the same migration pattern every year. There might be con­
siderable annual differences as regards migrating period and 
routes. It Is possible to assume that the decline in CPUE 
in the international waters in 1988 and \989 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 
dec I i ned. 

The monthly changes In CPU[ more or less coincided with 
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monthlY changes in catch amount. and the months with Iaroe 
catch amount showed higher CPUE (Table 2. fig. I), 

Distribution of fishing grounds 

Distribution of CPUE was plotted by statlsilcal fishing 
block of 30 minutes of latitude and one degree of longitude 
in order to examine the distribution of fishing grounds for 
pollock in the international waters of the Bering Sea (Fig. 
2). As mentioned earlier, CPUE--catch per one hour 
towed--does not correct changes of fishing efficiencies 
between vessels and years. Therefore, It cannot be said 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 CPUE in the period from 1986 
to 1988 showed a similar tendency on the whole, and a high 
concentration of CPUE was observed in the western or south­
western part of the international waters. Differences from 
year to year was observed when examined more closely, with 
1986 showing the high CPUE also In the northeastern 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 October and In a 
wider area of the international waters In December. High 
CPUE areas spread in the southern part of the International 
waters in January and February In 1986 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 !987 and \988 were more or less 
the same, with the modes of 46-<18 em for both year and the 
average length of 48.6 em In 1987 and 49. I em in 1988, thus 
shwoJng that the composition was slightly enlarged in \988 
over the previous year (Flo. 3}. 
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Table I. Size cla.~s In N'i;:lstcrcrl ,;ross LonMt:c of J:~p.:m~se trawl vrssels vllh license fro. Jap.1ncse flovr.rrwr.nt. 

Yrar Type of fishery -JOO -350 -400 -500 -1.000 -1,500 -2,500 -3,500 -ot,SOO 1,51\n- Tolal 

NorU1 l'aci(lc Trawl t'ishery 8 " II 2 " 1986 Tenkan Trawl fishery 
J5• 

land-hm>d Trawl Fishery 28 26 51 

North Pacific Trawl t"lshery 2 8 2 12 10 
1!107 Tcnkan Tra\11 Fishery 2 

IG 
Luxl-lk"'Scd Trawl Fishery " 22 51 

North Pacific Trawl Fishery I I 3 12 " l!lPII Tenk;m Trawl t'ishr.ry 
11 

Land-basOO Trawl fishery " 15 
>I 

a Ouc vessel wilh lh:r.ti::H! did 110L lllke f>arl In the rishcry. 

Table 2. flshln& effort, r.atch, arxl CI'IJE or pelagic pollock hy •onth r.ansht by Jap.mesc trawl fisheries In t.hc lntcrMUonal 

waters of lhc Dcrln,; Sea frm !nll6 to 1!11!9, 

Year J11n. fcl>. Har. t.pr. H.w .lun. Jul. hug, SP.II. Oct. Nov. '""· 
Errorl (hour) 18,6-1!1 21.161 8,02·1 7.'158 3,517 15 212 :156 1,953 -1, 121 5,620 !1,605 

1!1116 r~1tr.h (t) 200,1i2/l IJ9,770 :17,11H 1!1,H..15 21,678 115 lillli !Hill ],!1111 19, 155 li2,!11!1 l!iil,\27 

CPUE ( t/hottr) IO.Ii 6.5 1.6 6.7 li.!l 1.5 :1.2 2.5 2.0 1. 7 11.2 16.5 

Effort (hour) 18,137 I-1,7J:l 10,4117 111,2115 7,2119 " 120 501 :1!~1 5,!66 11,310 lfi,!llili 

1!187 Catch (t) 192,267 10!1, 738 -13,!112 -1!1,117 30,850 136 123 100 362 51,GH \55, IBil Hili, 7!10 

CPIJE (t/hOIJr) 10.6 7.5 1.2 1.8 1.2 1.1 1.0 0.0 1.0 IO.Ii ]3.7 D.O 

E'ftorL (hour) 16,306 6, 922 3,611 8,80!1 li,BJ1 -1,0·16 1,812 2,5112 1,507 ll, 61!1 Ill, 150 25,39!1 

~-~ l:alr.h (t) !15,98.1 17,033 13,073 51,711 19, 7!12 11,377 6,371 11,!11HI 12,!125 119,135 206,111 171,1175 

r.rur. (!/hour) 5.2 Vi • :1,6 6.2 2.D 2.11 3.5 5.8 6.1i 10.3 11.1 7.0 

Effort (IJOitr)* 

1!111!1 C1ldt (t) IH ,025 111,371i JU,Ii12 11.1,255 -11,!110 7,1llill 2,9117 13,240 18,24!1 56,!1!11 1\0,615 195,!102 

[.1'11£ ( L/hour) * 
---

* Oala arc ItO!. avotllahlc. 
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Bio1ogicnl. Infonaation on Va1.l.eye Pol.l.ock based on 
Polish catches in the Internationa1 Waters of the 
Dering Sea in 1989 

Magda1ena Kova1ewska-Pah1ke 
Sea Fisheries Institute 
Gdynia, Poland2 

Introduction 

Abstract. 

Invest.f:-at.ion conducted in 1989 covered the 
period from january to April and from 
September lo November. Poland cau~ht. 268.6 
tons in 1989, attaining satisfactory catch 
results during the entire year. Throughout 
the year t.he pollock were distributed over a 
large area of international waters with the 
most. dense concent.rat.ions being formed in 
the central and south-eastern parts oC t.he 
international waters. In catches in 1989 
pollock with a total length of 39-63 em were 
fo11nd. Mean lengths anti wei:;-ht.s of pollock 
werl!' slight.ly lar!;"el" in comparison wit.h t.h~ 
prcvioLJS yc~II'!L 'fcaJ• cl.1ssus of 19'/U nnd 
1977 cloLLlin.'lt.t:!d in t.he cat.ches. The shnre ot' 
youn~er yec:ar classes (19U1 and 19U3> was 
also prominent. durin~ Sept.ember-November 
catches. The invest.i~at.ions carried out. in 
1989 revealed no si;niricant. chan~es in the 
pollock st.ock in t.he inlernalional waters of 
the Berin~ Sea. 

Poland has be~an fishin~ operation for pollock and biolo~ical 
investigations in international waters of t.he Bering Sea since 

1985. Research materials were collected an Polish fishing vessels 

engage~ in commercial pollock fishery in this area and came from 

samples taken on board of these vessels. Host. information come 
from first. and last. months of lhe year. The methods used and the 

scope of research remained unchanged since the be~inning of Polish 
investigations in internalional waters. 

In 1989 invesligal..ions were carried out in two periods: from 
January to April and from September to November. 

The aim of this paper is to present. the results of 
investigations conduct.ecl in 1989, which may cant.ribut.e to a 

u u u u u 

better understanding of the biology of walleye pollock in the 
Aleut.ian Basin. 

Catches 

In 1905 Poland began fishing operations for pollock in 
internat.ional_wat.ers of the Bering Sea and caught. 116 t.hous ~ons. 
In the followin~ years t.he cat.ches cont.inued t.o increase, reaching 
almost.. 300 t.h011s. ~ens in 1988 and 269 t.hous. tons in 1989 <Table 
1). The Polish fleet fished init.ially in t.he Cirsl.. and last. 
months of t.he year, extending t.he fishing season in the subsequent. 
years; in 1988 and 1989 Polish vessels were fishin~ for pollock 
all year round at.t.aining sat.isfactory results (Fi:. 1). 

In 1989 a decline in cal..ches was observed in february and 
Harch, to~hich had been caused by the peak of spawning- taking place 
sout.h-easl.. of the int.ernat.ional wat.ers at. that. Lime. A similar 
decline in cal..ches in t.hose months was observed in previous 
seasons alt.hough in 1988 and 1989 t.he disappearance of fish 
concentrations resul~in~ in not efficient. catches was relatively 
long, lasl..in~ six weeks. 

In the previous years the best. catch rates to~ere at.t.ained in 
~he period directly before and after spa~otning- while in the last. 
t..wo years durin~;" the period April-July and November-December. In 
1909 nuJnn annunl CI'UE <·12.9 I./d) w11s sli,ht.ly lower t.h.:an achicovcd 
in 19UO (4.3.0t/d). 

Cat.ch rat..es al..l..ainud by t.he Polish fleet. in summer nLonths of 
1987-1989 signify that. pollock concent.ral..ions at. ~hat. Lime were 
not. less dense t.han during- wint.er fishin~ opera~ions. 

The information on distribut.ion and dens.it.y of pollock 
concentrations in open waters of the Bering Sea 
analysis of movements of the Polish fleet. and 
data and presented in fig. 2. 

are based on t.he 
statistical catch 

Len~th composition 

Similarly to the previous years pollock with total len~t.h 

ranted from 39 to 63 em. 
The bulk or the slack consisted 

ranging f~om 40 to 51 em (about a~t.l. 

larger than 59 em formed less than 1% 

of specimens wit.h len~t..hs 

Fish smaller than 4.1 em and 
of ~otal weight of fish 

(fig. 3). Hean len~ths of pollock in open wat.ers of t.he Berint Sea 
were as follows: 

19[39 Males Females 

I-IV 47.77 em 4~.28 em 
IX-XI 48.70 em 49.97 em 

1-' 
w 
1-' 
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Generally pollock from open waters of Lhe Berin~ Sea reached 
r;reat.er len!;'t.hs in 1989 t.han ln t.he previous years. 

Age 

The t.ot.al absence of f'ish y_aung-er t.han 5 years (fi:.4), to~as 

characterist.ic f'or Polish cat.ches in 1905-1989. In 1989 t.he 
verificat.ion of a:in: of pollock for 1985-1986 years was made 
according t.o t.he int.erpret.at.ion of annual increment.s in ot.olit.hs 
sur;;est.ed by t.he U.S. scient.ist.s from NHPS CSeat.t.le). In t.he 1989 
pollock of age 5 to 23 years occurred in t.he cat.ches (Fig.5,6). 

The a~e-:roups 11 and 12 <year classes of 1978 and 1977) 
predominated, canst.it.ut.in' 16.4% and 21.8% of t.he cat.ch, 
respect.ively. The share of these two year classes were higher in 
the first months of the year than at. the end of the year. The 
share of younger year classes increased in SepLembdr-November 
caLches. The fishes representin~ 6 and 6 year classes of 1983 and 
1981 consist.ed of 10.5% and 11.2% cat.ches respectively, which 
resulted in a dist.inct decrease of mean a~e of fish in comparison 
Wit.h January-April 1969. 

Mean a'e 

1969 Hales Females 

I-IV 
IX-XI 

12.2 
10.5 

12.1 
10.7 

Belween Sept.ember and November 1969 pollack in t.he 
a,e-,roups, were charact.erized by :;reaLer mean len;t.hs 
relat.ion Lo pollock caught. in t.he first. four mont.hs of t.he 
(fi~. 7>. 

The Polish investl:;at.lons carried out. between 
November 1969 may suggest. Lhat. t.he year classes of 
will be gradually replaced by younger fish. 

tlei'ght. or fish 

September 
1976 and 

same 
in 

year 

and 

1977 

In 1969 pollock reached wei;ht.s rangin, Cram 3~0 Lo 1790 ' 
<Table 2). The bulk or Lhe slack consist.ed of specimens wit.h 
weir;ht.s or 540-1190 r;. In Lhe period September La November mean 
weir;ht.s were ,reat.er than in t.he first. four months of Lhe year 

Analysis of weibht.-len:;t.h relationship calculated 

!'rom formula W K >1< ln indicated that. in 

smaller len:;t.h classes males weighed ~li;ht.ly more t.han remales. 

In Lhe 45-46 em len~t.h classes in January t.o April and in t.he 
4~-47 em lenr:t.h classes in September t.o November t.he weight.s or 
bot.h sexes became equal. In t.he hir:hesl lengt.h classes, f'emales 
wei;hed more than males. 

Pollock occurrin~ in 
characterized, as in the 
weight. in t.he same length 

international wat.ers 
previous years, by a 

classes. Hean weight.s 

in 1989 
wide ran~e 

or pollock 

19B9.were sli::;ht.ly hi:;her t.han t..hose in Lhe previous years. 

Gonads 11at.urit.y 

Were 
or 
in 

. The gonads of pollock in 1969 mat.ured relatively slowly bet.ween 
September and November, t.heir development. becomin~ rapid in 
January. <Table 3). first. males ready for spawninr; were found in 
February,while t.he remales at. t.he beg-inning or Harch. In April a 
large part. of pollock had gonads complet.ely·spent. (about. 40%) and 
in rest.in,;- st.age (about. 53:0. Just. like in Lhe previous years, 
males mat.ured earlier in 1989 t.han f'emales. The process of 'onads 
maturation in males was ext.ended in t.ime, while t.he ~;onads 01' 

remales mat.ured more quickly wit.hin a short. Lime. 

~~le-t.o-female sex rat.io 

In 1989, as in t.he previous years, male-to-f'emale sex rat.io in 
open wat.ers were chan;inr: wit.h t.ime (fi:;. 9). females predominat.ed 
dist.inct.ly in t.he spawning and post.-spawnlng period. Their 
greatest. abundance was observed in Harch (8·1.%) ._ In April t.he share 
6f males slowly increased t.o 54%. Between September and November 
males were more numerous t.han remales. The rat.io of males and 
remales in t.he st.ock was similar t.o t.hat. in t.he years 1985-1988. 

feeding 

Durin; t.he whole st.udy period in 1989 a very low reedin; 
intensity of pollock was observed (Table 4>.The rish with empt.y 
stomachs predominated <Fig-. 10>. The lowest. reeding intensity or 
pollock was observed before spawnin; Cover 96% of fish with empty 
stomachs>. After spawning- feeding int.ensit.y slowly increased. 
Empt.y st.omachs were more l"requent.ly encount.ered in males t.han in 
remales. 

Pollock caught in 1989 was characterized by a 
coefficient. K = 0.5.17- 0.731 (fir:. 11>. The best.. 

low condition 
condition .... as 

visible in rish in the pre-spawninr; period bet.ween November and 
J.:munry, allti the worst. in Harch and April.. 
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Conclusions 

Catch rates. fluctuated throughout ~he whole year and the mean 
CPUE in compari~on wi~h 1988 year was sli;htly lower. 

The dominant year classes continued to be 1977 and 1978 and 
age studies revealed t.h.at. the pollock stock .vas supplemented .,.it.h 
younger year classes. 

Catch rates and the stable age structure or the stock show 
that. stock condition was not. affected by the fishery. 

The presence of spawnin; pollock in international waters of 
the Bering Sea may suggest. that at least a part or the stack 

undertakes spawning within the ~oundaries of those waters . 

. : ----------------~-----------------·-------------------------------------:. ... --;---------------:-

.,_ 00 ~ liD ~ -

: ----------~---: -------------' ------------------: -------------: ------------: 
-~-~~~-~~~-~~~-~-~~~~ !U. 1 lt/dll I UJ ·· 1 "ll/dfJ l !tJ 1 !tldll : Ill I ltldll l IU l lt/dFJ : 
1 ------: -------:--------: -------: ---------1 --------' --------: ---------1 ----: -------' ------1 
:JANllAR1 l l407 48.7 1 32 290 '59.1 1 H 107 5~.1·: tO 9H H.ll 29 392 !6.2 1 
!fEBRUARY l I& 954 55,8 l 21 169 45,5 l 32 146 tt.l l 9 676 11,!1 l t 167 11.3 l 
II!~RCII l 10.031 42.3" l IB 937 H.l ' 13115 26.8 1 'l 309 IU l 7 lBB 23.5 1 
!APRIL 1 19 4~6 !5JI ••• 4.,:.'l

1
!
7 

!
05
l
2
4 62.9 ll 1'i2 57,4 1 49 67! 67,3 l 32 &17' 58.7 1 

li!AY 1 30m 46.4 30 338 49.9 1 IS 117 311.4 1 n iSS 63.4 1 
• :JUNE 1.18 IU 5G,2 1. 4 oi39 26.7 24 S!l 45.8 1 l7 791 U.l 1 ll 84'1 54.7 1 

·~ !JULY :' u u.o : m : · 21.2 a m &li.s.: 1a m n.l : zl m 10.1 : 
l~UGUST 6 6.0 : 19 431 SI.B 1.12 464 41,1"1 

, .• lSEf'IEI!~ERl· : 5 m · 42.6 1 B 768 "37,5 1 
lOt:iOBER I 2 201 44.9 .: 7 414 54.5 l 16 418 32.0 l 

., '; iiiOVmER 1 1 13 514 41.2 13 342 t7.8 : Z9 3~2 &0.6 I 26 113. 43.3 l 
lOECmER 1 17 916 I SB.(: 25 3S8 45.4 27 709 19.5 : 46 277 46.4 l 34 BSI 41.3 l :-----.. ----=-----------------------~------------------.:. ______ : 

I 
lTOTAL. :m 8H 1 54.5 ll&l m. l H,7 mo liS 1 47.0 1298 114 1 43.8 1268 570 ; U.9 l 
I ·l ' I 

· ·:'Table 1. Polish c:atc:h~G and ~at~h rates of pollee:!: in int~rn<.;tioni\1 

.wa~~rs o-f the Bc:ring Sea •. 

:-- ·---'-·-----------.,.---··-'··-···--------: 
1969 1 • IY 198'1 II • II 

:-----------·-------------------------~-----:------------------,:-------------------------1 
I !!AlES HftALES I'IAlES mAlES 

# :---· ------~------------: ... ---·-------------------------:-------------------:-----~--------·------: 
1LE~6TII: l•un # nng~ l•un nn9t luu unqe te~n unq~ 

.: lc1l : no lMti;ht 1 fro• • to no :~ri9ht : Ire• - to : 110 be1qhl l Ire~ - to na Meiqhl l fro• ~ to 
:----: ---: --------. ------------· ·~---. ----~--~-: --------------: -----: --------: --------------: ------- --------·----·---------: 

39 : I m.s: "' 445 I 
lOI ': 420.0 liO 500 I I " m.o: no m: soa.o soo 500 : 
411 2 :"· m.s "405 "' I m.1l: llO 520 l " 512.0 : "' sa~ : 
42 : " sss. a ... '" l m.o: no te~ : 31 : 519.0 : lSO 600 : I 5!0.0 510 510 l 
u: . II I 555.0 "' '" ' 488.1) : "' m: 27 : 552.2 : '" 630: .. 14 548.6 ... 600 : 
441 261 595.0 "' "' " 596.a ' "' 7651 35 : m.4t HO 781) : " &03.3 '" 6~0 : 
u: 51 : 628.6 ... "' " 581,1 ... m: Ul m.o: llO mo: " . 628.9 , .. 720 : 
46 : 93 : 670.5 soo '" " 6H,9 ... 900 : .,. m.s 570 870 : " · m.a '" 110 I 
HI 158 l uu . 540 "' " 600.6 1!0 9\0 I liS ]65,4 410. 910 l " H\.0 "' "' 4B l tn: 7\B.O '" '" "' 123.1 SlO '" "' Bl\,9 '" m1 " 7'1b.6 ... "0 
"I 110 : m.a "' m: ISG 711.5 '" 1010 120 84B.G "' 1000 1 " 85&.6 l , .. 

'" 50 : &5 .; 172.7 ... 905 : 15! 801.9 '" 1110 Ill an.l , .. IUSO l " 917.~ I 110 1050 
lll lll 806.9 210 'l\5 I 101 m.1 '" l\90 " m.o !10 mill " 958,1 I 810 1100 
sz : " 900,& "' 1165 I " 905,1 '" mo " m.• "' 1170 : " 1009.5 ... \2[1) 
SJI to· 1 ·m.5 '" 1205 : " 920.9 110 1125 " .1039.2 '" mo: .. l06S.S '" 1210 
54 : 71 m.o llO II!GI ,, m.O 110 1270 ll 1013.1 ... \301) : " 1144.7 ... 1310 
55 : I:· 990.0 ... . 990 I .II 1/J\S.S 7JO 1m II • 1114.5 ... . 1310 : " mM 1000 \331) 
l61 ' 116Z.2 ... 1530 " 1\90.0 mD 1190 : " 12St.Z 1050 13'10 
57 : ' ma.a 10&0 · HOO II mo.o 1240 1740 : IJ t7Bt.S \110 1400 

"' l. 1241.7' 1170 . 1350 1362.5 1310 1~00 ' 
5!1 " tm.7 1020 IS\5 I I 
!01 ,. II l~'iU.G mo 1~'10 I uao.o mo t~ao 1 
611 I II ms.o tm ms 1 . 1510.0 1510 IS\0 I 
ill I• I I I 153S.G 1535 - 1535 I I mo.o 1790 !Hill 

'" I I 1 1 ·mo.o 1~80 1660 I I I I 
I I I I I I I I 
I 1371 70'l.6 : '" 1105 : s~o tm.sm "' 1680 I to32 tio9.ms 1 '" \310 I 736 .m.2m r ... mo 1 

I I I .I I I. I I I I I• I I 
I· ......----------------·---------- ------------------- --------1 

Table a. Mean weiaht~at-langth of pclloc:k fl"om Polish catches 
in international WiltP.I"!'i "' thP. [iflrin9 Sea in 19El9. 
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l!IONIHS !tALES I fEIIAlfS MALES" AND FEIIALES I 
1---------------------------:------------------------:-------------------------------------: 

li!AIU!IITY,I I li tit IV Y VI VII VIII: n I I II !It IV VI VII Vtll I n I I Ir (II jy V VI VII YIH I n I 
·:sJASE I 
:----1----------------:---_:-l----:-------------------------: -----·----------------------------·-:--1-J 
W.liUARY : 
-IFESRU~RY I 

U!ARCII 
IAfRIL 
IIIA1 
!JUliE 
\JULY 
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tCCTDBER I O.J 
tiiOVEIIBER I 
:DEI:tnBER I ,, 
:-----

1.0 1.6 81).2 1!.2. - : JOl : 3.8 67,0 21.3 0.9 - - - : liB 3.9 36.6 53.6 6.0 - : "' 1.5 l.O 51.7 u.s 1.0 - : '" : 1.1 23.7 71.8 '·' - : m '·' 13.9 62.8 20.0 '·' - :. Hb 
21.1 78.9 : "' 58.4 3.0 6.' 31.7 : 101 49.2 '·' '·' 39.2 : "' 16.4 13.2 SO. I I "' 12.3 0.9 '·' 2U I "' 53.1 - '·' 7.3 n.z 1 "' I 

IE. I n.s 8.1 O.J '" 10,2 87,1 I.\ '·' liS . I!.B n.s· '·' 0.1 "' 15.5 76.2 '·' '" 10,0 04.6 '·' ~89 '·' 12.e ·eo. 4 6.7 570 
6.9 61.1 lo.9 1.1 "' 6.2 12.7 20.2 ••• "' 6.5 66.7 25,0 1.0 • 504 

I 

------------------- -------------------------~------------------------~--, 

Table 3. Gonads .maturity .. ~(Maie;.. sc:ale) in pollock from Polish catches 
in· inter-nation.a.l waters o-f the Bering Sea in 1989, 

I 
----·----------------------------------------------------------1 

UICMTIIS MlES I mALES I I!AtES AND HHms I 
ISTDnACK 1----------~-------:--..:.. ••. ------------:-------------·------------r 
lfutLNtSSr ~.lnl 4lnl 4lnl 
ID£EaEES I I I I 
1---1-----------:--:------------· ----:---------------.:..-:----1 
IJA/IUARY l 91.2 !,It 0.4 0,4 0.4 l 2'54 l 91.:i 1,8 0,4 · 0.4 285 I 97.4 1.7 0,4 0,2 (),4 l S!9 I 
]fEBRUARY I 98.8 l,l - l 160 l 94,5 4,0 1.0 0.3 201 l 96.4 2.8 0.6 O,l Q,O ' 361 l 
l!!MCH I !6.7 26.7 13,1 6.7 6,7 l l:i l 40,0 Jo.& '23.:i ~.7 1.2 BS I U,Q JO.O 22,0 5,0 '2.0 100 1 
!APRIL I U.lt 26.6 17.3 8,9 5.6 I 214 I 27.8 '21.1 16.5 10.1 16.5 \BB: J/1,\. 26.9 16.9 M \0,7 402 I 

"11\AT I I I 
UUM( . I 
JJIILY I 
IAL'6UST • I 
lSEPTOIBER: ad.s 16.8 
lOmBER I 73.4 20.3 
IMDV[IIBER l n.7 5.0 
IDECEI!BER l 

I 

1.3 0.3 
4,5 1.0 
l.S 1.[ 

\,0 : 
0,1 l 
0.4 : 

I 
., 

J 
79B : 66.5 
290 : 6.0 
26'2 I 76.4 

I 

26.0 4,7 
. 2,4 1.0 
12.4 B.l 

2.3 0.5 l 
0.4 0.1 I 
2.1 0.8 : 

I 
I 

·m: H.7 
'280 : 67.0 
m: a1,3 

20:7 
21.9 

'·' 
2.1 1.2 o.a 
7.4 u 1.1 
6.0 1.! 0.6 

5131 
570 : 
504 : 

. ' 

----------------------------------------: 
··~ 

Table~. Degree of stomach fullness in pollock from Polish catches 
in inter-national· waters of the B"erin(l Se~ in 1989", 
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The Fishery and State or Stocks or the Host :r.portant 
Species o:r riah in the Bering Sea 

Bu1at:ov· ... o~A-
TINRO, Vladivostok. U.S.S.R. 

The Bering sea,particularly the eastern part,is U.'lique and 

highly-productive body of water.Penetration of \</arm Alaska 

current ,quite extensive shelf and intensive vertical mi>:ing 

make favourable ocennological conditions for living org~isms 

•,.;}lich inhabit this area, - they are: fish 1 invertebrates,ma!!!!Jals, 

birds.First refe~enc~s to the Bering sea fishery have more then 

a hundred year old history 1 nevertheless, drastic deve!op:::~:u: 

... .r fisll·:J',f started in the late 50s - early 60s this century. That 

tiu.e the major fishery occured over the eastern Bering S!HI shelf 

and "'";;~e!'~it:.l slope. 

Fish cotch increased 35 times only for 5 years and \'t'as esti­

mated to be 500 thnd t (Stock assessm~~t ••• 1 1989). Rapid dec­

line in catches,observed in the mid 60s, was caused by too in­

tensive fishery of yello~-fin sole,r,ockfiah and Greenl~~d tur­

bot.Pollock catches 'significance irtcreased C.rastically ir:. the 

late 60si therefore,the catch increased ten times !roo 1964 

through to 1971 and wau ~stimut<:d to ba 1744 thousan.C. toHs. 

':'ile maximum catch of pOllock was 1874- thousnnd tons i;: !:h•: 

eastern Herin~ sea it was reached in 19?2. The history of fi-

sherics sho"·s that the eastern Bering sea was one of the !!lain 
-¥""""''-" 

fishing~ in the North Pacific prior to the introc!uctiOJ! 

.:;.f 200-mile economic zone ~y the US government.The fish~ry is 

reguh .. t•~d here by quotas when this area turned out tobe WldP.r 

th~ US j:..tl'ha:i.ct.:io.m. 'i'!1~ U.S.S.U. fishermen u~l't! pH.l'ti~uh,·ly 

in a difficult situation,uho practiCally lost the possibil:.tier. 

u u u u u 

to be engaged in fi~hery that in its turn was a stimulus for 

deve!.opJnflllt of the w~stern Bering sea sl:iel.f. The catch. of fi8h•· · 

has been incre&.sed more than 1 1 5 t1.m.ea in th.e last ten. ycu.rs. 

The increase in catc!les Y•as d:.;c to pollock 1 cod · &.nd flatfi~:th~~ 

('l'•lblol 1) • 

The Aleutian Islands are a particular locality in t:ht- _i.'S 

?n' -:.:~.:., z,,::.,.,. llhe catch almost r-eached 150 thnd t (table 2) 

in the mid f.Q~, n~t~!ith~-anding the fact that compared to 

the east~rn Eering sea,much less fish are caught in this area. 

Th~ ~ishe!'y is ~rimarily bas;:!. on pollock as in tht:t E:R~ttu•n 
etta~ ~~~te.e 

3eri=:~.g sea,nevert~elcss,o··u r:·;,: .. ~·.t .:,;l<'9" "lin.,: is the next abun-

Cru!t .spcdes.Thero are pract:icall,y no flatfishes in catches • 

;;.he large-scale fish'-"l'Y started. in the wester:1 and D'Jrth­

-~ ... es".:'!r!l Bering sea in the mid 70s when the Soviet fish~l'.:.1-:l:·t 

had ~ee!l forc-.(i o•lt c-f 1;!:; ~JS zone •. This area has eSSC!.;i.:;l.!',l 

sigr.ificence 1:'. the fishery in the last 10 yeal's. It shol!lc!. 

be :::.t(l-:' thut access to the shelf of the N'3.V.,l'in area is limit-

ed t.y £<-:Vt-:"l'l" 1 :i.(:c ~·=···~ !!;!-t·:".·J·<:-1:.~11:!'1 t:;·!\·ii1:io):<:-- 1due to this 

fact there is practically 110 fi!:lhm·~ htn'e i!: th-: winter· period. 

'2!"\e.f'<~ '"'f.l:! :: t:::li•:.-:\:"':j' to~1ards increasl:! in last yeal's. Pollock 

is the vmuin object of fishfll'Y, cod are also s.i..en i...ricant ( tabl. ~), 
ctfLoC:':-S 

the ·1'-&-&t species - h•Jrri:lg 1 :'illf!l~on eod,flowtdt:l' and he.li1mt 

e.ro:> ."o::"bti·-ro.·J.y significant. 

Intensive fislkry started to b.e conducted .ta t!w :ni:t 60s 

in t:te ct::1t:rtt! 3ering sea,located beyond the limits of the 

USS:k e.nd US 20':1-mile ':co:1~:d.ca.l zones. The main reason 6!. de­

velo;in(! a new fishing are'l.,aS we tbink 1 is that Je.pan is fo.l'eer.t 

out of the US zcnr. J f JRp"J'\ 1 1'3 catch was 900 thnd t in the east-

ern '3ering so a in 1976, the quota wn.S about 250 th.'l.d t in ·13.35. 
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The catch o"r the rnain ftsheo in the l:n.!;tcrn part. of the Bering Sea 

I979-I988 (thd.t.) 

Table I 

----------------------
Year Pollack Cod 

- --- Ar-;o:t~oht-- ---- - - - -- ---- -.--
Sablcfit;h flock:"'i~·hc.::. Yellovtfin flounders other other total sale Greenland 

tourbot flatfishes species 

-- _=..:---.:.. -·-- -·-----..:.--- _._ .. =··.:::-..:-_---------------------------
!979 9IJ,9 JJ,8 !,4 J,7 99,0 42,9 !9,7 

!980 958,J 45,9 2,2 !,4 87,4 62,6 20,< 

!98! 97),5 52,0 2,6. !, 5 97,") 66,4 .2J,4 

!982 956,0 ;.: 55,0 J,2 0,9 95,7 54,9 2),8 

!98) 982,4 8J,2 2,7 0,7 !08,4 5J,6 )0,11 

!984 !098,8 !!0,9 2, J 2,0 159,5 29,1 44,) 

!985 !!79,8 IJ2, 7 2,) 0,9 227,! 22,0 7!,2 

[986 1[88, 4 IJ0,6 J ,. . ) 0,8 208,6 !4,5 76,'; 

[987 i2J 7,6 !44,5 11,2 [. 9 [81, 4 10,9 50,8 

!988 !228,0 !92,7 J,2 [,9 223,2 [ [. 5 74,2 

---------------------- ----- -------- -------
except Pac1!'1c Halibut 

T~l.,!.cz.l. 'rhe Catch or the J:l:l.in spc::ic::. o! fi:..;lic:,; in Aleutian I.8lantls rc;~iou 
in I97Y-I988 (IUUO ~.) 

-------------------------

1980 

!98! 

!982 

!98J 

1984 

!985 

!986 

!987 

1988 

58,2 

55,5 

)8,0 

59,0 

81,8 

58,7 

46,6 

28,7 

4J,O 

5,8 

!0,5 

II,5 

9,9 

2<.2 

!2,7 

IO,J 

!J,2 

5,2 

except Pac1!1c halibut 

O,J 

0,5 

0,9 

0,7 

!,0 

I' t• 
J,O 

),8 

1,4 

,, 4 .. 

!,7 

0,9 

0,6 

0,4 

l,-6 

2,5 

8,1 

8,0 

8,7 

'1,9 

),1 

0,! 

2, J 

J,2 

!, 5 

!5,5 

!6,7 

!9, 5 

!!,6 

36,0 

'37,9 

J2,0 

JO,I 

2!, 7 

18,8 

)4,6. 

JS",6 

!8,2 

!5, 5 

8,5 

!!,5 

!0,5 

8,6 

I2, 2 

n,o 
7,1 

'),2 

J,7 

!, 7 

2,0 

l,5 

. 1.2 

0,4 

!!51, 2 

!2!2,8 

. !6~,)· 

!207,7 

!276, 9 

[45:;,6 

1647,5 

!61"!,4 

!6)9. 9 

!746, 9 
-------

·~-· 

'l'otal 

71,9 

!05,5 

!02, 5 

[08,5 

9'1,5 

[46,9 

![),4 

96,! 

8(,8 . 

77,7 
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'i..'h!! Giltch· or the mo.in :;pccics of fi::>he:;; in Wc!>tc.t·u and llorth-".'le:;tern 

p.:nt~ of the Derin~ Sea in IY?Y-1988 (IUJO t.) 

-~-------~-~-------------------------~----------~-
Year Pollack Cod Flat!'13hes Saffron 

cod 
Hc .. :r1ng 

Halibut · 
Arrowtooht 
flounder 
Greenland 

Total 

- _.- - ------ - ..:. - _ . ..._ ---- - - - ------- - --- ----- - - -tuttrb-ot- - -- -- - -
!980 

!98! 

!982 

!963 

!984 

!965 

1986 

!987 

!988 

!989 

·-------, 

880,4 9,< II,I" !J,O II,7 2,9 

805,0 !7,9 3,2 14, I !4,1 

928,3 52,! 7,4 !J,6 !2,0 

960,0 55, J. !5,2 [4. 4 !6,0 

'156,0 90,8 9,2 !5,2 rg,:• 

662,0 92,4 !5,2 !I,J 13,9 

876,5 IQB,S !8,5 8,9 2!,2 

946,5 69,! 15,2 9,0 !9,8 

!435,0 57,0 I4,l !0, 1 !5,1 

l!SI,O 7!,7 IJ, 5 6,8 7,9 
----- ---- - ---- ---- -- - -

3:apid develot:·Ir•e!lt or the Bering sea neutral waters by 

fishermen of Japan,South ~area and Poland led to the f3ct ~~~t 

their total catch exceeded 1,0 :nl..'l..t (TahlP. 4.) in. 1986. 'fhe 

:cain re~son of so called "boom" is ro::l;;.t~• 1• t:•J uncontrolcd fi-

she:-i~s,high d'e:nand for "suritli" an~ pcllo~'-~ t-~t:=· !'~oreo'.·~J.·, 

at presc t tbe fisherJ is carried O'lt by the USSH,l·.oD",a.:Ji:.,'r:~:.-

;:_l; •• ~-

Table 4 

1980 2,4 12,5 14,9 
1981 0,2 0 0,2 
1982 1,2 2,9 4-,1 

1983 4,1 6&,6 70,7 
1984 100,'9. eo,3 18"":,0 
1985 136,5 1,6 82,4 115,B 336,0 

1986 698,0 3,2 15::,7 "":63,2 41,0 1061 ,o 
198? 80?.,6 4,1 241,9 230,3 152,0 14;?,0 
~9CE /4<:',?. 1?,4 ;.62,7 ;r:...,i', -::.· ,0 14;9,0 

Sui:lmarizing the abo'-le-s3.id it i.: :~·.-,:,• . ...:.::.•'-'·:; -:-o note t!l.:: 1: 

(north-we.;:;t :;,_")art of the sea) and central areas ( "Nc".Jt.::·a.l" ...-aters) 

has been II:nrked in !:he last decade. !.:1 recent years catch is 

based on pollock and has re.:lchth! quite si~!lifi~~~:;.t ::1--!<'.!~i.:o·:.:: -

.~o Coubts that successful !ishe!':f is stridly ;:oelatef~ -:o the 

6,4 

2,9 

2,2 

2,0 

2,7 

4,6 

1,9 

2,5 

2. [ 

928,3 

860,9 

!~!6,3 

!063, I 

892,6 

6!7,5 

!040,4 

!061,5 

1514,2 

!2S2,7 
-- -.·· -
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state of stocks. Contemporary studies of US scientists showed 

that there is no co~cern about the ste.te of poll~ck,~:od >Cld 

flatfishes' stocks that ·inhabit the easftern BerinB saa (Wespes~ad, 

1989; Sample, Bakkata,1989; Thompson,1989, Bakkala, Wilderbuer, 

1989; Walters,Wilderbuez 119S9; \<laH::ers,Wilterbuer,1989). 

Nevertheless,recrui~menU of pollock of 1986-1988 is marked be-

low the average le~H that will unCoubtedly affect the fishery' 

efficiency.The author's forecast (Bulatov,19PR),based on clicat~e­

-oceanological phenomena,~bows tbe.t the stocks of pollG~~ will 

decline starting in 1990. 

The fishery is also Pased on pollock catches in the USSR 

zone.At present there ar~ no serious syeptoms that would indi­

cate the expected rapid ,fall of st~;H:E.H •If important cou.mercial 

species of fish,inhRbiting the western and ::.orth-'A''2:l'>hl'!i .'3ering 

sea. 
The fishery is exclusively based on pollo•·l< iH the area of 

tho Bering sea 1 located btJyond the limits of th'l USSR- and US 

200-mile exclusive economical zon.:-rl-. The luc:< of any documents 

and agree~ents,regula.tin~ the fl~\1·.~1':/ :i.:. l;;:j~ 'tt'•Jil 1 1•: 1• :·:- 1:':·• 

fe..ct -;hat the problem. had the political che.I'fl(:ter. Nevertheless, 

its topicality will to ~ consideramle extent,depen1 on tha ~tata 

of pol!oc?. .;;tack in near future. 

Soviet scientists have been conductinB annual pelasic sur-

veys in fall since 19B6.'l'he south-e:::-.:::tl":rt\ :l':.l·L···~ .~<!"f-. was taken 

as a control area,limited by 165°E from the west and by the US 

zone ,bounde.ry from. the east.Distribution of pQllock i!i I·t!pl.'M.:f:n­

ted in the figure.The followine; fact sho•1ld. b~ takeh into con­

sideration,: two pollock aggregation~ have been observed in all 

periods of observations. Di.sl:iJh~tiv,• peculiarity ·or 1989 was 

rapid decline of the o.rea where hii:;h catches \~ere marked. 

---·-· 

The stock of pollock was dater:nin~d by 1987-1989 tra't.-1 

surveys 1 data. The biomass assessment was conducted by .Aksyuti-

na's formula.: (1968) : 

P·++ 
where P - biomass t tons; 

X - mean arithmetic catch in t e sout -'trestern pru•t 
Rnd neut~·al waters, t; 

Q- area of surveys, Ys.2 ; 
q - :tean -area of one hNn• tra·...-ling 1 km2 i 
k - fishing coefficient (taken to be 0 14). 

The results showed that in compared area the pollock, b:lOlllH.SS 

rl':<::.lb.'d :II)J'~ 1:1\1-1!1 '} t:iltlrH-1 COU,l:t,j'to!•.t to;- 1:1:~."'.;" Of 1988.This dec­

line of stocks baa been expect;ed eH:·lhr (Eu!A.t<:~v ,Gc.hul••'.t:!:dy, 

'1~2-C:) .Drastic increase of pollock. average size was takinB pl&ce 

in t:.e south-western 3er:i.ug sea dur"i:-~g the last years: ~~5 1 1cm 

(1986) 1 46 1 2cm (1987), 47,5cm(1988), 48 1 3cm (1989), it is re-

lated to the fact th<:>.t 1:;--2 very stro:;.g year-class.;,~ are l-eaving 

the com.:r.ercial part of _population. 
Alarming situe.tion,due to decline of pollock stoc:kH :iJ\ the 

h!\!)t•:l'!: ,,_•::'.. nrmtl•?.l 3-:dl.~~ sea,will rer;ult not only in·ti.[!~ru-

·,ration of commercial situation but it t-till negati\•ely t•.ff,~ct 

the entire Bering sea eco,:yst..tr:, .;!~, •. •:o t~!i::' far.t there is £1 

necessity to have e.n international bocl.y or adopt Inte::·natt,•-

nal legal documents tha~. could regula.t,~ the pollock fish-:~T'.:f 

in the open. wnters of the Dering S•H\. 
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TABLE 5. The Alaska pollock biomass in tne Soutn-Western 
Bering Sea and nign seas in 198'/ - 1989. 

Source o!" 
in!' ormation 

Standard trawl survey a-c Sovie"C researcu vessels 

Souto- Period of o·o- Sep 19?'/ Oct 198'/ Nov-Dec 1988 Nov 1989 
Western servation 
p~< (toe-----------------------------------------
USSR zone) Biomass,thou 1280 1950 3"/1 296 

tons 

'Hign seas Period of.ooser- Aug 198? Oct 198'/ Oc'C-Nov Nov 1989 
(interna- vation 1988 
tiona1 Biomas.s,thou 'C 11;52+ waters) 295 2802 

Total, thousand tons 1)'/5 3082 ;51'/;5 

+ - Only tne soutnern part was investi~ated. 

Fig.1. Distribution ot Alaska pollock in tb.e Dougllllut Hole 

area and the Soutn-Weatern Bering Sea in autumn 198? - 1989. 
LEtiEND: A,B,C- 198'/, 1988 1 1969 corr.espondingly. 

1.less than 0.1 "C; 2. 0.1 - 0.5 t; 3. 0.5- 1.0 t; 
4. 1.0- ~.0 t; 5. more tnan 5.0 t/hour. 

66!1 

95~ 



Stock Assess..ent of Walleye Po11ock in the 
Dering Sea under AsstlDiption of Three Stocks 

Kei-ichi Mito 
National Research Institute of Far Seas Fisheries 
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 or 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 5 or 6. 

Body weight by age, life span, age at maturity, natural mortality 
coefficient (M) and age at recruitment, etc. were estimated from the results 
of the multi-vessel trawl surveys conducted by Japan and Japan-U.S.cooperative 
ground fish trawl surveys, etc., in order to obtain the equilibrium yield (EY) 
or each stock. To obtain the value or M or pollock of 4 years old and older 
for the eastern continental shelf stock, an estimate of Z (0.45) was obtained 
from the decline or individuals of age 6 or older under the Japan-U.S. 
cooperative survey, and the estimates of H values of 0.38 and 0.29 were 
obtained by subtracting the two values or F which was obtained from the two 
methods, from z. H for 3 year-old fish was fixed at 0.88 and 0.79, and age at 
recruitment was set 3 or 4 on the basis or age compos! lion by year or the 
catch. For the Basin stock, the value or H was the same as that or tho 
continental shelf stock and tor age at recruitment, it was assumed that SOX of 
age 5 fish and lOOX of age 6 fish were available tor 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 stock. 
Recruitment of the western continental shelf stock was fixed to be 1/4 or the 
eastern continental shelf stock. The rate or the Basin stock to that or the 
eastern continental stock was obtained by subtracting the numbers of 
population (back-calculated tram age 6 fish) of the continental stocks tram 
the number of population ot age 4 fish on the continental shelf or the eastern 
Bering Sea, and, 2.96 and 2.29, the rate's of the Oasin stock throughout the 
Bering Sea to the eastern continental shelf stock was obtained by adding with 
the IJasin stock in the other areas. The former corresponded to the case when • 
H is 0.38 (Case I) and the latter to the case when His 0.29 (Case II). 

Furthermore, the E' values by age and numbers of population by ago and by 
year-class wore estimated hy cohort analysis. Tho revised U.s. data wure usml 
for the number::l of pollock caught. 1'1Je value or fishing mortality coefficient 
FT in terminal age 1' was calculate(! from the numbers or population or the 
o dest age obtained from the Japan-U.s. cooperative survey. 

Virgin biomass and HSY were calculated using the mean value of numbers or. 
population or age 3 rish obtained from cohort analysis. Virgin biomass or the 

2 

continental shalt 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 (recruited 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 or the Basin stocks were 16.53 million t in Case I and 14.10 million 
t in Case II. HSY was assumed to be _obtained when the biomass of spallncrs 
became half of the virgin biomass. The value or F at this time was fixed to 
be Fopt· Maximum sustainable yields or the continental shelf stocks in the 
eastern area were 1.14 million t (recruited at the age of 3 years old) and 
1.19 million t (recruited at the age of 4 years old) in Case I and 930,000 l 
(recruited at the age of 3 years old) and 990,000 t (recruited at the age or 4 
years old) in Case II. Although the maximum sustainable yields of the Basin 
stocks were 2.90 million t in Case I and 1.88 million t iu Case II, as they 
are caught on the continental shelf at the age or 3 to 4 years old, taking it 
into consideration, HSYs 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 
Fopt• EY in 1990 was estimated by extrapolation. I obtained the number~ of 
population at age in 1987 from the number of population of age 3 tish and the 
value of Z obtained by cohort analysis and then obtained the numbers of 
population in 1990 using the value of F corresponding to the catches from 1987 
to 1989. By using the value or F t for the numbers of population in 1990, 
equilibrium yields of the continen~Jil shelf stocks in the eastern area were 
1. 66 to 1. 92 mill ion t in Case I and 1. 27 to 1. 4<1 million t in Case II, 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 or recruitment in recent 
years, age at recruitment from 1988 to 1990 was considered to be 4 years old. 00 

Assuming that the value of F by year would be constant among ages, the value 
of EY was calculated, and fixed this as the allowable catch. The values of 
allowable catch in HHIO for the continental shelf stocks in the eastern area 
were 1.95 million t in Case I and 1.47 million t in Case II, and those tor the 
Basin stock were 3.87 million t in Case I and 2.44 million t in case II. The 
value or 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 
catch by area are as follows (10,000 t): 

EASTERN WESTERN 
STOCK CONTINENTAL BASIN CONTINENTAL 

SHELF STOCK STOCK SHELF STOCK TOTAL 

AREA CASE I II I II I II I II 

Eastern continental shelf/ 95 147 70 36 0 0 265 183 
continental slope 

Basin and Aleutian 0 0 "299 199 0 0 299 199 
Islnmls region 

Wcslcrn continental shelf/ 0 0 lB 9 49 37 67 <6 
conlincntnl :ilOpll 

1'0TAI. 195 1<7 387 2<4 49 37 631 428 

The total allowable catch in 1990 (4.28-6.31 million t) was considerably 
greater than the actual catch in 1987 (3.64 million t). 
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1. Introduction 

Pollock (Theragra chalcogramma) are widely distributed not only on the 
continental shelf but also throughout the Bering Sea including the Basin, and 
the biomass is tremendous (Laevastu and Larkins 1981, Lynde 1984, Maeda 1971, 
Smith 1981, Sobolebskiy et al. 1988). Many pollock are caught in the U.S. 200 
miles zone, U.S.S.R. 200 miles zone and in international waters. In additiou, 
although the resource management of pollock in the U.S. and U.S.S.R. 200 miles 
zone are conducted by the U.S. and U.S.S.R. independently, the structure of 
resource management in the international waters is not completed yet. 

Information on stocks of pollock in the Bering Sea is presently not 
sufficienl. Stock 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 (llinckley 1987, Stepanenko 1989). These are 
the continental shelf of the Western Bering Sea, Aleutian Basin and the 
continental shelf of the eastern Dering Sea. In addition, the spawning season 
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 the eastern 
Bering Sea (Hinckley 1987, Stepanenko 1989, Teshima et al. 1988), For growth 
of pollock, there is a difference between the Aleutian nasin and the 
continental shelf or the eastern Bering sea, pollock in the Aleutian Basin 
grow slower than pollock on the conlinental shelf of the eastern Bering Sea 
(Okada and Yamaguchi 1985, Traynor and Nelson 1985). It is known that the 
abundance of pollock of age 1 to 3 fish is very low in the Aleutian Basin. 

From the above information, it is assumed that threo stocks (the eastern 
conlinental shelf stock, western continental shelf stock, and Basin stock) 
exist in the Bering Sea. The eastern continental shelf and western 
continental shelf stocks are assumed to spawn, develop, grow and migrate on 
the continental shelf and continental slope in the eastern and western areas, 
respectively. Furthermore, the Basin stock is assumed to spawn ln 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 is generally known as bottom fish, however, the ecological 
characteristics of this species in the Bering Sea arc somewhat pelagic in 
character and the major food is zooplankton such as euphasids and copepods. 
On the continental shelf 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 pollock depend 
largely on the strength of the year-classes (Bailey et al. 1986, Sasaki 1987). 
~·actors which determine the strength of the year-class are still unknown. 
However, there is no doubt that cannibalism is an important cause of mortality 
of young pollock (Dwyer et al, 1987, Livingston et al. 1986, Mito 1988a, 
1989), In analyzing the stock, it is necessary to consider the yearly changes 
in the 'strength of the year-classes and mortality due to cannibalism, 
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is conducted so that optimum yield (OY) 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. IIistOl"Y of the fishel"y 

Table 1 shows the yearly change of catch of pollock in the eastel"n Bering 
Sea and Aleutian Islands region. A full-scale fishery for pollock was 
initialed in 1964, the catches increased dramatically year hy year, and 
reached a peak of 1.84 million t in 1972. After that, because the average 
size of the fish declined remarkably, a catch limitation was introduced 
through bilateral treaties between J<\pan and the U.S., and between the u.s. 
and the U.S.S.R. (Takahashi). As a result, the catch decreased and was 1.25 
million to in 1978. Since 1977, the concerned area has been incorporated into 
the u.s. 200 miles zone and the allowable catch or optimum catch was 
established and the catches in the eastern Bering Sea were 0.88 to 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 statistics have been taken from 1977, the 
catches ranged f101n 6,000 t to 9,000 t during 1977 to 1979, and 56,000 to 
61,000 t d11ring 1980 to 1983. Although the largest catch (78,000 t) was 
reached in 198-4, it decreased to -46,000 t in 1986, and further decreased to 
29,000 t in 1987 and again increased to 43,000 t in 1988. 

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

Vmu· .Japan Korea 

1980 2,401 12,059 
1981 221 0 
1982 1,298 2,934 
1983 4,096 66,558 
1984 100,899 80,317 
1985 136,475 82,-4-4-4 
1986 697,967 155,718 
1987 803, 549 241,870 
1988 749,981 268,600 

l'oland 

115,874 
163,249 
230,318 
298,700 

China 

3,218 
4,127 

17,4.00 

·rota I 

14. 460 
221 

4,232 
70,654 

181,216 
334,793 

1,020,152 
1,279. 864 
1,334. 681 

Since 1980, the catches increased dramatically and 1eached from 1.02 million 
and .1.33 million t in 1986 and 1988, • 

Within the U.S.S.R. 200 miles zone, only the U.S.S.R. catches 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, 9-40,000 t and 1.11 million t respectively (Proceedings 
of the International Scienlific Symposium on the Bering Sea Fisheries (1989)). 
In addition, catches during 1986 and Hl87 included pollock which were caught 
in international waters. 

Therefore, the catch for the entire nering Sea was 3.2 million t in 1986. 
and 3.64 million t in Hl87. 

" 

3. Stock abundance 

Table 2 shows the yearly changed of CPUE fol" the Japanese trawlers which 
conducted fishing for pollock as a target species on the conlinental shelf and 
continental slope of the eastem Bering Sea. CPUE decreased from 1973, and 
showed no marked fluctuations from 1975 to 1981. However, CPU!:: increased 
dramatically since 1982 and CPUE in 1986 was about two times that in 1975 to 
1981, and was the highest value in the history of the fishery. However, 
because this CPUE value was based on the fisheries which were conducted under 
various regula lions, it was not considered that this CPUE value di rue tl y 
reflected abundance or the stocks. 

The following table shows CPUE (catch/towing time) for the Japanese 
midwater trawlers which conducted fishing for pollock as a target species in 
the international waters of the Aleutian Basin (Sasaki and Yoshimura 1!187). 

Year North Pacific 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 .l 0.5 l.O I-' 
1984 3.0 5.0 '.0 U1 
1985 5.< 4.3 ' .. 0 
1986 12,3 6.3 ••• 1987 11. 'I 5.6 8 .• 
HH18 0.2 <1.6 ••• .. -····-·· . •·· ···- ··- .. -- ·~··· -· ··-··~---

---·--~---

CPU!-: value!! increased, a!l the catches increased dramatically, and CPU!-: in 
1987 was almost the same value as that io 1986. However, CPUB decreased 
slightly in 1988 from the previous year, In 1986 and in 1987 when the 
intensive fishery was initiated in the international waters, the CPUE values 
of the North Pacific 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 pollock in the 
international waters was fairly high, 

4. Biomass 

From 1976 to 198-4, the multi-vessel tra~:~l surveys for pollock were 
conducted twice a year, May to June (spring) and August to September (autumn) 
on the continental shelf of the eastern Bering Sea by the Japanese catcher 
boats attached to the surimi motherships, The biomass of pollock estimate 
from the fall multi-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 
biomass in 1984 was estimated to be 6.6 million t, the lowest on record 
(Teshima and Okada 1985), Those surveys were almost never conducted in depths 
of 80 'm and shallower, and covered only a pa1·t of the school of fishes 
distributed in the midwater, so it may not be said that the estimated biomass 
obtained was for lhl! whole eastern Jled11g Sea (Sasaki 1987). 
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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 to this, Table 3 also 
shows the estimated biomass by the U.S. on-bottom trawl surveys conducted on 
the continental shelf (Bakkala et al. 1986, Wespestad and Traynor 1988). The 
biomass or pollock by three Japan-U.S. cooperative surveys ranged from 8.94 
million t to 10.66 million l. It indicated that the volume of pollock 
distributed in the midwater was greater than that of pollock distributed near 
the bottom. In 1988, the Jap<tn-U.S. cooperative groundfish stock survey also 
was conducted, and the estimated biomass of pollock distributed ncar the 
bottom on the continental shelf and continental slope in the eastern Bering 
Sea was 7.51 million t (Bakkala, personal couununicalion). In addition, the 
temporary estimated biomass of pollock in the midwater was 4.7 million t 
(Traynor, personal conununication). In the Bering Sea side of the Aleutian 
Islands from 165 degrees to 170 degrees W which included the eastern Bering 
Sea for the purpose of management of stocks, the Japan-u.s. coope1·ative 
groundfish stock trawl surveys were conducted in 1980, 1983 and 1986 (Bakkala 
et al. 1986, Long et al. in press, Ronholt et al. 1986, Wakabayashi et at. 
1988). ~·rom them, the biomass of pollock was estimated to be 57,000 t in 
1980, 283,000 t in 1983, and 102,000 t in 1986. As pollock distributed in the 
midwater were not Included in these estimates, the values are underestimated. 
The proportion of pollock obtained by the on-bottom trawl surveys of three 
Japan-U.S. cooperative surveys in the eastern Bering Sea averages 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 was 3.5% of the average biomass 
obtained by three cooperative surveys in the eastern Bering sea. 

In the Aleutian Islands region, the biomass or pollock by the Japan-u.s. 
cooperative trawl survey was 315,000 t in 1980, 544,000 t in 1983, and 517,000 
t in 1986. In the same way as the southern area of the eastern Bering Sea 
when the average biomass in three survuys is divided by 0.4J, 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 o~ 1.14 million to was obtained in only the southern Aleutian 
Basin (260,000 km ) (Okada 1986). !n the summer of 1985, in the offshore area 
of the Pribilof Islands (140,000 km ), the biomass or 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 km2) the biomass of pollock was 
estimated to be 9.1 million t (Fisheries Agency or 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 three surveys is 
applied to the entire area, the biomass of pollock was 38.0 million t, as th~ 
area o! the Basin at depths or 1,000 m and deeper was 1.19 million km 
(Gershanovish 1963) at the average density of 32 t/km2 . The reliability of 
the estimated blomasses 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 they were because of several issues involved, 
such as that these results were still 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 Engineering in the 
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Aleutian Basin, except in U.S.S.R. waters. The provisional values on stock 
size obtained from the survey in the summer or 1988 was 620,000 t (National 
Research Institute of Fisheries Engineering, personal comrnunica~ion), and in 
the summer of 1989, the Japan-u.s. cooperative survey was conducted using the 
system in the Aleutian Basin and the continental shelf of the eastern Bering 
Sea, excluding the U.S.S.R. waters. 

Allhougtl the biomass of pollock spawners was estimated from the 
egg/larvae surveys of pollock which had been conducted by the U.S.S.R. from 
198·1 to 1987, the average value was 8.5 million t in the U.S. waters and 2.1 
milJion t in the U.S.S.IL waters (nulatov Hl89). The U.S.S.R. conducted the 
stock surveys with midwatcr trawl nets in Hl86 and 1987, and the biomass of 
pollock was estimated to be 5.53 million t in 1986 and 6.97 million t in 1987 
(Sobolcbskiy et al. 1989). 

5. Body length and age composition 

Fig. 1 shows the length composition or pollock caught by the Japanese 
trawlers on tiiC continental shelf and continental slope in the eastern llcring 
Sea. I-'ig. 2 shows the age composition of pollock caught by the concerned 
countries in the same area. As the Japanese catches accounted for 57 to 67X 
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. ln 1976 to 1981, the fish ages 2 to 4 (mainly age 3) which 
ranged in size from 26 em to 40 em in length were dominant. Since 1982, the 
ages 3 to 5 !'ish (mainly age ·1) which ranged frcm 34 em to 46 em in length f-1 
were dominant. The size or pollo~k as a target tor fishing became larger. Ul 

Figs. J and 4 show the length composition and age composition of pollock 
stocks estimated lly the multi-vessel trawl surveys which were conducted by the 
Japanese c;ttchCl" hoats attached Lo the mothcrshJps on the continental shulf in 
the uastern Bering Sen, respectively. In 1!176 and 1977, among the fish 2 to J 
years old which ranged from 24 em to 38 em in length were dominant, in 1978 
age 3 fish, which ranged from 30 em to 40 em in length, and in 1979-80, ages 1 
to J fish which ranged rrom 16 em to 36 em were dominant. Age 3 fish which 
ranged from 28 em to 38 em in length in 1981, and for ages 3 to 5 fish which 
ranged from 30 em to 44 em in length from 1982 to 1984 were dominant. 

Wcspestad and Traynor (1988) estimated the age composition of pollock 
caught on the continental shelf and upper continental slope in the eastern 
Bering Sea using the otoliths (Fig.S). Fish 2 to 4 years old with age 3 fish 
as the central fJgure were dominant from 1976 to 1981, age 4 fish in 1982 and 
ages 4 to 7 fish dominant since 1983. Although the age composition was almost 
the same as· that which was estimated by the Jap_anesc scientists, 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 ror 
age determination. That is to say, otoliths may be better for determining the 
age of older fish than scales. 

In the length or pollock stock estimated by the Japan-U.S. cooperative 
ground fish survey conducted in the Aleutian Islands region in 1980, modes 
were observed at JJ em, 40 em and 49 em in length, and there were many 
individua)s ranging fronL 31 em to 51 em in length. In the age composition, 
age 3 fish were dominant (l!ontLOlt ct 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 46-47 em, and there were many individuals ranging from 43 em to 51 
em in length (Wakabayashi el al. 1988). In the length composition of pollock 
estimated by the Japan-u.s. cooperative survey in 1986, the modes were 
observed at 30 em, 38 em, and 50 em in length (I.ong 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 em to 52 em, and .the modes were observed at 46 em to 48 em, and 
differences by survey year were quite small (Okada 1986). In the survey in 
the summer of 1987, modes were observed at 46 em to 48 em, and the body length 
ranged mainly from 42 em to 52 em (Fisheries Agency of Japan 1988), In the 
Japan-u.s. cooperative survey conducted in the summer of 1988, the modes were 
observed at 47 em to 48 em in length for male fish and at 49 em to 51 em in 
length for female fish, and the body length ranged mainly from 43 em to 56 em. 
As compared with the results of surveys obtained in the past, the mode was 
about 2 em larger (Yoshimura 1989). In addition, in the surveys conducted in 
the winter of 1983, modes were observed at 44 em to 46 em, and the body length 
ranged mainly from -10 em to 50 em, and it was somewhat smaller than that of 
pollock obtained in the sununer (Yamaguchi 198·1). In the length composition or 
pollock caught by the Japanese landbascd dragnet trawlers in the winter of 
1987, modes were observed at 45 em to 47 em in length, the body length rangetl 
mainly from 43 em to 51 em, and mode was about 1 em larger that of pollock 
caught in the winter of 1983 (Sasaki and Yoshimura 1987). In the Japan-U.S. 
cooperative survey which was conducted in the winter from 1988 to 1989, a mode 
was observed at 48 em for male, 50 em for female, and the body length mainly 
ranged from 43 em to 55 em, the mode was about 3 em larger that obtained in 
the winter of 1987 and was almost the same as that obtainl!d in the sununer or 
1988 (Teshima 1 personal communication). llowever 1 the difference of body 
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 conducted in the 
sununer or 1979 1 ages 5 to 7 fish were dominant (Okada and Yamaguchi 1985), In 
the results obtained by the surveys conducted in the winter of 1983, ages 5 to 
7 fish were dominant, and the individuals or 3 years old and younger did not 
appear (Yamaguchi 1984). In the age composition obtained from the age 
determination which was conducted by the U.S. 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). According to the results on 
age determination by the U.S. for the catches in the Aleutian Basin, ages 9 to 
10 fish in 1983, ages 6 to a fish in 1984, ages 7 to 10 fish in 1985, ages 7 
to 9 fish in 1986, 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. c'haracteristics of the slacks 

(1) Growth and life span 

~·or the studies on growth of pollock on the continental shcl r and upper 
continental slope in the eastern Bering Sea, thore are studies by Yamaguchi 
and Takahashi (1972), and Smith (1981) etc. Tim reports on the U.S.groundfish 
surveys in 1975, 1976 and 1986 and the reports of the Japan-U.S. cooperative 
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groundfish stock surveys in 1979, 1981, 1982 and 1985 also showed growth 
curves (Bakkala et al. 1985 a, b, llalliday and Sassano in press, Kaimrner et 
al. 1976, Sample ct al. 1985, Smith and Bakkala 1982

1 
Walters et al. 1988). 

The body length by age was calculated by these growth 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 (1988) 
(Application of growth curve of von Bertalanfly (finite difference drawing 
method) 1 collective volume of program on stock analysis using personal 
computer, Edition by the Mathematical Ecology and Statistics Division, Tokai 
Regional Fisheries Research Laboratory), the growth curves were as follows: 

Male: 
Female: 

I.t = 70.4 ( 1 e-0.189 (t + 0.211)) 
Lt = 77.1 ( 1 e-0.166 (t + 0.295)) 

In the Aleutian Islands region, 
obtained as the results of the Japan-U.S. 
in 1980 (Ronholt el al. 1986). 

the following growth curves were 
cooperative groundfish stock survey 

Male: 
t'cmale: 

1.t = 53.17 
J.t = 56.32 

e-0.3155 t l 
e-0.3231 t ) 

In the Aleutian Basin, the growth curves were obtained based on age 
determination by Japan and the u.s. during the surveys conducted in tho summer 
of 1979 (Okada and Yamaguchi 1985, Traynor and Nelson 1985). As both the 
growth curves were not applied to the growth curve or von Bertalanfly 

1 
they 

were applied here using the program of tlotonaga and Jshloka (1988) in the same 
manner as that conducted for pollock on the continental shelf. As the 
adaptation which applied to the U.S. data was not so good, it was shown by the 
equation obtained from the Japanese dala. 

Male: 
t'emale: 

I.t = 52.3 ( 1 0-0.330 (t + 0.110)) 
I.t = 54.8 ( 1 - e-0.302 (t + 0.131)) 

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

Conversion to body weight was calculated using the relationship between 
length and weight equation by Smith (1981). 

the 

w = 0.0075 1.2,977 

Body length and body weight by age and by stock of pollock obtained by 
above equation are as follows (unit: body length em, body weight g): 
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AGE 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

u v 

EASTERN CON'riNENl'AL SIIELF 
STOCKS 

MALE 

lengttl weight 

32.0 227 
38.6 398 
H .1 590 
48.6 789 
52.4 984 
55.5 1,168 
58.0 1,336 
60.2 1,486 
61.9 1,619 
63.4 1,735 
6-1.4 1,835 
65.6 1,921 
66.·1 1,9!)11 
67.1 2,055 
67.6 2,107 

FEHALE 

length weight 

32.5 237 
39.3 418 
45.1 629 
50.0 855 
54.1 1,084 
57.6 1,308 
60.6 1,519 
63,1 1,716 
65.3 1' 895 
67.1 2,056 
68.6 2,199 
69.9 2,326 
71.0 2,436 
72.0 2,533 
72.8 2,617 

u u 

BASIN STOCKS 

MALE FEMALE 

length weight length weight 

33.5 260 33.5 260 
38,8 402 39.0 406 
42.6 531 43.2 54.2 
45.3 638 46.2 657 
<17.2 724 ·18.4 752 
·18.7 790 50.1 826 
49.7 BolO 51.3 863 
50.4 877 52.2 927 
50.9 905 52.9 959 
51.3 925 53.4 984 
51.6 939 53.8 1,002 
51.8 950 5·1.0 1,015 
51.9 958 5-1.3 1,025 
52.0 963 54.4 1,032 
52.1 967 54.5 1,038 
52.1 970 54.6 1,041 

These values were considered to be the body length and body weight of pollock 
of eastern continental shelf stocks at August 1 which was almost the mean 
value of middle day of the periods when the seven surveys were conducted. It 
was considered to be the body length and body weight or pollock at July 1 for 
the Basin stocks. 

From the results or age determination using the otoliths obtained by the 
U.S. surveys and Japan-U.S. cooperative surveys which were contluclcd on the 
continental shelr and continental slope in the eastern nering 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 between body length and 
maturity rate or pollock on the continental shelf and continental slope in the 
eastern Bering Sea (Smith 1981), and for female pollock about 30X matured at 
age 3, about 70X matured at age 4, about 90X matured at age 5 and individuals 
at age 6 were lOOX mature. For simplicity, it is assumed that age 3 fish are 
all inunature and individuals at age 4 are lOOX mature. It was assumed that 
individuals at age 5 arc lOOX 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 mortal! ty coefficient (M) or pollock on the continental 
shelf and upper continental slope in the eastern Bering Sea is described in 
detail by Sasaki (1985). As a result, it is considered that 0.4 or 0.5 is a 
reasonable value. Also, Wespestad ancl Traynor (Hl87), assuming a natural 
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mortality coefficient for pollock stocks of 0.3, made a stock assessment with 
vadous analytical methods. 

~lito ( 1988) estimated the value of M using the populaion nrunber by age 
obtained by the Japan-u.s. cooperative groundfish stock surveys, and obtained 
the value of 0.45 for pollock of age 4 and older fish on the continental shelf 
and upper continental slope in the eastern Bering Sea. However, it is assumed 
that fish ages ·I to 5 arc fro1n both t11c eastern continental shelf stocks und 
the Basin stock:;. Therefore, when I estimated the total mortality coefficient 
1. of the eastern continental shelf pollock stocks using the estimated 
population number or ages 6 to 10 fish, I obtained the mean value of 0.45. 
1'his was obtained from fish of 1972-1976 year-classes. 

In order to obtain the value of M from the value of z, I estimated the 
fishin1: mortality coefficient (1-'). First, data from the Japanese fall multi­
vessel trawl surveys were used and this case was termed as case r. The 
average number of pollock of ages 6 to 8 or 1972-1976 year-classes were 734 
million fish, and when I converted this values to the value at January 1, it 
was 990 mill ion fish. The ave1·age numbers of pollock caught of ages 6 to B 
fish in the .sama year-class according to age clclermination by Japan were 56 
million fi:ih. 'l'hcrerore, the rate of exploitation was 0.057. 1'hc value ofF 
was obtainad hy lhe followi11g equation: 

0.45 
F = 0.057 · _ e-0.45) 0.07 

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

Case II was based on the results of the Japan-U.S. cooperative surveys. 
Arter calculation by applying Z 0.45 to estimated stock numbers, the averaga 
number of fish of G to 9 years old of 1972-1976 ycar-clas:;cs was csli1natcd at 
1,2-1-1 million fish. And lids value, when converted into the value as or 
January I, was 1,617 million fish. 1'he U.s. age assessment result::; with some 
modi fica lions were used as the number of catch. The average catch 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 H standing at 0.29. 

The 
than that 
is high. 
mortality 

value or H for age 3 fish is considered to be considerably higher 
for age 4 and older fish because predation mortality by cannibalism 
In this paper, 0.88 (Case I) and 0.79 (Case II) were used by adding 
coefficient of 0.5 estimated by Milo (1989). 

The value or M for the Basin stock is assumed to be the same as that for 
the eastern continental shelf stock. llut the values of H for age 3 and older 
fish are fixed at 0.38 (Case I) and 0.29 {Case II), because age 3 fish of the 
Basin stock is not eaten by cannibalism •. 

(3) Age at recruitment and amount of recruitment 

lhc 
With 1·espect to the age at which pollock recruit to the population on 

continental shelf and upper continental slope in the eastern nering Sea, 
it was, described a:; 3 years old (Sasaki 1987, Wcspestad and Traynor 1987, 
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Yamaguchi and Okada 1984). In this report, the age at recruitment by year 
class was determined by comparing with the number of ages of 3 and 4 fish 
which were caught in each year-class. That is to say, I set age 4 fish as the 
age at recruitment up to the 1969 year-class, and age 3 fish as the age at 
recruitment from the 1970 year class to the 1977 year-class, and age 4 fish as 
the age at recruitment from the 1978 year class to the 198-t year-class. And 
then, for the 1985 year-class and after, I set age 3 or 4 fish as the age at 
recruitment, and conducted stock analyses both ways. For the Basin stocks, 1 
assumed 50" recruited at age 5 and 100" recruited at age 6. However, it is 
assumed that pollock that remain on the continental shelf arc also caught at 
age3to5. 

For recruitment of pollock, Sasaki (1985) estimated the population 
numbers of age 3 fish on the basis of numbers of individuals of age 4 fish 
obtained from the Japanese fall multi-vessel trawl surveys by the catcher 
boats attached to the trawl motherships for the case of natural mortality 
coefficient of 0.4, 0.5 and 0.6. In the case of the H value of 0.4, the 
population numbers of age 3 fish ranged from 7 billion to 20 billion fish, and 
at the time of the H value of 0.6, the population numbers of age 3 fish ranged 
from 8.4 billion to 24.1 billion fish. Wespestad and Traynor (1987) estimated 
that the population number of age 3 fish between the 1978 year-class and 1982 
year-class ranged from 1.8 billion to 15.1 billion fish. 

In this report, the estimation of recruitment of the eastern continental 
shelf pollock stocks was conducted from the population number by age obtained 
by the Japan-U.s. cooperative grountlfish stock surveys. The year-classes used 
were from the 8 year-classes from 1972 to 1979. On the assumption that the Z 
value is 0.45, when I e:;timate the numbers or individuals or age 6 flsh, the 
results are as follows (unit: million rish): 
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YF.AR-CLASS 6 7 8 9 10 

---

1972 514 <---- 328 <--- 209 <---- 133 ·-EJ 
EJ 

<--EJ 1973 498 
, __ 

317 <---- 202 

B 
<--EJ 197-1 684 <---- ·136 

1975 4lt <-- 262 <------ 167 <---- 107 ·-0 
<17 ·--G 

1976 390 <-- 248 <---- 158 ~EJ 
EJ 

1977 999 .(-- 637 .(--8 
1978 3,792 .(--8 
1979 ~ 
1'he values enclosed with the rectangles were the values obtained from the 
surveys. In the case when there were two estimated values in the same ycar­
clasli, I n:;ud the larger value, lhc mean value from the 1972 year-class to the 
1979 ycar··cla:>:> was 1.31 billion J'i:;h. When I convert this value to lhc value 
al Janua1·y 1, it is 1.75 billion !'ish. I-'rom this, the numbers of individuals 
or ages 5 and 1 fish were 2. 74 bi 11 ion fish and -1.30 bill ion r ish, 
respectively. 

'I'he amount of recruitment of the Basin stock was calculated in the 
following. As Case I, the numbers of individuals by age estimated by the 
Japanese fall multi-vessel trawl surveys were used. The number of fish by age 
according to year-class are as follows: (unit: million fish) 
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AGE 
YEAR-CLASS 3 4 5 6 7 8 

1970 580 350 85 
1971 1,082 650 212 222 
1972 6,207 1,932 655 268 12·1 
1973 10,547 4,677 1,461 331 331 70 
1974 14,036 4,075 892 829 135 26 
1975 4. 301 3,790 2, 314 286 64 41 
1976 10.905 5,386 665 251 193 73 
1977 22, 108 6,626 2,027 521 <29 
1978 21' 739 11,681 6,008 1,505 
1979 5,993 11,203 2,582 
1980 8,869 5,339 

The average number of age 4 fish in the 1972-1979 year-classes was 6.71 
billion fish. The value of 1. obtained from the number or iudividuiils of 4 a1:c 
fish as of ScplcmiJcr I and that or individuals or age 6 as or January 1 was 
1.01. Jo'rom the value or Z, the number or age ·I fish as or January 1 was 
calculated as 13. 14 bill ion. B. 8-1 bill ion r ish { 13. 14 bi 11 ion minus 4. 30 
billion fish) is considered to be the Basin stock on the continental shelf of 
the eastern Dering Sea. 

As Case II, the 1111mt1er of fish lly Hgc esLimatcd hy the Japan·IJ.!:i. 
coopcralive stn·vcys was ust!d. TIIC ycur·cl<lSSCS in whi(:h the 11\IIIIIJel· of 
individuals of age .J 01· 5 fish and that of indivitluals or age 6 fish can be 
compared arc as follow:; (unit: million fi:;h): 

--------·-·------··--------··---· 
Yt:Ait-CI.AS!:i 4 Y[,;AI!S OI.U 5 YJ-:1\IIS 01,1) 6 yt;I\IIS 0(.1) 

AUG. 1 AUG. 1 JAN. I 

1974 1,313 888 
1975 1,5!)8 5-tl 
1977 3. 591 1,296 
1978 11 '967 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 January 1, obtained from this value of Z 
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 fish. 

, Age 4 fish of the Basin stock are distributed on the continental shelf • 
and upper continental slope in the western Dering Sea and Aleulian Islands 
region in addition to this. Even ih the western Bering Sea, the Uasin pollock 
stock is assumed to exist at the same rnle with that in lhc eastern Bering 
Sea, and all pollock stocks in the Aleutian Islands t·egion arc assumed to the 
Basin stock. Assuming that the biomasscs of spawners in each region nrc 8 for 
the eastern, 2 ror the western, and I for the Aleutian Islands, the numbers of 
individuals of age 4 fish of each stock arc as follows {unit: 100 million 
fish): 
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EASTERN WESTERN 

STOCK CONTINENTAl. BASIN CONTINENTAL 
SHELF STOCK STOCK SHELF STOCK TOTAL 

ARF.A CASE I II I II I I I I II 

Eastern conlinental shelf 43 43 88 68 0 0 131 110 
Western continental shelf 0 0 22 17 11 11 32 28 
Aleutian Islands region 0 0 I6 14 0 0 16 14 
Total 43 43 I27 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 rish. 

Assuming that the Z value of age 3 fish of the eastern continental shelf 
stock is 0.95 and that or the nasin stock is 0.45, the numbers of individuals 
of age 3 fish at January I were 11.1 billion for the eastern continental siHllf 
stock awl l!LU hillion {Case I) and 15.•1 billion (Case II) !"or the Basin 
stock. The numbers of recruits as age ·I fish of the eastern continental shelf 
stock arc -1.0 billion fish (Case I) and 5.0 billion fish (Case II). Also the 
numburs of recruits as age 5 fish of the Basin stock arc ·1.7 billion fish 
(Case I) und -1.3 billion fish (Case II) and as age 6 fish 6.4 billion fish 
(Ca:w I) ami 6.!i hill ion fish (Case II). 

7. Cohort analysis 

C:ohnl"L analy:;cs arc cunthmtcd hy the U.S. scientists for pollm:k on the 
eontiueutal shelf a111l upper eontinuntal slope in the eastern Berilll: !h:a 
(Wc:;pcstad aud '1'.-aynol' IUfUl, Wcspcstad 1980). llowcver, as it is considc1·cd 
that at least two stocks arc 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 or Wespcstad and Traynor {1988) and \o.'espcstad (1989) as 
the numbCl's caught by year and by age. When I obtained the catch weight by 
multiplying the numbers caught by body weight by age, this catch was different 
from the value reported as the catch statistics. Therefore, the number of 
fish caught by year were corrected to be in accord with the reported catch. 
Furthermore, as the Basin pollock stock was included in ages 3 to 5 fish, it 
was omitted. That is to say, for ages 3 fish, I multiplied by 0.445 in Case I 
and 0.512 in Case II, and for age 4 fish by 0.327 in Case I and 0.389 in Case 
II, and fOl' agu 5 fish 0.389 in Case I ant! 0.560 in Case II {Table .J). 

As the N value, 0.88 {Case I) and 0.79 (Case II) was used for age 3 
fish, anti 0.38 {Case I) and 0.29 {Case II) was used for age 4 and older fish. 
1'he cal cula lions were conducted using two programs: Ishioka' s program ( 1988) 
(Calculation or coho1·t analysis which usctl the sequential substitution method) 
and Shim;unoto and lshioka's program {1988) (Cohort calculation or a single 
year-class (hack calculation method), Collective volume or JH'Ograms on stock 
analysis using pe1·sonal computer, Edition by the Hathcmalicnl Ecology and 
Statistics lllvision, Tokai llcgional Fi:>heries Research Laboratory). 
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At first, the population number of the oldest age (age 10 fish) was 
obtained from the numbers of individuals of ages 4 to 12 fish (converted to 
the value of January 1) which was estimated by the Japan-U.S. cooperative 
groundfish stock surveys and Z = 0.45. By this, in the 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 
YEAR-CLASS 4 5 6 7 8 9 10 11 12 

1967 

1968 

1969 

1970 

1971 

1972 

1!173 

1974 

1975 

1976 

1977 

1978 

1979 

1980 

1981 

138 G 
214 .(-8 

8 
El 

B 
122 ( -- --··G 
11!).(.-G ·-· 

G !uo J 

EJ J ...... L El >-10!) 

G~---···· G 147 
90 

[3 I LG G 124 

EJ----· ~ 215 

815 

8 { ~ --------------~ 701 

497 (Case I) 

564 (Case II) 1~-------· ·a-----. 
l...:=.'J -------· 

111 (Case I) 

132 (Case II) 

0 
G 

The F value and population numbers by age of the Hl67 year-class to 1981 
year-class were calculated by inputting these population numbers to Ishioka's 
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program (1988). For the 1961-66 year-classes, F and the population numbers 
were calculated through the program of Shimamoto and Ishioka (1988), by using 
F value of age 8 fish of the previous year-class as FT. For 1982-1983 year­
classes, the average F value for age 5-6 fish in the 1967-1981 year-classes 
was used as Fr. 

Table 4 shows F values and population numbers by age of each year-class 
for both Case I and Case I I. 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 increasing trend 
in recent years, and the average population number in 1974-1983 year-classes was 
14.04 billion fish in Case I and 9.05 billion fish in Case 11. 

8. Estimation of virgin biomass 

For the numbers of recruit at age 3 from the eastern continental shelf 
stocks, the mean value or the 1972-1979 year-classes was 11.1 billion fish. 
llowever, as the 1978 year-cla!>s which was very dominant was included in llw:w 
year-clas:-;es, it is assumed that tlu:sc llllmbc1·s of l"e,:ruits were more limn the 
avc1·agc 1111mhcr or rec1·uits. Also, in contrast with this, 1l was ~onsidcred 
that the estim;1Led value obtained by this survey was an underestimate. 
'l'herefore, the virgin biomass was estimated using, as the average number of 
pollock recruited, the population numbers or age 3 fish in 1964-1983 year­
classes obtained from the cohort analysis. The value of H for age 3 fish was 
set at 0.88 (Case t) ami 0.79 (Case II) and that fol' age 4 and older fish at 
0.3H (Case I) ilnd 0.2!J (Case II). The virgin biomass on August 1 was 
ca1culat.cd by convc:rling lhe numbers or individuals on January 1 into 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 for recruits at age -1. 
'l'he corresponding values for Case II were 12.28 million t and 11.12 million t, 
respectively. 

For Uasin stock, the numbers of individuals of age 3 fish as of January 
1. are assumed at 1. 792 times in case I and 1.386 times in Case II as 
compared with the eastern continental shelf stock. Age at recruitment is 50" 
at the age of 5 and 100" at the age of 6. Virgin biomass can be obtained by 
converting the number of individuals into the value as or July 1 and 
multiplying by body weight by age. The figures obtained were 16.53 million t 
in Case I and 1-1.10 million t in Case II. 

When the average population number for 1974-1983 year-classes is used as 
the recruitment amount, the virgin biomass for Case I comes out as 1.161 times 
and that for Case II is 1.141 times. It is considered to be difficult to 
estimate the virgin biomass, because of a large yearly fluctuation of the 
strength or year-class for pollock. That is to say, the average recruitment 
1s unlikely to be obtained. The virgin biomass described here is an 
approximate standard. 

9. Reproduction 

It is important to clarify the relationship between the number of eggs 
and the 1\umber of recruits in order to forecast the fluctuation of biomass. 1 
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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 analysis, 

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, the biomass of 
age 3.fish was used (Fig. 6). And then, the program of Kate (1988) was 
applied to the reproduction curve of Rickcr-type (Application or Ricker- type 
reproduction curve by Gauss-Newton method. Collective volume or programs on 
stock analysis using personal computer. Edition by the Mathematical Ecology 
and Statistics Division, Tokai Regional Fisheries Research Laboratory). 
Equations for the curve 11ere as follows: 

case I: R 
Case II: R 

1. 708 E e-0.003457£ 
1.493 E e-0.00·1436E 

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 increase. 

10. Estimation of HSY 

It is considered that we can achieve HSY by adjusling the 
intensity to maintain the bi01nass of spawners at the level of 
recruits. llowever, as mentioned before, an obvious relationship 
recognized in the reproduction of pollock. 

fishing 
max inmm 

was not 

On the assumption that maximum recruits is obtained 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 or the virgin biomass for the optimum fishing 
mortality coefticienl (Font>· That ls lo :my, when the value of ~· reached 
~·apt• the MSY would be acnieved. . 

Fopt and MSY for the eastern continental shelf stock was as follows: 

CASE I CASE 11 

Fopt HSY l-"opt HSY 

At the time recruited at 0. 157 1.14 million t 0.133 930,000 
the age of 3 years old 

At the lime recruited at 0. 214 1.19 million t 0.170 990,000 t 
the age of 4 years old 

The exploitation rates at these times vis-a-vis the biomass on August 1 were 
0,169 for 3 year-old recruits and 0.228 for 4 year-old recruits for Case I and 
0. 140 for 3 year-old recruits and 0.178 for 4 year-old recruits for Case 1 I, 

Furthermore, in the case of the llasin stock, because half of the age 5 
fish were not yet recruited, and they were preswned to be spawners, the value 
of Fopt was considerably high, with 0.387 in Case I and 0.289 in Case II, and 
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NSY was 2.90 million t in Case I and 1.88 million t in Case II, and 
exploitation rate for the biomass on July 1 was 0.395 for Case I and 0.293 for 
Case II. llowever, since ages 3 to 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 or Foyt at these times was 0.139 when recruited at the 
age of J years old and 0.18 when recruited at 4 years old in Case I and 0.130 
when recruited at 3 years old and 0.165 when recruited at 4 years old in Case 
II. HSY 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 II. The exploitation rates vis-a-vis the 
biomass on July 1 were 0.151 for 3 year-old recruits and 0,198 for .J year-old 
rccruils for Case I and 0.132 for 3 year-old recruits and 0.168 for ·I year-old 
l"eC!'Ui ts for Case I I. 

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

11. ~:stimation or equilibrium yield 

Assuming that the biomass is maintained when the fishing intensity is 
provided by the value of Fopt• I estimated the equilibrium yield (EY) of the 
eastern continental shelf stock and Basin stock in 1990. 

For the eastern continental shelf stock, I used the population numbers 
of ages 3 to 10 fish of 1987 which was obtained from cohort analysis. The 
population numbers or age 11 and older fish were obtained from the population 
numbers of age 10 fish prior to the Hl86 and the Z value or 0.<15, 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 
1'l"ayno•·'s mothod (1987), Thal is to say, at first, l obtained the 
relationship hutwccn the estimated numbers of age 1 fish obtained 1"1"0111 tlw 
U.S. stock surveys and the numbers of age 3 fish obtained from cohort 
analysis, and estimated the number of recruits from the 1984 year-clnss to the 
1987 year-class. The numbers of individuals from the 1978 year-class Lo 1983 
year-class were as follows (Unit: billion fish): 

YEAR-CLASS AGE 1 FISII AGE 3 FI Sll F.STHIATED IN REPORT 
IJY U.S. SURVEY 

CASE I CASE II 

1978 8.2 38,06 23.72 
1979 23.96 14 .13 
1980 1.0 1·1. 22 9.88 
1981 0.8 4.65 3. o\1 
1982 3.7 24.18 15.30 
1983 0.3 4.94 3. 16 

This relationship was shown in Fig. 7. On the assumption that an exponential 
relation was formed here, the following equations were obtained: 
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Case I : 
Case II : 

Y = 9.57 x0.6643 
Y = 6.44 X0.6376 

Where, x is the population number of age 1 fish (1 billion fish) by the U.S. 
surveys and y is the number of recruits of age 3 fish (I billion fish) 
estimated in this report. A coefficient of correlation was 0.925-0.933 and I 
can say that there was a positive correlation with the percentage of risks of 
5X. 1'he number of recruits fl·om the 1!)84 yeal'-class to 191!7 year-cla!:ls 
obtained from these equations were as follows (Unit: 1 billion fish): 

AGE 1 FISII NO. OF RECRUITS AT TilE AGE OF 
YEAR-CLASS 3 YEARS 01.0 

BY U.S. SURVEY 
CASE I CASE I I 

1984 4.0 24.04 15.59 
1985 2.2 16.16 10.65 
1986 0.3 4.30 2.99 
1987 1.0 9.57 6.44 

The catch on the continental shelf and continental slope of the eastern Bering 
sea in 1987 was 1.24 million t. Also, as the number of fish caught of age 3 
years were fairly few, I regarded as pollock recruited at the age of 4 years 
old. The value ofF which provided the catch of 1.24 million t was 0.087 for 
case I and 0.111 for Case II. The biomass on August 1 was 9.18 million t for 
Case I and 8.14 million t for case I I. Of the catch of 1. 24 mill ion t, the 
eastern continental shelf stock was 0.84 million t fol' Case I (67X of the 
total) and 0.94 million t for Case 11 (76% of the total). The population 
number of eastern continental shelf stock on January I, 1988 using the 
values or ~·and M, were olltainC!d as folloW.ll (unit: million fish): 

AGE CASE I CASE 1 I 

3 16,160 10,650 
4 9,971 7,075 
5 1, 271 9H 
6 4' 171 3,305 
7 489 489 
8 894 898 
9 1,066 964 

10 945 933 
11 135 144 
12 53 62 
13 26 34 .. 30 .. 
15 15 23 
16 10 17 
17 8 J.1 

The catch in 1988 was 1. 23 mill ion l. In Case I, the value of F=O. 052 
corresponded to the catch when fish werC! recruited at thC! age of 3 years old 

22 

and the value of F=0.067 did so when fish were recruited at the age of 4 years 
old. In Case II, the value or F was 0.073 when recruited at the age of 3 
yeal's old and 0.091 when recruited at the age of 4 years old. The biomass of 
eastern continental shelf stock on August 1 was 12.63 million t when 
l'ecruited at the age of 3 years old and 10.36 million t when recruited at the 
age of 4 years old in Case I, and 10,65 million t and 9.06 million t in Case 
II, respectively. Similal'ly, I obtained the population numbers on January 
1, 1989, established the catch as 1.34 million L, and the corresponding 
value of F was 0.067 when recruited at the age of 3 years old and 0.071 when 
recruited at the age of 4 years old in Case I, and was 0.089 and 0.094 in Case 
II, respectively. 'fhe 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 calculate 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 Fopt value of 0.157 was used for fish recruited at 
age 3 and 0.214 for fish recruited at age 4. The corresponding values for 
Case II were 0.133 and 0.170. 

CASE 1 CASE II 

RECRUITED AT RECIWITE'D AT RECitUITED AT RECRUITED AT AGE AGE 3 nsu AGE 4 FISII AGE 3 FISH AGE 4 FISII 

NO. OF NO. m· NO. OF NO. OF INDIV. BIOHASS INOIV. BIOMASS INOIV. BIOMASS INDIV. BIOHASS 
3 5,226 1' 213 3,75!) 873 
' 1, 219 497 1' 261 514 070 306 1,038 423 5 2, !)75 1,813 3,019 1,8<10 2, 403 1,464 2,517 1,534 6 3,027 2,·188 2,873 2,301 2,032 2,163 2, 518 2,069 7 368 309 366 370 351 363 3:10 34'1 8 1,206 1,567 1,202 1 '487 1,230 1,522 1, 1'/6 1,·155 9 148 212 141 201 182 260 17< 218 10 271 43< 258 412 334 535 320 512 11 324 569 307 540 359 630 343 603 12 287 544 272 516 347 658 332 629 13 41 83 39 78 54 108 51 103 .. 16 " 15 33 23 49 22 47 15 8 18 8 17 13 28 12 27 16 9 21 9 19 15 35 15 " 17 5 11 4 1o 9 20 8 19 

In Case I, the biomass was 9.90 million t and EY was 1.66 million t when . recruited at age 3 fish and the biomass was 8.41 million t and EY was 1.92 mill ion t when recruited at age 4 fish .. In Case II, the biomass was 9.10 million t and EY was 1.27 million t when recruited at ngc 3 fish and the biomass was 8.05 million t and EY was 1.44 million t when rccl'uited at age 
fish. 

For the Basin stock, EY estimated on the assumption that the number of 
recruits by year-class is proportioned to that or the eastern continental 
shelf stock. The number of recruits at the age or 3 was 1.792 limes larger 
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than that of the eastern continental shelf stock for Case I and 1.386 times 
larger for Case 1 I. 'fhc population num!Jcr by age on January 1, 1987 was 
calculated by multiplying the number of recrui ls of each year-class by the 
survival rate obtained from the value of Z included the fishing mortality on 
the continental shelf at ages 3 to 5 fish. Although a fair amount of pollock 
was caught in the international waters from 1983 to 1986, the fishing 
mortality was not included here for age 5 and older fish of Basin stock. The 
catch of pollock in the international waters in 1987 was 1.26 million t. 
Because the Basin stocks were caught on the continental shelf at ages 4 to 5 
fish, the catches of whole stock were 1.67 million l to 1.80 million l. The 
corresponding value ofF was 0.065 in case I and 0,087 in Case II. Also, the 
total biomass of the Basin stock on July 1 (age 4 and older fish) was 25.32 
million t in Case I and 18.03 million t in Case II. The population numbers 
by age on January 1, 1988 were obtained from these values of F and H. The 
catch 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) Yere 34.03 million t and 27.89 
million t in Case I and 22.45 million t and 19.19 million t in Case II. The 
catch of pollock in the international 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 II, 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 1· and 19.50 
million t and 18.76 million t in Case II. The population numbers by age of 
January I, 1990 Yas obtained and then EY was obtained by applying Fopt of 
0.139 for 3 year-old recruits and 0,181 Cor 4 year-old recruits in Case 1 and 
0.130 for 3 year-old recruits and 0.165 for 4 year-old recruit!> in Case II to 
the population numbers by age of January 1, 1990. The numbers or individuals 
and biomassos of tho Basin stock on July I were as follows (unit: million Cisll 
and 1,000 t): 
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AGE 

3 
4 
5 
6 
7 
8 
9 

10 
ll 
12 
13 
14 
15 
16 
17 
18 

u 

C,\SJ,; 

RECRUITED AT 
AGE 3 FIS/1 

NO. OF 
INDIV. lliOHASS 

13,111 
3,768 
9,234 
9,394 
1,180 
3,869 

482 
1, 042 
1, 226 
1,268 

251 
84 
43 
46 
30 
18 

3,411 
1,530 
5,001 
6,176 

887 
3, 195 

425 
966 

1,176 
1,247 

251 
86 

" 47 
31 
19 

' ' v 

RECRUITED AT 
AGE 4 FISH 

1\0. OF 
J:o;OIV. BIOK<\SS 

3,916 
9,451 
9,039 
1, 145 
3,785 

471 
1,019 
1,199 
1,240 

246 
83 
42 
45 
29 
18 

1 ,591 
5,119 
5,9-13 

561 
3, 126 

416 
945 

1, 151 
1,220 

264 
84 
43 
46 
30 
18 

u u 

CASE I I 

RECRUITED AT 
AGE 3 FISH 

NO. Of' 
INDIV. BIOMASS 

7,224 
2,296 
5,693 
6,200 

812 
2,843 

452 
1,000 
1,092 
1, 262 

280 
100 

57 
67 
49 
31 

1,880 
933 

3,083 
4,076 

611 
2,348 

400 
927 

1,048 
1, 241 

280 
101 

59 
69 
50 
32 

RECRUITED AT 
AGE 4 FISH 

NO. OF 
INDIV. BIOHASS 

2,464 
5,985 
5,966 

790 
2,791 

"' 982 
1,072 
1,239 

275 
98 
56 
66 
48 
31 

1,001 
3,242 
3,922 

594 
2,305 

392 
910 

1,028 
1, 218 

275 
99 
57 
68 
50 
32 

In Case I, tile biomass when recruited at the age ot 3 years old was 24.49 
million t and EY was 3.58 million t, and the biomass when recruited at the age 
or 4 ~·cars old was 20.84 million t and EY was 3.96 million t. In Case II, the 
biomass when recruited at the age or 3 years old was 17.14 million t and EY 
was 2. 26 mi 11 ion t and the biomass when recruited at the age of ·I years old 
was 15.19 million t and EY was 2.54 million t. 

12. Allowable catch 

I considered the equilibrium yield on the eastern continental shelf 
stock and the Basin stock in 1990 in the previous section. In this section, I 
consider the propriety of equilibrium yield and propose the allowable catch 
by area, 

In this report, I estimated EY on the assumption that there are three 
stocks of pollock in the Bering Sea. Sasaki (1988) compiled the information 
of studies on pollock stocks in the Bering sea. According to this, on the 
continental shelf in the eastern Bering Sean, there are two hypotheses, a 
single stock hypothesis (Takahashi and Yamaguchi 1972) and a two stocks 
hypothasis which asswnes two stocks exist: the northwestern stock and 
southeastern stock on a border of the Pribilof Islands (Haeda 1971, 1972), and 
in the two stocks hypothesis, it is estimated that the spawning grounds or the 
northwestern stock are on the continental slope and open sea areas (Maeda and 
Hirakawa 1977). Lynde et al. (Hl86) assumed two "units" existed which differ 
in the process or reproduction in the eastern Bering Sea and Aleutian Basin, 
and considered tllat eggs and larvae or stocks which use the Aleutian Basin as 
the ma'jor spawning ground are transported to the continental she! f in the 
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eastern Bering Sea and stay in waters north of the Pribllof Islands until the 
ages of 3 to <1 years old, and move to the Basin as they grow older. Yamaguchi 
(198<1) considered that most of immature young fish and well g1·own fish among 
older fish out of pollock which inhabited the Basin in the winter season 
return to the continental shelf dUl'ing the summer season and most older fish 
still remain in the Basin. 1/inckley (1987) considered that the1·e are at least 
three independent spawning stocks: Aleutian Basin stock, northwestern 
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 or tagging 
(Yoshida 1979), Sasaki (1988) indicates that there are some a·clationships 
among the stock on the continental shelf in the Asian side, the stock of the 
Basin, and the stock in the eastern Bering Sea. According to the above 
information, Sasaki (1988) described that because none of the hypotheses wore 
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 tlctcrminc the origin of pollock in the 
Basin. 

Like this, because there is no obvious evidences on the separation or 
pollock stocks in the Bering sea, Dawson (1989) set up several working 
hypotheses on the relationship between pollock in the Aleutian Basin and 
pollock in other areas. In the consideration of stock in this report, the 
separation was based on the unit of reproduction and based on the condition 
that there is almost no exchange of genes among the other stocks. Because 
there is no evidence that the individuals originating in each spawning ground 
return to the same spawning ground as spawner, it has not been confirmed that 
pollock in each area arc distributed intlcpcndcntly as a single stuck l'rom 
other stock~. llowcver, obvious dirfca·cnces are observed in the spawning 
grounds, spawning season, and growth of polloek in tho Aleutian llasin and 
pollock on the eastern continental shelf, Therefore, it is necessary at least 
to separate pollock in the Basin and pollock on the 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 or the eastern continental shelf stock and the Basin stock 
was estimated from the population numbers, body weight by age, and the values 
or M and F0 t• Among these parameters, it is assumed that the population 
number has fhe 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 recruits or the eastern 
continental shelf stock was estimated by cohort analysis, In this cohort 
analysis, F and the population number by year and by age was calculated using 
two values of H. In both Case I and Case II, the number of individuals at the 
oldest age (here 10 years old) was obtained using the estimated value obtained 
from the Japan-U.S, cooperative surveys, It is considered that the estimated 
value by the Japan-U.S. cooperative surveys is an underestimate (~lito 1988b). 
Therefore, the population numbers obtained through cohoa·t analysis are 
considered to be underestimate. The number of individuals of the Basin stock 
was obtained by subtracting the number of individuals of age 4 fish of the 
eastern contJnental shelf stock (calculated from the number or individuals of 
ages 6 fish and the value or 1. 0.·15) fa·om the number of individuals of age ·I 
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fish which inhabit the eastern continental shelf. J.."or the number of 
individuals of age <1 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 or individuals or age 6 fish, the estimated value by the Japan-U.S. 
cooperative surveys was used. For the number or individuals of age <1 fish, 
the estimated value by the Japanese multi-vessel trawl surveys is greater than 
that by the estimated value by the Japan-U.S. cooperative surveys, and the 
number of individuals or 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.S. cooperative surveys, and pollock in the midwater were not caught. 
Therefore, it is considered that the estimated biomass obtained from the 
Japanese multi-vessel trawl surveys is considerably underestimated. In Case 
II, the values for the year-classes of 197<1, 1975, 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 
enable comparisons with those of age 6 fish were available for only four 
year-classes, and were not sufficient to obtain the Z value which include 
emig1·alion of the llasin stock. In this analysis, the Z value of 0.92 was 
calculated as a weighted average, If the unwcighted average '/, value or 1.194 
is used, the munber of Basin stock recruits is 2.18 times higher than the 
corresponding number using 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 to be constant in the same year. It is considered 
that the dispersion of the value or 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 
same by year, 

At fir•st, fol' tiJO easte1·n eonUncntal shelf, the value of Cnse I was 
used at; the numbers of individuals of age 3 fish by year-class. In lhe catch 
in the eastel'll Bering sea, the Basin stock of ages 3 to 5 fish is included. 
It is assumed that this amount is proportioned to the amount of the same 
year-class of continental shelf stocks. That is to say, the proportion of 
Basin stock in age 3 fish was 1.248 times of the continental shelf stock and, 
with the corresponding figures for age <1 and 5 fish standing at 2,058 times 
and 1.029 times, respectively. Using these rates and adding the catch of the 
Basin stock, the corresponding catch to F was calculated, and was ascertained 
if it was in accord with the actual catch, and the value or F by year was 
determined. Furthermore, the value of J.." was set to be the third decimal 
place, and the value which provided the catch nearest to the actual catch was 
appl icd. I set up the age of 3 years old as age at rccrui tmcnt in the year 
which the value of J.o" 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 obtained by the cohort analysis was less than 0.035, Table 5 shows the 
population numbers by year and by age obtained, Also, the value of F, the 
corresponding calch and biomass on August 1 arc as follows: 
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AGS OF 
YEAR RECRUIT~IENT 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
198·1 
1985 
1986 
1!187 
1088 
1!11:10 
1990 

{YEARS OLD) 
4 
4 

·I 
4 
3 
3 
3 
3 
3 
3 
3 
3 
3 

4 
4 

4 
4 
4 
·I 
4 
·I 

(.) 

F 

0.033 
0.0>16 
0.057 
0.089 
0.085 
0.062 
0,0!11 
O.lH 
0.130 
0.158 
0.181 
0.149 
O.HO 
0.097 
0.113 
0.117 
0.101 
0.126 
0.0·16 
0.0·13 
0.057 
0.087 
0.063 
0.085 
O.OUii 
0,0'/0 

0. 214. 

u 

CATCH OF 
CONTINENTAL 
SHELF STOCK 

(10,000 T) 
ll 
15 
18 
31 
36 
40 
67 

106 
108 
Ill 
107 
82 
72 
49 
53 
54 
5·1 
53 

" 48 
67 
90 
72 
85 
7:1 
70 

195 

lJ 

CATCII 
INCLUDING 

BASIN STOCK BTmlASS 

(10,000 T) (10,000 T) 
17 326 
23 317 
26 297 
55 336 
70 ·10·1 
86 615 

120 698 
175 699 
184 781 
175 660 
159 552 
129 509 
126 477 
88 473 
94 443 
91 429 
97 495 
98 396 
96 528 

100 1,070 
109 1' 125 
118 989 
ll9 1,099 
12< !15·1 
122 1 ,u•;z 
133 1,0'/ti 
262 S53 

For the year or 1990, the catch when F=0.214 which provides EY is shO\m. That 
is to say, this is EY in 1990, 1.95 million t for the eastern continental 
shelf stock 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 greater than EY in Case II obtained by the previous section. When 
the population number of age 3 fish in Case ll is used as the recruitment 
amount, EY of the eastern continental shelf stock was 1.47 million t and that 
for the stock on the continental shelf and continental slope of the eastern 
Bering Sea was 1.80 million t, both larger by 30,000 t than l:Y obtained in the 
previous section. 

Secondly, for the Basin stock, the population numbers by year and by age 
were obtained using the same method (Table 5). In this calculation the catch 
in the international waters in 1988 and 1989 was assumed to be 1.30 million t. 
The following arc the values of 1-' and lhb cOI"I"l!Spomlin~ catch and biomass in 
Case I: 

2U 

v u u u u 

CATCII IN CATCH INCL.ON BIOMASS AT 
INT' L CONTINENTAL BimlASS AGE 4 YRS 

YEAR F WATERS SHELF IN BASIN AND OI.DER 

(10,000 T) (10,000 T) (10,000 T) (10,000 T) 
1981 0.000 0 64 710 1,213 
1962 0.000 0 79 771 2,477 
1963 0.00-1 8 77 1,395 3,034 
196·1 0.008 19 .14 2,052 3,0·15 
1965 0.014 32 68 2,161 2,590 
1966 0.054 101 167 1,860 2,902 
1987 0.070 127 177 1, 77n 2,380 
1988 0.079 130 200 1,637 2,677 
1989 0.081 130 205 1,600 2,650 
1990 0. 181 299 387 1,617 2,032 

In 1990, the catch at F=0.181, e.g. EY is 2.99 million t, EY including the 
catch on the conlincntal shelf is 3.87 million t. It is 80,000 t to 100,000 t 
fewer than BY in Case 1 obtained in the previous section. When the population 
number or age 3 fish in Case II as the recruitment amount, EY in 1990 was 1.99 
million t in the Aleutian Basin anti 2.114 million t, when fish caught on the 
continental shelf was included. These are 100,000 t fewer than EY in Case II 
as obtained in the previous section, 

Fig. 6 shows the yearly fluctuations of pollock biomass or age 3 and 
older fish on the continental shelf and upper continental slope in the eastern 
l!crin1: Sea tlStimalcd here. In addition to this, Fig. 8 also shows the yearly 
fltu:tualions or hiuma:;s ol' II!~CS 3 to !) fi:-:;IJ C!itlmatod hy the COIIOI"t itllalysis 
or W•::q•c::tml (l!IH!l) awl l.ht: ltiom:u;:J esl.imatl!tl hy tim ll.!i., .lalt:ut atul !.Itt! 
,Japiul-ll,:i. r:uopo:l·atlvt: ::IH'Vt:y:>. l't:ak (J(' llu: hiom:1S!H!H was ln l!.ll.i~ aud 1~112, 

anti they t'l.'S\1 L tud 1"1"0111 the UJGS yc.:tr-class and Hl78 year-class which were 
dominant year-classes. It can be said that the entire biomass has a tendency 
to increase. 

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

Case J: R = 0,789 E e-O.OOI68JE 
Case II: R = 0,591 E e-0.00184-IE 

Although dispersion of points vary widely, the maximum biomass of recruits is 
obtained when 5.9-1 million t (Case I) and 5.42 million t (Case II) or the 
biomass of spawners 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.-1 billion fish in Case: 1 and 6.1 billion fish in Case II. 
'l'hcsc ilrO 3% (Case I) and 2X (Case 1 I) larger than the average recrui tmcnt 
amount COl' 196·1-1!:183 year-elassu:: ohtaincd from lite cohort analysi~. 'J'hc 
hioma!;!; ol' ~pawncl'!l arc CIJIIivalcnt to 57X of the virgin hiou1ass in Casu I and 
-l!lX in C;lSC II. According Lo Lids curve, the biomass of :;pawners for which 
l'llct'ui t•r•:nl amount OVL!I" thl! avot'at:c !'OJ' 196·1-1!:183 year~clas!;es, as oblainl!d 
f1·om t11o t:llltOI't analysis, arc within n !"all!:e or ·l.G!l-7.·11 million t in Cas(: 1 
a11tl ·1.!>1 ti,·l!• milliou tin 1::ua: II. 'J'Im::, a Jaq:t! aum1111L ur n:eruitm•ml iu a 
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considerably wide range of the biomass or spawners can be expected, i.e. the 
stability of pollock stock is considered to be high. 

As mentioned above, I have estimated the virgin biomass, HSY, and EY, 
etc. of the eastern continental shelf stock and Basin stock. In addition to 
this, although I also estimated the western continental shelf stock, I assumed 
that growth, life span, ~~. and age at recruitment or the western continental 
shelf stock is the same as those of the eastern continental shelf stock. And 
then, on the asswnption that the number of recruits of the western stock is a 
quarter of that of the eastern stock and fluctuation 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 II when recruited at the age of 4 years old. HSY 
is 300,000 t for Case I and 250,000 t for Case II at the time recruited at the 
age of 4 years old. EY in 1990 is 490,000 t for Case I and 370,000 t for Case 
II. 

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 catch by area in 1990 
are as follows (unit: 10,000 t): 

EASTERN WESTERN 
STOCK CONTINENTAL ALEUTIAN CONTINENTAL 

SIIEI.F STOCK BASIN STOCK SIIEU' STOCK TOTAl. 

AREA CAS£ I I I I II I II I II 

Eastern continental shelf/ 195 147 70 36 0 0 265 183 
continental slope 
Basin and Aleutian 0 0 299 !99 0 0 299 199 
Islands region 
Western continental shelf/ 0 0 18 9 49 37 67 ·16 
continental slope 
Total 195 147 387 24< 49 37 631 428 

Total allowable catch in 1990 wa. set at 4.28-6.31 mi 11 ion t' a level 
considerably higher than of the actual catch or 3.64 million t in 1987. 
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• Japanese multi-vessel trawl survey 
( us bottom t.1·awl survey 

' US-Japan cooperative groundCish survey 

T>tble t. Hist.or-icnl c.<~.t.ches or w .. tt .. ye pollock (L) in the ea~t.tH'II Bering 5,,., 1\nd 1\leutiun IMiuml>! , . .,~ion.• 

£u tern Sc:rnc Sea Aleultan Islands rc&lun fola I 
Ye.ar Japan u.s. u.s. Jolnl llthers' rota 1 Japan u.s. U.S. Joint Others" Total 

Doacstlc vcn lures~ Dc•eslic venlnres• 
4 " :TI"1 

32,793 n: 793 32,793 
25.097 26' 097 2s.on 

'· •• I .. I 
58,755 58.755 58, H5 

103,353 103,353 103,353 
171.921 171,921 171,921 
229.259 22~' 259 229.259 

I, u 1,6 1, ifo-
1967 550, IJI 550.13 I 550,/J I 
1968 701.085 I. 200 702,285 702,265 
1969 830,997 32,295 863 '292 863.292 
1970 I. 23 I. 298 25.HO 1.255. 718 1.255.718 
1911 I.SIJ.!I':l~ ns.an J.I~J, AJS 1.1'\J.AJ~ 
1972 l, 616,483 223,096 1.839,579 \,839.579 
1973 l, 411,135 283,105 1,754,240 1.751.210 
191~ 1.250,609 J35,51J 1,586,222 1,586,222 
1975 1,065.036 220.005 1.285,013 1.285,013 
19/ti 9!1/,UJJ Z54 .s•u 1.251.514 I.25J.5'i6 
1977 7H,J07 109,638 883 ,H5 5,667 I. 958 7, GZS 891.570 
IS78 78J,OH 158,125 Hl.l61 5.007 I, 257 G. 2G~ ~n.ns 

1979 749,935 164.652 914.587 8,036 \,157 9. ~95 9H.082 
1980 797.411 10.419 ISI.OH 966.922 45.804 12, I 01 57.908 1.026.830 
1961 161,5§6 U,YJ6 155,260 915.6H J6,7$J 17.~35 55.'2B J.Drr.TTJ 
1982 747,266 52,622 156.370 956,258 36,873 I. 983 22, GIS 61.H2 1.017,730 
1983 669,335 9l2 146,467 180,0~5 996,759 29,6~5 2. 541 26,99~ 59,186 1.055.9~5 
1984 619,458 6,727 230,314 235,407 I. 091,906 34.519 J ,891 6, G9~ J2, SSI 77.155 1.169,5GI 
1985 587.788 38,0M 370,257 \8-1. 9JS 1.161. 064 H.ISI '" 7. 283 15,236 57,2SJ 1.2J8,Jl7 
i!IU 258,Jl5 4/,J6J 804,842 60.912 1.191.492 $,095 )II JO, 2G I 6.9H 1G.dSI I. 2rr.r:fr 
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n. Jnl'nnese enLch do.tn nre t.hc combined vnlucs or t.hc INPFC Arr.n I nrul 2 in Lim llnrin~ s .. n, nrul 1.1m 
INI'FC Aren 5 in t.he AleuLI•IIr Islnmlll region inel1111ing nil t.:r~res or fiMhcr·ey, foro l!158-l!l71l ru1 
reported by Forrc:ster cL al.(1978) and Forrc!llt.or ct. .. 1.(1983), nml for 1977-19RG In dnL11 rile 
of F"r Sei\S Fi:sh. Res. Lilt>., Shimizu. The c~~ot.cl,."a rar 1!177-1!11!7 1\I"C t.>~keu only ill Lhe U.S. 20U-111111• :r.oo .... 

b, Joint. vr.ni.UI"r.ll bet.WilCII U.S. fl11hinlf VC:!Io>ICJ!ji 11/UJ [(epuhllc or Kni'CIUI, JnpnntHUI, i'ol i:<h, [•'mlt•r•lll Jlllpuh! it: 
or Cet'IIIIIIIY nn<J U.S.S.R. Procc:s!IOI'S, 

c. U.S.S.R., Republic or Koren, Tniwnn, Poland, Fodera! [lcpubllc of c:crrniiiiYo l'oi'Lu~trd urul 
Peo1tle':s Republic or ChinA. 
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Table 2. Relative indices of walleye pollock abundance obtained 
from Japanese commercial fisheries in the eastern 
Bering Sea, 1973-i986. 

Year Hethod A" Het.hod 8" 

1973 12.4 140 
1974 10.5 104 
1975 9.7 97 

1976 9.8 100 
1977 9. 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 
1984 14.6 176 
1985 14.6 !53 

1986 18.8 203 

a Ton per hour, standeodized to pait· trawler 
{Yamaguchi and Okada 1984). 

b Percent of 1976 value, IN'PFC ADI Workshop 
method (Low and Ikeda 1980). 

'ruhlc 3, 11iomnMM t!MI.ii!UlLCMa or W#<llttyc 110llock ol.Jt.o.inetl rrolll Ll'aW\ ""d hydi'OI\COU:>JI.ic :surveys ill !.he t"KSI.ern 
Ucrin~:: Sc11, 1975-191!7. 

Jnpftn u.s.A." u.s.-J"I"'n" 
\'t!nr 

11ot.t.om Lrnwlb Jly<JrOI\COUS\.i Cc Bot.l.om Lrnwl Bot.t.om t.r ... w 1 llyo.irOKCO\LSt.ic Tot.ul 

1975 1",958,400 
107fi 10,398,000 
l!l77 10,971,200 
1978 10,057,000 
1979 8,215,800 3,204,300 7,457,500 10,561,800 
1980 13,118,000 1,485,900 
1981 9,337,400 2,442,000 
)982 7,793,000 4,039,600 4,900,500 8,940,100 
1083 10,684,800 6,064,800 
\91'1<1 G,553,500 4,809,900 4,633,000 
\985 5,522,200 4,798,500 10.320' 700 
1!18G 4,977,900 
1987 5,200,000 

n All is considered t.o l>e umferest.imat.ed because t.he. coverage or .survey ai'OK by each survey is derect.ive 
not. only hodzo11L11lly but nlso vertlc11lly. 

h !iu)l.l-ve!lsel lr•u•l SIII'Ye)' in r ... Il (Yilml'l!liiChl nm.l Okao.IK 1!38<1, Teshinu• Knd Oklldl\ 1985). 
c Vlcinlt.y or Vribllor tslnnds (llnrnri" et. nl. 1985). 
tJ Conlinent.nl shelr region only (Bakkala el al. t!I!J6, Wespest.ad and TrR)'nor 1987) 
c Coml>inct.l cont.lnent.nl $ho;!lC tultl .ulope region"' (llukknl"' el al. 1986). 
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Assessaent of Wa11eye Po11ock Dioaass in the JUeutian 
Based on Cohort Ana1Yfis and Potish Fisheries Data 

Jan Horbowy and Jerzy Janusz 
Sea Fisheries Institute 
Gdynia. Poland 

Sea Fisheries Institute 

Al. Zjednoczenia 1 

81-345 Gdynia, Poland 

,_BSTRACT 

Basin 

Cohort analysis was used to estimate the biomass of walleye 

p~llock in the Aleutian Basin of the Bering Sea in the period of 

1985-89. Catch-at-age .and catch-per-unit effort data from the 

Polish fishing fleet operating in international waters of the Ale­

utian Basin we~e used in the analysis. Results showed that bio­

mass of the exploitable population (ages 5 to 21 years} varied 

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

u u (_) .:._;; u 

The selectivity curves estimated from separable virtual population 

analysis suggested that pollock exploited in international waters 

of the Aleutian Basin belonged to a larger population which ranged 

beyond the area of exploitation. The present fishing mortality co­

efficient was estimated at 0.24 which is lower than the FO.l 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 

catch 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 chalcoqramma) is the principal 

commercial species in the Bering Sea. It is abundant along the 

outer continental shelf and slope between 100 and 500 m with main 

concentrations on the"outer shelf at depths which vary with envi­

ronmental conditions (Bakkala et al. 1986). I~ recent years po­

llock have also been found to occupy pelagic waters of the Aleu-

tian Basin (Fig. 1), at times in high density, especially in in-

ternational waters of the Basin (Okada 1986, Jackowski and Tro-

cirlski 1989). 

Following this discovery, commercial fisheries ~egan 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 (tl in 1982, but··by 1983 had 

reached 70,700 t. Fisheries by Poland and the Peoplc~s Republic 

() 
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of China also began operations in this area in 1985 and catches 

increased rapidly to 1.0 million tin 1986 and 1.3 million tin 

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 internatio­

nal waters of the Aleutian Basin have become important. In this 

paper we estimate the biomass of Aleutian Basin pollock from a co­

hart 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 po~lock in the Bering Sea 

has not been defined, three stocks are assumend for management pur-

poses by the United States {Resource Assessment Document 198?). 

Two of these are in the U.S, EEZ, the eastern Bering Sea and Ale­

utian Islands region stocks and the third in the U.S.S.R. EEZ. 

The relationship between pollock in U.S. and U.S.S.R. waters and 

those in the international zone and other waters of tha Aleutian 

Basin is unknown, but is the subject of current studies. Diffe-

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

tric, and r~productive characteristics between pollock of the 

Aleutian Basin and the surrounding areas of the Bering Sea have 

been documented by Traynor and Nelson {1985} , Okada and Yamaguchi 

(1985), Lynde et al. (1986}, Hinckley {1987}, and Janusz et al. 

(1989). Studies have also shown that a large population of pollock 

spawns in the Aleutian Basin and thit pollock eggs are abundant in 

these waters, particularly in the southeastern part of the~ Basin 

(Okada 1986, llinckley 1987}. 

There are many working hypothesis concerning the origin of 

pollock in international waters of the Aleutian Basin. An American 

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.S.S.R. scientist (Stepanenko 

1989) assumed the existence of only two stock in the Bering Sea, 

one in U.S. waters and the second in U.S.S.R. wat"ers, 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 populition exploited in the international zone is a part 

of this Aleutian Basin stock. 

HATERIALS AND ME1'110DS 

In estimating biomass from cohort analysis, the following 

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

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

,_. 
-..] 

·"" 

i 



u 

; 

u 0 u G' 

in the terminal year and for the oldest age in all previous years. 

Unfortunately, we only had catch- and weight-at-age data from the 

Polish fishery which had to be used to apportion all-nation 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-age 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 estimate 

of natural mortality for eastern Bering Sea shelf pollock (Wespest~d 

1989), we assumed natural 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 ~986-1989 were first averaged (Fig. 2C). Catches in­

creased substantially over this period. Thus, by subtracting the 

M value from the estimate of total mortality (Z=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 

u (J ' ' '--'" 0 u 

by dividing the total all-nation catch in the international 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 best among 

the ad h££ tuning methods (Anon., 1988; Anon., 1990). It performs 

well if catchability coefficients do not show any trend with time.· 

So, during simulations for each age group t statistics were calcu-

lated to test the regression coefficients of log catchability 

against time. As all the coefficients were not significant the Laurec 

- Shepherd m?thod was applicable and it is believed to give reliab­

le estimates of stock size and mortality. 

RESULTS 

Estimates of biomass from the above procedures for the explo-

itable population 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 

(Z) from cohort analysis and the catch curves. The mean Z for 1985-

1989 was 0.40 and 0.41 from cohort analysis and catch curve, res­

pectively. In 1985, the estimate of Z was about 0.1 highe~ than 

from cohort analysis (Fig. 2Al. 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 (age 9-19) F values increased from 0.05 in 1985 

to 0.24 in 1989. 
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These rat~ of exploatation can be compared with the commonly 

referenced rates of exploatation F0 . 1 and Fmax 

However, usually applied Beverton and Holt {1957) model can 

not be used in this case as fishing mortality coeffic_ients indicate 

that selection curves are domed shaped. So, first separable VPA 

(Pope and Shepherd, 1982} was run to estimate sEilection curve 

(Fig. 3). Next, Ricker (19751 exponential yield per recruit ciodel 

was employed. 

The FO.l value was determined to be about 0.6 but Fmax was notre­

ached on the curve with the range ofF values used (Fig. 4). This 

comparison suggests that the present level of fishing mortality 

(F=0.241 is not too high and that catches 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 analytical methods using cohort ana-

lysis. Summer hydrocoustic surveys carried out by the Japanese in 

the portion of the Aleutian Basin east of the U.S.-U.S.S.R. con-

vention line produced biomass estimates of 5.4 million t in 1978 

and 1.3 million tin 1979 (Okada 1979, Okada and Yamaquchi 1985). 

However, a more recent hydroacoustic survey conducted by the Japan 

Harine Resource Research Center in August to September 1987 indi­

cated that the biomass in the international zone alone was 9.1 

million t (Sasaki ~989). we_spestad (1989) suggested that based on 

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

be relatively large. 

The catch-at-age data indicated that recruitment of pollock 

to the exploitable stock in the international zone· starts at age 

S(very rarely at age 4) and increases at older ages. Polish fis­

hing v"essels use trawls with 100 mm mesh in the codend which should 

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 t~is 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), 1980-89. 

Year International waters u.S. EEZ 

China a/ Japan Koreab/ Poland U.S.S.R. Total All nations 

1980 2. 4 

• 1981 • 2 

1982 .1.3 

1983 4. 1 

1984 100.9 

198 5 1.6 136.6 

1986 J.2 698.0 

1987 4.1 802.6 

1988 17.4 755.0 

1989 (C) 638.1 

~~Peoples Republic of China 
c/Republic of Korea 
d/No data 

Assumed 

12.5 

2. 9 

66.6 

80.3 

82.4 115.9 

155.8 163.2 

241.9 230.3 

268.6 298.7 (C) 

(C) 268.6 (C) 

Table 2. Walleye pollock catches-at-a;e 
in international waters of t::.e 

Year 

Age !985 1986 1987 

5 5.1 1.8 4. 8 

6 13.5 8.9 25.7 

7 50.9 57.1 3~.8 

8 122.0 295.4 U7.7 

9 85.2 352.4 423.7 

10 26.8 180.1 4H.4 

ll 21.9 81.9 157.7 

12 46.8 82.8 111.5 

lJ 55.4 183.5 HO.B 

" 26.4 156.8 2.;o .a 

15 J.4 41.7 121.4 

16 J .1 u.s 15.9 

17 2. 6 2.1 11.3 

18 4. 5 9.7 4.7 

19 J.J 6.J J. 9 

20 1.5 12.5 5.5 

21 0.5 0.9 1.9 

14.9 958.3 

.2 973.5 

4. 2 956.0 

70.7 98 2 • 4 

181.2 1098.8 

336.4 1178. a 

1020.2 1189.4 

1279.0 1253.5 

lSOO.Od/ 1228.0 

lSOO.Od/ (C) 

in numbers {millions) 
Bering Sea, 1985-89. 

1988 1989 

2.7 4. 1 

19.8 44.0 

106.2 53.0 

104.5 157.1 

183.6 117.1 

312.0 163.8 

403.3 352.1 

142.4 450.1 

101.6 172.5 

102.9 6 4. 9 

176.4 45.3 

107.6 131.2 

18.8 78.3 

9.6 15.1 

J.O J.O 

5.9 1.0 

2.1 2.5 

U.S.S.R. 

EEZ 

700-800 

(c) 

(C) 



Table J. 

Year 

CPUE 

Effort index 

180 

Catch-~e~-unit effort (tons/day) of walleye pollock from Polish· 
stern tra·,.lers fishing in internationat waters of the oering Sea 
and an index of fishing effort {thousand days) for all fisheries 
operating in these waters. · 

1986 1987 1988 

54.5 4 7. 7 47.0 43.8 

6. 2 21.4 27.2 34.2 

Table 4. E.s~:..::~a~=d stock si:::e in n~""'.bers (::~illions} and bio;;~.ass 
(t~cusa:-.ds of rr.etric tons) o: walleye pollock b the 

A.!.eu-:.ian Basin based on coho::t analysis. 

Stock b nu:::!:lers 

Yea:: 

Age 1985 1985 1987 1988 1989 

5 2 69.;. 4 4077.7 2522.7 5087.7 2287.7 
6 39)2.8 2201.41 3 })6. 9 2061.1 4163.0 
7 8119.8 3207.7 179-:.3 2708.8 1669.6 
8 8756.5 6001.9 25 i..:. 6 1437.5 2121.7 
9 2630.!. ;osa.s 5!37 .9 197-1.4 1082.4 

10 to-:::.s 2092.5 s.: 5.J . .j 3223.2 HSO. 3 
11 103~.5 s J.: • .j 1550.4 .;a.;s.s 2847.8 
12 22i9.9 821.2 6.J9. 1 1126.7 2966.1 
13 160!.. 4 1324.3 6·J2. 3 397.8 7 9 3. 6 

" 25-5.0 126!..0 1327.6 365.7 233.7 
15 90. 5 19). 9 890.7 es9.o 206.) 
16 3.:.5 7! .1 12!.. 0 619.4 551.9 
17 9 3. 5 2 5. 5 .;7. s a.:. 1 409.7 
18 6 6. 5 7-L 2 !.9 .0 29.9 52.3 
19 53. 3 50.6 52.0 11.4 15.0 
20 251.2 40.7 35. 8 39.0 6. 6 
21 27.9 212. 5 22.0 2 4. 3 26.5 

Tot.al 3 30!. 2.!. 30555.5 25l'J-L3 2H29. 0 2038.j.3 

Stock B!.or::ass 

A<;e 

5 14H.2 19a5.8 1031.8 3240.9 1H2 .2 
6 2241.7 1111.7 1531.7 1-103.6 2597.7 
7 5074.9 1847.7 999. 4 1985.5 no a. 1 
8 5709.2 4113.0 15i0.5 1!.29.9 1601.9 
9 1855.1 4630.6 J2i2. 8 1587.4 859.4 

10 776.1 1429.3 3598.4 3135.0 1155.9 
11 78-1.2 594.1 1046.5 3401.3 2298.2 
12 1753.3 598.0 429.4 952.0 2423.3 
13 1286.0 1337.2 439.1 340.5 659.5 

" 213.9 926.9 978.4 311.6 195.9 
15 81.6 144.6 664. 4 763.0 liS. 6 
16 31.3 54. 4 95.8 54L6 476.3 
17 78.8 2 2. 4 40.3 7i .1 354. a 
18 56.6 5 a. 9 16.2 25.6 47.6 
19 4 5. 3 4 3. 1 45.7 10.1 14.4 
20 249.7 3 0. 6 30.5 35.5 5.5 
21 2 i. 1 168.7 16.2 21.8 23.3 

Total 21708.9 19097.0 15907.3 18963.4 15300.3 

1989 

4 2. 9 

35.0 
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Table 5. Estimated fishing ~ortality coefficients of walleve 
pollock in inte:national waters of the Bering Sea· 
from cohort analysis. 

--------
Year 

Age 1985 1936 1987 1988 . ~989 

5 o.on a .ooo 0.002 0.001 0.002 

6 0.004 o.oc.; 0.009 0.011 0.012 

7 0.007 0. 020 0.022 0.044 0.036 

8 0.016 0. 051 0.065 0.084 0.035 

9 0.136 0.057 0.096 0.108 0.127 

Ia 0.029 0.100 0.094 0.095 0.133 

:; 11 o.oz.; 0.115 0.119 0.116 0.146 

12 0.023 0.117 0.226 0.150 0.183 

13 0.0)9 0 .us 0.299 0.332 0.273 

14 0.116 'O.HS 0 .224· 0.372 0.363 

IS 0.042 0.271 0.163 0.254 0.276 

16 0.104 0.197 0.157 0.213 0.302 

17 0.031 0.096 0.303 0.281 0. 236 

18 0.077 0.150 0.312 0.457 0.380 

19 0.071 O.Ha 0.087 0. 345 O.HS 

,::) 2a 0.006 0.415 0. lS 6 0.186- 0 .18 3 

21 0.020 0.050 0.100 0.100 0.105 

FU 19-19) 0.054 0.138 0.189 0.248 0.2U . 
FW (9-19) 0.034 0. 090 0.126 0.141 0.182 

FU - Mean F values u:1.weighted by catch. 

F;ol - Mean F values weighted by t!':e si.ze of catches. 
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Figure 1. Assumed three stocks of pollock in the Bering Sea. 
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Yield per recruit biomass for walleye pollock in 
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The 'W'all.eye Pollock Migrations in the Bering Sea 

Fadeyev .. R .. S .. 
TINRO, Vl.adivostok, U.S.S.R. 

· The walleye pollock inhabits practically the whole 

Jeriu~ S"'a ar;.ug,tory. On the background of intermittent diS'­

tribution it forms concentrations with dif£erent density 

not oaly aU the shelf but over deep-water basins as well. 

·l'bey may be seasonal or constant t and they differ in sizc­

t<.ge con?osi tion and physiological state of the aggregated 

individuals. 1..:1 n rasult of recentnumerous ichthyoplnulct;on 

'l .. !'!•i trawl surveya, the spawning places, juveniles' (recru­

itQent) and mature individuals' habitation areas were de­

termined. Spatial nnd seasonal comparison of t~at data, as 

\.'ell as the observations of the commercial fleet dislocati­

on cbanses demonstrate not only the migrations pattern 

but the origination of som~ concentrations as well. All 

those questions become especially important in connection 

to the lltcreased commercial preDsure and starting or large­

volume international fishing outside the U.S. and UAS.S.R. 

economic zones over the Aleutian Busin. 

The maturing walleye pollock eggs is spread practi­

':nlly ..... n over the shelf from Uniculs' Island &.t the south­

~ast through Ozyorny Gulf at the south-west, and sometim6s 

even projecting out of the shelf orca. But the main part 

of eggs is concentrated at the Unimak-Pribyloff shelf in 

the south-dast~rn Aleutian Uasin (Unalashka ~•d Dcgoslof 

Islands .:'l~~atorp) and in Olyutorsky Gulr. Accordins to mul-

u C' u u 

' !': 

·:·:· 

ti-annual averaged data (198}- 1986 1 1988)
1 

in. the' Sai~~ 

areas there are diatributed about 41, 49 a:::td 6% of 1.the. 

sea's total abundance correspondingly (roughly)·.··At ex-· 

tensive aquatories of the northern'shel! from 174°E. to 

1'l4:>W there are distributed about 6~'• end in the· c~.htral 

part of the sea outsid.e 3 km isobath - not more than 1% 

oi' the wholo abundance. ·,.· 
.'i.pproxilllately this way 1 the larvae .. were di8tril\UtCd 

excludll1~ the Bogoslof Island area, where they Were. f~w, · 

nearing Oo3%. The denseot larvae concentrations were sitUat. 

ed in the sOuth-eastern part or the sea. At the relatively 

small c.•1uatory of the Pribyloff-~nilnak shelf more than 

60% of all registered larvae are distri~uted 1 in Ol~ttor-

3ky and Aaraginsky Gulfs- 2.5%, in the northern.areas - .. 
. ! . ' . 

2.c;f.-~, nnd over deep waters outSide ~ km isobath - ·.._~ littl~. 

.S& rD.BlL 

In the Asiao. ·,_·aters about ?\Jfrl o! eggs. and l'arVno 

aru concentrated in Olyutorsky and"Karaginsky Gulfs, and 

in American ,.,.aters - more than 90"h of eggs Sl'e distril>uted 

in the aouth-esatern part and more than 80% of larvae -

t~t the Unima.lc-Pribyloff shelf. The eggs laid of:r Bogoslof 

ltll:...t~d ?ver the de:i)tna 1 - 3 Ian is carried by dominant 

currents towards the shelf at the east and north-east as 

it ~aturcs. Such a drift existence is proven by tho·sur­

veys curried out L< 1984 wnd 1989. 

\!O:.S 

are 

'!'he overall distribution of fi..ngerliug:a and yearlings 

~tudicd in 19&7 and 1988. The fingerlings bor~ in 198? 

distrib11tcd ull over the shelf in Ju:e_rica.:J. l>'aters
1 

but 

about 75% of their total abw.dance concentrated nt the 

soutb-esatrrn shelf (~nicfik-Pribyloff IslanCs). In the 

h!"'C:a ad,jsccnt to St. !·latthew Island 22% were distributed 
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and in the waters adjacent to the USSR zolte - only 3% of 

the registered abundance. The fingerlings of the Game 

yc!.U'-~luu~ 1'1ere distributed primarily in the north of the 

u.s~ zon~ - only 3% of the registered abundance. The fin­

gerlings of the sa=e year-class were distributed primari­

ly in the north of the u.s. zone in spring 1988. At the 

st.Natthe~ shelf more than 60% of the total abunda.ucc were 

registered, but at the main spauning places to the 'south 

of ~~ibyloff Islands - onlY 31 %. The distribution of 

'yearlings' (1+) u.nd two-year-olds' (2) of tte 19136 year­

class 1~ 1wen more demonstrative. More than 83% of indi­

viduals agCd 1+ were concentrated in 198? at the sea's 

n:>rthern sholf, at the aquatory between St.Natthew Ial1md 

<Ultl )lnvarin Cupe, and only 1?,·~ - in the Pribyloff-Uni:nak 

area. In spring 1988 more than 90% of two-year-olUs of 

the SamB ~P.ar-cla~s were distributed at the northern ehelf 

in the U.S.-U.S.s.R. adjacent waters, and o~ly about 1%­

!:O the !lC.Uth of Pribyloff Islands. Thus, in the process 

of development and growth from eggs to two-year-olds there 

ta~es place active and passive migration of walleye pollock 

to the north-west from American npawni.ng places along the 

outer shelf towards Navnrin Cape with the following exit 

into the U.s.s.R. zone. 

In tne. Asian ~·:.ters such migration of the juveniles 

c~ not be trnced. As the eggs develops, it is partially 

carried from Olyutorsky Gulf to the soutb-w~st. The larvae 

are concentra·;;ed ~rimarily io Xorf Gulf' and Litko Strait 

(64-% of the overo.ll ~lJ'JJ'uiance). ftero the majority of fin­

~crlinga is distributed ae well (79%), but the yearlings 

r~turn back to Olyutorsky Gulf. At the same time 1 tnere 

i:.; thu ce;BG nnd larV!le drift frolll the Olyutorsky-N'tlvarin 

~helf at•e:a (1?0 - 176°E) t~ tne south-west. The abundance 

of two first age groups (0+ 1 1+) in the ssid exr.n U~c~eases 

to o.1- n .. o%, but the eggs and larvae here compri;;e 1.5--

1?% of the overall abw1rlance at the Asian s!lelf. 

The senior walleye pollock after spa11ming in SWlll:ler · 

and fall is distrihut~d all over tne sea, forming Several 

concentrationB or different de~sity. For ~xample, in Sep­

telllbcr - October 198? there were two large concent::-ations 

discovered: one at the outer shelf and partia.lly at the 

slope of the nortnern sea area·, in the U.S. - u.s .. .s.R. 

adjacent waters, and the second one - over ~he Ko~andor 

Basi.!::t and :he Shirshov Ridge southern part. Several scnller· 

concentrations were sit:uated at the North-Western 3-eru;g:-. · 
0 . 

Bea shelt to the west of' 176 E. The first 'of.tUe largo. 

concentrations consisted of immature individ~~!l sized> 

18- 36 em (75- 8?% of the overall abundance), the sccoP-~ 

cne - of fish sized 44 -.52 em (82 - as 4,!~) ·~:hich had spawn­

ed .mU!lY times. The spatial size-age structure of .feeding 

'""alleyc pollock is vary well illustrated by the data on tne 

relative abundance distribution of si:e groups (t::tle Tuble 

1). 

Gvt•r t:he deep-water basins tuere concentrate more 

than 93% of t:he overall abundance of the mature walleye 

pollock cf 44 - 52 CI!t size group, 3.lld at the shelf uf tae 

sea's northern part - !!lore thr.n 95% of 2 - 4 -yeo.r-·(llds 

(18 - 36 Clll). The same approximate correlation is pres~.~v­

ed for biomass characteristics. So it is necessary to un­

derline that the Bogoslof Island spawning concentr~tion 

exclusively consists of large individuals aized 44 - 52 

em, 111hich are alzo domin~t in all pelagic concentrations 

over 'Kocandor and Aleutian Basins. At the shelf spawning 

places off Pribyloff and Unimak Islands the 36 - 42 em si~e 
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Table 1. Relative abundance of walleye pollock 

in t~e Bering Sea (1987 surveys, %) 

Size groups, em I Areas 

SHELF & SLOPE 

1.0lyutorsky & Karaginsky 

2.0lyutorsky-Navarin (1?0 -

1?6°E) 

~.tla•tarin 

4.St.l"lattbew 

5.Pribyloff-Unimak 

DEPI'HS l".iORE THAN 1000N 

&.Komandor Easin 

?.Aleutian Basin 

Including neutral waters 

·rOTII.L, % 

18-36 35-44 !44-52 52--60 > 60 

0.6 5.0 

1 .. 6 ?.0 

16,.2 20 .. 1 

?9.1 49.5 

2 .. 5 1.,6 

0.9 1.1 

1 .. 2 1.1 2 .. 4 

2.'> 28.5 65.9 

2 .. 0 12 .. 1 14 .. 6 

0.1 5.8 1?.1 

0.1 

0.1 

0.1 

9.2 62.? 3?.2 

6.8 30.? 14.2 

2.9 16.2 5.3 

100.0 100.0 100.0 100.0 100.0 

groups are dominant, the major.ity of which takes purt in 

spawning for the first time. In ·the areas to the north of 

Fribyloff Islands extending into the U.S.S.R. zone. The 

concentrations consist 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 struct;u-e 

in the spawning period together with the seasonal variati­

on of distribution provide a reliable basis for the migrat­

ing walleye pollock differentiation by reproduction areas. 

The repeated surveys in 198'1 revealed the shift in 

the lare;e •,.ralleye pollock aggregation over the Kon:ruldor 

u u \.) u u 

3asin tmrards the east. In September it was situated in 

the south-eastern basin, at the south-western slopes of 

Shirshov Ridge (its axis being at 1?0°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 1968 - 1989. In September the highest 

catches were obserYed over the southern Shirshov Ridge, 

and then the fishing squares consecutively shifted to the 

west ncros~ the Aleutian Basin. In December and January 

the maximum concentrations were 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 waGt towards Ozyorny Gulf, and to the north 

along the eastern slope~ of Shirshov RidgB and theli t:o the 

ea3t along the outer shelf L~d co~tinental slope. Those 

details of the distribution consecutive variation were 

distinctly traced by the commercial fishing fleet disloca­

tion in fall and uinter 1986 - 1989. The mature walleye 

pollock concentration (411 - 52 em) in February right be­

fore the spawning in the south-eastern part of neutral 

waters \>HlS confirmed by R/V "Kayo-Naru" survey in 1990 in 

which the author took part. In the same area the joint 

commercial fleet (42 ve3sels of J.:apan, 'South Korca 1 ,'~ai­

Han) also operated. 

'ilc were also able to trace the exit of walleye pol­

lock out of the UaS. zone into the south-eastern ;·:u•t of 

neutral waters in April 1939 and itS further migration 

to the north-west nlong the slope. In June the Soviet 

fi3hing fleet operated ~ tne northern part of neutral 
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triangle and after that - in the U.s.s.R. zone. 

The walleye pollock that left the U.S. zone in 

April, consisted of the individuals sized more than 40 em, 

the size group 45 - 50 em dominating, which was characteris­

tic o!' the Bogoslof spawning place walleye pollock. The ~·lal­

l~ye pollock migrating to tue north along the neutral waters 

eastern border was smaller. Its size composition !.t~ char:1c-

teri::~tic of the walleye polloclc spawning at the Pribyloff-

Unimak spa\-r.:ing places, the dominant sizes :ll::."acticall:: i.O..:.:=:J.-

tical (36 - 1~1 em). 

On the basis of the size-age structure spatia.l-t:e!l-

yoral varianCe analysis, the chart of tne Bering Sea \o/alleye 

pollock migrstioLs is drawn (w~ic~ ie shown a~ Fig.1 ~ the 

genaraliz.&d form). The locr.tions o!: the largest spU\mi.J:c; 

places, migrations' routes L~ the first years, che juveni­

les' habitatio::~. areas, pre-sp<o.1ming and after-!;ipa\\'tiinf; :::i­

::;rations of r::.L•,ture individuals and areas of tneir concentra­

tions are shown. The walleye pollock a!J:awnins o!~ Bo.;o?.lc•f 

!!:.land migrates to the north-west and b~comes widely dist­

ributed over the aqua.tories of .t..leutia.n. <:.!.d i~O!!..:.:J.do:· :r.asL"ls. 

The Pribylof!-Unimak walleye pollock migrates to the north 

along the outer shelf and slope, gradually c-JJLC9 out of the 

shelf area and is distributed over the basin itself. ·The 

11alleye pollock of ultimate size g1.JUps (52 - 60 em LUld 

mo~e) does not go out of th& shelf area. After spa~ning, it 

migrates to the north and to the upper shelf simultaneously, 

the largest individuals coming to the minimal depth, 

The fingerlings and yearlings of American origin in 

the process of growth migrate to tile north and inhabit the 

Havarin - !'Jattbew shelf until reach-ing the sexual maturity, 

in winter seasonally migrating to the upper slope and at the 

::>n.!!:e time to the south tO\·:ards Pribyloff !slands and vice vc-

rsa. The individuals reaching maturity for the first time 

(36 - 46 em) spawn at the Pribyloi'.f-Unima.k shelf 1 and the 

fish spawning repeatedly (44- 52 em) are concentrated over 

big depths off Bogoslof Island during the spawning. The 

spawning of tboso two large size-spawning groups takes place 

with approximately 1-montb interval. The spawning peak off 

Eogoslof Island is in late February - early March, at the 

Unimak-Pribylof! shelf - in the first decade of April. 

The Halleye pollock yearlings, two-year-olds t.tnd the 

fish spawning for the first time (of the Asian spawning) do 

not do any n~rthward migrations along the shelf, they con­

centrate nearby their spawning places, primarily in Karagin­

sky and Olyutorsky Gulfs. The seasonal character of their 

distribution varies according to the 11shelf - continental 

slope" pattern. The large-sized walleYe pollock of multi­

spawning domi.nant 44 - 52 em size group !'eeds over Komandor 

Basin, where it mixes with tne walleye pollock of American 

origin. It goes out into tne open waters primarily along the 

Shirshov Ridge. 

The concentr~tion of pre-spawning pelagic walleye 

pollock in the open waters starts in late August - September 

over the south-easte.rn Komandor Basin at first, and then -

at the ndjacent aquatory of Aleutian Basin, including neutral 

zone. In October - February the AmeriCan walleye pollock gra­

dually migrates to the east, as its sex products matm·~;·· and 

in February - March it concentrates at the spnwnin~ places 

off Bogoslof Island. The smaller-sized walleye pollock migra­

tes to the·east along the continental slope of the sea's 

:1orthern part, and in April - i'iu,y it forma pre-spaWDing and 

spawning concentrations at the Pribyloff-Unimak shelf. T~e 

A~iwz walleye pollock in its pre-spawning period (Dec(,r.!ber -
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Narcb) concentrates over the continental slope of' Oz.yo!"uy 

and Karaginsky Gulfs and migrates for spawning to Olyutor­

sky Gulf. 

The distribution of the walleye polloCk size-a5e 

groups in winter - spring period (pre-spawning and spawning) 

which are differentiated by sexual maturity (the size of 

fish maturing for the first time is 36 em, 44 em is the 

length when 50% matures), is highly infurmative for the 

populational composition studies. As it is b~own above, at 

the Bogoslof Island spawning place there are no immature 

individuals (smaller than ?6 em), no fish of ultimate age, 

$ize exceeding 58 em (or in small quantities). In Pribyloff 

-Unimak area also there is almost no walleye pollock sized 

less than 36 em, and there is a distinct deficit of fish 

sized 44 - 52 em which are dominant at the Bogoslof Island 

spawnin~ place. The individuals sized '8 - 44 em are prevail­

ing here, and the senior individuals (more than 58 rm) are 

in normal correlation. At the aquatory to the south-west 

from Pribyloff Islands and at the adjacent Nnvarin s~elf 

tne walleye pollock sized 38 - 40 em, immature walleye pol­

lock or the fish reached maturity for the first time ure 

represented most completely. The yearlings and two-year-olds 

practically abse~t at the spawning places are concentrated 

here. Thus, all groups cited above, which are inter-annual­

ly stable are the parts of the united Eastern Dering Sea 

population. In the feeding period the fish widens its areal 

covering the whole Aleutian Basin and partly - Komandor 

Basin. In connection to this kind of distribution it is ne-

cessary for the correct stocks assessment to search for 

the methods of abundance (biomass) estimation of all size­

age groups and to determine ·the overall age composition 

1:hic!1 .._,ould take into consideration their correlation. 

u u \,_) u u 

In tne Asian waters to the ·east of 1?6°E, the areas 

of eggs, larvae, juveniles and producers distribution are 

practically oimilar. Consequently, another population, inde­

pendent of the Eastern Bering Sea one, is distributed here. 

This one is less-migrating and more attached to tne places 

of reproduction. This peculiarity seems to be deter~ined 

by considerably lower abundance and bet~er food provision. 
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Fig. 1. Principal chart of the walley~ pollock rr.igrationa in ~be 

Bering Sea. 

1.spuwniog placesj 2.juveniles 1 distri~ution (1-4 ye~s old<; 3~ 
feeding walleye pollock distribution (more J;n,m 5 yetu•s old); 11., 
lnrvne drift, yearlings and t1~o-yeo.r-olds migrations; ~ 1 6.artet­
sp&wn~g and pre-spawning migrations of mature walleye pollock. 
The_density of colouring corresponds to the quantitativ~ Ci~tri­
butJ.on. 
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'lbe Monitoring of the Humpy Shri.Jap 
(Pandalus goniurus) stock in the Bering Sea 

Ivanov .. B. G. and D.A. Sto1yarenko 
VNIRO.Mosoow. U.S.S.R. 

The ht.'.:.lpy 3:'1Xi::l;J ( ?.::r.:.::-.lE ;:.oniu:ru3) ere tJ1e most ab:.:.nC.ant 

shrimp S:;?Ccie3 on the sl1elf of t:1e \·:ea!;e:;:n Berin6 sea. ~he c;;:.tchcs 

o:f' the species rcacil _up to dozen tons pe:..· half hour. :!:.u~ their 

ebunj:mce fluctuetcsv very much, .f'::.·c·!!l. about 1 ::.illion ton.:> to fc,:: 

tho<;!la.n:l ton:.'!. :.\he fluc:.,-u::tio:l.J !::!:~:~c a ta~k of t~e shri;.;p atc-c!: 

monito:·i~-:g v~-=--J im;o:..·tant. To 3ct t::.c .f"i!:h inCu:::t:..·~· :::-cr::::ly .fo~ 

sh:i;:,? h0i::ve3t:L"""l.:.~ i!l advance v:c ~ho'.1ld l:no·:! Ebout t:1::: :i:::;t 

eviO::::.mces of tlH sil::'ii:tp etock i~1~:r.Jver.:.ent. Hence, t!1e stoclt 

::onitorL'lg: i3 to be conducted ccntbiuo!lly, not onlY darins 

pc:::..ods of hiah tJ.ha.""14_uncc, but i!1 poor yzars too. 

In .1908 at tile simih.r s;'plposium i...'t Sit~~a, Als.s~:a, ·;te tr..:.ed 

to d:t>a~·t the attcnt:..on of fisiw!'y "!)iologists to "S~l:!.ne sul'V~Y 

DSi4t1·U So.ft;·:arc Syo::tcmu (35D::.5) i.~cvelopcd in V~f!J:O (:;tolye::.·cn!·:o, 

1JC7) fo:::- r.o;:.pinc;: !;he dist:i.'ihntion, coro~mting: the stoc!: ~'"!:! 

Ocsig!!:hle- t:1.e survays. The aoft~·t;:r~ Jyste::l is rJore advanced 

compa.red wit:'l the :::onventional ran:lom stratified !Jethod or, ellen 

more so, with \•lidely used r.1ethod of evenly distributed trav.•l 

stationn in fioh survcyo. SSD.SS is more c.dvcntag:eous compared 

with the methods both in re:la.tion 'to otoclc co::tputing and GUl:'Oey 

desiGn• The ~SDS~ d:?.:Jibfl ccr,niats of t\·:o stages: (1) frame de:Jit;n 

(about '/0% of all stntionu) and (~) nda;>tiva desit;n (nbout 30;:; 

of the trawl stations). Tile t:·a~·.'l st:::tion::~ w!1:!.~h m·u ra:::eivcd for 

tll~ c:.da?ti,•e d.ssi,91 urc uze:l o:ite:.n!'; t!1~ ~t.u"'\·e~· to r.:!:!b~ co:~:·ectio::.n 

i.!1to e:~:?lC~.:lt:.on !:ni-:i."l,S in~o ac.::ount !·~a.l au:cvcy si;;u:::t:!.o!'l. In 

19DG o:1ly a:>?licc.tion of ths SJ!:l.:lS :for full scale s?ccif'ic 

survey \":as described .. 

=:.:.t in p·cor years the full scale s!1:.•i.mp survc:,.·a are tullil:cly 

u~causc they are tov 

u~uzlly to pay t~eir 

co:.tl::. !?is;1cry l!ir.r.a;c1·a do not 2.3re~ 
y 

money tor stu.:i:.:1,s the slll'i.!!l;Js in :tlOor 

y~c.::o~. Tal~ing i:;:lto consi~.sr~tion th::.t the k.onito!:'in5 of si.triLiP 

stock is desi~nble even in "poo:• ye.:a:;;-3, only llr.itcd ntmlber of 

tr'"'s:l ·s~?.tion:: c.a>1 be W!:!.de :ror the r..o:n:?..to"!.•"!.:l.:;. A;>p:.~o:~:..::£t-zly 

lJ-2!) s~e..ticns s~ea to be ::oeel::.stic :....'1 cu.c:1 ::.•cJ.uced sur·J;;ya 

~·:hie!'!. .:::.::-e, as a :!.'Ulc, a p:!!'t of !:Ul~is::>zc::.es c::;l:o::o:..ti::m!l. 

~l:::.tu::.·ally tl"l.<: ran::o:!l li.i:::~::-i'!::utio:l o~ fc•:: trc.~·;l ::;t::!tions i.n t::"lc 

=eC.uced su.::.·vu:,•s !.:J not r~E::tcn;ble. I!; iz: r .. uc:1 r::orc >.:l.s::ly tv 

co:1~1..!!;:•:!t~ :::sseerc.:~ ef.t·o:..•tn ::..:.~ :~10 ::~.::t ::.:1fo:.:·.:.o.th·~ ~nu 

p:!.'O::-!:. 3 ing: are e.s. 

"!.'o :'.efine t:1a:>e a:.·cas r..n.?3 of ;;o.v~::':l:;c co.tch G.:..nt:..•:ibution 

b.:.ae.d on lons t{:r.n 3eries oi~cer-v:2.tio:13 r:e::-e co::-:?uted by r:.eans 

of tha S5::)3S .. The map.3 ;·:e::.•e ua.-:!e for tiu'ec a:t>ea.s in the \':estern 

rer:!.n.; ~CE'. ( t~l9 ]:!latly:;.~ Bay, Cape l!a,•a:•in ar~o. e..'"ld a:~ea ofi' South 

Iroryak coast) Elld for t·oto seasons (o?rin~- early su.":l!:ler ru1d late 

swra:.er- autu..-m) (:i'itia.l-6). ?he naps of avel'ag~ catches reflcc'.i 

the result3 oi' obsc:~vat!ons t::..:;de in 1967-1985. ru.t. for sU!"Jcy 

desi.;n of' f'u~u1•e expedition:.'! dis~ributionnl ren~:J of tho survey 

i:<J.port<lJlco :function are of 6·out vnlu~. '!'h~ naps (Figs.?-12) 

lead finhe:r-y biologhJts (·~x!)ertG) to exylore both c.::-eas \':ith 

high values of average ar.nu<!.l catches a'13 areas with hi&h 

v=.r~ability of the catci1es (Stoly.n·en~:o, 1987i Stoly3Xenl~o, 

Ivr~11ov, 1Slf::7, 1:?2.5). 'l'hc S:JDSS C.z.il p::.·ovide the ex:;Jert b:!.olo.:;ists 

\':ith su~·vcy desi.::;n deal:.nti r:Hh a"ly po:..nible nur:lbcn• of trawl 
_L_ ... --,. (- ";')-'\'\ -l·- ... --·· ••. ~ ... ~ ,.,_ .. _~~ -"' ~-. 1""\"\ ~ ... _..;,.,. 
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:;ecrs). T!:~- C.csign is_ ba.!;;ed. en tv:o p::-inciples:_ ( 1) the density_ 

of t=a:.·;l station distributio:J. ::.~1 proportional to_ tb.~- s:u:!"Vey _ ~--: ... 

. •" :~ ..... ,· .. -.:.:.• •. ·":·.;·.··'· F ' 

i=porta."!.ce ftm.ction, i.e. ::.a."d.nu::J n~ber of tra::rls ;:ill be· 

i,nput i..>J._ e.re_e~ v~ith big~- ce.tces a..~d in 

va:>:ia.ble _ca~ches; e.nd (2) the staticz!s 

;a;_e_~s_: wit~ _big~!.-~.i~-::-;-=~ ~;~:::f~~~{i: 
v:ill be c!.ist::-ibuted. ·.'c~~-~:::~~-~:"-~: 

T!:e co::"cir..et:..c:J. of rcz:;..::.c:1 dis~~:ibt.::tion and using Or our 

ccnce:'lt:.:-ation of effOrts _i:. !:h~ ;;:ad p:·osp:cti.ng areas) is e..'l 

:e.:.V::.."1tagso!.!.S featare Of the 551::5~. 'i:'i;us, the I:.etho:i Of spl.i!J.e 

a;p:-c~:i::a.tion of stock ~er~£ity ca.-'1. be used i::oth fa= full scale 

s:..:.:::vcys (e•&• i:l rich :yea::-s, \":ith trz:::l Etatio:n nucber ca._> 100) 

Z.."ld :or rc..:.~ced su!'veys (:'o!' ::o::ito::-ing of s~ockLTJ. .p.:~or y-:e::-s; 

::.athod cs:;. ~e .=.pplied to Als.ska pollock so;ock surveys in the 

:::eri.."'!£; Sea. C.:inventional E":J.~·~ey de:::ib!'l t:.~ed \':idely up to date 

:..."1 the pollock Stock studies .iz 'based c:1 e'\"enly dis'trituted 

~r't>x:l statio!'ls. 7~-:e Ces.if;! s~c::~ to 'be too \'."a~~ea.!::le a."ld. does 

not et;;qun.te to theccr:-.puter level. 

(C~.:!lete ::-eport v:ill be pllblished in the .Proceedings 

of th~ s:l~:rpo:1iUJJ.) 
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Structure and Functioning of :tcbthyocoenosis 
of Rpipe1agio.l. of the Bering Sea 

Sobo1evukiy Y .:r. •• Y.R. Du1epovu.. and V.I. Radchenko 
TINRO~ Vladivostok, U.S.S.R. 

i'ho ourVt:ll'~:~o! the last j'OBI'B revonlot! the loedillS rolo 

or "::-Cls.[jial or open wntcrs in formin~ tbe Bering soa !ish pro­

ductivity. In fall conGi~ernble DELrer,etionn of !eedin~ ~oture 

r•ollock wero found in we.tera ot tho deep-water lladns forming 
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Harvest Leve1a :ror Bering Sea Pollock 

I.oh-Lee Low 
AlaskaFisheries ScienceCenter 
National Marine Fisheries Service 
Seattle. Washington 

ABSTRACT 

Concerns over the impacts of walleye pollock (Theraqra 
chalcoqramma) fisheries in the central Bering Sea on U.S. and 
U.S.S.R. stocks have prompted the u.s. and U.S.S.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.s.s.R. 
Bering Sea Fisheries Advisory Body, the scientists concluded that 
the pollock stocks in the Bering Sea have been very intensively 
harvested and suggested an appropriate harvest level for the 
resource. They concluded that an appropriate exploitation rate 
for pollock is 25% and that the allowable harvest level for the 
Bering Sea pollock resource should not exceed 2.63 million t for 
1990. The purpose of this paper is to discuss tho data and other 
technical basis that led to these conclusions. 

··-------·~------. 
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INTRODUCTION 

Pollock (Theragra chalcogramma) is the most abundant species 
harvested in the Bering Sea. Since the early 1960s, significant 
fisheries for pollock have taken place in the eas~ern and western 
Bering Sea, and the Aleutian Islands region. These areas have 
supported the traditional fisheries within the exclusive economic 
zones (EEZs) of the United States (U.S.) and the Union of Soviet 
Socialist Republics (U.S.S.R.). In the early 1980s, a new 

u 

fishery has developed in the central Bering Sea. This area which ~ 
lies outside the U.S. and U.S.S.R. EEZs is ~ommonly known as the U) 
"donut hole" area. -.l 

The polloclc fisheries in the donut hole area have been of 
great concern to the u.s. and U.S.S.R. because they intercept 
pollock stocks migrating through the area from the neighboring 
EEZe. The donut hole catches are now very large and tho 
fisheries are unregulated. Concerns over the impacts of these 
fisheries on U.S. and U.S.S.R. stocks have prompted the U.S. and 
U.S.S.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.S.S.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 resources. The purpose of this 
paper is to discuss the data and other technical basis that led 
to these conclusions. 

THE AREA AND FISHERIES 

The donut hole area is bounded by the outer limits of the 
U.S, and U.S.S.R. 200-mile EEZs (Fig. 1). It is located in the 
deep Aleutian Basin, an area of the Bering Sea having depths 
exceeding 1,000 m. The Basin has an area of approximately 
292,000 nm2 and is bisected by the U.S-Russia Convention Line 
established in 1867. Approximately 43% (126,000 nm2 ) of the 



Aleutian Basin lies in the U.S. EEZ and 38% (111,000 nm
1

) in the 
U.s.s.R. EEZ. The donut hole makes up the remaining 19% (55,000 
nm1 ) of the Basin. 

Figure 2 shows the major' areas of pollock fisheries in the 
Bering Sea. In the U.S. EEZ, fisheries 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.S.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.S.R. 
EEzs: 

Year Donut Hole U.S.S.R. EEZ U.S EEZ Total 

1980 15 - 958 973 
1981 - - 974 974 
1982 4 - 956 960 
1983 71 - 982 1,053 
1984 181 756 1,099 2,036 
1985 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 fishing areas of the u.s. EEZ (1.23 million t) and 
the U.S.S.R. EEZ (1.25 million t). 

BERING SEA ADVISORY BODY FINDINGS 

A scientific advisory body, known as the Bering Sea 
Fisheries Advisory Body (BSFAB) was formed by the U.s.-u.s.s.R. 
Intergovernmental Consultative Fisheries Committee to review the 
technical basis for regulations, including an appropriate harvest 
level (AlfL) 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 its 
corresponding AHL to be 2,632,500 t. 

APPROPRIATE RATE OF 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 stocl<s as follows 
(NPFMC 1989): 

1. \•/hen the condition of the stock is excellent (e.g. , 
when the biomass is far above Bmsyl• an exploitation 
rate corresponding to F.,.,. is used. 

2. 1>/hen the condition of the stock is good (e.g, when the 
biomass is near B.,8 y and stable or increasing), an 
exploitation rate corresponding to F,..y is used. 

3. When the condition of the stock is fair (e.g, when the 
biomass is near B.,ay and decreasing), an exploitation 
rate corresponding to the minimum of F, .. Y and F 0 •1 is 
used. 

4. When the condition of the stock is poor (e.g, when the 
biomass is far below B.,5 y), an exploitation rate 
sufficient to allow only for bycatch is used. 

The most optimistic instantaneous rate of fishing mortality, F.,. 11, 

is not applicable to pollock stocks in the EBS because the stock 
has not been in excellent condition. Therefore F.,.x has not been 
rigorously calculated. t-toreover, this high exploitation rate is 
generally known to be non-sustainable for exploited fish 
populations. 

The value of F111sy is dependent upon the spawner-recruit 
relationship. For the EBS pollock stock, wespestad (1909) 
calculated F,.,.)' by using a Ricker spawner-recruit model and two 
age-selectivity curves for pollock. Using a dome-s~a~ed 
solectivity curve F,..y ~ 0.77 (E = (F/(F+M) (1- e -tf•M)) .. 0.-14). 
A lower value (F.,,.y = 0.55, E = 0.37) was calculated using an 
asymptotic selectivity curve. 

Wespestad's (1989) estimates were later refined by Quinn et. al 
(1989), using essentially the same da·ta. Quinn et. al - -
determined that F.,9 y = 0.31 (E = 0.25). They alsOexplored 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 combination of threshold level 
and fishing mortality and found that a fishing mortality slightly 
above F••Y would keep the population above the threshold level. 
Therefore an exploitation rate of 25% should be a sustainable 
lang-tern goal. 

The value of F0.1 can be calculated to be either independent or 
dependent upon a spawner-recruit relationship. In the 
traditional Gulland and Boerema (1973) model, F0. 1 is 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, Wespestad (1989) calculated 
that F0 •1 "' 0.31 (E "' 0.25) for the EBS pollock stock. This rate 
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 Bmsy• but 
declining (Nespestad 1989). it is most appropriate to exploit 
this stock at a minimum of the Fmsy and F0 • 1 rate. Therefore, the 
most appropriate exploitation rate ( Fapp) for EBS pollock is 0.31 
(E•PP = 0.25). 

»owever, based upon the reasoning advanced by Thompson (1989), 
there is a question whether the 25% exploitation rate is 
sustainable for pollock stocks. He considered 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 sustainable exploitation rate lower than F.,.v may 
have to be considered for all stocks in general. 

STOCK STRUCTURE 

While quantitative 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). 
Pertinent extracts of the summary are paraphrased as follows" 

"Dr. Stepanenko described the knowledge of the stocks 
in Soviet watcrs ..•••. Tho two largest populations in 
the northern Pacific 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 is only one stock •••••• 

--·--·-·-·· ----~-----------:-----;:·· 
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Dr. Maeda discussed a paper on the pollock stock 
structure at the western side of Hokkaido ••••. 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 reasonable to 
assume there is one major stock in the eastern Bering 
Sea area, from a management point of view. In the 
western Bering Sea, the Olyutorskiy-Navarin area could 
be considered another major stock, and the Kommander 
Island 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 fish might represent part 
of this stock ••• " 

At the November 1989 bilateral meeting between the U.S and the 
U.S.S.R. (BSFAB 19B9), the 

"Soviet side believes that there are 2 pollock stocks 
in the Bering Sea, an Asian or western Bering Sea stock 
and an eastern Bering Sea stock. The pollock found in 
the central Bering Sea (referred to as the 'donut hole' 
by the U.S. side) are believed to be members of the 
western and eastern Bering Sea stocks that migrate 
through that area either to feed or to return to 
spawning grounds within an EEZ. The 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 
the U.S. EEZ that results in the apparent movement of 
pollock from west to east across the central Dering 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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Nhile 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 clear, the near 
absence 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. 

Hhen 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 of 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 
the 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 EnS, younger fish as young as 
age 2 are significantly represented in catches .. 

In the DSFAB (1989) report, the 

"U.S. side presented 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 occupies 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 in 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 soviet 
scientists have suggested that about two-thirds of the pollock 
located in the donut hole originate from U.S. 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 hole, and this fish was tagged off Siberia in Juno 
1973 and recovered 4 years later in July 1977. 

~nferences 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 juveniles 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 OF 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 area, the western Bering Sea area, and 
the Aleutian Basin area. 

Eastern Dering Sea 

The most detailed data for biomass estimation are from the EBS 
shelf and slope regions. 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 detailed 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 
the standardized bottom-trawl surveys and combined bottom-trawl 
and hydroacoustic surveys. The combined surveys have been 
repeated triennially. The combined surveys provide biomass 
estimates of both the demersal and pelagic components of the 
stock. The 1979 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 hav~ been 
employed to assess pollock. The traditional cohort analysis 
model (Pope 1972) as well as the newer catch-age (CAGEAN} model 
by Deriso ot al. (1905) havo been used. Cohort analysis and 
CAGEAN modols were "tuned" using auxiliary information basad on 
tho combined hydroacou.stic and bottom-trnwl survoys of EBS 
pollock from 1979, 1902, 1905 and 1900. 'l'he details of these 
analyses are given in Wespostad (1989). 

"' 0 
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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 !964 but then increased 
4-6 fold in the following 8-9 years. The cohort analysis 
estimated peak abundance in 1971 at 10.0 million t. Following 
this peak, the biomass declined to a low of 4.0 million t in the 
late 1970s. From 1979 to 1983 the biomass 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 1988. 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: 

~ 1979 1980 1981 1982 1983 1984 1985 1986 ~ 1988 

Biomass 4.01 4.01 ?.09 ?.?? ?.39 ?.28 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 0.13 0.15 0.13 0.14 0.15 0.15 

Aleutian Island Region 

Survey effort has not been as extensive in the Aleutian region 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 
include 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 
estimate of the current exploitable 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 1980 and 1989. These surveys 
detected large concentrations of spawning pollock during 
February. The estimated biomass was about 2.5 million t in 1988. 
Prel~minary results from the 1989 survey {Traynor 1990) indicates 
that the biomass had declined slightly to 2.1 million t. 
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l'lestern Bering Sea 

At the November 1989 U.S.-U.S.S.R. bilateral meeting (BSFAB 
1989), Soviet scientists 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. Not included is the biomass of pollock spawning in the 
region of the Komandorskiye Islands. 

Aleutian Basin 

Biomass levels reported for portions of the Aleutian Basin have 
been quite variable 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 southern portion of this area 
where very few pollock were found. That same survey found 2.5 
million t of pollock spawning in the vicinity of Bogoslof Island 
in 1988. In 1989 a cooperative U.S.-Japan trawl/acoustic survey 
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of the entire Aleutian Basin east of the U.S.-U.S.S.R. convention ~ 
line again found very few fish in the donut hole or anywhere C) 

outside of the Bogoslof Island area. Spawning was again ~ 
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 Aleutian Basin 
population using the cohort analysis procedure was performed by 
llorbowy and Janusz (1989). Their analysis produced an estimate 
of 12.0 million t for 1980 and suggest that the exploitation rate 
for Basin pollock was low (11.7%) in 1988. 

Another attempt at estimating the biomass and allowable catch for 
the Aleutian Dasin stock was performed by Mito (1989) using the 
prey-predator consumption approach. This analysis suggested that 
the total allowable catch from the entire Dering Sea could be 
4.09 million t (1.98 million t for the Aleutian Basin stock, 1.69 
million t for the EBS shelf steel<, and 0.42 million t for the 
western Bering sea shelf stock.) 

At the November 1989 U.S.-U.S.S.R. bilateral meeting, bOth U.S. 
and U.S.S.R. scientists concluded that there are substantial 
problems with the data and assumptions.with the Horbowy and 
Janusz (1989) and Mite (1989) analyses. These problems cannot be 
easily rectified as there are substantial gaps in our knowledge 
on the quantitative aspects of stock interactions. As such, the 
U.S and Soviet scientists could not accept the results presented 
by the two analyses. 



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.S.S.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 U.s.-u.s.s.R. bilateral meeting, the following Table was 
compiled to summarize the exploitable biomass (ages 3 and above) 
of pollock estimated in 1988 for the Bering Sea: 

YEAR/REGION Ex(lloit6ble 
Biomass {million t) 

Comments 

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 

' based on surveys 

Aleutians 0.6 Based on survey 

Bogoslof 2.5 Based on survey 

Entire Bering Sea 13.0 

Biomass Projections 

At the November 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 year. For example 
the'l988 eastern 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 Dogoslof Island between 1984 
and 1989. 

Probable causes of the decline in biomass and spawning 
potential are the absence of strong year-classes in the 

1980s as compared to the strong 1978 year class, and 
simultaneous 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.s. scientists had estimated .the 
exploitable pollock to be 8 million t from a cohort analysis 
modal. This estimate is in addition to the 2.5 million t 
spawning biomass at Bogos1of 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 bacause of unknown levels of 
recruitment, they show a decline for the EBS shelf stock as 
follows: 

YEAR 

1988 
1989 
1990 
1991 

ExPloitable biomass 
(million t) 

8.00 
7.03 
5.84 
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 exploitable 
biomass of 13 million tis projected to decline to about 10.53 
million t by 1990. 

APPROPRIATE HARVEST LEVEL 

The gist of BSFAB's determination of appropriate harvest 
level (AHL) is simple: 

AHL : E X B 

where E 
8 

appropriate rate of exploitation, and 
estimate of exploitable biomass 

The DSFAB {1989) report indicated that 

"the latest year when a complete set of estimated 
pollock biomass is available is 1988. A summary table 
above indicated that the exploitable biomass (ages 3 
and above) for pollock resources in the entire Bering 
.sea was about 13 million t. Assuming, at the present 
time, that a 25 percent exploitation rate is 

N 
0 
N 
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appropriate for the pollock resource, the harvest level 
wou~d 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 

Stock assessments by both sides further indicate that 
the abundance of pollock in the Bering Sea has been 
declining since 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. The level 
of pollock harvest in the central Bering 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 EEZs of 
the Baring 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 EEZs. The suggested level of harvest may range 
from no fishing to some regulated level of "minimum" 
fishing. 

The level of "minimum'' fishing for 1990 may be more 
appropriately determined by the Bering Sea Fisheries 
Advisory Body. Both the u.s. and USSR scientists. 
suggested that the "minimum" level of fishing may be 
allowed only if necessary biological information is 
gathered by a scientifically designed observer program 
for assessing the impact of such fishing on the status 
of the stocks in the Bering Sea." 

v 
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Table !.--Biomass of eastern Bering Sea walleye pollock 

Year 

1964 
1965 

1966 
1967 
1968 
1969 
1970 

1971 
1972 
1973 
1974 
1975 

1976 
1977 
1978 
1979 
1980 

1981 
1982 
1983 
1984 
1985 

1986 
1987 
1988 

Footnotes: 

(in million t) as estimated by various assessment 
methods, 1964-1988. Survey biomass estimates are 
expressed as means with two standard deviations. 

Tra•Nl 
Survey 

10.5" + 3.1 
1.5.,! 0.4 

2.5. + 0.6 
?.Be:!: 1.2 
6.1d.:!: 1.0 
4.64:!: 1.0 
9.4":!: 1.6 

s.o4 .:. 1.0 
5.24:!: 1.2 

11.6t :!: 2.6 

Cohort 
Analysis a 

1.8 
2.0 

2.9 
4.0 
6.4 
8.0 
9.0 

10.0 
9.9 
9.0 
6.4 
6.1 

5.4 
5.0 
4.4 
4.0 
4.0 

7.1 
7.8 
7.4 
7.3 
9.0 

8.4 
8.3 
8.0 

CAGEANb 

3.5 + 2.1 
3.0 + 1.6 

3.2 + 1.3 
3.6 + 1.1 
4.9 + 1.3 
6.0 + 1.4 
6.9 + 1.4 

7.2 + 1.3 
6.8 + 1.2 
6.0 + 1.0 
4.0 + 0.7 
3.8:; 0.7 

4.4 + 0.8 
4.4 + 0.9 
4.3 + 0.9 

.4.5 + 0.9 
5.0 :; 1.0 

9.3 + 1.9 
10.5 + 2.1 
!0.8 + 2.1 
10.3 + 1.9 
11.3 .! 2.0 

10.3 + 1.9 
9.4 + 1.8 
8.0 + 1.8 

Cohort analysis (Pope 1972): age 3 and older tuned to 
hydroacoustic-trawl survey estimates for 1979, 1982, 1985 
and 1988. 

b 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 slope 
bottom components. 

d Survey estimates are for shelf bottom component only. 
Survey estimates include shelf and slope bottom components. 
Survey estimates include midwater and shelf bottom components. 

Table 2.--Estimated biomass of pollock (in 1,000 t) in the 
eastern Bering Sea by age and total biomass 
estimated by cohort analysis. 

Age 

Year 2 3 4 5 6 7 8 9 "lbbU 

-----------------------------------------------------------------
1977 844 1,409 1,330 613 320 422 384 463 5,783 
1978 764 1,071 1,279 781 481 239 325 264 5,205 
1979 1,130 1,020 906 700 590 373 178 240 5,137 
1980 2,792 1, 531 797 490 422 378 267 121 6,797 
1981 888 4,031 1,481 499 380 279 255 168 7,980 
1982 830 1,338 4,359 982 433 294 196 169 8,&0 
1983 668 1,259 1,540 3,084 799 351 227 134 8,C62 
1984 2,139 999 1,454 1,125 2,683 584 265 167 9,417 
1985 540 3,246 1,160 1,045 930 2,074 394 178 9,$7 
1986 1,271 799 3,726 907 867 591 1,325 197 9,684 
1987 782 1,926 935 2,934 816 502 297 854 9,0<6 
1988 599 1,189 2,289 745 ·2,704 632 293 142 8,594 
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Table 3. Biomass estimates for the Aleutian Basin and donut hole. 

Area Year 

Aleutian 1977 
Basin 

Aleutian 1978 
Basin 

Aleutian 1979 
Basin 

Basin 1983 
within US 
EEZ 

Doughnut 1988 
hole 

Bogoslof 1988 
area 

Aleutian 1988-
Basin 89 
outside 
Bogoslo£ 

Season Methods Population Estimate 

summer midwater 
trawl 

summer midwater 
trawl 

summer midwater 
trawl 

2.7 million t 

5.4 million t 
0.8 million ta 

1.3 million t 

winter midwater 1.1 million t 
trawl/quant. 
echo sounder 

winter quant. echo- o-.1 million t 
integrator/ 
midwater trawl 

winter quant. echo- 2.5 million t 
integrator I 
midwater trawl 

winter quant. echo- very few fish 
integrator/ 
midwater trawl 

Bogoslof 1968- winter quant. echo- 2.1 million t 
area 89 integrator/ 

midwater trawl 

Doughnut 1987 August midwater 0.3 million t 
Hole trawl 

Doughnut 1987 
Hole 

U.S.S.R. 1986 
deep water 
zone 

U.S.S.R. 1987 
deep water 
zone 

U.S.S.R. 1987 
deep water 
zone 

Aleutian 1988 
Basin 

Aleutian 1988 
Basin 

October midwater 
trawl 

Autumn midwater 
trawl 

Sept. midwater 
trawl 

Oct. midwater 
trawl 

Annual Cohort 
Analysis 

Annual Consumption 
Model 

1.1 million t 

2.6 million t 

1.3 million t 

2.0 million t 

12.8 million t 

Source 

Sasaki 1989 

Sasaki 1989 

Sasaki 1989 

Sasaki 1989 

Traynor 
(Personal' 
comm.) 

Traynor 
( 1990) 

Traynor 
(1990) 

Traynor 
(1990) 

Bu1atov and 
Sobolevsky 
(1989) 

Bu1atov and 
Sobolevsky 
(1989) 

Bulatov and 
Sobolevsky 
(1989) 

Bulatov and 
Sobolevsky 
(1989) 

Bulatov and 
Sobolevsky 
(1989) 

Horbowy and 
Janusz (1989) 

Mite (1989) 

1~oth biomass estimates are based on the same midwater trawl catch data. 
The larger biomass is from Japanese analyses; the smaller biomass is from 
U.S. 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 biomass estimate of 9.1 million t in 
September, 1987 has been reported; but 
discovered when the results were reviewed, 
discounted. , 

the donut hole in August­
since many problems were 

this value has been largely 

' 



) 

Figure 1. 

Legend: 

Map of the Bering Sea shel-ling the 
Donut Hole Area within the Aleutian 
Basin that is deeper than 1,000 m. 

1 ~ area of the Basin within the U.S. 
exclusive economic zone (EEZ) 

2 donut hole area outside the u.s. 
and USSR EEZs 

3 area of the Basin within the USSR 
EEZ 

Figure 2. Map of the Bering Sea showing the 
major fishing grounds. 

Legend: 1 

2 
3 
4 

eastern Bering Sea continental 
shelf and slope 
Bogoslof Island and Aleutians 
Donut area 
westren Bering Sea continental 
shelf and slope 

207 

Figure 3. 

Legend: 

Generalized spawning grounds for walleye 
pollock in the Bering Sea. 

I Unimak grounds 
II Pribilof grounds 
III St. Mathews grounds· 
IV = Olyutorskiy-Navarin grounds 
V Korfa-Karagin grounds 
1 winter spawning 
2 spring spawning 

(Adapted from Bulatov (1989) p. 202 in Proceedings of the 
International Symposium on Biology and Management of 
Walleye Pollock, Alaska Sea Grant Report No. 89-1.) 

G:::l -' 
=-' ~-l 
t=J -'( 

,,s· 165" 

Figure 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 Proceedings 
of the International Symposium on Biology and Nanagement 
of Walleye Pollock, Alaska Sea Grant Report No. 89-1.) 
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. Figure 5. Synthesized surface circulation in 
the Bering Sea 

{Adapted from Mulligan et. al (1989) p. 486 in 
Proceedings of the International s~~posium on 
Biology and Management of \'lalleye Pollock. 
Alaska Sea Grant Report No. 89-1.) 

Assessment trends for eastern 
Bering Sea pollock,1979-1988. 
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Figure 6. Assessment trends for eastern Dering Sea pollock, 1979-1988. 



u u 0 u 

An EK.aJai.nation of Age Detendnati.on Structure 
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Accurate age determinations are essential to our 
understanding of the biology, and the development of reliable 
stock assessments of a species. Fin rays, otoliths and scales 
have all been used to estimate the age of walleye pollock 
(Theragra chalcogramma), Various investigators have rejected one 
or all of these structures for specific stocks, however a 
comprehensive comparison of ages produced from all of these 
structures has not been conducted. We examined all three 
structures from five stocks in tho Jlortheast Pacific Ocenn to 
determine, on a stock basis, which structure produced tha most 
consistent pattern of growth and the most obvious annuli. 

Introduction 

Walleye pollock (Theragra chalcogramma) is the most 
abundant fish species in the North Pacific Ocean. It ranges 
along the continental shelf from southern Oreg.on to the Gulf of 
Alaska, through the Bering Sea, throughout waters oft the Kurile 
Islands and Okhotsh Sea, to the southern Chukchi Sea (Dakkala et 
al. 1986). Pollock supports the largest single fishery in the 
world with recent catches averaging in excess of 6 million tonnes 
annually (Megrey 1989)• In the past year, the expansion of this 
fishery into international waters 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 (Ogata 1956; Beamish 1981; r~a Lanoe 
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 Lai and Gunderson (1987) and 
Tyler et al. (1909). Beamish and McFarlane (198J) outline the 
importance of validating an ageing technique. Although a mark­
recapture study is the only true means of validation (Beamish and 
McFarlane 198J), an alternative indirect means of assessing the 
usefulness of a structure is to compare several structures and 
techniques. In a study comparing age estimates of scales, fin 
rays and otoliths from pollock from one stock, Lai and Yeh (1986) 
found substantial differences in age estimates obtained using 
different structures. The purpose of this report is to present 
the results of our examination of fin rays, scales, otolith 
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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 five 
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 between January and March 1989. 
Scales, pectoral fins and paired sagitta otoliths were collected 
from each fish. Each fish was measured for fork length and sex 
was determined. All structures wore collected, processed and 
ages estimated according to the procedures outlined in Chilton 
and Beamish {1982). For otoliths, ages were estimated using both 
the su.rface and burnt cross sections. criteria for identifying 
nn annulus on each structure and/or method are presented in 
Beamish (1981) and Chilton and Beamish (1982). Examples of 
annuli 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 Bering Sea (Donut Hole). 

For the Strait of Georgia stock, the scale method 
produced the youngest estimated ages (Fig. 17A). Age estimates 
determtned using the other methods were similar. There was no 
significant difference (anova, P>0.05) in the growth curves 
produced using the fin-ray section ages or those produced using 
either of the otolith methods. The younger ages resulting from 
the scale method produced faster rates of growth (Fig. llA). For 
the northern Hecate Strait sample, age estimates using scales 
were younger (Fig. 128) and produced a slightly but not 
significantly faster growth rate (anova, P>0.05, F=6.39). 

In the Gulf of Alaska sample, there was no difference 
in the estimated age composition or growth rates of the fish 
using any of the methods (Fig. UC; 12C). No fish older than age 
6 were present in the sample. Fish from this area were smaller 
at age than those from other areas (Pig. 11C). 

The two samples from the Dering Sea (Aleutian area and 
Donut Hole) contained the oldest fish in this study. In the 
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Aleu~ian area the burnt otolith section method produced the 
oldest ages (Fig. 120} resulting in a slower rate (anova, PsO.OS; 
F=lll.~B) of growth than that resulting from using pectoral fin 
ray section ages or otolith surface ages {Fig. 110). In the 
Donut Hole area all four methods produced different age 
compositions {Fig. 12E). This resulted in significant 
differences (anova, P~O.OS; 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 section ages by 20 years (Fig. 16). The deviation 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 identified (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 easiest 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 irregular growth. 
Thus, there was no indication that scale growth was reduced or 
had shopped. In contrast, fin-ray sections from older fish had a 
wide translucent band on the edge (Fig. 70,100). Higher 
magnification showed that this band consisted of a number of 
annuli. Although the annuli could not be differentiated, it was 
clear that the number of visible annuli underestimated the actual 
age. Thus sections 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 
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fish ages, the otolith grows almost exclusively on the ventral 
surfaces (Fig. 7A,B; lOA,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; lOA,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 fin-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 otolith section consistently produced older age 
estimates. 

our study examined the same structures as Lai (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. La! 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 sections. 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 determination criteria to the· burnt 
otolith sections _of pollock as were applied to other species 
(i.e., sable fish, rockfish). The ol.der ages for these species 
have been shown to be correct (Bennett et al. 1982; Beamish 1979; 
Beamish et al. 198J; 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 otolith surface and section 
readings (reviewed in Beamish and McFarlane 1987) it was shown 
that otolith burnt sections do produce older age estimates than 
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otolith surface readings. 
unreasonable. 
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Thus an age of 28 yr may not be 

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 year-classes. If the "Donut Hole" sample can be 
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 requires that 
larger samples be collected 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 11-year-olds, 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 16-year-ald fish are still an 
important component of the papulation. We believe these examples 
serve to illustrate the importance of continuing to examine age 
determination methods, particularly where a misinterpretation of 
age composition information may lead to overharvesting. 
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Fig, 1. Five areas (•) where walleye pollock age 
structures were collected. 
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Structures used for age determination collected 
from a 40 em walleye pollock captured in the 
strait of Georgia: 
A. Burnt otolith section. 
B. Close-up of sulcus area of ventral side. 
c. Pectoral fin-ray section. 
o. Close-up of fin-ray section showing annuli 

J-a. 
E. Scale: DT=distal; DS=dorsal; SL=sulcus; 

PX=proximal; VT=ventral. 
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structures used for age deterroination collected 
from a 44 em walleye pollock captured in Hecate 
strait, 
A. Ournt otolith section. 
B. Close-up of sulcus area of ventral side. 

.c and o. Pectoral fin ray se~tion. 
E. scale. 
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Fig. 4. Structures used for age determination collected 
from a 52 em walleye pollock captured in Hecate 
Strait. 
A and B. Burnt otolith sections showing 14 

annuli. 
C and D. Pectoral fin ray section showing lJ 

annuli. 
E. Scale showing a annuli. 

Fig. 5. 
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Structures used for age determination collected 
from a 54 em walleye pollock captured in Hecate 
Strait. 
A and n. Burnt otolith section showing a annuli. 
c. Pectoral fin ray section showing 9 annuli. 
D. Scale showing 8 annuli. 
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Structures used for age determination collected 
from a 39 em walleye pollock captured in Shelikof 
Strait. 
A and B. Burnt otolith section. 
C and D. Pectoral fin ray section, 
E. scale. 
Note: All structures show 5 annuli. 
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Structures used for"age determination collected 
from a 49 em walleye pollock captured in the 
eastern Bering Sea (Aleutian area) • 
A and B. Burnt otolith section showing 17 annuli. 
C and D. Pectoral fin ray showing 8 annuli and a 

large area between nth annulus and the edge 
where annuli could not be identified. 

E. Scale showing 7 annuli. 
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Structures used for age determination collected 
from a 44 em walleye pollock captured in the 
international waters of the Bering Sea (Donut 
Hole). 
A and B. Burnt otolith section showing 5 annuli. 
c. Pectoral-fin ray section showing 4 annuli. 
o. scale showing 4 annuli. 
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Structures used for age determination collected 
· from a 50 em 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 collected 
from a 53 em walleye pollock captured in the 
international waters of the Bering Sea (Donut 
Hole). 
A and B. Burnt otolith section showing 28 annuli. 
C 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 eoa-unity 
Structure of Western Bering Sea Pelagic fishes 

u 

Hawraenko R.I ... P.A. Ba1yki.n. E.A. HaWRenko and E.R. Shaginyan 
Kamchatka Branch. TINRO. U.S.S.R. 

The main fishery fishes in the western Bering sea are pol­

lock(Tberagra chalcogramma), herring(Clupea pallasi), cod(Gadus 

macrocephalus), saffron cod(Eleginus gracilis), plaice(Pleuro­

nectidae), pink(Oncorhynhus gorbuscha), chum salmon(Oncorhynchus 

keta). The abun~ce and commercial harvest of pelagic fishes 

greatly exceed those of bottom fishes. In the 1980s, the total 

harvest of all species in this region increased 4-fold compared 

to the previous decade. 

There are carried out routine investigations in Karaginkii 

and Olutorskii bays over 50 years. Since 1958, trawl surveys 

were conducted and spawning herring stocks were estimated in 

relation to eggs deposited. Starting in 1970, the stocks o£ pol­

lock and capelin(Mallotus villosus socialis) were evaluated 

using both data on egg sampling and trawl surveys, and results 

o£ mathematical modelling. As a result, the information is avai­

lable concerning the absolutn 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 information 

on catches of herring, pollock, capelin and arctic smelt(Osmerus 

mordax) by research vessels covers 32 years. In recent 3-4 deca­

des, the community of pelagic fishes in the western Bering sea 

has shown considerable structural changes. There were establi­

shed three periods in the community development. In the 1950s­

early 1960s the most abundant cOmmunity species wan ropresontcd 

by herring. In 1953, the total herring number bas reached maximum 

<.) 0 ·'....) '..) 

constituting 3,5 million tons .• This result~d in shortage of 

food availability which was evident from biological herring 

condition. Actually, the gr-owth and sexual maturatin were sharp­

ly reduced in the population. In addition, the decrease was found 

in the fecundity and reproduction indices of herring, while 

their natural mortality markedly increased. By the late 1950s, 

herring numbers decreased up to 2,, mln tons because of too 

high density of fish, and by the mid-1960s they were equal to 

0,8 mln tons resulted from the increased natural mortality. The 

number of other p~lagic 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 mln tons 

(maximum). In the mid-60s, the "herring" period has been comple­

ted. The new period in the development of the pelagic community 

lasted approximately till 197'· No prevalent pelagic species was 

found at thnt period of time. The community structure tended to 

change rapidly~· In 1968-70, when the abundance of herring and 

pollock was close to minimum level, the number of capelin abrupt­

ly increased. 

The latter were greatest in numbers for some period of time. 

Howeve;t-, in 1971 there appeared a i'nirly abundant herring genera­

tion which caused, as a consequence, the prevalence of herring 

among pelagic fishes. By the end of the period, herring and pol­

lock were equal in their numbers, while biomass of the latter was 

2 times more than of the former. The means for numbers o£ pela­

gic fishes in the 2-nd :Period were the following: 'L~Q ths tone 

for herring, 1 mln tons for pollock, 130 ths tons f'or capelin 

and 40 ths tons for arctic smelt. 

The poriod in conuounity development :::;turtcd ill tho mid-1970s 

and lasted till now, is characterised ns "pollock" one. The num-
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ber of this species progressively increased and reached 3,5 

mln tons by the early-1980s. Afterwards, the abundance was 

found to decrease. On the whole, over recent 15 years, the 

pollock biomass accounted f~r more than 85% of the total num­

ber of alJ. four pelagic fishes. The number of herring, capelin 

and arctic smelt were stabilised at historical minimum level 

in the 11pollock" period, 290,50 and 20 thousand tons, respecti­

vely. A more detailed analysis of causes and some regulavities 

of variations in the collllli.unity structure was undertaken using 

many ;years info~tion on distribution of fishes during a year, 

their diets and food availability, and bydrometeorogicnl coridi­

tions of their habitat. 

The common wintering areas are obacrvod for cnpclin and 

pollock (about 66% of their total abundance), and for herring 

and pollock (over 65% of the total abundance). First two species 

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 speci~s 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 characterized by the highest intercep­

tion of pelagic fishes: over 54% of the total number of herring 

and pollock, 68% of smelt and co.pelin, about bali' of herring 

and pollock numbers. Pollock and capClin are found to coexist 

in summer period. 

The principal food items of herring, capelin and small pol­

lock are crustaceans. In summer they are assumed to eat copepoda 

in other seasons eupbasiids. Pollock with the length of more 

than 50 em 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

terua). The proportion of pollock juveniles in the food of arc­

tic smelt is lower. The degree of food similarity for herring, 

small pollock and capelin fairly high. Usually, all of the.m 

consume more abundant, available and suitable in sizes zooplank­

ton organisms. 

The composition and biomass of zooplankt_on in the western 

Bering sea varied considerably over the study period. In the 

1950s-early 1960s, i.e. in the first period of community deve­

lopment, the biomass of mezoplankton was highest. Further, in 

the second period, there occurred two-fOld decrease in its bio­

maso, followed by largo increase in the third period. 

It is significant that the index of food availability to 

plankton-eaters (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 - Q,22i in 1966-

1973 - 6,32; in 1974-1987 - 6,15. 

Thus, specific distribution and diet of three most numerous 

species 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 botween 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 con~unity may result also from hydro­

logical conditions changed. In fact, according to a number of 

such factors, "herring" period os entirely different from 11pol­

lock11 one. The former is characterized by low water temperature 

in spring·and summer months and maximum ice cover in winter, 

relatively mild winter (air temperature) and cool summer. In 

"pollock11 pez:iod the hydrometeorological conditions have chan­

ged. 
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Distribution .. Abundance. Length eo.position and PotCntia1 
Yi.e1d of Pacific Cod in the Gulf of Anadyrakiy .. and 
Waters off Cape Havarin and Cape Ol.yutorskiy 

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 eta!., 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 Information concerning Pacific cod has been generally 
scarce. In the eastern Bering Sea, a large-scale groundfish 
survey was conducted using bottom trawl nets in 1979 for the 
first time under the U.S, -Japan cooperative survey program, 
Similar surveys were Implemented In !981, 1982, 1985 and 
1968 In the eastern Bering Sea, and In 1960, 1963, 1986 in 
the Aleutian Islands region, Further, a large-scale ground­
fish survey, using bottom longline nets, was initiated in 
the Aleutian Islands region in 1979 under the Japan-U.S. 
cooperative survey program, and this was also conducted in 
the eastern Bering Sea from 1982. These surveys have ena­
bled systematic accumulation of biological Information on 
various groundfishes Including Pacific cod, 

On the other hand, there Is no comprehensive report on 
Pacific cod stocks In the western Bering Sea, other than the 
one by Moiseev (1953). In the Gulf of AnadyrskiY and waters 
off Cape Navarln, bottom trawl 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 (Yoshida and Kltano, 1972) and 1972 (Kanamaru, 1972) In 
order to obtain Information on groundflshes Including Pacif­
Ic cod, However, virtuallY no Information was made avail­
able concerning 1977 and thereafter, when U.S, S. R. intro­
duced the 200 miles zone, Based on the agreement reached at 
the 5th Japan-U.S, S, R. Fishery Commission In 1988, the first 
Japan-U.S.S.R. Joint groundfish survey using bottom Jonollne 
nets was conducted in the U.S.s.R. 200 miles zone In the 
nor\hwestern Bering Sea in January and February 1989 {Sasaki 
and Fuji J. 1989}. Later the second joint longJ!ne survey 
was conducted In more or Jess the same area In October 1969. 
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 distribution, abundance. length composition 
and potential yield of Pacific cod based on available data, 
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Materials used 

I. Trawl 

Bottom fish survey materials by ~ ~ In 1969, as 
reported by Wakabayashi (1972), were used. This survey was 
conducted In the Gulf of Anadyrskly and the continental 
slope at the depth of 150-500 m east of 172'E (Figs I m:t 
2}. The survey In the Gulf of Anadyrskly was conducted 
between July 21 and 29. that in the continental slope be 
tween July 30 and August 26, and that in area off Cape 
Navarin between July 30 and August 7. 

2. long!Jne survey 

The results of Japan-U.S, S. R. Joint lqngllne survey by 
Fukuyoshl !!E!..!:.!:! ~ in January-February 1989, as reported 
by Sasaki and Fujii (1989), and the results of a similar 
survey (unpublished) by~ !!!1!L..!d N.2.:....ru! In October 1989 
were used. The survey by Fukuyoshl ~ No. 26 was conducted 
in the area off and around Cape Navarin and Cape Olyutorskiy 
between January 24 and February 9 (Fig. 3}. and that by 
Ebisu maru No. B8 was conducted In the Gulf of Anadyrskiy and 
the areaQff Cape Navarin (Fig. 4). 

The survey was programmed so that its results could be 
directly compared with those obtained from the Japan-U.S. 
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 tho one established In the 

~ Japan-U, S. survey was adopted. The structure of one hachl 
of longJJne 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 lines of 1.2 m long spaced 2m. A fish­
ing hook was tied at the tip of each hooked line. Pacific 
cod hook No. 18 was used and squid, cut In the form of ring 
or vertically, was used as bait. 

Distribution and Abundance 

According to the results of the trawl survey In 1969, 
the abundance of Pacific cod In the Gulf of Anadyrskly was 
high at the Inner part and the mouth of the bay and loW in 
the central part (Fig. 5). The water temperature in the 
bottom layer was within the range of :1.9 degrees centigrade 
and t2. 6 degrees of centigrade, and water temperature of 
below 0 degree was distributed In the innermost part and 
eastern part of the bay (Fig, 6). The abundance of Pacific 
cod was high even in the water temperature zone of zero 
degree centigrade or lower, but no distribution was observed 
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in the water temperature zone of -1 degree centigrade or 
lower. In the continental slope area, the highest abundance 
was observed at the middle point of C-ape Navarin and Cape 
Rubicon {Fig. 7). The abundance of Pacific cod decreased 
sharply In the 300m dept layer, and no distribution was 
observed in the 400 m depth layer. 

According to the longllne survey results in January­
February 1989, the abundance of Pacific cod was high in the 
area around Cape Olyutorskiy for both the number of fish and 
weight, as compared with Navarin-Oiyutorskly 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 Cape Olyutorskiy. 
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 Otyutorskiy (L-1) (Table 1: 
fig. 8). Here more or less the same abundance of fish 
schools were found distributed within the depth layers from 
100m to .400 m, and the range of abundance was 25.83-29.27 
fishes (109.5-132.0 kg)/hachi. 

In the survey conducted In October 1989, the abundance 
of Pacific cod was the highest In the 100-200 m depth layer 
off Cape Navarln both In terms of the number of fish and 
weight, and no distribution was observed in the waters of 
.400 m or deeper (Table 2). The abundance In the area of 100 
m or shallower, which mainly distributed In the Gulf of Ana­
dyrskly, was 6,75 fish (27.7 ko)/hachl. 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 layer 
distributed 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 highest 
abundance was 19.58 fish (108. I 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 Navarln 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)/hachl. fairly higher than 3.32 fish 
(II. 2 kg)/hachl In October. This was deemed due to the 
difference in the manner of Pacific cod distribution in the 
spawning and feeding periods. 

Comparing the abundance ~f Pacific cod in the Ana-

dyrskly-Navarin area In October 1989 with the results ob­
tained from the Japan-U.S. cooperative longline survey 
conducted In the summer of 1988 in the eastern Bering Sea. 
the 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)/hachl In the Anadyrskly-Navarin area, In 
other words, the abundance of Pacific cod in the 
Anadyrskly-Navarin area was lower than that in eastern 
Bering Sea in terms of the number of fish but, in terms of 
weight, was at more or less the same !eve.! 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 
(11. 2 kg) /hachi in the Anadyrskiy-Navarin area, a level 
considerably lower than 7. 59-11.93 fish (24. t\-.43, 2 kg)/hachl 
in the eastern Bering Sea. In the Anadyrskiy-Navarin area, 
Pacific cads were not distributed in the 400 m depth layer 
or deeper. 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 fish (86. 6 kg) .observed in the 100-
200 m depth layer in waters around Cape Olyutorskly in 
January-February 1989 was at such a high level that had been 
observed rarely in the summer survey in the eastern Bering 
Sea. 

Length Composition 

The length compositions of Pacific cod caught In the 
1969 trawl survey differed entirely in the Gulf of Ana­
dyrskly and the continental slope outside tho bay (Fig. 10) . 
In the Gulf of Anadyrskly, pollock of wide-ranging size from 
12 em to 98 em were caught, but most of them were juveniles 
of .40 em and smaller, with the modes of 28-30 em. It was 
assumed from this that the Gulf of Anadyrskiy plays an 
important role as the nursery ground fa~ juvenile Pacific 
cod living in the northwestern Bering Sea. On the other 
hand, on the continental slope outside the bay, the modes 
were 58-62 em, and the average body length was 61 . .4 em. 

The length composition of Pacific cod caught In the January­
February period in 1989 stayed within the range of 32 em to 
106 em, with the modes of 62-6.4 em and the average size of 
62.5 em (flo. II). Further, the average weight per fish was 
3, 40 kg, By sex, the proportion of large female Individuals 
was higher than Iaroe male individuals. and the avera~e slze 
of females was 63.2 em as compared with 61.5 em of males. 
By water depth, no conspicuous tendency was observed (Fig, 
12). Tl1e average lenotl1 In the 100-200 m depth layer was 
63.6 em and somewhat larger tl1an those In other depth lay-
ers. But tho modes stayed at a relatively small range of 
58-60 em. By area, the length composition In the area 
around Capo Olyutorskiy showed larger percentage of larue 
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fish than the Navarln-Oiyutorskly area. The average length 
was 64.7 em In waters around Cape Olyutorskiy and 61.6 em in 
the Navarin-Olyutorskly area {fig, 13). This difference was 
also observed in average weight. The average weight of 
Pacific cod in waters around Cape Olyutorskiy was 3.81 kg, 
considerably heavier than 3. 24 kg in the Navarin-Olyutorskly 
area. 

In the survey conducted in October \989, the length 
composition of Pacific cod stayed within the range of 34 em 
to 108 em, with the modes and average length standing at 
66-68 em and 69.1 em, respectively (fig. 11). The average 
weight was 4, 54 kg, The proportion of large fish obviously 
increased by a large margin, when compared with the results 
obtained in the survey In January-February 1989. By depth 
layer, the average length In the area of 100m or shallower 
in the Gulf of Anadyrskly and 200-300 m depth layer outside 
the bay were 64. I em and 64.4 em, respectively. The compo­
sition in the medium 100-200 m depth layer was mostly occu­
pied by large fish above 60 em having tlleir modes at 70-72 
em. The average length was 73.4 em (Fig, 14) and the 
average weight was 5.22 kg, When compared witll tl1e average 
length In the 100-200 m depth layer in January-february 
1989, the average length in the 100-200 m depth layer in 
October was larger by about 10 em. 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 outside 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 em or smaller could be found, indicating 
their length composition was completely different from that 
of Pacific cod caught In the trawl surveys in 1969. This 
was because of the fact that longline gear tends to catch 
large Pacific cads selectively, as was also observed in the 
longllne surveys in the eastern Oaring Sea, and does not 
mean that there was no distribution of juvenile Pacific 
cads. 

Comparing the length compositions of Pacific cod In the 
two'areas of northwestern Bering Sea (U.S.S.R. waters) and 
the eastern Bering Sea (U.S. waters) In a way of areas 
combined (Fig.\1}. the composition in the northwestern 
Bering Sea in January-February \989 showed slightly larger 
percentage of small fish as compared with the composition in 
the summer In the eastern Bering Sea, and, in terms of 
average length and weight, that In the northwestern Bering 
Sea were 62.5 em and 3. 40 kg, and that in the eastern Bering 
Sea were 64.7 em and 3. 71 kg, respectively. The composition 
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in the northwestern Bering Sea in October 1989 differed from 
that in January-February 1989, showing larger percentage of 
large fish as compared with tl1e eastern Bering Sea. 

Potential Yield 

Based on the bottom tr•wl survey In 1969, Wakabayashi 
(personal communication) estimated the biomass of Pacific 

cod in the Gulf of Anadyrskiy and the Navarin-Olyutorskly 
area as shown In Fig. IS at 180, 126 t. Of the total, 80,885 
t accounted for the Gulf of Anadyrskiy and 99,241 t for 
Navarln-Oiyutorskiy. As these estimates do not include part 
of the Gulf of Anadyrskiy and areas of 100m or shallower 
outside the bay, the biomass of Pacific cod In the entire 
area is est imatod to be 200,000 t or more, 

It has not been possible in recent years to directly 
estimate biomass due to the absence of trawl survey data. 
Therefore, Pacific cod stock size in the Gulf of Anadyrskiy 
and Cape Navarin area, as shown in Fig, 16, was here esti­
mated on a Provisional basis using longllne survey data of 
October 1989. Only relative abundance could be obtained 
from lanoline survey, other information is needed to esti­
mate stock size. In the eastern Bering Sea and Aleutian 
Islands region, Japan-U.S, cooperative trawl surveys and 
longline surveys have been conducted. Concerning the same 
year, the same area and the same depth layer, estimates of 
population density per space (kg/ha) were obtained from 
trawl surveys, and estimates of relative stock abundance 
(kg/hachl) were obtained from longllne surveys {Bakkala et 
al., 1985; Ronholt et al,, 1986: Sasaki, 1980: Sasaki et 
al., 1983: Sasaki and Fukulo, 1987: Walters et al .. 1986), 
On the basis of the relations of these data, It is possible 
to convert into biomass tl1e relative stock abundance of 
Pacific cod in the Anadyrskly-Navarin area obtained from 
longllne surveys In October 1989. Table 4 summarizes stock 
abundance estimates by trawl surveys and relative stock 
abundance estimates, which have been reported to date, In 
the lanoline survey reports for fiscal 1980 and 1982, only 
the number of fish caught per hachl was reported as relative 
abundance. The weight of fish caught per hachi, shown in 
Table~. 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 long! inc 
surveys and trawl surveys for f isc:al 1988 have not been 
pub I i shed. Out as draft texts of those reports have been 
completed, citations were made from them. The relations 
between stock abundance and relative stock abundance was the 
linear relations, as shown in fig. 17, except 100-200 m 
depth layer of area 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 applying 
regression line. 

Y = 0. 52 . X 

Here Y is the stock abundance estimate by trawl survey 
(kg/hal. 

X is the relative stock abundance estimate by longline 
survey (kg/hachi). 

By using this relation, it is possible to convert any 
estimates concerning relative .stock abundance of Pacific cod 
obtained from long! ine 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 using 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 longllne, but. as mentioned previously, 
even when operation is targeted at the same fish school, 
trawl nets tended to take smaller fish and longllne tended 
to catch larger ones, as their fishing selectivity toward 
fish length differed. Therefore, the relations between 
stock abundance by trawl surveys and relative stock abun­
dance by longllne surveys are considered 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 potential yield, but necessary 
biological parameters have not been made available concern­
Ing Pacific cod stock In the Anadyrskiy-Navarin area. 
Concerning the Pacific cod stock in the eastern Berino Sea 
and the Aleutian Islands region, Thompson (1989) conducted 
far-reaching population analysis. The results indicated 
that allowable biological catch (ABC) differs according to 
e~ploitation strategy, and the rate of ABC vis-a-vis biomass 
(exploitation rate} was within a range of \9,1\" and 46. 4". 
Population analysis of Pacific cod in the eastern Bering Sea 
was also conducted by Teshlma {1987), and optimum exploita­
tion rate of Pacific cod was estimated at 29". 

Biological parameter of Pacific cod stock In the north­
western Bering Sea could differ from that of the eastern 
Bering Sea stock, but preliminary exploitation rate could be 
obtained 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.S.S.R. fishing is not well 
known, fishing intensity on Pacific cod arc assumed to be 
relatively low judging from length composition. It is 
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 about 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 bio­
mass, potential yield of Pacific cod in the Anadyrskly­
Navarin area is assumed at 69,100 tons on a preliminary 
basis. 

The results of trawl surveys conducted by Hokkaido 
National Fisheries Research Institute from 1970 to t972 
(Kanamaru, 1973: Yoshida, 1971: Yoshida and Kitano, 1972) 
and the results of the Japan-U.S.S.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.:rdKaTIYXbrskiye lslarrl 
Further, Moiseev (1953) reported that Pacific cod abundance 
Is extremely high throughout western Bering Sea. It Is 
assumed from this Information that potential yield of Pacif­
Ic cod stock in the western Berino Sea is considerably 
large. Effective utilization of these stocks will be pro­
moted In the days ahead. It will be desirable to exploit 
Pacific cod stocks not by means of trawlers but by long! inc 
vessels because longline fishing is a passive operation 
which does not allow voluminous catch and catch 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 ~ecause, in 
winter time, operable waters arc 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. S, R. long! ine sur­
vP.ys conducted in \989 was not sufficient as compared with 
the Japan-U.S. cooper at lve long! ine 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 and widen survey areas to the eastern Kamchatka 
coast and obtain comprehensive information such as distribu­
tion, abundance and length composition of Pacific cod in the 
areas from the western Bering Sea to Kamchatka coast. 
Further, it is essential to monitor annual changes In stock 
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abundance, length composition and recruitment. 

Potential yield of Pacific cod in the Anadyrskiy-Nava­
rln 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. It 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 1. Sampling stations in the Gulf of 
Anadyrskiy used during the Japanese 
trawl survey by 'taka ~ in J'uly 
of 1969 (Nakabayashi, 1972). 

' _.:----'\ . ' 'I 
v:'C.)\:\!/ '>-'--·.vI ~/.-~' \--:_ ' ' / 1 

). ... -:;v \ ,.·- '·-·1,..-;;. • \ / ""'''' '···· '/ ,, 
-"'_;, 'V" , '"• /':/'/ , ..... ,_. ··-xl .. 

,!X / • .. ··,e .... ,.c .. ,., 
'./' ~ . '/ ···-·-t·-f.>/·. 

., 
---···­••••••••••• 1oo~ -·-·-·-1•••-

"I// 

i(-/. , 0 

... 
"/,L/ /..,__, ., ""-.'I 
" "'"'"")(\.~:::N \ ... 

. ">;:~~~<-... 
1111 '" Ulw '" 
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Figure 3. survey area and sampling stations in the northwestern Bering Sea 
used during the Japan-u.s.s.R. joint longline survey by Fukuyoshi 
~No. 26 in January to February of 1989 (Sasaki and Fujii, 1989), 
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Figure 9. CPUE of Pacific cod (kg/hachi) by s~mpling station in tho Anadyrskiy and Navurin 
area c~ught during the Japan-U.S.S.R. joint longline survey by Ebisu maru No. 88 
in October of 1989. --- --- ----
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Figure 10. Size composition of Pacific cod in the Gulf of Anadyrskiy and 
the continental slope area off Cape Navarin caught during the 
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Figure 15. Area applied to estimate biomass of Pacific cod based on 
results of trawl survey by Yoko maru in the Gulf of 
Anadyrskiy and continental slope area off Cape Navarin 
in July and August of 1969. 
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Figure 17. Relationship between estimated population density and relative 
abundance of Pacific cod obtained in the ccmpar~ble survey 
stratum from the 0.5.-Japan joint trawl surveys and the Japan­
u.s. joint longline surveys in the eastern Bering Sea and 
Aleutian Islands region. 
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Table I. Catch per emil of effort o( racific cod by depth at snn·er stalion dcau~bl dttrin~ the Japan·U.S.S.~. joint !ott, line 
survey bY Fuknxoshi !!!!! Nu. 2G in Uu:: northwestern 6crin~ Sea in Jauuarr to February or 1~69. 

Depth Navarin-Diyntnrs~ii /orca C~!£....QJ.t!Jl..t!!.~.!! i i Area ____ 
(•) . L-J L-< L-5 r.-& L-7 J.-8 L-0 L·IO Avcra~:c L-1 L-2 L· II J.-12 Avcrat.e 

Caldl in number I har.hi_ 
JOIJ- 200 Z!i.SJ JL55 2(1.]!1 
200- JOO JJ.Ii7 16.87 0.10 11.n 7.10 I 1.25 28.-H 10. DO 7 .J9 JS.zu 
300- <DO 8.~11 J.2J 17 .Gil 9.M 29.27 0.~0 LJJ 10.27 
100- 500 5.07 5.07 16.25 0.00 0.13 5 .Hi 
5110- GOO 0.110 0 .DO 1:1.00 0.00 1!.00 11.00 
500- ?DO 0.00 0.00 0.00 0.00 0.00 0.00 
700- 800 0.00 0.00 0.00 o. no 
800- '" 0.00 0.00 0.00 0.00 0.00 
900-1,000 0.00 0, 00 

t.ODO-l,ICO a.oo 0.00 

Catr.h in vei&ht (ks~ ! h;~.r.hi 

I DO- 200 132.0 H.2 116.6 
200- JOO 311.0 56.~ 1.~ 71.0 21.5 3/U 118.6 27.~ 31.2 GO.! 
JOO- <00 23.2 ~.6 52.2 28.3 ID9.S 1.7 2. 7 Jlt.n 
100- 500 12.8 12.8 5J.O 0.0 o.' 17.7 
SOD- 000 0.0 u.o 0.0 o.o 0.0 o.o 
600- 700 0.0 0.0 0.0 0.0 n.o n. o 
700- 800 0.0 u.o 0.0 0.0 
800- 000 0.0 o.o 0.0 0.0 0.0 
900-1. DOD n.o 0.0 

1.000-1.100 n.o 0.0 

Table 2. Catcl'l per unit or errorl or hcHic cod by depth al survey stilt ion chau&ht durin~ the J~pan-U.S.S.i:. joint lont11ne survr.y lly t:lli~~ 

!i!.!.!! ~Q.:....M! in the Cu\C of Anadyrskiy and the w~ters orr ~pc Nal.":~rin in October of 1999. 

Uertll 

(•I 
L-1 L-2 L-J l-1 L·S L-G H L-8 l-9 l-ID L·ll L-12 L-IJ L-H L-IS L·IG L-11 L-18 l-19 AVera~ 

9.tch in n111ber I hachi 
· so-1oo o.t8 a. 12 8.J6 s.o1 9.51 5.9-t 1o.1s 
100-200 1.7J 5.55 5.80 8.59 5.J8 19.58 
200-300 G,jj.J 0.00 

JOIHOO 
<00·500 

500-500 

r.oo-6\JD 

C.Hch in 11eisht Cks) 1 hath\ 

50·100 0.9 30.6 J1A 17.8 10.5 21.1 H.1 

1no-2oo 26.J J0.4 21.1 10.3 zg.z 108.1 

'l00-300 22.1 0.0 
300-400 

400-500 
500-GOD 

r.oo-aoo 

\00-300 

1.51 11.66 

0.00 

6.3 51.1 

7.62 

75 
7.811 

3.J2 

0.00 

25.7 

1\.1 

11.2 

n.o o.o 

J1. 0 J1.U 
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Present State of' SU.On in the Hortheastern 
~chatka and their COIIIIII.ercia1 Fisheries 

Grachyov L.E. 
Kamchatka Branch. TINR0.2 U.S.S.R. 

u 

A &rcat proportion of the Pacific salmon catches by the 

USSH is cocposed of s~lmon stocks reproduced in the rivers that 

fall into the western Bering sea. Over the last decades about 

half of the Kamchatka total salmon catch wo.s taken there. The 

contribution of each salmon species to the commercial harvest 

~d Cynar~cs of the latter are reprer.ented in Tabl.1. As seen 

fz-om above, pink and chum salmon provided the most share of the 

cutch, therefore studying their biology and population.dynamica. 

is cf &r~at ~portance. 

J,\'<;rar,o proportion of so.lu.on by cpeciea in 
cc.u.merciul catches (~~) captured in the north­

eastern Bering sea 

Y£-ars Pink ; Chum :Sockeye;Chinook 

even years 80,5 19,2 o,} + 
1950-1969 odd years 91,0 8,8 0,2 + 

even years 88,8 7,3 + },9 
1970-1979 odd years 94,1 4,} + 1,6 

1980-1989 
even years 56,0 40,1 2,} 1,6 

odd years 81,5 16,7 1,1 0,7 

note; + - less than 0,1% 

Tabl.1 

Coho 

+ 
+ 

+ 
+ 

+ 
+ 

To estimate the present state of salmon stocks and forecast­

the sal~on returns and commercial catches, the following complex 

cf information is used: 

1. Since 1957, in all bodies of water of the region tbore 

u u l_) u u 

wa~ carried out aerial surveying of spawners. This included. the; 

nm:;.ber and density of spawners on the spawning t;rounds,. and the 

distribution of' spawners by· species and races at the spawning 

gr;:-..:=-C..S c:: ~::-e~.;!!t types (river, spring and !alee). Since the 

cbs~e~a~icns o.ere made by the same researcher over the study pe~ 

:::-:!.:-.!, t~e !.!!C.ivid.ual error was constant. Data obtained make it 

; :.:. .:.:.·::~ ::.:: ;:::-e::ict the num"'Jer of prot;eny in advance of nearly 

::;•v :lG<=.!'5. 

2. Statistical inforoa·tion on species compositiOn of the 

ca~=~cs Y.es collected from nll fishery facilities to by groups 

~~ ~~e =~vers fished. The dynamics of harvest is analyzed by sub­

:-es:!.c~s e:s well as by the region as a whole. 

3. :::..::sta.tistical informati':ln on salmon spawners was collec­

-;.;::. e=.::!:: year from the rivers Haylula, K~aga, Kichiga(Karagins­

~::1.;:;- b=.,.~), Avjava.yam (Korf bay), Apuk.a (Olutorskiy bay) and also 

:.·=.::::. i'i:::h processing cntcrpr.izcs. 

~. To assess the numbe~ of youn~ pink and chum miGrated 

.:.:~·:::s::::-e =..= 1:>;:,- st:nndard methods, the research stations were estab­

::..:.s:!cC. i:"J t!H! above-mention~d rivers. Some number of mit;ranta 

c~~t~ed was analyzed to esti~ate their morphophysiological con­

C..:..'!;:ion (size, \o:-eie;!:lt, presence of n residue of yolk sac, stomach 

c~~~=~~s, etc.). 

~- ~ince 1975, the environmental conditions and abundance of 

~on~tal areas of Y.orfo-Kuraginsk bQy have 

~·f·i:·n ~;. •.... . , thu m«::thotl.:J lH!!J been developed to fore-

c~~t t~e return5 of Karazinsk pink stock in advanc~ of 11 months. 

The ~~jor i~itiul parametres included the number of parents, the 

catch of juveniles per effort, water tet!pero.ture und condition 

of food Uase in the yearly merino life. 

6 • .Since 1983 1 the routino trawl surveys havo been ntado of 

u 

"' w 
1.0 



young salmon outmigrants in the western Bering sea in September­

October. The works are under experiment, however, in som~ years 

they allowed tO reduce the forecast error of pink return by 5-10%. 

7. Forecasting of ti.Jting of commercial pillk return and dy­

~acics of fishing bas been initiated since 1983 to promote timely . 

i~vol,~ns of processing fleet into commercial fishery. 

:Se[;inin[; in 1986, forecasts of time of pink return (error 

doesn't.exceed 2 days) are produced ~n advance of more than 15 

days. T~ing of rise and decline of pink return is predicted in 

advance cf 5-? days. 

T~:r..lS, the state of pink and chum salmon stocks in northeas­

tern K~chatka and dynamics of their harvest is almost fully cont­

::clled. 

It is known that salmon stocks of northeastern Kamchatka co-

astal waters are exploited mainly by the USSR and Japanese f'ishe­

ries. Yllar-to-year correlation between catches by these countries 

was var:.able. Prior to '1943, harvests by Japanese fisbermen(insbo­

~e catchinB) were more than 1 112-2 times those by the USSR. From 

1944 through 1957 there was observe~ only Soviet fishery. The ac­

~ivation of Jn~anese high seas fishery resulted in the considerab­

le declir.e of catches taken by the USSR by 19/7, due to the great 

decrease in the m.u:::ber of salmon returning to the coast. With high 

s.:.as fishery rcstrictionn, salmon stocks began restoring. Changes 

of the !ishinB area and fishery intensity of Enlmon stocks caused­

changes in their population structure and dynamics. However, the 

analysis of fishery statistics and biostatistical information 

u,altes it possible to reveal some characteristics 

of pink and chum abundllnce in the study area. 

of variations 

J.:oximum catches of odd-year pink e;eneratj ons were observed 

in 193?, 1957 and 1981, minimum catches in 19C:?, 1947 and 19?}. 

~~~, ~~ recent time there was observed a long-term cyclicity 

~~ C..:.mges in the abundance of odd-year broods which was 

clcze tc 22 years. The latter allovred while preliminary forecas­

tinr:; c: -;;;e .=·::.turn strcnc;th to uoe two equations (similar to 

Hicker's model) of correlations between parents and progeny. We' 

have e~ed the periods of rize and decline of pi1:k: salmon num­

bers se;,e:!"e.tely. Ai'ter maximum in 1981 1 the number of pink stocks 

he.s ":.::=- ;::-Jpos:ed to decrease by 1989. However, the change has 

bee= .;..:_-.;ady ev-ident in 1985. In 1989, the historical maximum of 

ce.tch .s....'"ld abunc.ance of Y.arar:;insk pink stock was recorded. Ncver­

~htless, preseason forecast of the maximum has been already made. 

In rr.:y opinion, the brea.l:: in the lon~-term cyclicity was caused 

by t~e natural factors (considerable warming of' 90nstal waters ·of 

!:ara{;bskiy bay) as well as by lessening of the sea fishery pre-

zsure. 

Cc~ercial h~est and even-year pink broods over the stUdy 

pericd ore found to be considerably lower compared to those of 

cdd-yee.:r gcne~ations. r:.oreover, while considering other .v.LD.k: 

stocl:s of lower abundance, they showed a tendency for increasing 

their siz"e ond weisht. The reverse was observed for northeastern 

t:~~hn"tl:a pink stocks: the fish were of the same size or even 

~~allcr in comparison to pink of odd-year broods, in spite of the 

10-:fold difference in tlleir abundance. Fluctuationa in the abun-

dance of even-year pink broods have revealed the perJ.odicity of 

about 8 years, and a tendency to· corrol_ate negatively with those 

cf odd-year_ broods, i.e. the long-term periodicity of 22-24 y~area 

As a consequellce of different-numbered brood lines (odd- and 

e\".::::l-), ·the calculated optimum escapements greatly differ, the 

even-year broods be inc.; less than 1-1- times tho odd-year broods. 

Thi::> l:l3Y be affected by the area of spawning grounds as well as 

"' ..,. 
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by different surviy~ of juveniles in the Ca.J·ly marine life 1 

The lat1;er may be related to quasi-two-year J>Criodicity ifl.. water 

thermal regime and, as a consequence, chongef in food availabili­

ty for f;o.lmcn juveniles. 

Tb~ est~ates of optimum density at the spawning grounds 

~~c it ~6=£iblo to control fishery in tensity of pink stocks. 

Tht:o rater of e7.Ploito.tion nverat;es 60-65%. Bcwever, in acme years 

it should be increased to e0-90%. Otber..d.se, the progeny from 

"nurplu!:" t:scapement would dremntically decrease and the cooffi­

ci~nt oi' rt:turn would be lower than nveror:;o. · 

Il the 19}0s, harvesting of western Bering sea chum salmon 

accounted for 30 thousand tons. After depreseion in the late 

1~50u - early 1970s, the number of chum progtcssively increased 

Cut didn't attain ~any years• nvernBe of 193Cs-1940s. The main· 

~eacon of slow restoration of stocks is an ir. adequate escapement 

of aC.ult fish in spite of moderate coastal fishing pressure on 

chum etc. elm. The second posziblo limiting factor may be attribu­

<;E::d 'tC i.ncreascd :.U;mdance of chum stock cult urad in Japan. The 

~atural and artificial populations are assum£d to compete acute­

ly fc.I· f'ood rcsouces in tho ocean that results in increasing mor­

talit~ cf nutural population, 

~icloBical characteristics of chum stoc~s also have changed 

in con~equence of depression; specifically fjsh mature earlier. 

Iopuiation dynamics of northeastern Kamchatka chum has shown 

4-5-ye:az• short-terc. cyclicity as well as 11-Jear cyclicity, The 

~ain teason of long-term fluctuations as in the case of pink.may 

·:-e accounted for by fluctuations in solar activity with 11":" and 

~2-ycEr cyclicity, 

F.esources of sockeye and chinook salmon in the rivers of 

=orth£astern Kamchatka are found to be relatjv~ly small. Their 

u u u u u 

harvest in the historical aspect didn't exceed 1 tho~and to~1s_·.~. 

and 700 tons, respectively. At present, sockeye abundanCe ten~· 

to be restored after the depression and seems to be about many 

~e~3 1 ·av~~~e cf the 1930s-1940s. Also, there.is evidence for 

~~ a=eq~~e n~ber o~ broo~ stocks at the spawn~g grounds ot 

=~~cr ~eproduction·areas~ 

-==~ 

=~~ ~:~t~ce of chinook produced from the major rivers or 

~~!,:ion - .;.puka, Pakhacha, Avjav~am and Vyvenka - progress!-

,-e~y ~ec:::-eases after jU!I!pins in the late 1970s. There are no Sro­
'..I!:.Cs i'cr exp~cting the increase in the sizes o:C chinook catches 

i~ ~he nc~ future. 

Cc.r anal)•sis of variations in the nUID.ber of so.lmon stocks 

~Cicates the neGative influence of' th~ sea fishery on their po­

pulation struct'.lre which is reflected in the changes in mean ai­

=es a:!.! use at tlaturity of fish and in the loss of' reproductive 

::~::-.:..:::.::iC'=s. The complete restoration of the number of salmon 

;~-:~ !on~ life history requires closure of oceanic fisheries or 

wcci:e::.ins of fishinB pressure in· the sea. Under further exploi­

tation it's necessary to take into account tho chnnGBS occured 

~ s~~n ~crulation dynamics. 
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Prelainary Resu1ts f~ Surveys of Wa11eye Pollock .. 
(Theragrn cha1cogramma) in the A1eutian Basin in 1988 and 1989 

Jbai.e J. Traynor 
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 donut hole) of the Dering Sea. 
·very little information is available n.bout the stock structure and 
abundance of pollock in the Aleutian Basin. Of critical importance 
to understanding the biology of pollock in the Aleutian Dasin and 
eastern 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 echo integration­
midwater trawl (EIH11T) survey of pelagic walleye pollock in the 
Aleutian Basin, including the area near Bogoslof Island and a 
portion of the international waters. During winter, 1989, a 
cooperative EUHiT survey of the entire Aleutian Basin, east of the 
U.S.-U.S.S.R. convention 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 Far Seas 
Fisheries. During both years, very few fish were observed in the 
Aleutian Basin, except in the extreme southeast portion, 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. Hature 
pollock 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 Harch. 
For pollock observed on the shelf in 1989, very few fish \o~ere in 
spawning condition and it appeared that spawning would probably 
occur later in March or in April. 

This report describes the general results of the 1988 survey 
and the U.S. portion 6f the 1989 survey. Data from the Japanese 
and U.S. surveys during 1989 will be combined to provide more 
detailed information about pollock abundance and biology in the 
eastern Bering Sea and Aleutian Basin during the t·tinter. 

Introduction 

, Eastern Bering Sea stocks of walleye pollock (Theragra 
chalcogramma) have been of substantial commercial importance since 
the early 1970s. Between 198J and 1986 eastern Bering Sea catches 
of pollock averaged 1.1 million metric tons (t), a significant 
proportion of the annual worldwide catch of pollock to~hich 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 to 200 miles, U.S. fisheries for pollock 
in the eastern Bering Sea began to develop. By 1988 all pollock 
harvested in the U.S. 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 
Sea, non-U.S. fleets began to explore the international waters or 
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 
19BJ to 1. J million t in 1987 (Dawson 1989). The harvest of 
pollock in the international zone in 1987 slightly exceeded the 
U.S. pollock cutch in domeztic waters of the Bering Sea during the 
same period. Host 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. During 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 J28,000 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 pollock and about the dynamics of walleye pollock 
populations throughout the Bering Sea. As a resui"t a major 
international research effort has -been initiated by the nations 
which harvest pollock in the Dering Sea. Studies to investigate 
ecology and life history, und document spatial nnd temporal 
puttcrns of distribution and abunduncc have been initiated to 
address stock structure questions. 

This paper provides information obtained during twO surveys 
designed to locate and quantify significant concentrations of 
spa\oming or ncar-spawning walleye pollock in the Aleutian Dasin 
and eastern Oaring sea. 
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Nethods 

Techniques for the echo integration; rnidwatcr trawl (EIHHT) 
surveys are described by Traynor and Helson (1985). Additional 
details are reported by Bakkala and \iakabayashi (1985) and 1-Jaltcrs 
et al. (1988). Transect lines were surveyed using a scientific 
quality JB kHz echo sounding system consisting of a transmitter, 
to\ved 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 \.,as mounted in 
a dead Height fin that \.Jas 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 bett..-een the transducer and the bottom to u maximum 
depth of 400 m. Data were generally collected continuously for 24 
hours per day. 1-lhen conditions uere suitable, in situ target 
strength studies were conducted to collect target strength 
distribution information for a range of fish sizes and behavioral 
patterns. 

A rnidt..-ater trawl was used to collect biological samples when 
significant echo sign was encountered during the ucoustic surveys. 
r1idwater fish were sampled with a large mid1~ater rope tra1..-1 1~hich 
had ropes in the forward section and mesh sizes ranging from 163 
em forward to 8.9 ern in the cod end. The cod end was equipped t..-ith 
a 3.1 em mesh liner. Biological samples collected during the 
processing of each midwater trawl included total catch and a random 
length frequency for each major species. Length-t..-eight and 
maturity data were collected from selected samples and random 
otolith samples were collected in such a manner as to ensure 
adequate geographic coverage of the survey area. Age composition 
t-/as 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 Nelson, 1985, for details of the 
procedure) • 

The 1988 winter Aleutian Basin Eir1HT survey t'<'as conducted 
aboard the NOAA Ship M.il.liu: Freeman, a 66 m, 2200 hp stern tra\-ller, 
during January 28 through Harch 4, 1988. 1'he region sampled 
included portions of the international zone, the region adjacent 
to Dowers Ridge (Figure 1), and the area ncar nogoslof Island in 
the u.s. EEZ where a substantial winter fishery on spawning pollock 
has occurred in recent years (Figure 2). 'fhe internation"'l zone 
was sampled by means of parallel transects approximately 40 nmi 
apart; the Bower•s Ridge ilrea was surveyed 11ith 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 (EDS) shelf 
survey was also conducted aboard the l~illcr Fraemnn (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 .:malysis of the combined 
d.:~ta set is necessary fot· a complete description of the results of 
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this cooperative survey. The description in this paper is only for 
the U.S. portion of the survey. 'fhc ~mrvey effort by the Japanese 
was ilpproximately equal to that of the U.S. 'fhc survey period was 
from January 15 through l·larch n and covered the Alcuti<ln BDsin a::. 
well as a significant portion of the EBS shelf. Survey tracklines 
in the western Aleutian Basin consisted of parallel trunsects 
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 Harch 4-6. Transects were spaced 10 nmi apart 
and extended north from the Aleutian Chain approximately 40 nt!_li 
(Figure 5). 

RESULTS 

A.lcuti:m__jlasin !illr..veys i_n 19BB and 19R9 

There was no significant echo sign outside of the Bogoslof 
Island area (southeast Aleutian 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 small catches in midwater trm'<'ls in the region outside 
the imrnetliate vicinity of llogoslof 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 concentration of spawning pollock was encountered 
within a radius of approximately <10 nmi of Bogoslof Island in botl\ 
1988 and 1989. In 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 Narch 2. The maturity stage of 
males throughout the period of observation was "spa\vning 11 (able to 
extrude sperm) for most specimens. To determine the actual onset 
of spawning, the maturity of females appeared to be the most 
useful. Prior to February 29, most females were mature but not 
spawning (Figure B). After this date most females were in spawning 
condition (able to ·extrude eggs), Increasing numbers of post­
spawning females were observed by Harch 1-2, with 51 per cent in 
spawning condition and 20 percent in the spent category (eggs 
already released). The occurrence of spawning in these·areas was 
confirmed by three bongo tows made within the aggregation t'<'hich 
yielded large catches of pollock eggs. ~ similar spawning time was 
indicated for pollock in the Dogoslof region in 1989. In samples 
collected early jn February, few spawning females were observed. 
By !·larch 4-6, most females were observed to be spent (1-.igure 8). 

The biomass estimate for the spawning concentration near 
Bogoslof Island in 19BB was 2.4 million metric tons (t). The 1978 
year class Wi.l5 the predomin<~nt cohort, representing 37 percent of 
the popul.t1tion and 38 percent of the biomas!l (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 aggregations increased from 47.2 em in 1988 to 48.6 
em 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 year classes. 

1989 tdnter 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) 1 43 percent of the walleye 
pollock '"ere 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 11), 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 maximum 
densities observed in these aggregations were an order of magnitude 
lower than those observed near Bogoslof in either 1988 or 1989. 
Host 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 this 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 where recent fishing 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 vicinity of Bogoslof Island. Commercial 
fishery catch data support these observations (Dawson 1989). It 
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 quantities of pollock 
have been seen to disappear from the southeastern portion of the 
international zone immediately before the spawning season (Dawson 
1989; Jackowski and Trocinski 1989). These observations provide 
strong circumstantial evidence to suggest that some fish migrate 
from the international zone to spawn in the vicinity of Bogoslof 
Island. 

\-lalleye pollock younger than 5 years of age arc consistently 
absent from basin samples (Dawson, 1989). This provides strong 

evidence that recruitment of basin pollock is due to 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 11 stocks 11 are dependent on recruitment 
of older fish from the adjacent shelf areas. 
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Table 1 •. Population and biomass estimates obtained during echo integrationjrnidwater trawl 
survey of spawning pollock population near Bogoslof Island during winter, 1988 and 
1989. 
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Fig. 1. 

1988 Survey II 1989 Survey 

Year Age Numbers Biomass Age Numbers Bio~ass 
Class (millions) (thous. (millions) (thous. 

t) t) 

1985 3 - - 4 6 2 
1984 4 - - 5 15 7 
1983 5 28 15 6 58 41 
1982 6 327 192 7 363 241 
1981 7 2<7 156 8 147 111 
1980 8 164 115 9 194 149 
1979 9 350 251 10 91 68 
1978 10 -- 1201 910 11- ~ 1105 895 
1977 11 288 226 12 222 187 
1976 12 287 233 13 223 194 
1975 13 202 167 14 82 72 
1974 14 89 82 15 90 81 
1973 15 27 23 16 30 24 
1972 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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Map of survey area, Miller Freeman cruise 88-1, Leg II, 
showing acoustic survey tracklines. Special effort in 
vicinity of foreign vessels indicated by dashed li~e. 
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Fig. 2. Map of survey area, Miller Freeman Cruise 88-1, Leg III, 
showing acoustic survey tracklines. Approximate area 
of spawning aggregation is indicated by dashed line. 
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Fig. 3. Aleutian Basin survey (Leg 1) trackline 
lines~ and midwater trawl stations (+), MFB9-1. 
locat~on of haul 3, referred to in the test. 
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Fig. 4. Aleutian Basin survey (Leg 2) trackline (straight, solid 
lines) and rnidwater trawl stations (+), MF89-1. 
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Fig. 5, Bogoslof survey {Leg 2) trackline (straight, solid 
lines) and midwater trawl stations (+), MFS9-l. 
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Figure 6. Midwatcr distribution and abundance of walleye 
pollock in the Aleutian Dasin in winter 1988. 
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Figure 7. Midwatcr distribution and abundance of walleye 
pollock in the Aleutian Basin in winter 1989, 
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FEB. 25-29, 1988 MARCH 1-2, 1988 

MARCH 4-6, 1989 FEB.26-MAR. 1, 1989 

Figure a. 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 Unir..ak Island (D). 
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Figure 9. Comparison of population estimates of the spawning aggregations of walleye pollock 
near Bogoslof Island obtained during 1988 and 1989. 
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Figure 10. Comparison of the length compositions of the spawning aggregations of walleye 
pollock near Bogoslof Island obtained during 1988 and 1989. 
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Figure 11. Midwater distribution and abundance of 
walleye pollock on the eastern Bering sea shelf in 
winter 1989. 
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Figure 12. Age composition for walleye pollock aggregation north of Unimak Island on the 
eastern Bering Sea shelf. Age composition is for sampled fish only and is not weighted by 
population size. · 
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Figure 13. Comparison of age structure of walleye pollock near Bogoslof Island and north 
of Unimak Island on the eastern Bering Sea shelf from the 1989 survey. As indicated in 
Figure 12, age composition for the shelf population is for sampled fish only and is not 
weighted by population size. 
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Population Abundance and Recruiblent Interannua1 Variance 
of Yellowfin So1e.. Alaska Pl.aice.. Rock So1e and 
Bering Fl.ounder of the Eastern Bering Sea 

Stepanenko M.A. 
TINRO, Vladivostok. U.S.S.R. 

Intensification of the flatfish commercial eQploy­

ment in the !astern .J:>ering .Sea in 19?0s requires co.ustan~ 

monitoring of tne stocks etata 1 recruitment interannual va­

riance, Dize-age structure dyuamics of populatious. 'J.'he re­

gulatiou of ~heir commercial harvesting at present is car-

ried out on the oasi3 of the biomass estimates of the popu­

lations 1 mature part, including joi.n1; Soviet-A.m.e::ican prog­

ram da~.a .. The major part of toe fla·.:::isn a,.ecies is exploit­

~d uy several colmtries' or joint enterprises' fisberie::> si­

multaneously, so tnis requires develop~ent or. ootn oilateral 

and multilat~ral cooperation in tue research activities. 

Yellowfin sole has oeen oue of the main commercial 

species of tne E;.stern Bering Sea since late 1950s 1 and 

nowadays it I·emajns one of tne main objects of commercial 

operations of joint enterprises. Modern tendency of increas-

ing this species' harvests does not correspond to tnc chang-

ing cnaracter of tnis species stocks. Tnc c~tch per effort 

has been analysed according to tne standard trawl surveys• 

data collected ~y Soviet research vessels in 1980 - 1988 

( 1980 - "Artyom" 1 1981 - "Tikhookeansky" 1 X e. I.Noiseyev 1 

1982- "8-459", O.A.jjulv.tov, 1983- "I1ilogradovo", V .. M.Pasb-

cllenko 1 1984 - "rlovod.rutsk", ... L.I1andelshtam 1 198/- "Mys 

Daln,y", O.A .. llulatov, 1986 -· "Gissar" 1 Xe.I.Moiseyev, 1'3!:i7-
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'' .oaoayevsk 11
1 V .M.Pashcnen.k:o 1 1988 - "Darwin" 1 .N .S.Fadeyev) .. 

'!'his data deinoustrated that tue catch per effort was maxi­

mum iu 198; - 1984 (Fig. 1). 
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!9b0 1962 19d4 1986 ,:""ro,Q 
Fig. 1. Tne dynamics 01 the yellow!~ sole catch 

per effort in Uuimak (158 - 170°Y) (1) and Priuy­

loff (170- 180°W) (2) areas of tue ~astern cering 

Sea in 1980 - 1988 ( • - centuer per 1 hour of tr"'l"l­

i.ng; •• - year). 

Snu=p increase of tne catch per effort took pl:J.ce 

in 1981 - 1Cj84 (468 to 1045 kg peL· 1-ll.our trliwliug). Direct 

surveys also demonstrated considerable increase of tue po­

pulation commercial pnrt's oiomass. The commercial vessels' 

catch per effort in tuat period also i.n'creased. 

Anywayl tnn analysis of tne yellowfi.n sole popula­

tion size-age structure demouatrated tnnt the reasous for 

tue ca'tch p~r effort grow't.:., e..ccordiog to the research and 

comcercinl ve~selE' data in early 1980s were uot identical. 
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rtescarch vessels' datn showed that tne catch per effort 

growtu took place priucipally due to emerg:lng of new a ... Wl­

dan't year-classes of "1973 - 1976 (after a..,Ulldant year-clas­

seR of late 19bOs). At tue same time, commercial vessels' 

data demonstrated tuat tuc catch pc.L· effort: growt.u "Cook 

place due to &oe commercial narves&ing specialization 

(shil ti.Iig to tne large-size flatfish of 1967 - 1970 abun­

rlunt year-classes). Iu 1984- 1985 tuose year-classes w~re 

considera...;ly out of commercial e>Qloitation due to natural 

reasons 1 so 

at t ... e U .. S. 

t.·.e eaten per effort consideraoly decreased 

commercial vessels (Bakkala 1 Yespestad 1 1988). 

The harvestiug specialization primarily at large-sized fish 

iu early 1980s was positive for tue population 1 s wiomass 

growtn, as tue juuior ,rear-classes of 197} - 1976 did no~ 

suffer t'ue exploitation pressure. In tue aeco:ud half of 

1980s sucb a specializat~on of commercial operations at 

scuior flatfisn ~roups led to &De population 1 s uiomass dc­

ct•caso, as tne .,eur-clu.asos of 1973 - 19?b ... ec.u.me domiuunt 

~u 'tue populat~on's commercial part; Jotu ~o1 ..,iomass and 

abuudance. 

'l'ue ,rear-classes wnich appeared iu t.ne second nalf 

oi' 19?0s we.s:e uot noundanb. :~:he standard trawl surveys' data 

does· not demonstrate &ue presence ol' a ... undant year-classes 

i.u 1980s neitner. I!' i.... 1981 tne 1973 - 1976 yea.r-clnsses 

weJ.·e domiua.nt i .. t ... e population, i.u 1988 such age-groups 

correspoudL.g to ,_a-year-olds are almost absent L.. 'Cue po­

pulabou. Dur~ne; 1980s tue ugL..g of 'tue populatiou is takLt; 

place. 

Small increase of tue catch per effo.1.·t in 1986 -

1987 is duu to tne fact tuat L~ tuat period primarily t~~ 

a ... u11dan1: year-classes o.t 1973 - 1976 were COI:I.J:Iercially t~X-

plaited. Aa even "C~e mos~ au~daot year-classes of yeltow­

rin sole as a rule are ou1: of e:xploi'tation oy tue ag,e of 

15- lb years. iu 1990 1991 ouly ~wo au~daut year-clas-

ses of seuior J.ish (1975 - 19?6) will be domi.ua:..t LJ ~ne 

populntiou' s commercial par~, tuem ".:leiu.g in such au age 

wneu y;._.e lcavi...g or populo:taon due ~o :uat.ural .L"easo .... a s.:at'P· 

lj 1.:~crcases. Under ~;hose conditions the preserv ltion of 

eaten volume at toe level of late 1980s can not ue taken 

for ~ranted .. In accordance wito actual decrease of toe po­

pulation's u:!.omass 1 tne leaving of tn.e population 1 s commer-

cial part ~Y at least two auuudant year-classes 01 1973 -

19?4, tne harvE-st should oe correspondigly decreased, takiug 

into consideration toe latest estimates or toe population's 

uiomass (1.5- 1 1 53 million tons), down to 150- 100 thou-

snnd tons. 

Similar decrease in tue catch per effort ooto. iu 

Uuimak r:111d Pt·iuyloff areas testifies to toe clear teo.dency 

towards decreasing of tbe yellowfin sole recruitment i- all 

areas of 'tue ~astern nering Sea. 

Tne stuoilizing of ~ue yellowfiu sole stocks is pos­

siule only if toe averagely abundant year-cl~sses start to 

regularly appertr. 

The analysis of reproduction, recruitment rates and 

population 1 s uiomass inter-<c.nnual variance demonstrate~;!., tnat 

in tue yellowfin sole population tue most abundant year-clas­

ses appeared in relatively cool years (1972 - 1976). Due to 

the fact t~at the periodical character of cool and warm hy­

drological condition5 occurrence corresponds to the 11-year 

!:Ol<!r cycle, we can positively state tuat tue appearing of 

:.ne ycllowfin sole f.IOWldant year-clnsses correlated to t.\e 
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per1.od of solar activit;y decreasing and tae water lo·,.. te;:;;-

perature. 

In early 1980s iu period o~ relatively low .. :ater 

temperatures iu demersal layer of the Eastern oeriug Sea 

iu t~e flatfish population tnere was uo~ed the appeariug 

of relatively large numoer of 1980- 1981 year-classes' 

JUuior groups, as compared to adjacent years. ~ut in sub­

sequent years it ~ecame clear that even thougQ tnose year­

classes are more auUudant ~uau tne adjaceut ooes, tn~ir 

abu. ... dance can not o.~e cowpared to toe aoU4C.ant year-classes 

of 1973 - 19?6. Any .. :ay 1 tnose relatively aou....dant year-clas­

ses appeared in toe cold water period (.dg. 2). 
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.l!'ig. 2. Average temperature of tne Soucn-Easter~ 

~eriue Sea demersal layer ~ 1971 - 198? (after 

Walters et al.
1 

1988) and tue relative auu-danc~ 

or tue 1972 - 1981 yellowfL.a sole year-classes (by 

tne ?-year-olds 1 aoUudance) in 1979- 1988 ( • - year­

class auUudance 1 %i ••- year). 

Appearing o! relatively large uumuer of JUvenilu~• 

u u u u 

i .. l;ue flatfish population correspondi..J.g to t .... e 1984 - 198::> 

year-classes was noted in 1987 - 198~. 

I~ t .... e years suosequent to t .... e auuormally warm pe-

riod 1 i..u.Lluenced uy El Ni.uo (1982 - 1983) 1 t .... e.re appeared 

avundant year-classes of several Nor-cn-Lastern Pacific 

species. ( ... od, ualleye pollock, .o.ake) . .l.lUt 1 judging from 

the contcuts of tnose age-groupo iu tue yellowfin soLe 

population (from tue trawl survey data), those auundance 

is much lower than the ou.e of 1;...,e 1973 - 197b autmaant: year-

classes. 

i<s in 1987 tne l!CW period L water warming started 

(it will at least coutinue till 1991- 1992) 1 t .... e prooaoili-

ty of B!-':t:earing of aouudant year-clas·ses in "Cuat period 

is not large. Tue population oiomass will decrease cousi-

derauly ... yearly 1990s due to tne 19?0s aoundant year-classes' 

leaving. 

Tue yellowfin sole year-classes star~ to oe iuten­

sively exploited wnen reacbLJg 8 - 9 .rears of age (23 - 21J 

em i.. len:;.;..:.). So in early 1990s tne 1981 - 19tl; year-class-

cs e~ter ~ne population's commercial part, them beLug rela­

tively •. o~-aounaa.nt. In accordance witll t .... e ... ited changes 

i ... tue populatio ... 's commercial part age st.1·ucture, it" can 

oe expected tuat t_e yellowfL,.. sole uiomass teridency towards 

decreasi.ug will groH, as well as the catch pc:r i!ffo ... t de-

creasing. By mid-1990s 1 when t:ne relatively abu.udant ·1984 -

1985 year-classes enter .. be commercial par .. of t •. e poPulati­

on, ~ne staoilization of its stocks 1.D probable ~t "tue mid­

l~vel. In ;hat p~riod the prooability of abundant year-clas­

~;~~~ n::•peru:inr. ...:ill be i.Jtcl.·eased due to tuc star-cLg Ol "t:oe 

relatively cc.ol pt!r~od. Ahose year-classes will enter t_e 

population 1 u commcr .... ial part nt t:he beginning of .. he thLd 
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The oiomass of rock sole, Alaska plaice and Bering 

flound~r in 1980s, ru,like the yellowfio sole, tends to in­

creasen Those flatfish species' stocks are lesser exploited, 

mainly as bycatch when harvesting for yello"'·fio sole. 'l'he 

~ain par~ of the catch is constituted by rock sole, even 

~uougn inter-anuually its share in the overall flatfish catch 

is not equivalent, as uell as the otuer species• eaten volut::le 

inter-annual variance does not have a distinct tendency. 

~he rock sole is one of tue most common species in 

tne Lastern Hering Sea. Tne inter-annual variance analysis 

of tne catch per effort, according to tne standard su~er 

bot~om surveys• data, demonstrated the existence of ~ue con­

st&nt tendency towards growth iu tue course vf 1980s. Pne 

catch per effor~ iucreased most significantly after 1995. 

Tue catch per effort growth was most seen in Uni.mak area 

where tnc main population recruitment was co~ing from. In 

1987 tne considerable growtn of ~ne catch per effort occur­

red in Priuyloff area as well. 

The existence of sucn a tendency during tne last 

d~cade testifies to tne regular appearing of abundant year­

clusses. It is known that the rock sole auundant year-class 

can oe re~istered after the st:andard tra\>1l surveys 1 data wnen 

toe fish reaches toe age of as little as 3 years. So tne 

shnrp iucrease in tbe catch per effort in 1985 - 1988 tes­

tifies to the appearing of tne aoundant year-classes in tne 

t'irst balf of 1980s. Hefore tuat, the U.S. specialists noted 

~ne appearing of aoundant year-classes iu late 19?0s ('~al­

ters, Haliday 1 198?). The rock sole population's co~ercial 

part consists as a rule of 5 - 6 year-classes. 

The flatfish catenas• ~izc composition varies ~cnui-

dcrauly during tne whole period of 1980s, depending upon 

Lhe year-classes• aoundance. In 1983 toe individuals of 

1978 - 1980 year-classes sized 22 - 28 em were domin~t in 

iu ~ne population. In 1985 toe same year-classes aged 5 - ? 

years were dominant as well, and in ~ne meantime tne aouu-

dant junior groups were uotedo ~y 1988 ~ne abundan~ year­

classes of ~be second half of 19?0s were practically out 

of ~ue population, and at tue same ~ime the abundance of 

uotb tne year-classes appeared in early 19~0s and toe junior 

groups corresponding to tue 1985 - 1980 year-classes, was 

evideut. Due to tne regular appearing of the aoundant year­

classes L... tbe course of 1980s 1 the tendency towards tue 

rock sole uiomass growtu will remain presen~ iu early 1990s. 

J..uundant year-classes 1 appeared i.u the second nalf of 19BOs 

o.nd already J.•egistered according t:o tue ,;rawl surveys' dat:a, 

will oecome ~ne oasis of toe population's commercial part 

in the mid- and late 1990s. In tuat pe.1·iod tne stauilizati­

ou of tue rock sole stocks is possiule at ~ue nigh leveL 

On .. ne basis of ~ne population's .... iomass laces~ es-

cimaces (1.~ il iou tons), tne oalanced catch is determin­

ed as 150 tnousand tous. Under ~ue couditions of tne stao1-

lized hignly aoundant recruitment and tbe existence of tne 

·constant te ..... deuc,Y of ~ne population's oiomass growth, t_is 

value can amoUut to ~-e ruJnuul ca~cu s10ce late 1980s. 

~·ue Alnska plaice epecies is the third in uiomnss·· 

among ~ne Eastern Bering Sea species (y~llowfin sol~ and 

rock sole ueiug the first two ones correspoudingly). Tne 

Alaska plaice oiomnss has started to increase· since mid-1970s 

(i.Jalters, ~lilderuuer, 1988). 

ln curly 1980s the Alaska plaice catch per effort 

in ere used rapidly up until 1983, tnen i~ decreased 1 and af-
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ter 1985 its slow grow~h uegan agaiu. In 1988 consideraule 

i~crease iu tne catch per effort was noted in Uuimak area. 

The differences in the catch per effort dynamics ~ U_imak 

and Priuyloff areas are prooably connected ~o ~be iuter~­

nual change i..... tr.e oenaviotu· and distriuutiou of Alaska 

plaice. 

The Alaska plaice stocks stauilized in tue second 

half of 1980s at ~.oue level of 450 - 550 thousand tons. TakL.g 

tnis iuto consideration, tue Alaska plaice oalaoccd cat~n 

amounts to 50 - 55 tnousand tons. 

Alaska plaice first appears in tne trawl catches 

upon reacning tne age of 3 years (20 em) 1 and is out of t •• c 

population's commercial part at 14 - 15 years of age (1~3 -

~5 em). vefore 1987 two groups of aouudant year-classes 

could. be distinguiShed in -cUe flatfish population, n.ud Lu 

198~ senior individual.!:! of tue 19?3 - 19?4 year-classes 

(responciule !o.r t.ue population's uiomass i.ucrease iu 1950s) 

was practically out of t"e population. In 1988 toe i~dividu­

als sized 32 - 38 cm be cOllie domi. .. nnt iu 1:ht population, pro­

uaoly uelongillg to toe aouudant year-classes of 1977 - 19?8. 

According to tne trawl survey .results of 1988 1 tue considc­

raole qua.ntitJ ol" t ... e junior individuals sized 24 - 28 em 

was uoted as well. 

T.ue 1977 - 19?8 auundant year-classes will be domi­

nant iu tue populabion's commercial part up Uutil 1992 -

1993; tnis will provide the stability of commercial harvest­

ing . ln ful:UJ.·e, t ... e early 1980s auundant year-classes' 

euLcriug toe population's commercial part is possiole. 

".l'ue tL"awl survey data testifies to tue Al:lSka plaice 

stocks' stauilizatio- and t-e regular nppeariug 01 aouuC~t 

yca.r-classcs, ~lhich con provide canst nn-e n...:.uuol wi tur!r;,·,::.l 

u u (_) u u 

at tne level of oalanced catch (50- 55 tnousand tons). 

Hering floUuder is less aoundant tnan rock sole and 

Aln.:;ka plaice, uut i.;s uiomass amoUi.....ts to 0.5 million taus 

acco~diug to toe latest 'trawl surveys' data. Toe Beriug 

flou_~er ~iomass star\ed to iucrease a~ a consideraole rate 

after 1981, woicu was evideut from tne catch per effort data 

....otu in unimak and Friuylou: areas. 

t~ormally, the commercial par1: of -cuis species' po­

pulation is co~stituted oy b - 7 year-classes, and -c_e ~di­

viCuals aged 10 - ~2 years is quickly ou1: of tue populatio-

C.ue to uatUL·al reaso ... s. Beio:.:·e 1984- tue 19?.3 - 1974 year­

classes were domina.ut i... toe Dering flouuder populatiou. 

lu 1985 tue afpcaring of new aoundan~ j~ior group (18 - 22 

Cl'l) or t~e late 19?Ds year-classes was· uo;;ed. ln tne subsequ­

en~ years tnose year-classes were domin~t up uutil 1980s 1 

tue result of wnich oei.....g t;...e Jiomass sta..,ilizatiou at uigu 

level. 

-~..ue ".:.ala.JJ.cea catch of .ueri.ug !lou..der Wlder 'nc 

condi·.,;ions o~ tne uiomoss stnul.lization at tue level of 

0.> millio.u. tous is de-cermined as ,a tuouaa.nd tons. 

Tnus, tue overall volume of tue possiule catch o ... 

four rlatfisn species L -c.:..e Eastern lle.L'ing Sea (yello~fin 

sole, Alaska plaice, .t·oc!< sole and .uer:L..g floiW.der) amou.c.Ls 

to 400- 415 tuousand to ... s, L:..cluding the yellowfi..:: sola 

150- ~60 thousand tons, rock sole - 1/0 tnousand tons, 

Alaska plaice - ~0 - 55 t-ousand 1:ons 1 and Dering flounder 

- 50 tnousand taus. 
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Bio1ogical. Infor.ation on Pe1agic Pollock in 
the AI.eutian Basin during the S~er of 1988 

Taku Yoshi.Jmra 
Nationa1 Research Institute of Far Seas Fisheries 
Shimizu,Japan 

ABSTRACT 

u 

The Japan-U.S. joint survey was conducted uoing the chartered 
research vessel ~ maru ttQ. 2§ from August to October, 19SS with the 
purpose of determining the biomass and ecoloqy of pelagic and midwater pollock 
dietributed in the Aleutian Baaln. The survey was conducted jointly uoing a 
midwater trawl and the quantitative echo aoundor syatem which was newly 
developed by the National Research Inetltute of Flaherieo Engineering, YAJ. 
The biological info~ation on mature and juvenile fiah obtained by the 
midwater trawl are reported here. 

1. Mature tl eh 

A total of 37 towa for mature fish were conducted with tha midwater 
trawl. In late ~uguat, the weight of the catch waa moat abundant in watera 
near SS•N and l7t•w, and in early October, the weight of the catch waa ~at 
abundant in water• near ss.s•H and 174•£, and in these areas, the averaga 
weight of catch from four towa waa 3,540 kg/h. Tho average weight of tha 
catch in the other ll atationa waa amall (550 kg/h) (Yig. 2). 

In early October, a concentration of pollock waa obeerved in the 
western tip 'of the international waters (Fiq. 3). The diatribution ot pol~ock 
waa observed in depths between &bout 150 ~ and 200 ~ at night, whareaa pollock 
concentrated in deptha of near 200 m in daytime, and the thlckneaa of the 
concentration waa about 10 m. Pollock were mainly diatributed in water 
temperature layera of 2•c and J•c levela. 

The fork lenqth 
both male and female, the 
and SO em, reapectlvely. 

compoaltlon of pollock (Fiq. 7) waa unimodal tor 
modeo tor malea and females were observed at 48 em 
he !or the sex ratio males were more abundant than 

females to one deqroe or another. 

2. Juvenile flab 

The number of eucceeeful towe made with the juvenile fioh net waa 
31. 

~ total of 57i indlvidualo of juvenile pollock waa collected at 19 
stations, but they were mainly collected in the eaetern ~leutlan Daaln along 
the continental eholf area (Fig. 8). In addition, there was a tendency !or 
the numbera of pollock to decroaeo au tho dletanco from the continental shelf 
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increased. Only four individual& were collected in waters ~eot of Lao• 
centering the international waters which were surveyed from late Sept~mher to 
mid-October. 

The fork lengths of juvenile pollock collected ranged from 21.0 mm 
to 101.0 mm. The fork length of pollock which were distributed at a far 
distance from the continental shelf were somewhat smaller than thoee nearer to 
the continental shelf. There waa also a tendency that the condition factor of 
pollock in the Baain wae rather lese than that ln the continental shelf. 
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1. tntroduction 

The Bering Sea wae generally divided into the continental shelf at 
depths of about 200 m and shallower, the Basin area at depths of 3 1 000 m and 
deeper, and the &lope area which lies between the two areas. Although pollock 
were widely diotributed throughout tho Dering Sea in the past, it hae been 
assumed that the main distribution of pollock wae from the continental area to 
the upper continental elope area. However, in tha eurface and midwater layer~ 
of the Aleutian Basin which accounted for moot of the Bauin area, it waa shown 
that pollock formed a concentration of high donulty during the winter. Since 
a part of thie concentration io also diotributed in international watere, they 
are ·caught by countries ouch ae Poland, Korea, and Japan, etc. Although there 
were some inetancee that juvenile pollock were collected in the Aleutian 
Basin, it ie known that juvenile fieh of body lengths of 35 em and smaller are 
not abundant in thio area, and that during thie period they remain in the 
surrounding continental shelf area and after which they are recruited to the 
Basin. However, there are still many unknown aspecte of the concrete life 
histories euch as where they were epawned and what route they follow when 
recruited to the Baoin. 

The North Pacific Groundfish section, Yar Seae Fieheriee Research 
Laboratory initiated new research on pollock jointly with the National 
Research Institute of Fieheriee Engineering, FAJ and the ~.S. Northweet and 
Alaska Flsheriee Centre, since 19BB. Thia research was conducted 'ointly 
using the compreheneive quantitative echo aounder eyatem developed by the 
National Reeearch Inetitute of Fieheriea Engineering and mldwater trawl. 
Here, considered the ecology of pollock from a part of information obtained by 
the research during the flrot year. 

Method and Material• 

The survey waa conducted using the chartered landbaued dragnet 
trauler Sel1u ~ HQ. 2§ (349.42 GT) from July 10 to Octobe~ 23, 19BB. From 
July 10 to August 13, coordination of the comprehenoive quantitative echo 
sounder system and collection of ~aaie data were conducted, and from August 14 
to October 12, field ourveye were conducted in the Bering Sea. Yig. 1 ohowe 
the areao ourveyed and tranoectu of the ourveya. The eurveyo were conducted 
by the following procedureo: while the veooul wao cruluing for 24 houro along 
the ourvey tranoecto, data were collected by tho quantitative echo oounder and 
when come definite rceponeeo from fleh wore obtained, eampling with tho 
rnidwater t'rawl was conducted. After, tho pollock ..,oro collected, the body 
u,eighte ... ero measured, and a total or oorao of the pollock were meaoured for 
fork length (hereafter referred to ae length). Yurthermora, after a net of 
3 mm in meuh aiza waa attached to tho ineido of cod end of the oame mldwater 
trawl, eampling for juvenile fieh wae gonerally conducted within eeveral houro 
after sunoet. Tho horizontal and vertical oponing of tho not and water depth 
were meaeurod by tho not monitor (manufactured by Scanmar Co. Ltd.). In 
addi~ion to thie, in the Makuehln Day (about 100 m in depth) aampling for 
juvenile floh wao conducted by lamplight uolng a epoon not. Water 
tempcratureo wore moaourod periodically uoing XDT, Juvenile fioh collected 

were preoerved in formalin of about 10,, and then, lengthe and weighto were 
measured. When the weight of pollock wau mcaeured, water on the ourface wae 
wiped away as much ao poeelble uoing paper towele. Although a part of 
juvenile !ieh collected was brought back t:o the U.S., thooe data are aleo 
included ln thio report. 

In add(tion, to make the Figura on dietribution of pollock, 
Iohizuka'a program (19BB) wae ueed which wae deocrlbed in the •coLlection of 
Programo for the Stock Analyeia by the Pcroonal Computer~. 

Rc9ulta 

Diatribution of mature fi9h 

A total of 31 aamplingo by midwater trawl,for mature pollock wae 
conducted. Fig. 12 ehowo the relationohip between water depth and horizontal 
and vertical openinge of the midwater trawl net. The vertical and horizontal 
opening of the net averaged 43.0 m and 34.2 m, respectively, and depth of 
upper edge of net mouth averaged 184 m. Towing opeed wao 3.9 knots in 
average. 

Yig. 2 illuatratee tho weight (per hour) of eampleo at respective 
station&. The abundance of pollock in the samples waa high in watera near 
SS•N and l7l"W in late August, and the abundance uaa aleo high in watera of 
56.S"N and 174•& in early October, and the averaqe weight from four tows which 
were conduct~d in those aroao waa 3,540 kg/h. Of those, the aroa where the 
abundance wao greatoet La indlcat~d au X ln the Yigure and 1,526 kg for 15 
minutes (6,104 kg/hour) were collected, At thirty-three etationa other than 
the above areae, tho abundance during the reopectlvc ourvey period wan low, 
and it averaged 550 kg/hr. In the eurrounding area X, although belt-shaped 
responoes were observed coneecutively in the monitoru of tho colored fieh 
finder, the bolt-ohaped reoponoee were scarce ln watero other than area X. 

fig. 3 ehowo eomo picturee of the belt-shaped reoponseo observed by 
the colored fioh finder in early October. The left Ylgure showo the belt­
shaped reoponoeo at daytime, and the right Yigure ahowe the belt-ahaped 
reoponoeu at night. Furthermore, ounriea on october 9th wac about 10:30 a.m. 
(Alaskan tLmo), Pollock wao oboerved to bo dlotributcd in depths between 
about 150 m and 200 m at night, and were concentrated in deptho of 200 m or oo 
at daytime and the thickneee of layer was about 10 m. The eotimated vertical 
Water temperature atructure in watoru where the bolt-ehaped responses were 
Obeerved ie ehown in fig. 4. It La known that pollock were mainly dlotributod 
in water temperature layero ot 2•c and 3•c le.vol, !rom Figu. 3 and 4. 

Fig. 5 &howe tho cutLmated water temperature otructure at certain 
Dtationo and at dopthu of 115 m which tho bolt-uhapod rouponuoo woru obourvod 
by tho colored fioh finder. From thin Figure, it iu cetLmated that pollock 
inhabited the weotern lntern .... tlonal wateru in early October were mainly 
diutributed ln watere of 3"C lovul. Datuu of Obuurvatlon were from October 5 
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to 12 (the last survey day). In addition, the belt-shaped responses which 
were obaerved in the southeastern Bauln in ~uguat are aloe recognl%ed to be 
mainly distributed in waters of l•c level. 

Length composition and sex ratio of mature flah 

Fig. 7 ehows the respective length composition of the results 
obtained by collecting during the similar survey periodu and similar uurvey 
stations of seven groups from h to G, as ahown ln Fig. 6. There is no great 
difference in the groupo, except A and E, and the mode was observed at 4B em 
for males and SO em for females. In contrast, in group A, each mode waa 1 em 
smaller for both males and females, and in group E, only females had a mode 
which waa 1 em greater than that in the other groups. In the variance and 
mean, aignificant difference& ~ere not recognized in any groupo. 

Table 1 ahowa the sex ratio of reapective groupo. In all groups, 
there were more malea than females. ~lthough oome differences were recognized 
in the aex ratio of renpcctive groupo, in the international watero, the number 
of maleo and femalos in group h wao almost the name whilo tho number of 
femaleo in groupo B to 0 was almost half of that of malou. 

Resulta of juventle fish aampling 

Although a total of 42·tows uith tho juvenile fish not were 
conducted, the successful number of samples was 37, because there were acme 
problemo ouch ao knota in the neta becoming untied. The water depth of the 
upper edge of the net mouth was 25 m on the average. The horizontal and 
vertical net opening were not meaoured because the sensor did not work 
properly. The towing speed was 4.0 knotu on tho average. 

A total Of 571 indivlduala of juvenile pollock were collected at 19 
stations. Because the towing time varied by the sampling position, Fig. 8 
illuetrated the etandardlzed number of juvenile pollock collected as converted 
to the number per hour. Although the total number, converted to respective 
station per hour, was 819 individuals, of thoae, 64~ of the total wore 
obtained frOm juat three otations near the continental shelf. The station 
where the abundance wao greateot was Station X in the figure, and 195 
individualu ~ere collected per hour on September 16 (Japan time). According 
to the Figure, it is known that relative abundance of juvenile pollock was 
diatributed in the eastern Aleutian Dauin along the continental ohelf area 
during August and September. Furthermore, there wae a tendency for tho 
abundance to decreased au tho distance of tho etatione from the continental 
shelf increased. Only four individuals wero collected in water& weot of leO• 
centering around tho international waters eurvoyod from late September to mid­
October. 

In a l~plight e&mpling which was conducted in the Hakuehin Day, 38 
individuals of juvenile pollock were collected, It wae presumed that the 
number of juvenile pollock which wao actually gathered at the lamplight were 
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quite numerous, and appeared to be owLmming againot the current while forming 
schoola. In addition, it waa obaerved that several individuals of mature 
pollock appeared and occaaionally attacked juvenile pollock. 

Length comooaltton of juvenile t?ollock 

Tho lengtho of 104 individuals which were brought back by the u.s. 
were measured by the U.S. ocientints rather than by Japaneoe ecientieta, but 
on the asaumption that there was no difference in measuring technique they 
were simply summed up here. The body meaourements used by both was fork 
length. For body weight, the meaourement was conducted by only the Japaneae 
aide, 

The length of juvenile pollock collected ranged from 21.0 mm to 
101.0 mm. The reoults at respective length compooition obtained by grouping 
stations into 5 groupe Of J-~ to J-E during similar periods and at similar 
stations together is ohown in Fig. 9 and the length composition o! juvenile 
pollock in the Hakuehin Bay were shown in Fig. 10. 

Although there were a maximum o! 5 day difference& in the sampling 
day between J-C and J-0, the small individual& ouch as those ot 40 mm appeared 
in J-0 when the sampling date was late. In addition, as compared with 2 
otationo at which a certain number of juvenile pollock was collected within 
group o, the average body length in Station 01 which La near the continental 
nhell wau 66.7 mm {H•BB), and wao 59.7 mm (H•34) in station 02 which is in 
offehore waters. The length composition in J-E which is close to the 
continental shelf showed almout the same ae that in the Hakushin Bay. 

Table 2 shows the condition !actor by length o! juvenile pollock in 
the Hakuehin Bay and in A to E which are located in the Basin. According to 
Table 2, as compared with juvenile pollock in the Basin and Hakuehin Bay, it 
ie known that the condition !actor of juvenile pollock in the Baein was low at 
lengtha between 40 mm and 100 mm. 

Fig. 11 shows the rolationohip between the length and body weight of 
juvenile pollock in the Baeln area. The most appropriate regreaeion curve 
equation ia ao follows: 

Log 'i "",5.55586 + 3.17103 X Log X 

where, '{ 1 body weight (g) and X : length (am) 
Coefficient of correlation wae 0.97. · 

Dlocuoolon 

Sasaki (1966} reviewed tho paot rcporto and reported that pollock 
were widely diotributed in tho Daein during tho aummer and formed uchoola of 
high donolty in tho winter !or opawning. In addition, ho eatlmatcd accocding 
to tho information obtained from tho commercial vcooelu that tho uchools are 
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fo~med in the wcota~n lntc~national wate~n a~ound Octobe~. and move g~adually 
toward the cant along the nout:hern edge of the internatl.onal watern by Karch. 
According to tho nu~vey, it wac confirmed that: the donuity of pollock waa 
generally low in watecu cant of the central Baain from Auguat to September, 
but the ochoolo were formed in the weotern edge area of the international 
wateru in early october. These nchools showed the belt-type response on the 
monitoru of the finh finder, and t:heir t:hickneoo wac about 10 m. AD compared 
with the thickness of belt-type responses in tho ourveyo conducted in the 
winter of 1983 waa 38 m on tho average (Fisheries Agency of Japan 198'1 and 
the thickneou was about 100 m (maximum 200 m) obtained from the observation 
conducted in the winter of 1987 (Saoaki and YonhLmura 1987), it was fairly low 
and it was entimated to be formed in the early ut:age of achooling. Since the 
uchoolo are ocattered in deptho between about 150 m and 200 m at night, it 
bllcomeo a low denuity such an the level at which a uinglo echo io s<;;atterud. 
Therefore, the finhlng veaselo conducted fiohing in the nurrounding areas only 
at daytime, and they oeemed to conduct oearch fiohing groundo in the 

surrounding areao at night. 

The length compouition of the pollock population in t:ho Bauin were 
not related to seaoono, and it wan known from tho recent aurveys to be 
unimodal with a mode of about 45 em (Sasaki and Yoshimura, 1967; Haganobu and 
coto, 19881 Fioheries Agency of Japan, unpubliohed). In the survey conducted 
in 1988, a unimodal composition wao obtained in all areao of the eaain. In 
addition, in the surveyo conducted in the ournmer of 1975,· 1977 and 1918, the 
unimodal composition wan aloo obtained (Su1uki, 19i6l Okada, 1980J Yamaguchi, 
1980). In eontraot, in tho ourvcyo conducted in thC winter of 1963, two 
modeo, 38 em to 40 em and 40 em to 48 em occurred (Finheries Agency ot Japan, 
1984). The otations surveyed where only fish with the mode between 36 em and 
40 em appeared were 9 out of 46 otations. It implies that the omall-si1ed 
pollock recruited fro~ aomewhere uurrounding the Basin before that time and 
there wao a poouibility that they did not lntermingle completely with pollock 
recruited earlier. According to the reoults of age dete~ination by otolith 
conducted by the u.s., it indicates that about 40\ of pollock which inhabited 
the Basin area in 1988 are from tho 1978 year claoo (Traynor, personal 
communication}. It wae known that thie 1978 year claeo La an ext:remely 
strong, dominant year-claso in the eaotern Boring sea (Bailey et al., 1986). 
Therefore, it io hypothcei1cd that moot populationo which presently inhabit 
the Baaln are regarded ao a part o[ pollock which are from this dominant year­
claeo. If we follow this hypothooio, Lt io uuggeuted that the umall-ol1ed 
pollock wLth a modo of 38 em to 40 Clll which were obnorved in tho wint:cr of 
1983 belonged to tho 1916 year-claoo which were recruited rccent:ly to the 
Baoin. Yamaguchi (1984) conducted age determination of the oampleu obtained 
in tho winter of 1963 and reported the average length by age. According to 
thin, pollock with lenqtho of about 40 em arc ootimated to bo agee 4 to 5 
finh. In due conoideration of a.mbiguitieo which arc oboervcd in the age 
determination (Agriculture, Forestry and Fiohucy Technical Con!ercnco 
Secretariat, 1979), it lo aooumod that they are generally suppoood to bo of 

tho 1978 year-claoo. 

As the modeu of both malc·o and {em~tlco of group A were 1 em nr..allcr 
than those of other groups in the nurveyo which were conducted at thio t~e, 
it might be poosible to aosume thllt young pollock were recruited from the 
western Basin area. Sasaki (1986) reported that the schoolo of pollock are 
aloo distributed in the U.S.S.R. watern of the Aleutian Daoin from informacion 
on the Japan-u.s.s.R. joint venture fiohcry in 1987. In early October, 1968, 
the information that ocoreo of the U.S.S.R. veooels conducted fishing in the 
wentorn offshore areau of the international watcro were obtained from the 
fishing vesselo which were engaged ln finhing. If t.hio wao true, it is 
suggested that the ochoolu of pollock are aloo diotributed in the Basin areas 
wcut. of the international watero. Whether it iu true or not, further ourveyo 
are neccsnary, bccauoe information on the U.s.s.R. areao weot of the 
international watcro arc ot.ill inuufficiE!nt. 

The~e io much information on pollock which inhabit the surface and 
midwatcr layero of the Basin (Su~uki, 1976; Haeda and Hirakawa, 1911; Okada, 
19801 Saoaki and Yoohimura, 1988) and ita preoence hao been frequently 
confirmed from a long time ago. Also, ln the age determination by scale or 
otolith (Yamaguchi, l900J Traynor, peroonal co®nunication), it io known that 
those pollock conoiot of more than one year-claoo. F'rom this, the 
distribution pattern of the pelagic and midwater pollock is not a temporary ~ 

phenomenon that: only occurred when a dominant year-claan was preoent., although ~ 

there are annual quantitative differences which are caused by the si1e of .{:::. 
yeat·-clasa, it can be uald that it ia a part of the 9eneral ecology of the 
pollock population. Haeda, Takahashi and Nakatani (1988) report that pollock 
are diotribut:ed in depths between 160 m and 260 m of watero that dllpth reacheo 
to 1,000 m off lliyama of llokkaido. From D1.1Ch inntancco, it io determined that 
pollock individualo which are distributed in the open sea are not ucaree. If 
oo, despite tho fact that they are the same species, whon they roach a curtain 
t:ime in their life history it is not known why some individuals go out: to the 
Ba11in area and some individual• stay on -the continental ahel! area. In the 
surVeys conducted this time, pollock of high density were mainly observlld in 
wataru with water temperatureo between 3.o•c and 4.·0•c. In addition, pollock 
formed their schools in water temperature that was between 3,s•c and 4,o•c 
during February to Harch (Fiuherieo Agency of Japan, 1984}. According to the 
surveyo on water temperatureu in the Aleutian Oaoin this time and in the paot: 
(Fioherieo ,O.gency of Japan, 1984; Ha9anobu and Goto, 1988; Sanaki and 
Yoohimura, unpubllohed), water tcmparaturoo in depths of 50 m and dllepcr 
ranged from 2.o•c tO 4.o•c, and it wao estimated that the seasonal changes 
were small. On the bauio of thcoe oboervationo, it wao ouggootod that pollock 
which inhabit:cd tho Daoin could maintain a fairly otablo temperature 
condition. Thin would be one of t:he advantageD of pollock mi9rating to 
o!fohore watero. Although other environmental factoru need to be studied in 
the futuro, either way, tho fact that pollock not only can live on tho 
continental ohelf but. aloo in tho open ooa may bo an advantageouu otratogy to 
expand tho extent of thole dlotribution. 

Although oeveral lnotanceo of oamplln9 of juvenilo pollock on tho 
Aleutian Dauin have bean reported in tho pant (Kobayashi, 1963J,HII.oda and 
Ulrakaw,., 19771 Uaryu, 1900), they woru all roporta on tho inutanceo Ln which 
tho longthu wore 40 mm and under, except one inutanco whlch ~laryu (1900) 
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collected one individual o{ 97.1 mm. Accocding to the reuult& obtained !rom 
the uurveyu conducted thio tLme, the diutribution of individualQ between 2i ~~ 
and 101 mm in length in the Bauin was confirmed, Thiu wau conuidered to bu 
caused by the net o.ioed thiu time wan larger {for matura fiuh} and the towing 
speed waa Cauter, ouch au 4 knots. Kobayauhi {1963} and Haryu (1960) 
collected mainly individualu of 40 mm and under during ~une to August, and in 
the survey conducted thin time, the individuals between 25 mm and 40 mm in 
length were aloo collected in Augunt. However, Kendall et al. (1967) reported 
that the individuals of 15 mm and under in length were diotributed in depthu 
bet~een 10 m and 15 m at night, and caking account that the average towing 
depth in thiu survey wao 25 m, juvenile pollock may not have been collected in 
this survey. 

The diutribution area of juvenile fish obtained from the survey 
conducted this time was lLmited mainly to the edge of the continental shelf in 
the Basin. In the uurveys conducted by the u.s. and U.S.S.R. jointly in the 
uame period of 1967 using the trawl net in height (48 m) and width {55 m} of 
net mouth, 0,1 kg/hr of juvenile pollock in lengths between 30 mm and 120 mm 
in the aasin and 54.6 kg to 361.4 kgfhr on the continental shelf of the 
eantern Bering Sea were collected (Traynor, peruonal communication), In 
addition, the catch in the utation where the higheut number of fiuh obtained 
wao 0.3 kg/hr. According to these inetancea, it wau conoldered that although 
juvenile pollock diotributed in the Bauin during Auguut to October, the 
numbern were fairly few, au compared with the number of individualu on the 
contin.ental shelf, and it wau conoidored that the main distribution area wau 
the continental uhelf area. Also, although we can not determine it, because 
the number of Cioh sampled on the continental ohelf wau few, juvenile pollock 
in the aasin have a tendency to be of low condition !actor, as compared uith 
that of juvenile !ish on the continental uhelC and poor growth wau suggested, 
Becauae of thia, it was difficult to consider that juvenile pollock 
distributed in the Basin in this period-contribute largely Cor reproduction of 
the pollock population& on the Bauin or continental ahelf. 

In J-8 and 0 in Fig. 9, more than one ~ode was obuerved. Pollock in 
the aering Sea epawn in the Sauin during ~anuary to Harch, in the uoutheantern 
Bering Sea during Harch to June and in the northwestern Pribilof Iulands 
during June to August (Hinckley 1967). Therefore, it iu considered that there 
was a poosibility that pollock spawned in different locations intermingle. It 
io necesoary to clarify the dinpersion procees of eggs and larvae fro~ 
reepective opawning groundu by conducting tho uurvoyo on the continental shelf 
and Dauin 'areae particularly from the epring to oummer aeasono in particular 
using a more appropriate net Cor surface towing in tho future to determine the 
origin and route of recruitment oC pollock, 
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Add-itional note 

~Composition 

U.S. scientists collected random age samples of about 15 males 

and females from 32 trawl hauls. Otoliths were collected from 888 

walleye pollock, 437 males and 4eil females, and read. The de-

scriptions below were based on age reading data presented by U.S. 

In advance of reporting, the author truly thanks ~lr. Neal Wil-

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 year old group was dominant for both sexes and the 

major portion (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 (198.2 year class) are the second 

most dominant. In contrast, for all othe·r groups, the 9 or 11 

year old fish 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 

the international waters, is shown in Fig, l3(b). The 10 year ol.d 

group is dominant, but the age 6 group is more abundant than in 

group A and made up nearly 24%. Hales 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 between 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 also in the main report that the 1978 year 

class was dominant in the Basin, and the concrete percentage of 

·37.1% t~as presented here. The results of age reading from 32 

trawl hauls indicated that the 1978 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 this group was 470mm (from 465mm to 475mm). 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 6 pollock to the 

samples were observed at all 3 trawl locations where the belt­

shaped response was observed. In contrast, in only 2 other trawl 

locations was the contribution by age 6 fish over 20%, Thus this 

may indicate that the 1962 year class specimens came mainly from 

the area west of the convention line in the Basin. 
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Fig. 2, Distribution and relative abundance (kg/hour) of adult 
walleye pollock in the Aleutian Basin during Aug. to Oct. 
in 1988. 
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Table 1. Catch numbers and sex ratios of adult pollock by station 
groups showed in Fig. 6 

AL'Cll ~!ole f.'emnle Total Area H<1lc r:'cmDle 

h 15 [ 1 1324 2835 e 550 428 
( I 0.88) ( I 0.78) 

II 1 I 5(, 687 1843 I' 15 4 73 
( I 0.59) ( l 0. 66) 

c: 1171 282 753 G 709 468 
( I 0.60) ( I 0.66) 

" 971 469 1440 
( l 0.48) 

Table 2. Average ponderal index (X= Wet Weight/Folk Length xlOOO) 
of juvenile pollock by station groups showed in Fig. 9. 

J - ' J - B J - c J - D J - E 

FL(III .. ) r H SD 1 SD 1 H SD r H SD r SD 

,, 5.00 6 0.81 6.11 I 

" s.u 9 0,20 5.71 6 o.o 
so 5.73 3 o.os 5.02 s 0.53 5,25 ' 0. J~ 5.65 " 0.64 s. 72 I 

" . 5. 61 12 0.38 5.07 6 0.46 5.23 " 0.38 5.72 19 0.49 4.RO 2 0.59 
60 5,70 " 0.56 5.13 2 0 . .0 5.60 3B Q,I,Q 5.63 " 0.51 5.76 ' 0.49 
65 5.50 s o.ss 5.61 " 0.54 s. 71 17 o. 56 5.fi6 s 0.47 
70 5.47 I 5. 67 21 0,55 5.90 23 0.36 5.17 ' 0,47 
75. 5.75 B 0.52 6.05 13 0.53 6.12 3 l.ll 
80 6,39 I 5.98. s 0.36 5 .r.s ' 0.10 
BS 5.80 I 
90 
95 

100 6.119 

'0-100 5.64 JS o.45 5.07 28 o . .n 5.57 133 o.so 5.77 125 0.50 5.% " 0.65 

fable 3. Age composition of pollock in the Basin during the 1988 Japan-U.S. 

Age 3 4 5 6 7 8 9 10 II 12 13 

Number Male 0 12 29 27 28 29 164 48 35 14 
Female I 9 48 24 28 37 165. 42 39 15 

Total 2 21 77 51 56 66 329 90 74 29 

% Male 0. 00 0. 23 2. 7 5 6. 64 6. 18 6. 41 6. 64 37.53 10.98 8. 01 3. 20 
Female 0. 22 0. 22 2. 00 10.64 5. 32 6. 21 8. 20 36. 59 9. 31 8. 65 3. 33 

Total 0. II 0. 23 2. 36 8. 67 5.746.31 7. 43 37.05 10.14 8. 33 3. 27 

Total 

978 

1188 

1177 

HAI:USIK 

y H SD 

6.05 I 
5.88 s 0,56 
6. 16 7 0.30 
6.13 7 0. 40 
6.06 II 0.48 
6.36 ' 0.35 
6.68 2 0.62 

6.80 

6.15 " 0. '5 

cooperative survey. 

14 15 16 Total 

20 27 3 437 
22 15 5 451 

42 42 B 888 ..... 

4.58 6. 18 0. 6 9 100 <'· 
4.88 3. 33 I. II 100 

;" 

4. 73 4. 73 0. 90 100 .. 
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Prel.D:inary Report o.f Acoustic Survey o.f 
A1eutian Po11ock conducted in1988/89 Winter 

Koichi. Sawada.. Yoshilai. Takao,.. Mas:ahi.ko Furusava .. Yoichi Miyonohana 
Nati'onal Reseclrch Institute of Fisheries Engineering 
Tokyo. Japan 
and Taka.shi. Sasaki 
National Research Institute of Far Seas Fisheries 
Shimizu, Japan 

L Introduction 

For the purpose of scientific 11nnngement of walleye pollock ( Therngrn 

chalcogrnmmo ) resources In the Aleutian nosln oren, the Japan-US 
cooperative survey progrn~s arc being conducted. As one of the programs a 
mldwater trawl I acoustic survey on pollock was conducted in 1988/1990 
winter. The Japanese survey was planned and conducted by two Jnstltutlons 
of the Fisheries Agency of Japan --Notional Research Institute of For Seas 
Fisheries (NRlFSF) and National Research Institute of Fisheries Engineering 
(NRIFE), with cooperation of the Alaska Fisheries Science Center (AFSC, NOAA, 
USA). Other than US scientists, scientists from Canada, Poland and Chinn 
attended In this survey. 

This preliminary report describes mainly acoustic items of the survey 

which hove been able to be analysed till now. 

2. OutUm: of the Survey 

2.1 Survey Items and fllethods 

The survey items ore as follows: 
(1) Acoustic sYstem calibration to ensure nnd maintain accuracy of the 
syste~. I This item includes sensitivity calibrations using a standard 
sphere, noise mLasuremcnts, and lntcrship calibration with the US vessel.) 
12) In sltu target strength ITS) measurements by the dunl~bcalll method to 
examine characteristics of pollock TS. 
(3) Measurements ot volume backscattcring strength (SV) by the echo 

integration method to describe abundance distribution or pollock in the 
survey area and to estimate the total biomass. 
(4) ~lidwater trawls to obtain biological information. 

A research vessel of the Fisheries Agency, Ka!yo-moru I 2G44tons L \VIIS 

used for this survey. Survey oper11tlons were divided Into four legs. The 
survey tracks in each leg ore shown in the nwps In Flg.l. 

The echo sounding system used Is the one developed by NIUFE and cnllcd 

t11'c versatile quantltotlvc echo sounding system (VESS) 1
'

2
,. Acoustic system 

operations (echo integration and In situ TS measurement) were conducletl 2·1 
hours a day, Vessel speed was usuallY seven to eight knots. It was 
sometimes slowed down to decrease noise. We tried to mndc mld-wnter trnwls 

to collect biological smnpics when we observed relatively dense fish sign, 

but sometlntcs bod weather prevented to do so and only 24 trmvllngs were clone. 

The overage trmvllng speed was between three and four knots. 

2.2 Cruise Itinerary and Survey Area 

After the pre-survey to check the acoustic syste11 and trawl gear, 
November 14 -17 ·{Japanese standard ti11e) '· the research vessel l{nlyo-nlnru 
departed llarumi-port, Tokyo, on Dece111ber 1, 1088. On the way to the survey 
area, an lntershlp calibration was conducted between Kalyo-maru and 
Soyo-raaru, which 1s a research vessel of National Research Institute or 
fisheries Science and is equipped with a slmllar quantitative echo sounder 
as VESS, off the coast of Choshi In Japan. Leg 1 began December 8, 1988 (US 
time) In the west Bering sea. The survey completed on ~larch 1, 1989. 

The vessel's itinerary was as follows: 

Pre-Survey 
(J,\PAN THIE) 

Nov. 14 
15-17 
18 

Leg 1 
(JAPAN TIME) 

Dec. 1 
(U.S. TIME) 
Dec. 2-7 
Dec. 8-12 
Dec. 13 
Dec. 14,15 

Dec. 16-18 

Leg 2 
Dec. 19,20 

flee. 21.-Jan. 2 
Jan. 3- G 

Jan. 1-11 

Leg 3 

Jan. 12-15 

Jan. 16-19 
Jan. 20 

Jan. 21 

.Jun. 22- F'ch. 7 

Standard target.calibratlon #1 in Tateya~a Day 
Syate• check, Noise measurement 
Standard target collbratton in Tnteyamn Day 

Leave llaru111L U.S. scientist on board. 

.cruise to the start point of survey. 
Survey operations Leg 1. 
Transit to ~lakushin Bay. 

Standard target calibration #2 in ~lakushln Bay, 

Cruise break in Dutch ltarbor. 

Transit io survey area. 
Survey operations Leg 2. 

Transit to Seward. 
Cruise break in Seward. 
Canadian scientist and Polish sclc~i:Jst on board. 

Transit to Mnkushin Day. 

Standard target calibration #3 in ~latmshin nny. 
1'ransit to near Dogoslof Island. 

Intershlp calibration with US vessel Nlllcr 
Freeman. 

Survey operations Aleutian Dasln Including 
intcrnatlonul Zone 

{often break due to low pressures). 

N _, 
"' 



u u 

Feb. 8 

Feb. 9--10 

Leg 4 

Feb. 11 

(_) I, v 

Transit to Dutch llarbor. 

Cruise break in Dutch llarbor. 

Exchange US scientist. 
Chinese scientist on board. 
Canadian scientist get off. 

Transit to Bogoslof Island 

u 

Feb. 12 Intershlp cal1brat1on with US vessel Nillcr 
Freeman. 

Feb. 13 

Feb. 14 
Feb. 15 

Feb. 16-26 

Transit to the survey area. 
Begin Leg 4. Transducer ~~ broken. 
Change transducer (#1 to #2). 
Continue survey Leg 4. 

Feb. 27-Mar. 1 

~lar. 2,3 

Standard target caltbration #4 in Nakushln Day. 

End s_urvey In Dutch llarbor. 

{Japan Time) 

~lar.4-16 Cruise. 
Mar. 17 Arrive at llaruml. 

2.3 Scientific Personnel 

Leg 1 12/8/88-12/12/88 

Leg 2 12/21/88-112/89 

Leg 3 

Leg 4 

Japan 

U,S. 

Canada 

Poland 

China 

1/22/89-2/7/89 

2/14/89-2/26/89 

Kazuyukl Teshlma¥ 1 

Yoshiml Takao 

Kotch! Sawada 

Dennis Benjamin 

Edmund Nunnallce 

William Show 

Edward Jackowski 

Ren Shcng--mln 

Chief scientist 

Fishery engineer 

Fishery engineer 

Fishery biologist 

Fishery biologist 

Fishery biologist 

Fishery biologist 

Fishery biolog-ist 

"1 Now Selkal Nntlonal Fisheries Research Institute 

•2 Pacific Rlologlcal Statton, Nanalmo, Canadn 

•3 Sea Fisheries Institute, Gdynla, Poland 

NRIFSF 

NRIFE 
NRIFE 

AFSC 

AFSC 

PllS"'2 

SFPS 

Ct\f'S"'"' 

•4 Chinese Academy of Fisheries Science, Shan Dong, China 

3. Acoustic System nn1l Callbrntlon 

Leg 1--4 

Leg 1-2 

Leg 1-4 

Leg 1-3 

Lee- 4 

Leg 3 

Leg- 3- •I 

Leg 4 

u u u u u 

3.1 t\coustlc System Cnllbratlon 

Standard sphere calibrations were conducted during the presurvey and 

three times during the survey by the same way as ln 1988 summcr2 ). lYe 

calibrated the transmitting and receiving fnctor (I{TR, 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 in 

almost all surveys, but the transducer #2 was used at the latter part of Leg 
4 because of a malfunction of #1. 

Figure 2 shows the depth dependence of KTR factors in all the 

calibrations. For the transducer #1 KTR was from 97.4 to 99.0 dll at 10m 

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 measured at 10 m before each leg. 

On February 14 the transducer #1 was broken by a leak of sea ~ater. 

After Feb.l5 we had to usc another transducer #2 which was made by the same 

specitlCatlon as the broken one. The fourth callbration on February 27-

March 1 was conducted on this new transducer in very good condition. The 

KTR. values of this transducer were less than those of transducer #1 by 6-7 
dB. 

In Table 2 of the last summer survey rcport2l, we summarized the 

calibrntion results with the results of other surveys for the purpose of 
comparison. 

3.2 Noise and Threshold 

Since the noise received by the echo sounding- system degrades the 

acoustic results, we sometimes measured the noise level and, by referencing 

to the results, we made counterplans such as adjusting the threshold and 

changing the ship speed. 

We measured the noise by the same way as In the last summer survey2 ). 

'fhat is, we stopped transmitting, Integrated noise signal with 1 mln 

interval, and transformed thus obtnincd "noise SV" Into the nolse power 

spectrum level (NP), 

Flc-urc 3 is a result obtained at' around 300 m depth Witter off inteyamn, 

Japan, on 15 November 1988 In presun•ey. The SV values at 250 - 300 n1 layer 

were conv£lrted to NP and the results nrc shown against the ship .srecd. The 

depth of the to~ed body was 30 m when the ship was stopping and dccrensetl up 

to about 10m In occordnnce with lncrenslng- speed. Although the vnrtatlon 

of the dntn Is large, we cnn S£le the trends thnt the noise lncrcnses with 
the speed and that the witle chn~ncl Is more sensitive to noise by nbout 5 dll. 

This noise level Is nlmost 10 till greater than the level measured In 

u 

"' -.J 
-.J 



1988 summer survey on board Seljyu-maru. This made the survey and analysis 

difficult, especially forTS measurements. Since the echo sounding system 

was the same for both surveys, the difference In noise level must be caused 

by the difference In the towing methods and ships. The towed body was 

deployed by a crane installed on the front deck, the horizontal distance of 
the to11·cd body and broadside was only about 4 10, and the towed body was 

located at near the side wall of the engine room and the propeller. 

Kalyo-maru is 2644 tons and greater than Seijyu-maru by a factor of 7.6. 
From Ross's equation:3> to estimate ship noise, we might suffer 15 log 7.G 

13 dD greater noise. 

Thus, we often measured noise level (about one time a day) and by using 
the results we carefully set the threshold. The threshold funct1on 2 > were 
ordinarily "FI.AT and SV at 100m" -99 dll" or ":!0 log r und -90 till." 

3.3 Intershlp Calibration 

The lnter~hlp calibration (JSC) was performed between US ll/V Nlller 

Frcemnn mul Jnpuncsc R/V Knlyo-mnru In order to check the bolh side acoustic 
systems. \Ve attempted ISC three t1n1es, 

The first one was tried together wlth the third sphere cnl1bration on 
January 17,18 and 19. Doth vessels were moored at anchor side by slde and 
systems' triggers were synchronized. llowevcr, since there npjlenred few fish 

even In the night time, we could not get available results. 
The second ISC was attempted In llnrlng Sea shelf waters on January 21. 

but bad weather halted operations. 

Only the third Intcrship calibration was successfully done and the 
details nrc decribed below. 

The ISC took place 25 mai southeast of Bogoslof Island on f'eb.12 {local 

time). Transect llnes in the calibration area arc shown In Flg.4. 

The two vessels steamed allaost side by side with repeatctl transect over 

n lnn:e dense ng-grcgnllon or flOl1oclt which wns nbout 4 nwl long und nt 3:!0 
480 m deep. An exn1uplc or color cchogrnm or this nggrcgutlon Is shown In. 

•FJg.S. \Ve collcct.ctl echo Integration tlntu from the 15 passes <~hove the 

school. l(alyo-mnru sulled nbout 0.:1 nml to port ;uul •15° nstem of miter 

Freemon, Vessel speed vnrlctl hetween ·I anti B Jmnts tlepcntllng upon IVenthcr 
condition, but It was ltept smue on the each line. 

The Japanese system operntcd at BOO m range mode, lYe measured noise 

le\'1:!1 hcfore and during the Jntershlp caUbratlon. ,\ccordlng to the result, 

II"C used the threshold function of "20 log r" with SV value of -90dn nt lOOm. 

Tlwre 11ppcnrr.d two problems In analyzing the ISC dntn: The depths of 

both side towr.d hotllcs were nbout 10 1n, but not mcnsured exactly: US system 

could not 1neosurc the aggregation below 400 m where the dense uggrcn-ntion 

still existed. Therefore, strict compnrJ"son could not be done and 11·c 

comjlarcd the results selecting some plausible ranges of unalysls. 

The comparison of the estimated fish densities (kg/m2 ) averaged over 

ench pnss arc shown In flg.G where we nssumed TSkg of -30 dll/kg ns the 
transformation factor from the areal backscatterlng strength (SA) to the 

fish density. Assuming the towed body depths of 10 m, US calculation was 

done for SV in three different depth layers from the surface and Jnponcsc 
from 26 to 410 mas shown In Flg.S. 

We see the similar trends In both side results, but with sl!ght changes 

of the anlysls range US results shift considerably. Since the results of 

this experiment show no large difference nnd since Independent analyses of 

standard sphere cnllbrntlon data confirmed the accuracy of both acoustic 
S}'StCIIIS, WIJ IISSII!IIC lUI JntCI'Shljl f:1JIIhr11tlon J'nclOI' of UIIJty, 

4. Target Strength ~lensurements 

4.1 ~lethod and Results 

lYe measured TS In situ 24 hours a day along with the echo lntcgrntlon, 
The results were shown on a CRT ond n printer online as o matrix form 
sh01vlng tl!strlbutlon density In each depth layer and TS class, ,, 21 HuiYCI' 

datn were memorized In files on floppy dlsl,s. In these flies tlmcs of 

single eches measured frolll trigger, pulse width at hulf level, echo levels 

for narrow and wide chnnnels etc. were recorded. In the following analyses 
we used these filed data. 

In this winter survey the TS cstlmntlon was somewhat difficult compured 

with the last summer survey fro1n the following reasons: Fish dltrlbutcd at 

depth ( summer oroud 200 m and winter sometimes deeper than 400 m I; The 
d1str1but1on density was genernlly high; Noise level was about 10 dU higher 

than in summer survey, 'J'hus, we annlyscd the data considering the£>c points, 

1-'1"0111 UIIIIIY datil WI! SCli:Cted the flOI"tlon as tO he nhle to CX/111111\c the 

effect of distribution density ('ruble 1), first, we select~d one or soJJC 

dnta sl!ts from each lC!g (positions nrc shown by hlaclt circles In Flg-.1) 

considering 11s to lnc\Udi! high, medium, .nnd .lo1v densities, nnd putchy 

dlstrlhutlons, Next., In ot•dcr to compure the results In the condition 11s 

smne 11s fJOSslhle, n·e selected datu nt high and loiV densities In the same dny 

( 25 !lee. and 23 Jan.), Noise level was observed on the 40 log r echogrzun 

basis, The ci-Iterlon wns thnt If we observe almost the same level of noise 

as fish echo 1vc call Lhe noise is "high,'' In order to ellmlnntc the fish 

which locate largely out of the mnln l":"roupn, we computed the nvcrngc and 

stnndnrtl devlntlon of fish depth, nnd selected the echo in the nvernge ± 
one Slii/Hianl devlntlon (we cnll this prtJCess "depth restriction"). 
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Table 1 shows the data and rf!sults. 'fhc asterisks In the tublc mean 

the depth restriction. TScm is the normalrzctl TS which Is defined by 

TS(dB) ::: 20 log Lfcm) TScm(dl1) (l) 

where L Is the folk length in em. We used the avera~e body length of 48.8 
em obtained from trawl samples. Figures 7 - 9 show cchograms corcspondlng 

to the data No.3, 7, and 10. Figures 10 and 11 show TS against depth and TS 
frequencY ns a hlstogrom for the data set No.3, respectively. 

4.2 Discussion 

The obtained value of TScm Is about -64 to -60 dn and Is considerably 

high compnrcd with the value of -66.0 dll which has been obtained for pollock 

by several methods2
).a). We can Imagine some causes for this: (1) There 

might be differences In the body or bladder shape and the orientation 

distribution of fish due to the differences of season and maturity; (2) 

There might be difference in the body length smnplcd by trawl becauSe of the 

difference of the ship and net; (3) 1'he high distribution density und the 

deep fish location might cause erroneous TS; (4) Noise contribution rulght 
make observed TS high. 

Although we could not dlretlY check the first two posslhlllties, we cnn 

compare ho1ly shapt! nnd size with [HLSl dnta und esttwate the dlffurencc. We 

comr>arc the relntionshlps between folk length .1nd body wclsht obtained in 

this survey and In the last summer survey. Since the body welsht 1vus not 

measured tn the summer survey, we usc the datu ohtnlned by angling In 

Plai<Us/lln Dny, Unalaska Islund. The relatlonl> 11re regressed to the furmulu 

W = ll Ls (21 

nnd rret the coefficient n of 6.9 x w-<~ gfm"' (correlation coefficient 0.87) 

for s\lluuter and 7.0 x 10-s g/m~ (0.77} for IVInter. Since the coefficients n 

m~y be thought ns an Index of body shape, these resutts reveal that there 

was no lnrgc dJscrcpcwcy In body shape, 

Reviewing the past rcSults 0 > of the survey In these area, the uvcragc 

body lengths of the pollock In the JJerlng Sea have been estimated from •IG em 

to 48 em In both summer and wlter seasons. Therefore, the nverage foil( 

length of 48.8 em may he thought as a representative value. 

lYe next consider about nhovc reasons of {3) anti {4). 1\'e sec tendency 

of lncrenslng mcnsured TS with lncrc<Lslng densities nne! depths. These 

phenomena must be come from the fact that Increasing number of fish echoes 

or Increasing depth produces more multiple echoes nod their echo pcnl\s rnny 

u l....) u u 

be classified ns "single echoes" glvlng large false 'I'S. The depth 

restriction results In a little incrensc in mensured TS. This tendency can 

be also explained by the above reason, because this procedure might select 

den~e port ion of school. 

From Table 1 we nlso sec n tendency that measured TS Is large when the 

noise Is high. The reason for this may be that noise added single echoes 

gave large TS. 

The present pulse IV1dth comparison method for single echo 

dlscrllalnatlon is pointed out that the dlscrlmlnation sometimes falls ll'hcn 

ll1c echoes contain multiple echoes0 >, 

As we have original nod raw data in ft!T and disks, we will rennalyze by 

using other discrlmlnntln method such as wnve form comparison. Our method 

presently ndopted is simultaneous operation or the echo lntcgrntor nod dual 

beam processor. This method succeeded In the last summer survey, but this 

would be problematical for the winter dlstr_lbution of pollock. In this 

connection, in 1989 summer survey we agatn obtained TScm value of near -GG.O 

dB. Therefore, we can conclude that if there arc a few fish in the 

effective beam width, we can measure exact 1'S, The effective method for 

dense 11ggregation should be to lower a transducer down near to fish 

dlstrlbutlon as was done by AFSC. 

Above mentioned problems suggest us that as for this winter survey we 

must not usc measured TS value for scaling the echo integrator outJlUt. Then 

we calculated 'I'S value of -a2.2dll for the scale factor by substituting TScru 

of -66.0 dll and the averngc folk length of 48.8 em obtained by trniVl snmplcs 

into Eq.(l). This TS vnluc happened to be cxnctly the same ns the one in 

the last summer survey. 

5, Fish DistrJLutlon and Abunclmtcc Estimation 

5.1 ~lelhocl 

u 

ll'c operated the echo Integrator on 24 hour basis. '!'he ship speed wns 7 -

8 kt accordiHg to the wcnthcr conditions. The lntcgrntlon pcrlocl was set 

In lime mode and was ordlnnrlly three minutes. 

The .analyzing method ls nlmost the smile as 1988 summer survey. We 1·ead 

smnll mesh Integrated data {SV) from disks and, by rcfcrenclnc- cchogTilltL, 

classified them to leave the objective fish echoes. According to the 

classlflcatton we restrict depth range and compute the areal bacl<scatterlng 

strenr,-lh {Si\) for each three minute period. In this survey as the noise 

level ll'liS high and the fish distribution was rnthcr deep, noise and rJsh 

echot:s II'Cre oftl!n superimposed. ~lnny efforts were made to dlscrlminntc 

noise from fish echoes by seeing cchograms lll\11-the flC!ld note. The dntn 
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collected when special operations such as trnwllng and CTD cast ll'ere 

performed were abandoned In SA calculations. The ISC data were also omitted 

In abundance estimation process because of many repeated passes over one 

large school. 

5.2 Distribution of Pollock 

figures 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 In the last summer survey. 

Figure 12 shows SA values averaged over 40 Integration period (about 

two hours) along track lines. 
In order to see the distributions more clearly, we conbinc data from 

all legs and averaged SA in each block of 30 min latitude by one degree 

longitude. Since there are variations In sample numbers In blocks, 1ve omit 

the blocks which contain less than 20 Integration period ( approximately 20 x 
7 kt x 3 mln = 7 nml ) • The result Is shown in 1'uble 2. In the table minus 

symbols mean no· data and asterisks less than 20 Integration periods. 

From these figure and table, In the west part of the surveyed urea 

there were a few pollock and In the east part pollock were abundant 
especially near Aleutian Islands. This distribution pnttcrn colncll1es well 

with the CPUE distribution obtained by lruwl sampllng.-n 

5.3 Population Size Estimation 

In this survey 1t was very difficult to follow the originally planed 

grids because of the bad weather of this winter and the resultant tract< 

lines became much Irregular as shown In Fig.l. Therefore, CODiflUtatlon of 

abundance is not straightforward, \Ve tried two methods to est!nlate 

abundance, 

One trial Is to compute abundance for the main part of each leg. 

Average SA are calculated for each leg excluding cruising tracl<s and 

multlplted by the area shown by bold lines in Flg.l. To convert SA tnto 

fish number and abundance we used the ·rs value of -32.2 dll and the wetght 

for one fish of 801.9 g which was computed by substituting avcrnge length of 

48.8 em Into Eq, (2). The results ore shown in Table 3, No.1- 4. As nn 
Index of abundance in the Intcrnatlonnl Zone (JZ), SA values obtained only 

In IZ In Leg 2 are averaged and multiplied by the surveyed area (33.5 % of 

the total IZ area) as shown In Table 3, No.5. These nbundnnccs for cnch leg 

reflect differences both In time (leg Interval were nhoul two to four weel<s) 

and surveyed 11rcn. The esllmaled abu1ulnncc Is lnrge for l.cg 4 which 

Included abundant coastal area nlong Aleut Inn Islands. 

1'he second trial Is to usc block based data and con1pute nbunduncc flCr 

block and all area surveyed. 'fable 4 shows the abundance in each blot:!< 

obtained by using the SA values of 1'able 2. The total biomass is shown ln 

Table 3, No.6. Comparing this results with No.4, it seems that the latter 
Is too large. This may come from the fact that there were very dense 
aggregation at the small area ncar Aleutian Islands (see Flg.12) and the 

clata obtained for the aggregation made the average SA too large. 

lie, -..rlth cooperation of AFSC, USA, will futher analyse these winter data 
and estimute not only abundunce but also sampling error. 
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Table 3 Estimated abundance by severe! methods. 

) NO NETHOD AREA AVE.SA POPUL\TION ABU~DASCE 

[km2 ] [dB) [fish x 10°] [k ton] 

1 1ST LEG 95.453 -66.5 35.45 2B 

2 2SD LEG 86.394 -57.8 241.95 194 

3 3RD LEG 196,818 -63.3 153.20 123 

' 4TH LEG 228,243 -45.7 3484.47 2794 

) 
5 2ND LEG, IZ 68,804• -58.1 177.23 142 

6 TOTAL(BLOCKS) 326,G21 1746 

• This area is 33.5% of total IZ area {205,3llkm2
). 

J 

Table ' Estimated abundance I k tons I ln each l.llock. 

J 
Pl·IT!! 17!~1ll! 113·\H! !H·!1H 175·\HE 175·177! 177-PH 11!-l7H " ·l!OE UD·\HI 179·\HI \13-!7il 

5!. 0 ~ !. s ' - ' ' ' 1.!1 
51. s 5!, 0 - ' - ' a. s~ o. 40 
57. 0 Sl, s - ' ... "' H.ll! ts. ~~ 0.0 ' H.S s1. a ' '· ,, !O.H J. "' 1.01 0. IS I 
H.O SI,S ' ' .. so !Z.Ii E. '" i. !J .. " .. " n.s ss. 0 - ' "· " I. " '· l'l! 2. la (. " l. "' IJ. " ss. 0 ss. s ' " " s. " l. 0>1 a. H 1 
H. S ss. 0 ' 1. oa s. !11 L ;a 
H. 0 5(, s '· "' .. " I l. 1l 
Sl. S H.C .. I ' ' I. iO I - I s. " 1.n 1. sa "· " II. 81 

J Sl. 0 SJ.S - ' 0. l5 0. SS I 0. l! ' 0. H 0. l6 - ' l. ' sz. s SJ. 0 - ' 0. ss O.S4 I - ' 0. !I I. IS !.61 
Sl. 0 - sz. 5 ' - I ' Tot1! c. S\ . S! I .. .. t. Ol I !. ~7 11. I 6 I H.H I "· H ' lS. "I ll. ~ s lS. "' ll. s s 

uei (b2) JHO I lilll JH2 l!>S tHH !~lH I HCSO I ~II !l I IIU! I l !01! I '" ' 

_) 11l·17Sf 175•1751 !H·IH1 ]71·!1JI 17l·IHI 172·17!1 171•17nl 170·1 HI H!·!UI !U·U71 Hl·\HI UI·USI 
sa. o - sa. s ' I ' ' ' S1. s • sa. o - ' - I 
57. 0 • 57. s - ' ll. !2 I 
H. 5 • H. 0 "· " t. SZ I 

H.O 55. 5 !. H Z\.!5 

55. s 56. 0 5. 04 - ' JO. ll "· " 4\. 0 l 
ss. 0 55. 5 J.U !S. il ]7. tO I 42. 02 lS. " H.S H.O J.H Z!.H (.OJ "· " 1.H 
H.O St.S 4.15 !1. OJ H.2l "· " Sl.S 5(, 0 a. n ' .. " 21. 50 ll. " 22. ae H. OS !I.H t ~. tO 
51. 0 Sl.S 2. !1 7.1S H. !I 5]1. 02 

) H. 5.· Sl, 0 t.n 10. 10 n. 1 t - ' sz. 0 - sz. s ]\. 61 ' 
Toll! n.21 !. 41 I !55.25 72.!1 lOS. H J. JS 120.95 Ul.S! I 100. 05 5!.70 Si. J4 J J. ~I 

area (i=l) 21 SO( JHO I litiS HIH llSJ! l69l lOB !HH I JOSH I 0! 18 1119 1081 

J 
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Table 1 Reslts of target strength analysis. 

-~0. l 2 5 6 
DATE 12/ll/88 ll/25/88 12/27/88 12/30/88 
Tl\tE: 16:45-17:30 09:1)9-09:40 09:49--10:15 11:24-11:55 13:25--13:56 03:31-03:45 
LEG ' l 2 2 2 
POSITION N 53 • ,- Nss· 48.33 ~ ::s s. 52. 59~ :; 56. 1,. 19 ~ 1156° 11. 5 - t: 57 ° 16. 71 • 

E 1 7 9 • 2 9. 2 - E179" 6. 9 9 - E: I 79 • 8. 8 0 - E 17 9" 12. 8 4 • E I 7 8" 2. 4 - El76" 59. 20-
PING 1325 851 101 851 851 461 
SCJ!O ' 181 453 691 iSH 1602 <53 
ECHO " 132 "' 569 1 0 51 1087 323 
TS [dB] -2 9. 71 -3 0. 16 -28. gg -27.22 -28. 41 -zs. as 
TScm [dB) -53.48 -63. 93 -62.76 -50. 99 -62. 24 -62. 56 
TSI [dB) -29.62 -3 0. 12 -28. 93 -26. 93 -zs. as -28. 59 
TScrnt [dB) -63.39 -53.89 -62. 70 -60. 10 -6 2. 12 -62. H 
DEPTH l•l 19 7. 4 9 213. I 7 216.75 256.54 270. 49 253. 49 
u [' J l 3. 67 14. 87 11. 0 ( 20. J 3 20. 7 5 2 7. 0 6 
DE~;s I TY LO'rl' LOW MEDll!M !II Gil M, U PATCIJ 
XO I SE LOW LOW Lo~· LOll' LOW LOll' 

!io. 1 10 
DATE 1/23/3!1 2/25/SS 
TDIE 05:16-DS:31 11:27-11:50 13:32-l<\:1)3 21:07-21:32 
LEG ; 3 4 
POSITION !153" 48.45 ~ !{53" za. 21 ~ !153" 21. 7 ~ NS4" ~ 2. I ~ 

\\'176. H. 38 ~ \1' 176. 9. I) 9 ~ w 1 7 6. 39.~2 ~ l\'16 6. 8. 6 ~ 

P 11:G ' '" 101 831 1274 
ECHO "' 563 1227 398 
ECHO ;:'t '" 383 I 0 3 6 236 

TS [dB] -2 5. 34. -21. 33 -26. 96 -2 6. 9 

TStm [dB] -6 0. II -61. ID -60. 73 -6 0. 67 

rs• [dB] -25. 3 -27.29 -2 6. g -25.92 

TSt~* [dB] -50. 07 -61.06 -6 0. 6 7 -59.69 

DEPTH [' J 301.45 304.92 288. 64 2 3 3. 5 
u [r:] 21. H 20. 8 9 I 5. 54 2 3. 5 g 
DE:\S I TY li!G!l LOll' .liED 1 u~.: I'll Ttl! 
/lOlSE li I G !I HIGH !! I G!! J..M 

Teble 2 Average SA in each block. ( - no data. • too srnull s:tmplc) 

171-172! 17l-11l! 173·\H£ \H·\75< 175·\lH 1H·\71E 177-17!! 17!·\lH 119-1!0£ \!0-17U 179-17!1 tn-t;;r 
H.O sa. s - ' -' - ' - ' ' ' ·H.IJ 
57. 5 - 5!. a - I - I I ·6!. 10 -10. " 51. 0 - 57. 5 - I -I -st.!! -s~. u ·54.H ·6&. 20 
55. 5 - 57, 0 - I - I -5&.35 ·SS.H -so. sa ·H. 51 ·6!.H 
H.O - 55.5 - I -I - I ·Si. '" -ss. 56 -sa. 2l ·S!. 99 -n. 111 -61. 75 
55.5 - 56, 0 - I - I ·54. <S -sa. a2 ·59.H I ·62.U -59. 12 -5t.n -55. " ss. a - s:s.s - I I -sc. " ·H.\0 -61. al I ·51.H 
H.S - ss. a - I -65. " ·59. 22 ·60. IS 
H.O - 5(. 5 I ·6!.U I ·69. " ·51. 10 
SJ. 5 - 54. a -u. " I ·65. .. ·59.19 I -sa. " -sa. sa ·54. " ·56. " 5l. G - Sl. 5 - I ·71. " ·69.51 ·6!1. OS ·67. " I -71.38 ·62. .. 
sz. s - Sl. 0 I I ·69. so -6!1.62 -67.35 -66. " -6 ~- " sz. 0 - sz. 5 - I I I 

\11-tH• IH·1H1 !75·1H1 IH-1731 11l-172f 17!·17\l 171-1701 110-HU 1S9-1Sat ua-un 10·1561 1H·t65t 
sa. o - sa. s -I 
51. s - sa. o - I 
57, a - 51. s ·St. 45 
56.5 57, 0 ·Sl. 4l ·5!1.1iZ 
56. 0 H.S ·57. I 9 ·5l.H -I 
55. 5 51.0 •5a.H -51. al -48. 49 ·50. 52 
55. D 55. 5 -so.u 1 ·H. it -H. JQ ·50. 0 -sz. 11 
5(. 5 55. 0 -sa. ts ·52.54 -sa. u -ss. oz -57. 76 
H.D 5~. s ·60. SJ -s~. so -so. 66 -so . .. 
Sl. S 5~. 0 ·57. 10 -57. I' ·Sl. 52 -51. 67 ·Sl. " ·52. a7 ·H. !19 -so. J!l 
53. 0 53. 5 -H. IS -sa. oz -so. 11 ·H. I! 
Sl. S SJ. o ·6l. 9l -56. 57 ·5l. " sz. 0 sz. 5 ·H.U 
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12 FEB 1989 INTERCALIBRATION 
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Flg.9 An example of echogram (Leg 4). 

Leg 4, So.lO. Rnagc: 400 ~. ~0 log r. Left: Narrow, Right: Wide 
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1. Introduction 

A mldwater trawl I acoustic survey on walleye pollock ( 'I'herogra 

chalcogrnmma) In Aleutian area was conducted ln 1988 summer as one of the 

programs of Japan-U.S. cosurveys for the purpose of scientific management of 

pollock resources In that area. Japanese survey was planed and performed by 

two institutions of Fisheries Agency of Japan, For Seas Fisheries Research 

Laboratory (FSFRL) and National Research Institute of Fisheries Engineering 

(NRIFEJ, with cooperation of Northwest and Alaska Fisheries Center (now 

renamed Alaska Fisheries Science Center (AFSC), NOAA, USA). 

In this report we describe mainly on acoustic Items of the survey. A more 

comprehensive report will be published near future. 

2. Outline of the Survey 

2.1 Survey Items and Nethods 

'I'he survey Items are as followS: 

(1) Acoustic system check and calibration for ensuring and maintaining 

accuracy of the system. ( 'I'hls ltem Includes the operational check of our 

system, sensitivity calibrations using a standard sphere, noise measurements, 

and lntershlp calibration with u.s. vesseL) 

(2) In situ target strength {TS) measurements by the dual-beam method for 

obtaining a reliable scale factor for abundnrice estimation and for examining 

characteristics of pollock TS. 

{3) Measurements of volume backscattcrlng strength (SV) by the echo 

Integration method for knowing abundance distribution of pollock in the 

survey area and estimating the total biomass. 

(4) l">Udwnter trawls for obtaining bto"togicnl samples. 

A fisheries vessel. Selju-mnru i:28 ( llokutcn trmvler, 34!ltons ). was 

chartered for this survey, Survey operations were divided into for legs, 

comrDenccd on August 10, nnd were completed on October 12. The survey tracl<s 

In each leg nrc shown In the maps In Plg.l. 

Acoustic system operations were conducted 2•1 hours n day. Vessel speed 

wns usually eight lmots. It was sometimes slowed down to 4 - 7 J<nots for 'I'S 
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data collection or for decreasing noise. When we observed somewhat dense 

fish signs, we made mid-water trawl to get biological samples. The average 

trawling speed was between 3 and 4 knots. 

2.2 Cruise Itinerary 

After lnltla:l tests and calibration of the acoustlc system In Mutu Bay of 

Aomorl prefecture, nothern Japan, Selju-maru #28 departed Hachlnohe on July 

31, 1988. The vessel's Itinerary was as follows: 

Pre-Survey 

(JAPAN TliolE) 

July 10 - 13 

July 14 

July 16-17 

July 18 

July 21 

July 24-25 

July 31 

(US Tll\1E) 

August 1 - 5 

Leg l 

August G 

August 1 

August 8 

August 9 

August 10- ll 

August 12 

August 13 

August 14-15 

August JS- 17 

Acoustic system loaded on F/V Selju maru #28 

In llachlnohe. 

Initial tests of acoustic system. 

Standard sphere calibration (#1) In l\1utu Day. 

Mid water trawl and Scanmer Initial tests. 

Noise measurements. 

Standard sphere ca.Ubratlon off llachlnohc. 

1\llnl-survey for system check off llachlnohe. 

Embark u.s. scientist. 

Depart llnchlnohe. 

Transit to Aleutian llnsln. 

Check of ncoustlc system. 

Trnnslt to the east of Aleutian Dnsln. 

Adjustment of towed body. 

Transit to the nrcn of lntcrshlp <~alibrntlon. 

Intershlp calibration with U.S. F/V Pelugos. 

Standard sphere calibration (~2) In ~lnkushln Duy. 

lntershlp calibration wlt.h Pclngos In Nal<ushln Ony. 

Research, trnnsect 1. 

In port, Dutch Harbor; Exclwnge scientists. 

Leg 2 

August 18 

-September 2 

September 3 

Research of the southeast Aleutian Basin. 

Transect 3 - 9. 

Standard sphere callbratlon (#3) In Nakushln Bay. 

September 3 - G Transit to Kodiak. 

September G - 12 In port, Kodiak; Exchange scientists. 

Leg 3 

September 12--14 Transit to start of transect 10. 

September 14-.. 26 Research of the central Aleutian Basin. 

September 28 

September 29 

-October 2 

Leg 4 

October 2 

October 3 

3 

12 

October 12 

October 13-- 18 

(JAPAN TI>!E) 

October 19 

Transect 10-.. 20. 

Standard sphere calibration (#4) In ~1akushln Bay. 

In port, Dutch Uarbor: Exchange U.S. scientist. 

Transit to start or transect 20. 

Research of central Aleutian Dnsln. 

Transect 20- 24. 

Noise measurements. 

Transit to llachlnohe. 

Arrive at llachlnohe. 

2.3 Scientific Personnel 

Leg 1 

Knzuyukl Teshlmn 

YosMml Tnl<no 

Klkuro Ncmoto 

~lnsnhl ro Tuluu.Jn 

Jim Traynor 

Chief scientist, FSPRL 

Fishery engineer, NRIFE 

Electronics engineer, Knljo Denld Co, Ltd. 

Asslstnnt, Slhnurn Institute of Technology (SIT) 

Fishery SCientist, NWAFC 
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Leg 2 

Kazuyukl Tcshlma 

Yoshlml Takao 

folasahlro 'J.'ukuda 

John Garrison 

Leg 3 

Taku Yoshimura 

Yoshlml Takao 

Nasahlro Tukuda 

Douglas Smith 

Leg 4 

Taku Yoshimura 

Yoshlml Takao 

f'o1asahlro Tukuda 

William Karp 

\, .... ) v 

Chief scientist, FSFRL 

Fishery engineer, NRIFE 

Assistant, SIT 

Electronics technician, NIVAFC 

Chlef scientist, FSFRL 

Fishery engineer, NRIFE 

Assistant, SIT 

Fishery biologist 

Chief scientist, FSFRL 

Fishery engineer, NRIFE 

Assistant, SIT 

Fishery biologist, NWAFC 

3. Acoustic System and Calibration 

3.1 Acoustic System 

u 

For this survey program, NRIFE developed a new versatile echo sounding 

system, abbreviated VESS. The system Is a modified and expanded version of 

the multipurpose echo soundinG" systcm 11 previously developed by NRIFE. 

Since the outllne of VESS wns described In the prevlouse report:::u, here we 

briefly describe the system and necessary Information for further 

explanations. 

'The echo Integration and the dual-beam target strength (TS} measurement 

arc the two Important methods applicable by this system. The followings are 

the prominent features of the system: 

(l} The transmitting and receiving system was designed according to the 

design procedure whose principle Is minimum error:il1 ; 

(2} Recording nnd displaying absolute echo levels mnl<c cusy to understanding 

and dlscrlmlnallng objective schools; 

u u u u u 

(3} \Ve Introduce an avernglng procedure In the dual-beam method to get more 

accurate TS; 

(4} Combining the measured In situ TS data and the distribution densities 

obtained by the echo counting method, the system can display TS dlstrlbutlon 

as a matrix form easy to understand; 

(5} 1\vo-step and multi-channel echo Integration method enables both on-line 

checking and accurate post-processing of volume backscatter log strengths 
(SV); 

(G) By appling dual-beam echo Integration method, fish avoidance to surveying 

vessel and effect of noise can be monitored, and variabilities of SV from 

smallness of sampling volume and errors by beam motion can be reduced. 

Figure 2 shows the system block diagram of VESS and Table 1 lists the 

specification. In Appendix Al, the baste formulae for processing echoes are 

decribed with definitions of variables. 

The towed body was suspended by a vessel boom through a snatch block 

with a shock absorber. By this arrangement the body was towed ubout 7m 

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 eight knots). Figure 3 Is 

one of the towing chractcrlstlcs showlnS" towed depth against the Ycssel 
speed. 

Figure 4 Is an example of paper records. From the mnrlcers In the left 

margine we can rend the absolute echo levels and some parameters necessary 

for quantitative understandings. 1'hls example shows "40 log r" TVG output 

and the range Is 400m. Echo Integrator outputs are also printed nt each 

Integration period. 

Figures 5 - 7 show typical color displays. The display mode of Fig.S Is 

TSS
21 

and the decibel values of D-4T,. (see l!q.M In Appenndlx .ll can be read 

for single echoes by comparing their color with the color pattern. Figures 

6 and 7 arc the displays of SVS mode· nnd·dlrectly show SV \'alues if schools 

arc lan~e COIIIJlOred w!Lh bc111n width. 

The single echo processor cons its of a dual beam processor (DnP}. 11 

personal computer (PC, NEC, FC-9801X}. and a printer. The DBP performes the 

extraction or single echoes by pulse width comparing method, measurements of 

the nnrrow and wide clwnnel echo levels, directivity compensntlon, TS 

u 

"' <!) 

w 



calculotlon, and eho counting under the commands nnd parameters given by PC. 

In order to lessen errors by noise Inherent to dual-beam system, average echo 

levels are used, that Is, specified number of samples prior to the echo peak 

are averaged. Since the echo counting Is done only for the echoes within a 

specified cutoff beam angle, there Is little bias caused by variability In TS. 

In Flg.8 an example of parameter settings or the dual-beam processor Is shown. 

The final results of DBP are trnnsfered to PC and are displayed on Cll'r and 

on the printer as shown In Flg.£1. Rawer data are memorized In floppy disks 

for further processing. rn Fig. !I the vertical axis shows depth and the 

horizontal TS values. The numbers In the matrix are the distribution density 

In the unit specified by "EXP". For example, In the layer of 80-90m and TS 

range of -53 to -SOdB the distribution density of fish Is 9 x 10~-3• The 

marginal distribution of iS Is shown as aver8ge distribution densities In 

"TOTAL" row and marginal distribution of density In "Na" column. The row of 

"TSa" Is averaged TS by depth. In the column of "t>IUL'I'l" Indices of multiple 

echoes are shown In percent, and "IIO'n'Ot-1" column counted number o/' bottom 

echoes or maximum range specified by the sounder. 

The upper part of folg.lO Is dlplay or TSS mode2) and the lowc1· t>art Is TSI> 

mode which shows true TS processed by the dual-beam processor. 

The echo lntcg1·utor Is designed to perform the echo lutegnltlon In 

several groups of Integration meshes ( period x layer width ) and In 

Independent two channels simultaneously. This structure ennblcs to npply 

the two-step echo lntec-ratlon and dunl-beam echo Integration methods. 

Figure 11 ls a typical example of echo Integrator parameters used In this 

survey. In the figure, "INT.PEfUOO" specifics a basic lntegrntlon period In 

time (:;;ccond) or snllcd distance (nnutlcnl mile) selected by "IN'!'. NOllE." This 

pc1·lotl Is for the ''small mesh" lnlel:"l'ltllon mul the rcsull:mt SV tu·c 

rpemorlzed on floppy dlsl<s, For the "large mesh" lnlcgratlon mlllllplcs for 

the above basic period arc specified In "INT.PERIQI)-1" for the built-In 

printer, "-2" for the pnpcr recorder (Fig.4), nnd "-3" for the nlnmdnncc mnp 

and the results ore printed on the respective devices. 1'en lnycrs fol' lnn~e 

mesh are set by "INT.LAYER." Fifty layers for the small mesh nrc set 

automntlcally and the width Is the sounder rnngc divided by SO. The 

threshold cnn he set by o SV value nt lOOm range ("TIIR.SV") nnd sclecllnr. 

one or the range functions of ± 10 lo1r 1·, :1:. 20 1o1: r, and n.,t ("TIIItt-IODE"). 

Figure 12 Is examples of the threshold function of + 20 log r and threshold 

SV of -75 - -95dll. 

3.2 Acoustic System Calibration 

The standard sphere calibration was conducted once during pre-survey 

and three times during the survey (see 2.2) with the vessel anchored fore 

and oft at water depths of 100- 150 m. 

We callbrated the transmitting and receiving factor (TR-factor, KT.,.) and 

the equivalent pulse width ( r) by using a copper sphere ( ¢ 60.0 [mm), 

TS=-33.7 [dO]), (The definitions of variables or parameters are shown In AL) 

We calibrated TVG cocfflclents, GTM and GT..-, at the same time. \\'e computed 

KT.,.. by measuring echo voltages at the pre-amplifier output using n digital 

oScilloscope at the Instant when narrow and wide beam levels were equaL 

1'able 2 Is the summary of the callbrntlon results (see also Flg.Al). The 

results of Hl88-Hl8£1 winter survey nnd Hl89 summer survey nrc also Included 

as a reference. 

In order to mnl<c sure the accuracy of the measured KTR value and to chccl< 

the performance of DDP, we measured TS of the sphere by DDP using the 

calibrated KTR. Figure 13 shows thus measured TS against elapsed time from 

the Instant or the transducer launching. The results well agreed with the 

sphere TS, 

We made It n rule to adopt new KTR vulue obtained In each Cltllbratlon. 

because the sen conditions In t>lalwshin Bay were better thnn that in Hutsu Dny 

and because the water temperatures were different In each callbrntlon. 

Although we measured GTp nnd GTM, since there nrc no large chnngc In the 

results, we never chnn~;ed the pornmctcr values. Also, the equivalent pulse 

width chuugcd little nnd we used the vnlues measured In the first calibration. 

(sec Flg.A2 ), 

In the followings we describe more detnlls of cnch cullhrntlon, rcrcrcncln~r 

the depth dependence or KTR shown In Flg.l4. 

The first cnllbratlon was conducted In ~httsu Ony during the pre-sUI'Vey, 

We adjusted the scnsltlvlly of nnrrow nnd wide beam to be the snmc value and 

dccldccl to usc It In the Ist Leg. 

111c second cnllbrtl.tiOn on Au~:ust 12 w,'ls conduclcd with U.S. chartcl·cd 
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vessel, Pelagos, moored together. There were rather large KTR changes 

between narrow and wide channels and with d(~pths under 30m (Fig.l4(n)). The 

difference between channels might be carne from tl1e fact thut the suspended 

sphere was not at the center of the beams. The value of KTR at tom depth 

apparently decreased by more than I dB compared with the first cnllbratlon 

results (sec Table 2). \\'c think this difference was cuused by the temperature 

characteristics of our transducer scnsltlvitles. The water temperature was 

15° C In i'olutsu !lay and 11 o C In Nnkushln Bay. 

The third calibration on September 3 was conducted In good condition. We 

changed the fin depth such as 10m, 40 m, SO m, 40 m, and 10m (Flg.14(b)). At 

SO m the standard sphere was almost near the bottom, and the echo from the 

sphere might be overlapped with fish echoes. The result at the lust 10m Is 

also unreliable because or fish Interference. 

The fourth calibration on September 28 was conducted also In good 

condition. The fin depth was change~ In the sequence of 10m, 30m, 50 m, 70 m, 

SO m, 30 m, and 10 m (Fig.l4(c)) .. At 70 m, because of fish schooling ncar the 

sphere, the accuracy of the cllllbrallon was lower than the accuracy of the 

other depths. The tendency was such that the deeper the fin depth, the 

higher the sensitivity (Fig.l•l(c) ). This was the (;'enernl tendency llS •·cgords 

to the present transclm:t:r (#I), In this lime wc mloptcd the nr~t vntucs nt 

10 m. 

3.3 Noise and Threshold 

We measured noise level received by our system several time in order to 

know the characteristics of noise and to specify threshold parameters of the 

echo lnteG"rator. 

The measuring method Is ns follows. We slopped transmitting, received 

·only noise, nnd Integrated noise slgnnl by the ordinary echo integn•tlon 

proccdu•·e but with small integration widths. The Integrator outputs c:m be 

converted to noise spectrum levi! I N., (clll re 11 Pn/llz 1..-a] by ~lvlng p;u·ametc1·s 

such ns the equivalent beam angle. 

The engine speed dependence of noise was mensured In the Jll'e-survcy <mel 

the end of l.err ·1. FIJ:urc IS shows the noise spectrum level ns n. function or 

engine speed. Since the engine speed \\'1\s usually around 370rpm (!!Itt). the 

u u u u 

noise level was rather low liS about 40ciB. 

Since the noise level wns low, fish distributions were rather shallow 

(Flgs.4-7), and our two-step echo Integration method could select fish echoes 

aglnst noise In post-processing, we used rather low threshold level; The 

function was "t 20 log r" or "flat" nnd the threshold SV was -DO to -DDdll (see 

Flgs.ll and 12). 

However, during the mid-water trawl, the engine speed was about SOO rpm 

and the noise level was high (sec Fig.l5). So that the echo Integration data 

during the trawl had to be abandoned and those were Interpolated by the 

nel~;"hbourlng data. 

3.4 lntershlp Calibration 

The U.S. F/V Pclllgos and the Japanese F/V Selju-maru started Intc1·shlp 

calibration at SG 0 ll.4'N and IG9° Ol'W on August 10 (see Fl~;".l). The two 

vessels sailed side by side (about 0.3 nrni apart). 1\'e could find fish schools 

but we had to stop the ea11bratlon because of bad sea condition. 

We rcsturtcd Intership cnllbratlon at N53° 3S' and WlG7° 21' on August 11, 

but we could not find fish school. 

On August 12, Jlclll/:os nnd Selju-111aru were nt nm:hor side by slcil! In 

Nnkushln Day fo1· the purpose of the sphere and lntcrshlp calibrations. We 

collected echo Integration datu of walleye pollock distributing below the 

ships (flg.JO). 

The Japanese system operated In BOOm range mode and the t1·ansmitt!ng 

period was about 2.2 sec. By synchronizing the transmitting triggers, U.S. 

nnd Japanese systems transmitted pulses all:crnately. In order to exnmhic 

InterfeJ·ence between two systems and noise conditions of the callbrntlon site, 

the .Japanese system collected the noise Integration data while the U.S. 

system wus trnnsmltllng. The noise level was very l01v and nlJ~Ost ull the data 

were -!l9.Dclll which Is the under-rnn({e Jndlcutor or the Japnnese echo 

Integrator. This experiment ensured the effectiveness of the nlternnte 

transmission nnd low ambient noise. 

We operated each system In the condition as same ns possible: Towed body 

depths wen"! 15m; The distance hetwcl!n both tr<lnsduccrs were abmlt :10m; 

Pulse wldlh was O.Gms; The lnlcl~l'llllon JlCI·Jod wns 1 111in; No Lhrcsholll!ng woas 
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used. 

After the lntershlp calibration, we performed the standard sphere 

callbratloh each other. This Is our second calibration explained In 3.2. 

Since the echo Integration was done using KTR value calibrated In folutu Day, 

the Japanese echo Integration data were corrected by newly obtained result ( 

+1.6dB). 

Figure 16 compars U.S. and Japanese areal bnckscntterlng strengths (SA). 

The echo Integration layer was taken as 10 - 95 m from the transducer. The 

average ratio of U.S. to Japanese Is 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 (see Flg.A3), The average ratio of U.S. 

to Japanese Is about 1.5 near the bottom (90 - 95m layer), while the ratios 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 

active schools In mldwater. 

In order to check other possibilities of Inconsistency, we checked our 

system by using electrically simulated echo sicnals and by echo lntecratlon 

of sphere echo, but found no problem. In addition, we checl<ed our boslc 

formulae and processinG' method, but we nlso did not find problem. I:urlhcr, 

the lntership calibration In 1988/89 winter survey using the same acousllc 

systems showed a very good ncreerncnt between both systems. 

These facts suggest us that there might be differences of observed schools 

during the Jntershlp calibration. It seems that we should chccl< other factors, 

such as ship llchts and engine noise in the case of lntershlp calibration with 

vessels anchored. 

4. Target Strength folensurements 

4.1 Net hod and Resu Its 

In order to get a scale fnctor for echo lnlc~trntlon outputs, to elucidate 

the rclntlonshlns between 1'.5 nnd body length of fish, and to know the 

distribution of TS values In the survey oren, 'I'S of pollock were measured by 

the dual-beam processor all through the survey simultaneously with SV 

measurements. 

Since most of fish slcns were observed upper 250m layer, the echo sounder 

range of 400m was usually used. The pulse width was O.Gms throughout this 

survey. 

The parameter settings of DBP nre as follows (see also Flg.8): 

Analyzing period: 100 pings (about 6 mln} 

Cutoff beam angle: 3' 

Pulse width ranee for sincle echo extraction: 

Half echo level: 0.54- 0.76ms (for O.Gms PW) 

nnsls echo level: 0.2- 0,3 of peak level 

< 0. 96ms 

Threshold level; 100- 150mV at 10 and 200m 

Averaging number: 3 

The display of DBP as shown In F'lg.9 were used for further analyses. 

We refered to trawi samples to obtain the relnttonshtp between TS and 

body length. The trawllncs were performed at 37 points, as shown by the dots 

with station number In F'lg.17. Tuhle 3 shows the conditions at the time of 

trowllngs. The vessel speeds were In the range of 3.0- S.lkt. 

As an example, the TS distribution and body lencth distribution at Station 

04 Is shown In Flg.18. The summary results comparing the trawl results nnd 

acoustic results at all trawl stations are also shown In Table 3. The trawling 

depth and depth range of TS measurements were nearly the same. The sampling 

volumes of trawling were computed roughly by multiplying the net openig area 

(simply the product of net width and height observed by Scamer net 

monitoring system}. trawling speed, and trawling time. 

The averngc TS Is computed from the TS distribution ("TOTAL" o(-rig.9} as 

weighted mean In which ·the representatives ar~ derived from decibel range of 

class nfter Foote and 'l'rnynor (Rcf.4, Eq,{G}), The estimated body length from 

TS arc obtained by the following relationship: 

TS .. TS.om • 20 !orr L[cm) (I) 

where TSom = -6G,Odn. This value WllS derived by Foote nnd Traynor.~'. Our TS 

memmrcmenls of pol loci< by controlled method nlso cave nenrly Lhc snrnc 
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valuee1• The sampling volume for each pins- Is computed by 

V" 2/3 1t (!-cos tJ o) (r2s-r1 3) 

u 

{2) 

where rt and 1"2 are depth range and 8 o Is cutoff beam angle. The total 

sampling volume Is the product of this sampling volume and ping numbers In an 

analyzing period. The echo number Is obtained llS the product of the total 

sampling volume and the average density, The normallzcd TS, 1'Som• Is reduced 

from Eq.(l) by substituting the average body length obtained 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). 1\'hlle the estimated body 

lengths from average TS largely vary as 21.7- 66.2cm. Therefore, the 

varJavlllty of TSam. Is also large and In the range of -73.2 - -63.2dB. However, 

the mean of TSo"' for all 37 data is -6G.3dB {95% confidence range is -67.2-

-GS.SdB) 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 mup suggests that although the 

estimated length Is variable, there may be a somewhat systematic difference In 

'TS by sea area. 'That Is, we can see large 'TS in north-west and cast parts In 

the map. 

Slmllnr nnlyses of 'TS were performed for other data where trawl data was 

absent. 'The results are shown In Flg.l9. The radius of the circle Is 

proportional to estimated body length. The data base of this figure I~ about 

three times larger than that for flg.l7. From this figure we cnn see that 

there are pollock population with smaller TS In the eastern part of the 

International zone. 

4.2 Consideration 

As the origin of difference between body lengths obtained by trawl 

samples and estlma.ted from TS data, we cnn lmnglnc two reasons: (1) The trawl 

samples might be biased by vuiuncrnblllty and mesh size: (2) There might be 

differences In factors affecting to acoustic sculterlng property of fish, such 

as orientation distribution of fish and situation of fish component, 

especially swlmbladder, In ca.ch surveyed area. 

With respect to the reason (1), we cxnn1lncd lhc pnst trnwllng data. nnd did 

--------~--·---·· . -··- ------··-· , ... ··------~---
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not find serious selectabillty by net (Sasal<l and Yoshimura, personal 

communication). Therefore, the above reason of {2) will be more plausable. 

This suggests that we must more deeply examine morphological and 

behavioural properties of fish. Conversely, there may be a possibility to 

guess generic difference by acoutlc means. 

As mentioned above, although the variability of 1'5 0 "' In each area was 

rather high, the total average of TSo"' Is very close to the generally 

accepted value. This shows the correctness of our measuring system and the 

previous TS data obtained by several_ different methods. '11 

Therefore, as the scale factor for conversion of echo Integrated data to 

distribution density, we can use the TS value computed by Eq.(l) inserting 

TSo"'"' -GG.Odll and total average body length by trawl samples (49.0cm). (This 

conclusion was agreed In the previous working group of Japan-U.S. cosurvey.) 

Thus, we get the fianl TS value as the scale factor for conversion of SV to 

distribution density by 

TS =- 06.0 t 20 log 49.0 = -32.2 dD 

Since the body length distribution by the trawl sample was uni-modal and the 

variance was very small (see 'l'ublc :1 and Flg.l8). we used the above value 

throua-hout for abundance estimation. 

u 
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5. Fish Dlsrlbutlon and Abundance Estimation 

5.1 Nethod 

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 Flg.ll. In the body of 

the survey the echo Integration period was set In "TiftlE" of "0240"sec and SV 

data were obtained at four minutes Interval which was about 0.5nrn at normal 

survey speed. (A period of 1 minute was used In the noise Integration and In 

the Intershlp caLibration.) Since 1ve usually used •lOOm range, the lntcgrnllon 

layer widths of 25 - lOOm were selected to cover the whole echo sounder range. 

We sometimes drew on-line abundance maps on CRT or plotter. These results 

were used for the rough obscrvnllon or abundance distribution. 

Since we collected many output dala flies In this survey, we made a simple 

data base for management of the data flies. It Includes file name, start and 

end times, location, day or night, fish existent depth, depth range for the 

areal backscatterlng strength (SA), noise, and comment. 

Comparing echograms with the small mesh SV data In each data file, we 

selected the meshes which contain fish echoes to compute SA (two-step echo 

Integration). Since there were almost no contamination by other fish than 

pollocl< and by noise, the selection procedure wns rather simple and clit•ectcd 

to exclude lhe meshes where no fish wus observed. Out when trmvllngs were 

operated, the noise contribution hecnme Inrge and we had to omit the dnta. 

We examined the effect of excluding the duta obtained when the trawling was 

operated and round little errors. Thus obtained SA values were nvcrng-ed in 

each 0,5° latitude by 1 o longitude mesh ([o'lg.20, [o'Jg.A4), bccnuse most 

transect lines were designed to cut dlngonnlly the nbove I~Cor,rnphyeal meshes. 

Since both narrow and wide (strictly composite) benm echoes m·c 

Independently lntcr.rntcd (du:ll-hemn echo Integration) In our c<:ho intcgt•utor, 

we ca'1 compute the dtfrcrence between narrow beam St\ and composite lleaut SA 

to examine the nvoltlnnce effect nnd noise erfcct (Fig 2l). 

5.2 JJ!strlhutlon of Pollock 

In the first plnce, we qualltntlvely sec pollocl< distributions hy legs 

(F'Ig.l) through the paper records and color displays. 

Leg 2: Survey work began at 55 o N, 1G8 o W, we observed many fish signs 

between August 18 and 22. We saw comparatively high density distributions 

near Aleutian Islands. Pollock concentrated between 150 and 200m in daytime 

([o'Jg.S), while they rapidly dispersed In 100 to 200m layers at night. We could 

not see good fish signs on transects #7 and 9 after August 22. After we 

surveyed on transects :a and #G, we surveyed again 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 fish signs continuously between 200 and 260m. 

After sunset, the rish distribution was dispersed between 150 and 250 rn and 

the numbers of fish strrns decrenscd. ou September 17, we observed many 

single fish signs between 100 110d 200 m nt the eastern part of the 

Tntcrnatlonul Zone (IZ), 55° :JO'N, 170° W. rtsh number increased after the 

sunrise and fish concentrated between 150 and 200 m. On September 18, fish 

signs started to Increase at 5G 0 12'N, 176° 30'11' in daytime. These signs 

distributed between 1GO and 190m. They spread 130- 230m 10 ihe evening (see 

Flg.22) and dispersed at 55° :JO'N, 178° W. After this time, we did not obset·ve 

dense flsh schools In the middle of IZ. 

Leg 4: We started our survey from transect #20 on October 4. In the 

middle of rz. we observed polloclt layers between 180 and 200m. !Jut their 

densities were compnrutlvely low nod they sp1·eud In 100 - 200m depth ut night, 

We could sec more fish signs when sailing In the western part of IZ. We 

observed a dense pollock school at 170- 200m depth at from 56° lO'N, 174° E 

to 56° 40'N, 174° 20'E. 

We finished the survey on the designed trnnsect lines on Octobe1· 10. Then 

we started n explorntory survey nt the end of Leg 4 (sec Figs. I and 4). Selju­

mnru went to the western cd1:e of IZ, because rnnny commercial fishing vessels 

were fishing there nncl getting good <:atch nt that time. On October 10 19:30 ( 

enrly morning) at 56° 5:J'N and 17-1° IV, we met u dense and conttnu_ous fish 

layer nt 110- 200m depth (sec Fig. G). Its thickness was about 15m. Fifteen 

fishing vessels were fishing ne11r Selju-maru. The number of schools 

decreased on October 11 at 4::10 (evening). We ngnln observed dense fish layer 

he tween 180 nnd 200m on October 12 at l:OG (sec Fig.7). The fish kept dense 

lnyer till 13:30 (night) at 5Ga 50'N, 173° 08'\V. lls thlcl<ness wns about :!0 m, 

nml ils rna:<lrnurn SV WilS- 28.1dll nne] mean SV nbout- :15 dll, \\'c slopped lh(~ 
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research on Octoberl2 14:01. 

Looking over all legs, pollock mostly distributed around 200m depth, hut 

they occasionally distributed as deep as 400m depth. 

Next, we Inspect pollock distribution quantitatively, referencing to the 

echo Integration results. 

Figure 20 shows the distribution of the avernge SA values In geographical 

meshes of 30' latitude by 1 · londltudc and the results are divided Into 

3d8-step classes from -6Gd0 to -S4d0 (see also Flg.M). In the figure blank 

meshes means no data. The largest SA (-57 < SA < -54dll) are seen at ncar the 

Aleutian Islands (August data) and at the west end of the IZ (October data). 

The next class (-GO < SA < -57dll) distributes also along the Islands (August 

data) and at the western part of IZ (October 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 Population Size Estimation 

Although there remains the problem of disagreement In the lntershlp 

calJbratlon results as shown In 3.4 and our survey tool< as long term as three 

months In which pollock might moved extensively mul the distribution might 

changed, we try to estimate pollock population size by the present ncoustlc 

results. 

In the flrst place, we calculate population from SA values obtained only 

on the parallel transects In IZ: Several exploratory transects dltta at the 

end of Leg 4 were excluded. 

u 

The total average of SA In IZ was calculated from SA of each geographycal 

mesh which was weighted by Its area as follows: 

SA = 10 X log 
r (A. x s ... l 

= - 60.8 dB 
LA, 

where S.,, Is arithmetic value of average SA for each mesh, A1 Is urea of each 

mesh In IZ, and r A1 Is area of IZ (205,311 km2
). Using thus obtained averuge 

SA and TS value of -32.2dll (sec 4.2), we get the average areal density of 

pollock. n(m-2 ], and the population of pollocl< In IZ, N, as following: 

n = 10 • ( (SA-TS) 1 10 1 = 0.0014 m.:.2 , 

N = n X }: A1 = 2.84 X )On . 

\ 
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Using the regression curve between the fori< length {[.) and body weight (IV) 

obtained by trawl samples In this survey, the average body weight Is 

W = G.9 X 10-:3 L3 = G.9 X 10-:3 X 49.03 " 811.8 g. 

From the above, biomass In IZ Is estimated as 

\V X N :: 81L8 X 2.84 X 106 = 2.3 X lOG ton . 

In Table 4 the results of abundance estimates are summarized. 

In order to assure the order of the above acoustic estimate, we tried to 

estimate roughly the population size of pollock In IZ by using the mid-water 

trawl data. The following formula was used to get areal density: 

{areal density) = {number of fish caught by trawl) 

I [(width of net mouth) x (trawled dlstlj.nce)) 

The fish densities were calculated for each trawl. They were averaged and 

multiplied by area of IZ. Estimated biomass was 3.1 x 10° tons. This value Is 

slightly {8 x 104 tons) larger than the acoustic estimate, but the order Is the 

same. 

In the western edge of IZ, we surveyed on the exploratory transects. In 

the above estimation these data were not included and only the data obtained 

·on the regular transects were used. Since most of the pollocl< fisheries aim 

at winter schools one of which we happened to met on the explot·ntory 

trnnsects, we try to estimate the abundance in these five meshes sut·vcycd 

exploratory. This results G. I x 10"' tons. And If we exchnnge t:he nbumlancc 

In these five meshes with t.hose obtained by the regular transects, the 

estimated biomass In the IZ becomes 2.5 x 10° tons. 

In the same manner we estlmilted the biomass of the surveyed area except 

JZ and tlte result was 3. 7 x lOG tons. Thus we get the biomass estimate of the 

whole surveyed area of G.2 x 10c. tons. 

5.4 Consideration 

Since the present survey was carried out tht·ough three months {from 

August to October), we must take the seasonal movernen t of pollock popu l'atlon 

with season Into account In order to i-easdnably evaluate the distribution. 

Sasak!G' reported that a Iorge pollocl< stock ot·c used to nppenr In the 

western end of IZ In October and move custward by month and the' above 

distribution can he thOU!{ht to roughly fit to this tendency. 

The estimated vnluc from trmvl dntn should be lnrrrcr thnn acoustic vnluc 

u 
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because we trawled at where fish sign appeared. Inversely, the trmvl result 

may be under-estimate, because only the layer of net height were swept. 

Anyhow, the order of the abundance estimate by trawl data agreed with that 

by acoustic data. 

Since our echo Integrator can Integrate both narrow and composite beam 

echoes Independently, we can extract several Information by comparing 

narrow and composite beam outputs: The composite beam has a wider 

dlrectlvlty than narrow beam (see Table 1}, so that It Is affected more by 

noise than the narrow beam; If there Is an avoidance of fish to a surveying 

vessel, the composite beam gives larger values because of larger obsrvatlon 

volume. The differences between narrow and composite beam SA are shown In 

Flg.2l. The composite beam SA are slightly larger than narrow beam SA at 

many geographycal meshes. This fact demonstrates that there might be sllght 

contribution of noise or avoidance effect, but the general smallness of the 

difference assures that our system operated properlY and noise und uvoidunce 

effects were not serious. 

G. Conclusion 

Japan I U.S. cooperative hydorolH:oustlc 1 mldll'ater trmvl survey of 

Aleutian pollock was carried out successfully from July to October In HJSS. 

The results of the Japanese acoustic survey are as follows: 

(l) Newly developed echo sounder system fulfilled Its function. \\'e could 

collect the echo Integration data to estimate the distribution and biomass of 

the Aleutian pollock. We could also collect the target strength data us the 

scaling factor to estimate biomass. 

{2) The calibrations of the system showed little changes In critical 

parameters such ns the transmittinG' nnd receiving factor. The l'ccelved 

noise In the survey cruise was low, 

'{3) The lntershlp callbrntlon between U.S. and Japnncsc ncoustlc systems 

condtlctcd In ~lakushln nay showed a large dlffcn~nce hetwecm two systems, 

and the average ratio of U.S. I Jnpnnese S;\ Is about four. \\'c have chcclwd 

our system lwrdwarcs, processing methods, and theories ench other, but we 

have not found any problems. There might be a possibility that the 

objective fish of the two systems were different. 

(4) As the results of the tnnret strcn1~th measurements, we 1rot the body 

length - normalized TS, TSorn = - GG.3 dn. This value agreed well with the 

result of the study by Foote and Traynor"'1 and ourso:i1 , 

(5) The vertical distribution of pollock were seen to be from 150m to 250m 

depth. Dense schools were distributed along the Aletlan Islands In August 

and at the western most part of IZ In October. 

(G) A tentative estimate of the pollock biomass In JZ Is 2.5 x lOa tons. It 

Is estimated as 6.2 x lOa tons for the all surveyed area. 
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Appendix 

AI. flnslc Fonnulne for l~cho Processing 

In this appeudix, we show lhc h11slc formulae which we usc In ou1· system. 

The echo pressure Pp of single fish Is shown by 

Pp2 =· P0
2 D" r- exp(-4 a r) Ts , (AI) 

where Po Is source pressure level, (r, 0, tP) nrc spherical coordinates or fish 

position, n Is preSSUl"C dlrectlvlly function, a !Neperlml Is absorption 
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attenuation coefficient, Ts is arithmetic value of TS. This signal Is amplified 

by the pre-amplifier to give 

ER .. PP' 1'>1 GR. (A2) 

where ~1 Is the receiving sensitivity and GR Is the pre-ampllfler gain. In 

order to compensate for range, we use a "40 log r" time-varied-gain (TVC) 

amplifier whose gain Is 

Gp(r} = G,.F r 2 exp(2 a r) 

where G,.F Is TVG coefficient. The TVG output E,." is then 

ETP'2 " Kp2 ll" Ts , 

KP = K,.R c,.P' . 
K,."' .. Po rot GR • 

(A3) 

(M) 

(AS) 

(AG) 

We call KTR "transmitting and reC(llvJng factor" or "TR-fllctor'', and this 

factor Is totally calibrated by a standard sphere. ln the Individual fish 

estimation procedures, we deal with this signal. 

The echo pressure returned from a layer or lar~;e school of fish, P,.,, Is 

shown by 

PM2 = Po2 c t" /2 1V r-2 exp(-•1 a r) llM <Ts>. (t\7) 

where c Is the sound speed, l' Is equivalent pulse width, IY Is the equivalent 

beam angle. nM Is the average distribution density, nnd <Ts> Is average TS. 

We can compute T from the observed wnvc form w(t) obtained In the process 

of sphere calibration by 

t' "' J "'w2 (t) dt , 
0 

(AS) 

where w(t} has values at t = 0 ~ • "'nnd·ls unitY at the point where KTR Is 

observed. 1y Is computed from the observed directivity pattern by 

V=JD"dQ 

" 2 Tr lr /2 
I I O'( o, ;. l sino do d;. 
0 0 

(AO) 

(AIO) 

where Q Is solid angle. This multiple cclw Is prc-nmpllflcd and compensated 

for range by "20 log r" TVG, whose t~ain is 

GM(r) = GTM r exp(2 a r) • 

where GTM Is TVG coefflclcnt. The TVG output is 

ETM2 = KM2 Sv , 

KM2 = ( KTR G'JM ra lY c t /2 • 

Sv = nr, <'l'o> • 

(All) 

(Al2) 

(AI~) 

(t\14) 

------------------------
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where Sv Is the volume backscattcrlng strength (SV) In layer or school. 

In the echo Integration method, we average all the echoes, sing-le or 

multiple echoes, In the predefined layer (r- r+t'w) and ping- sequence (m), and 

obtain tl1c following average SV: 

<Sv>" 
1 1 rt rw 1 
--- I (-
K"'2 rw r m 

m 
t ET

2
) dr = <n> <1's> , 

1=1 
(t\15) 

where <n> Is average distribution density. E,. can be multiple echo (Eq.t\12) 

or single echo through "20 log r" TVG: 

E-n.tP"2 = ( K,.K GTM )2 D"" T, I r 2 , {AlG) 

In this paper the decibel value of ony arithmetic value Is shown ty mu\dng 

the flrst two letters of the arithmetic vnrlnble cnpltal, for CXltmple, 

K'l'R • 20 log K,-R , 

'l'S = 10 log Ta . 

(A17) 
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Table 1 Specifications of VESS. 

Transducer (DioSonlcs) 

Frequency: 38kHz 

Element: PZT, 7!1 elements 

Slze: 450mm .p 
Beam width: Narrow 6.4° , Wide 15.G0 

Equivalent beam angle: Narrow 0.0072sr, Composite 0.012sr 

Transmitting sensitivity: 175.3dn re p Pa/V at lm 

Receiving sensitivity: -15!1.7dB re V/p Pa 

Towing system (Endeco/BioSon!Cs) 

Towed body: V-fln, 1.3m 

Transmitter 

Receiver 

Towing cable: 26.7mm9, 200m, Haired fairing (30m) 

Winch: 1500kg max, 10m/min 

Power: 2.8kW 

Source level: 228.3dll re Jl Pa at lm 

Nominal pulse width: 0.6, 1.2, 2.4ms 

Equivalent pulse width: see Flg.A2 

Range: 50, 100, 200, 400, 800m 

Pulse repetition period: 213.3, 346.6, 613.3, 1146.6, 2213.3ms 

for above range 

Channels: Narrow, Wide (Composite) 

Sensitivity: 0, 10, 20, 30, 40dll (relative) 

Band width: 3kllz 

TVG: 20 log r + 2a r, 40 log r • 2a r, Independent 

a • 10.0 dB/km (ROt-1) 

Analogue data recorder 

Conponcnt: PCt-1 data recorder (NF Elec.Instr. RP-880) 

VIdeo dec!< (Sony SL-JiPSOO) 

Signals: 4 TVG outputs, Sounder pnrnmetcrs, Navigation dntn 

Paper recorder 

Paper: Dry, 300mm wide 

Record nbsolutc echo levels by stepwise dnrlmess nnd mal"l<ers 

Color display 

Display modcs21
: TSS, TSR, 1'SD, TSll, SVS, SVH, SVB 

Colors: 12 selectable from 4024 colors 

Continuous color hard copy (~lltsublshi GSOOA-10) 

Single echo processor 

Component: Dual-beam processor (IJDP), 

Personal computor (NEe FC-!1801X) 

64 ~!bytes floppy drive (Tol<in Co. t>lDP-6400) 

Color printer (NEC Ni>l-9700) 

Single echo extraction: Pulse width compnrlzon 

See text for n1ore details 

Echo Integrator 

Calibrator 

Component: Echo integrator (JRC NJZ-544) 

Personal computer (NEC FC-!1801X) 

Plotter (EPSON 111-80) 

Channels: Narrow and wide (composite) 

Outputs: built-In printer, paper recorder, 

abundance map (CRT, plotter) 

floppy disk {l Hbytes) 

See text for more detalls 

Sphere: Copper GO.Omm.p; TS =- 33.7dB 

Tungsten carbide, 38.lmm.p, TS= -42.3dll 

Oscilloscope: Digital (NATIONAL VP5720A) 

Miscellaneous 

Interface between navlgntlon aids and VI!:SS (JRC) 

Power supply 

Container (Toknl Fruehauf): 2.8m x 2.3m x 2.4m 

4 racks, tables etc. 

( Knljyo Denl<l Co. urrnnged the total system and manufactured all the 

components except those with which malwr' s nnmc nrc listed. ) 
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Table 2 Summary results of standard sphere calibration. U:J88-89 winter ilnd 

lfl89 summer results are also listed as reference. 

Table 3 Comparison of trawl sampling data and !n....lli.1!. TS dato.. 

ST : ~ .. /D 
.,. 

I ' 
, '.1 . 1'0"~ 

I 03/20 0~:53 OS/l9 ll: 53 08/19 19:53 D 3. s c 
2 08/21 1}3:12 08/20 10: 12 08/20 18:12 D 5. I F 
3 08/21 16:29 08/20 23:29 08/21 07:29 N 4. I c 
4 08/22 0.(: 3l 08/21 lt:3[ 08/21 19:31 D 3. 8 c 
5 asnz oa: 39 08/21 15:39 08/Zl 23:39 D 4. 0 c 
' 08/H 09:02 08/23 15:02 1)8/24 00:02 D 4. 8 c 
1 08/25 08:40 08/24 15:40 08/24 23:4.0 D 3. ' R 
8 08/25 17:15 08/25 00:15 08/25 08:15 N 3. 0 R 

' 08/25 08:08 08/25 IS :08 08/25 23:08 D 3. 5 c 
lD 08/26 23:55 08/25 05:55 08/26 14:55 D 4. 3 c 
11 08/27 09:07 08/26 16:07 08/27 011:07 D 3. s c 
12 08/28 00:4.4 08/27 07:44 08/21 !S:H D 3. 7 c 
13 08/29 09:16 08/28 16:16 08/29 00:16 D 3. 8 c 
!4 08/29 19:34 08/29 02:34 08/29 10:34 ~ l. I R 
IS 08/30 OS:43 08/29 15:43 08/29 23:43 D 3. 7 BC 

" 09/01 14:54 08/31 21:54 09/01 05:54 ~ 4. ' BC 
17 09/02 07:12 09/01 14:12 09/01 22:12 D ... F 
18 09/03 00:05 09/02 117:05 09/02 15:05 D •• 2 c 
1' 09/15 07:13 09/15 U:13 09/15 22:13 D 3. 7 F 
20 09/17 13:10 09/16 20:10 09/17 04:10 ~ 4. 7 F 
21 09/18 07:15 09/11 14:15 09/17 22:15 D 3.' d 
22 09/19 06:21 09/18 13:27 09/18 21:27 D 4. 0 c 
23 09/21 06:20 09/20 13:20 09/20 21:20 D 3. 5 c 

" 09/21 16:12 09/20 23:12 09/21 07:12 N 3. ' c 
25 09/22 05:24 09/21 12:24 09/21 20:H D 3. ' BC 

" 09/23 09:()1 09/22 16:01 09/23 00:01 D 3.' F 
27 09/24 05:24 09/23 12:24 09/23 20:24 D 3.' d 

" 09/25 07:01 09/a.t 14:01 09/24 22:01 D 3.' BC 

" 09/26 03:04 09/25 10:04 09/25 18:04 D 3.' d 
3D 10/04 11:08 10/03 1&:()8 10/04 02:08 D 3.' d 
31 10/05 08:39 10/04 1 s: 39 10/04 23:39 D .., BC 
32 1!1/06 08:57 10/!15 15:57 10/05 23:57 D 3.' BC 
33 10/07 05:52 10/05 12:52 10/06 20:52 D 3. ' BC 

" 10/07 11:38 10/06 18:38 10/07 02:38 D 3. ' BC 
35 10/08 07:24 10/07 1~:24 10/07 22:2~ D 3. 8 BC 
-~~ :~~~; ~~:~~ _Z~U!':l ~~~t g':l I~ : : ~ 

ST.Stat1on nuD!ber, N/D.:hghL/Day, Spced.Sh1p speed 1n knots, 
WT. :Weather(C:Cloudy, F:Fog, R:Rain. BC:Biue sky & Cloudy . 
D:Dense fog, O:Ovcrcast). S. Statc:Sca State 

!1'-' 
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' 3 
3 
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' ' ' ' 2 
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2 
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' ' 2 
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' ' 3 
3 
z 
3 
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2 
3 
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I 
z 
4 
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ST . ' I . 170 - 200 
2 120 - 170 
3 160 - ISO 

' ISO - 180 
s 180 - 180 
6 160 - 210 
7 140 - 160 
8 llO - ISO 
9 161J - 180 

10 180 - 180 
II 180 - 180 
12 160 - 180 
13 ISO - 200 
14 120 - !60 
IS 180 - 200 

" 200 - !20 
17 140 - 170 
18 ISO - 160 
19 160 - 180 
20 HO - 160 
21 160 - 200 
22 180 - 200 
23 180 - 200 

" 160 - 180 
25 ISO - 180 
26 190 - 210 
27 150 - 170 
28 170 - 190 
29 ISO - 160 
30 180 - 190 
31 200 .... 220 
32 190 - 210 
33 rao .... 200 

" 180 .... 200 
35 160 .... 170 

I ~~ ~~~ : ~;~ 

304 

Table 3 Comparison of trawl sampling data and In situ TS duta (continued). 

' ' ' s !IT ' ' a • ' a 
0837904 142 48. 8 2. 0 - - -
5205771 210 49. 2 2.' - - -
118089{ 161 so. 5 2.' 120 - 220 -33. 1 -32. 8 
5193148 233 49. s 2. 6 120 - 220 -31. 9 -33. 3 
5574520 267 49. s 2. 3 UO- HO -31. 3 -32. 7 
&347174. 226 49. 2 2. 2 100 - 200 -32. 0 -32.2 
9800784 178 49. 2 2.' 100 - 200 -33. 1 -33. 7 
7333920 87 49. 3 2. s 100 - zoo -33. 0 -32. 3 
9982280 288 48. 6 2. I 100 - zoo -32. 8 -32. 6 
2!8431J8 317 48. ~ 2.2 140 - 240 -34. 3 -33. 6 
B0039Z 199 49. 1 2. 3 140 - %40 -30, 5 -3Z. 1 
0175814. 122 49. 2 2. 2 - - -
9521872 90 49. 9 2. 6 120 - 220 -32. 4 -33. s 
0934207 - - - 120 - 220 -38. 3 -37. 9 
0018208 27S 48. 8 2. I itO .... HO -33. 9 -33. 8 
2445-HO 279 49. 6 2. 7 - - -
368998.{ 294 50. 4 2. 8 - - -
9543231) 263 50. 0 2. s 100 - 200 -30. a -32. 3 
2334320 292 48. 9 2. s 120 - 220 -35. 0 -35. 0 
9526562 328 49. 5 2. 2 120 .... 221) -30. 6 -37. 9 
7209110 421 48. 4 2. 2 100 - ZOIJ -35. 5 -34. 4 
6400512 SIS 48. 3 2. 0 100 .... 200 -33. 9 -33. 5 
1200896 24S 49. 5 2.' 120 - 220 -39. 3 -41. 0 
1375910 as 49. 6 2. 2 120 .... 220 -38. 1 -39. 5 
oosa533 256 48. 9 2.' 100 .... 200 -35. 1 -35. 9 
0920873 21S 49. 3 2. 3 120 - 220 -34.. 3 -33. 9 
5596803 497 50.0 2. 3 - - -
5596803 300 49. 9 2.' 60 - 160 - -
1295459 451 48. 0 2. 1 80 - 180 - -
5542110 378 48. 2 2. I 120 - 220 -29. 6 -29. 5 
0889760 S03 48. 3 2.' ISO - 250 -31. 9 -31. 1 
5542110 599 47. 8 2. 2 130 - 230 -30. 1 -32. l 
-4958730 595 48. 5 2. 2 100 - 200 -32. 5 -33. 1 
35002aO Si4 48. 4. 2.' 100 - 200 -29. 7 -32. 9 
7365278 250 (3. 4 2. 6 - - -
003.\.136 i~L !!·~ ~ : 100 - 200 -32. 1 -31. 9 
;~~;~;.~ - - -

Table 4 Est!mated pollock biomass 

Item !Zl WIZ AlA !Z2 IZN 

Area [km2
] 205,311 17,010 2GO, 07G 205,311 205,311 

Ave. SA [dB] -G0.8 -55.7 -59.8 

Population 284 75 457 313 

[10115 flshl 

Biomass 230.5 Gl.l 370.G 254.2 

[103 tons] 

IZl: International Zone (IZ). regular transects 

WIZ: West end of IZ 

310 

AIA: Aleutian Island area (Toal surveyed area- IZ) 

IZ2: IZ, exprolatory transects for west end 

IZN: IZ, trawl sample 

TIL: Total (IZ2 + AIA) 

TIL 

448,377 

770 

62-t. 8 

' v ' - -
- -

H. 2 2560303 
so. 9 2560303 
54. l 3180287 
50. 3 2009206 
u.o 2009206 
H.S 2009205 
45. 9 2009206 
38. 4 n:.ns7 
59. 6 3180287 - -
<17. 1 . 2560303 
24. 2 2560303 
40. 1. 31802a7 

- -
- -

57. 6 2009206 
35. 4 2560303 
59. 1 2560303 
33. 6 2009205 
40. 3 2009206 
21. 7 2560303 
23. 2 2560303 
32. 7 2009206 
38. 6 2560303 

- -
- 11136H 
- 1526997 

66. 2 2560303 
50. 4 3516tl2 
58. 5 28615a4 
4.7. 1 2009205 
65. 6 2009206 - -
49. 8 2009206 - -

' 1~~i 
- -- -

\a a-t -67. 2 
2~4.0 -ss. a 
21_1)1 -65. 2 

9,64 -65. 8 
1507 -67. 0 
19:49 -56. 9 
14.27 -66. 5 
80J4 -68. 0 
15.90 -64. 3 

- -
13,06 -66. -4 
ll01 -
1431 -67. 7 

- -
- -

18,89 -64. 8 
10,24 -sa. 8 

2.56 -64. 5 
10,-1 s -69. 2 
25,32 -57. 6 

'" -73.2 
2,56 -72. 6 

11.25 -69. 5 
18.-13 -sa. 1 

- -- -- -
9.73 -63. 2 
5,27 -65. 6 
6.31 -64. 2 
4.32 -66. 3 

- S,04 -63 . .\. 
- -

"" -65. 1 
- -

e _,. 
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Fig, 3 Relation between measured fin depth and ship speed. '.: ·:ii~~~~i~~~~ 
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Flg.7 An cxnmplc of color dlsplny shmvlln~ scnltcrcd polloc\t (SVS mo,]c). 

IPARA.\IEiERS--------:-----------------------, 

I I PRP PARA~IEiER 
I 
I 
I 
I 
I 
I 

1} PULSE IVIOTII (0- !1!180 STEPS 20p SEC.) 2) M1P. TURESIIOLD LEVEL 

~UN, AT 1/2 LEVEL 
~WC. AT 1/2 LEVEL 
N. ~lAX. AT B. LEVEl. 
If. NAX. i\T 0. LEVEL 

:1) B.\SE LEVEL (0,4- 0.1) 

0,6 

'" '" '" '" 

r 1. 2 
<00 

1600 
2000 
2000 

0,' 

5) AVERAGE NU~IBER (1- 10) 3 

FILE P PERl P PRP P OLI' P On TUL 

f 2 ,.j 
<00 

3200 
4000 
4000 

( 0- 9!190 STEPS 10mV 

10m 200m 
NARRO\f BEA~I 500 500 

IY!UE BEAM 500 500 

4) ST.\RT DEPTU (0- !19) ,. 

Ow TllL 0 ~MX. FILE NENU I'RP R 

,-PARA.~IETERS 

I 
I I OLP PARAMETER 
I 

1} TOIV DEPTU 0 • 
2} KN' 38.7 dO 

3l Klr 38.9 dU 

<l • CUT OFF 3.0 

FILE P PERI P PRP P OLP P On TDL Dll" 1'0L D MAX. FILE ~IEI"U PRE' R 

Fli;.S Parameters of.dunl-bcam processor. 

. c' 

w 
0 
00 



u v 

~o. 
<16.7! 

R 
l <12.?i 

-4S.6 

~ 0 

[rn) 70~ 37.9 

'15.41 

41L 1 

<16.E 

35.::::1 

0 u u 

,-- ·;:· 

DUAL BEAl-l PROCESSOR 

[1"6 :io~e~ll'i:l::'~e:ho::. ,r i:;-;j i I ;~J ,, ···- - -- ... 
'.6:1 ·_:Q~ .-~--~· 

221 

'311··-101 121. 
1:::~:;;: 

·:rsr::n 
·t:.:r:::;:or :Z31 

~;.sl ·' ·,,~ I 
.·.?1-:: !'1"---?1 ;71 .:-71 .- 7[ 221 

... 6[' .:.1-- ~ • <>1':1 ~l-381-113[--

(EXP W") 

r-j-jl f f 
~ l.-. (; '::'\_ 

•::.L· 

221 

J[ ;;j 

.t(·j ?.ol 

I')"'! 
'I ''\ 
~I -::.:! 
'I "I 

~;:;J SC'I 

TO~~~I-:-:·'o. ·; 
~PI-3"'1 :~ol ~.::.:<1 ::.~'1":":1~1-:..;.or 

1\ I \ 11\ e.., :.\ H ;1;;\ -~·~ !<!-\ l'~l :~.o~ J~ ... 
-69 -62·---s,; -50 ·.:.4-1 -30 -3Z -- -;:;6-- -20 ~T I 

TSa. -65 -59 -:53 --17 -·11 -3S -0::9 -23 till BOTTO~I 

TS [dB) · Cxl 

CILE NN·IE I SHIP lNFORI·liTION 

I LAT N 56• .,., 44' 
OON00143. O.~T LoN: E JGS" 5o: S9' 

I I'IEASURING Til-lE I SPE.ED '1. g knt 
1988-08-09 06 · 34 COURSE ***** . __ . i'!aTER m:P t ln. o Y~ 

J"lg,!) An example of online DHP output. 

u 

I 
I 
I 
I 

u l) u u 

Fi!r. HI Color di~qllay ohlillllcd In l\lal.:u~:hln llay. Uppct·:TSS mode, l.O\I'<'r:'l'Sil 

mod<~ (output of Dill'). 

u 



·-------------?~~ 

TlilE er-tai:)-ItfrEGRilil:.l{ 
FBhl I,!~:S5a. SfJJI) r~.~U 

st!l.tttv t~.:::im ltli4 
S::J.R".$ KJ-li't:;J 
('i,'19T S3 l(T.E.'!i 

fE?.:F:-S~i L(:.~I-C W 
rmo w 
SGI_i~:.s'! C~/ 

ftC:TiER C::l 

fi.'!t.iifiER 
---- ---------------LC·J~T. 

C:iP.i'-!EL 
5'JTilrl SIG. 
3.I.Et~L\tl} 

RT 
mr 
B.il 

t<.c~;-~::mt;~ti':> s.!j 
3.1H0ifi{:::e!~r) :'5 
~.•{..Fi(;uter> %.0 
H:.\. ifl(IE FUlT 
T::R. 9J(~S) -S~Wil) 

mr. I~Xf: TW£ 

HiT. f£2IIJ.I t)2~tl 

Wf. f[RJC\H OJ 

!i'IT. Yatw-.2 " mr. FE.~ICLhJ 8! 

IJI\£.~ M,<l~.:E.~ C~'l 

-:;~(l]f!) 

----------------fHCJ(i.~ 

hf_IT(l/ii\' WTiJ 

?.91ii:Ht::"!.i>rl I , 
£<5<) iCtJ 263 

S::i51JFJ,(Cf:)l 2 3 

Cll lill.U IB,!) 2ti.8 
Lm l)li.~ lfi.it 2(1.0 

P.!iiOiH\:.:s) I ' 3 
LHI 13:57 1.17 2.Je 
Cli? 1).55 J.IJ 2.4tl 

Oil 
i.:::-Fi;C1CI':(C3) +5$.5 
ii.W-fh'Ci(ltU-i!) tl•S. 7 

E.t;;,'l H!;.;LE\cS) -21.4 

Ei~Sl -i!-J.O 

~ 

4~8 "' 4 ~ 

:'.il.li 40.0 
3(!,(1 40.0 

we 
+:;.~.5 

.;:j:J:,7 

-!9.3 

-(•il.ti 

---------------------:.J!'r!.~ 

lili. Lt;\~Rb?t<>d 
L: CHI 

' 
5 

6 
7 

' 9 
lit 

Df£2, U'il'a 
l< 
I 

' 3 

~u l~\S 

HiJ:u:.o 
c.:.u:J1.\l 
J(·~:J25 

J~S:J:ll 

t:u:trs 
Jl5:L'.:-J 
2€<1:2:.1] 
Zotl:X.!l 
::~;.~:-J;.;a 

lliG:4t1) 

CHI 
!3 
N 
~5 

C5 

'' CHI 
18 

(ff.? 

({G":[QJ 

ti:-il:Jft1 

l~ti:J::~ 

125:J5>J 
J:i;:J75 
J75:2;!J 
2L'l):2:-il 

2513:3..1"J 
.!61;:-!('11 

fot\3:-1(~1 

m1 
83 
84 
65 
ti5 
lii 

Cff2 
·IIi 

Si1Ej ~~~i\(~S) :• -1(1,>) -l(I,O 

.t.c; -51i.fi -:.;.'l,;J 

Flr,.ll Typical pnr:uncters of echo Integrator. 

SU ldBI 

-Wr----------------------------------, 
-60 

-70 su "' -eo tdBl at liDn 

SU = -90 (d8l at tOOU 

su "'-too tdBl at lOOn 

-120 

-\30 

-140 '--~~~~~--~~~~~~--~~~~-~~--~~--' 
u ~· '"' '"' 3:){) 250 300 35fl ~{.'!{) 450 ""' OC:PTH lml 

Flg.J2 Exnmplc of threshold functions of echo Integrator(+ ~0 log r). 

-33 . .4 

-33.5 

-33.6 

-33.7 

-33.a r 
\ 

TS [d81 -33.9 I 

-34 

~[\[1/L~ 

-311.1 

-34.2 

-34.3 

-31\.4 
350 400 450 500 

Tlf'E lminl 

Flit-13 'l'nn;ct .strcn(tlh of (:Upper sphere (TS 

dual-bcnm procusso1·. 

550 "" 
-33,7 dn) lllCUSUI'Cd by 
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lll:J rKTc.R;_;:<d;:.S;_> __ __:.S-'_;>;:.2""".=..;1c.N.::=>JS!i=="c.' .::"'c;,' 100 rKTR"'-l:::d=c3lc_ __ _;s:c~=::_;lc;N_;"':;KUSH=.::'.::"..:""::;':, 
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97 

1a w ~ ~ oo ~ ~ ~ oo 1ro 
IE>Tl-1 fml 

(a) Calibration #2 

KTR fdB) 9~ IN ma.JSHIN ~y '" r:"--'=--="-.:::.:::..:.:~~:::; 

99 

97 

$L_~~~~~~~~~ 

. 0 lB ~ ~ 4B ~ ~ W 00 W 100 
DEPTH fml 

(c) Calibration ;:4 

99 

97 

10 ~ ~ G ro ~ m oo ~ too 
I€PTH lml 

(b) Calibration #3 

Flg.l4 Ncasurcd TR-factors os a function of depth. 

88/10/13 Seiju maru #28 

' ' ; ' . . ~ 
• ' • ; l ~ ; 

~ ! l . 
' : ~ 

' 

: 
350 '"' 

Eng i n e Speed [ rpm l 

Flg.lS Relationship between noise spectrum level and ship engine speed 

measured by echo Integrator. 
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Fig.18 Comparison of fish length distribution by trawl results (rl~ht) with 

Ts distribution (left). 
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Fig.20 Distribution of SA by area. 
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Flg.2l Difference of SA between composite and narrow channels. 
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Fig.22 An example of color display (Leg" 3, even in~:). 
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Speci:tic Composition and BiOIIIilSs of the Bering Sea 
Mesopel.agic Fishes 

Bn1anov .. A.A. 
Institute of Marine Bio~ogy 
U.S.S.R. Acadamy of Sciences 
Far Eastern Branch, Vladivostok 

and Y.H. llyinsky 
TINRO. Vladivostok. U.S.S.R. 

Data obtained lately as a result of ecosystem r:urve:rs in 

the l'nr-~astern oens chanr.:;e conaic!ert.bly our notion of meso­

pcln(;inl ns a part of pelagi1ll poor in fish (.Sbuntov,19B5). 

It hna been rove~led that fioh biomass in mesopelagial rn~hor 

exceoda the total bion.asa of OJ:·ipell\eic .fish. 'lbe question 

arises about the actual role of ~eoopelatic .fish ~ the sea 

eeosysterc.., :.'hin paper is only tne first step in solvine; the 

probloc.~'ho ni:.!l pt this uork is to determine the bio:r,oss of 

l!lesopelsf!ic !ish ond specific comrosition of ichthyoceiaoeis 

of mesopelncinl of the \\·estern iSerins c.ea. 

tlaterial and methods 

~ata on -crawl nurvey in meso- nnri b&thypP.lnginl conducted 

in the western nering c.oa from 05.23 to 0?.01.89 were used 

in thin work. Schen1e of r.:tatione is r;iven in Fi~;.1. '.i.'"'o oblique 

trnwlincra Uy miduntcr trnttl wore conducted in each poj.nt, in 

500-200m layer and 1000-~00 m layer tthcre depths ennblE!d to 

carry oltt second trawlint;• ;.porture or n trawl is 3500 sq.m. 

Gpeed or trm:ling is 3,5-4 knots,over the entire lcnctoh of a 
codond thora was 121'".0 OIIIRll-:noshed iueertion. 

.Uiomnaa was eotirontcd with the help ot the volwoo method 

usinB the following forr.ulae: .8 • (C • V)/(v,K),whera B- is 

biomass, U -mean catch, Y-volume of a surveyed volume, v-volumo 

of trmiled llnt·ar, .K-finhing efficiency. \.lwrens the dcnnity of 

A t:rawl net ~toG cuito different in .lii'fcrent aoa e.ruao,the bio-

tonGa of s.~ecicf! ~:as r:or.-nrnte-ly cs.lculcted by statistical aroa& 

(l'iF;.1). Tobal values are used in the pc.per !or the sea aa a 

\'.•hole. 

l'ishinr; efficif.lncy \WB tnl:on to be 0,1 for ell !'if;h 1i1hcr·e 

finhin(.'; efficiency is unkno .. :n fro111 liternture • .,hen choosing 

~i"i'iciPnt.:,? v.:e: ~:i:occeCeri :rom tt,c follo\.:inc r.onsi~erstion. Do­

r-.imu&t ':;:ocicc (:.curof,lDABUS Echtdclti,Ltenobrnchius Loucopse.­

ruF-) nrc- the .r.or:t f!ir.ilB:' to ft>cific C:Jpelin r.t; for body lent,th 

<l!ld r.cx·rholo£7. l'iEhinr.- efficiency for this fish l;'8fl determin- . 

oC: t:c h~ ~,1 on EU1 ::.vc:TtJr:e for n:;irl.,·:ctc.:r tre~~ls (r.Dunlenl:o,1986). 

'i'herefcrt', for JteF.OfJt:!l or.ic f inh of rather srnnllr.r size frcm the 

1~ort:h ,,tlnntic 1 fishiU1J &ffi('ietDC:Y \J&A ~ctortilinecl tO be- O,Oe? 
(J opJ:ov,11}6b;. :it.U:inc, into c:oar.icicl.'f.ti:..on th:.!t CJ!lor.g ot:~er !:pccier. 

thf:rt: Pro ~;u·.t.:.llt·r <•R t-.!E:ll r.:s la.re_:t>r fish, 'it ca.o. be ht:suneC. 

thct to"'.:nl Uiol~rws of mor.opeb.gic finh being calculated nt 

fi~hinr,- ufficicr.cj' - ~1 1 1, i£ cln.f:<: to thuir nctu11l tote! bio­

thn~c. l'or larccr co~:u:.ercial cpeciruen 1 fi::;hinc; efficienc;y \-Jus 

tn>:cn ur,·uP-!.1 ;:- ue~d fer ~::;uti::-:otion of their stocks: a;r~ncrlicr 

(!·ccluri<:.r.e) - (: 1 to., ..:..aen:one:an- 0 1 2 1 Sloootb lur.rpsuck\1C- 0,~~. 

lt: i$ clonr that cr•acific r.-tructure fit oUch t.ilowance is roth-

cr l!linr;:pronentecl, ho~·ever, the dif!ereucea in body lont;tb of 

the :o.~nt ;;1ur.o;.~lucic !'i&::h Hre inriF,;nifice..nt Rr.d wuke it pos­

~io:.lG to dc-;Jent! on fluctuc:tions oi" fiehint; t:f!'iciancy fer them 

no l:!ore then two ti~en. 

h·hen drnwinc U!) :-:~l.,.ci!'ic li::>to C:nta. of the previous research 

crui£cE. ond lit;e:..•utUl'e ciLtu u~ro uned c:oncur:t'ent "\dth tll.e C.a-

te of this reeeerch cruir.e.tli.a~s,1'-)~4, .iior:c,Kaehki!ln,196?, !"'e­

(lorov 1 1')'/3n, 19??-o; l,ul:huchc\'"o, 1Y?lt·, llolin ,19~9; I;uso, 11J:IR; 

~.ilino1~t:id ,1';~e,,~nrt, 1•J'l~). 

!\et:lUlt9 und diCCUHGiann 

~-pecl.fic cornpooition of fit.;h in r..eso.:. r.nt~ hfltilYi-elat.;iul 

is prcucnted iu '.!.'able 1 ... ttogcthcr· 1 62. ~;pccic:s \-:ore obsorvod 

in the cur\•eyt>rl horizc.r:, tJE:lont~iut{ to 5'1- ·<;cnern l.!Ud ~5 fr.mdtlies. 

'l'he resin nur:·ocr of fz.:11ilics tmrl f":C[Inrn in rP.prP.£cntcd by 1 or 

2 cpcci~o. ~·\~O. fo/1\ilicn ht·vc -::ne widest rcprer,entation.houily 

l.yctophidno hils 11:ot nwrc e ~;pucim: nml uuthylo()idoe - 4 npccies. 
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In previous works (Fedorov,1973a 1 1976o) 61 specie were 
marked for surveying uorizon,whicb could ue found bere.nen­

thal species,wnich do not leave Uen~bopelagic layer (For ex. 
Antimora rostrata) ,were put';,. ::,y the author in tnis group. He 

marked 35 spe~ies out of actually mesopelagic fish. Only 12 
species were 'cougnt uY us in weso- and oathypela~~al which 
are not actually mesopelagic uut tney ~requently occur nere, 
fOr ex. Coryphaenoide3 pectoralis, t..:.cLereus 1 Laemonema lon­

gipes, Tberagra ~naloogracma and otuers. 

Seven species have been first found by us for the ~ering 
sea: Nansenia candida, Dolichopteryx sp. 1 Malacosteus niger, 
Pachystomias micrOdon, Scopelengys tristis, Bertella idiomor­
pha, Thalassobathia pelagica. 

18 mesopelagic species are "cnaraute.l.'ist:ic 11 
1 tnat is 1 tney 

o; .. r all over tne sea, for ex. all !our species of oatnylagi­

dae,La_pa_yctus jorda.ui; L.l· galis, .... tenobracbiu~ uallllocalir 1 

S. leucopsarus, t..:hauliodus macouni, ~iacropinna microstoma rr:­
miliea and others.Tbese species can probably De regarded as a 

nucleus,de!ining icbtnyofauna of meso- and oathypelagial of 

the sea. 

Total oiomass of mesopelagic fish in t:he western oaring 

sea is estimated to ue 5.921 mln.t., that is 9gr per square 

meter on the average. Tnis value exceeds fish biomass of epi­

pelagial,was estimated by us to oe 2 1 8 mln.t in the surveyed 

period. Therefore 1 we do not include the oiomass of pollock 

(Tberagra chalcogram.ma) as epipelagic species into tne oiomass 

estimate of mesopelagic fish. ~ut in the deep-water areas of 

the sea, a part of pollock constantly occurs iu mesopelngial. 

~y our estimates the biomass of sucn pollock in the oering sea 

wa2 1 1141 mln.t (19,~~ of t:he total biomass of fish of meso­

and bathypelagial). Given value is daily average whereas signi­

ficant part or pollock bas daily migra~;iona oetween epi- and 

mesopelagial. The value of this part is significantly varied 

in time aud space. 

, 94,2}~ of total oiomass of mescpelagic fish (Taol.2) comes 

ror tne share of six f!UJI.ilies. T1110 most polyspecific frunili !S 

docinate runong tnem~ Myctophidae ('~7,1~) and oathylagidne(3?-,8%) 

u u '-' ;_;, u 

A r;roup of s.even dor.linnnt r.pccie£. is Bit 1 1~~ of biomo.sc or 
meGopelagic fish (tabl.3). S.leucopsnrus ciominutes &eQng them 

(:;?,6.1.). n.pncif'icus and P.rHUeri (12,0 nnd 10,3,... respectively) 

conen next nn1i are aoout one tnird of it=> bior:mso. t..the:t- ~~-a­

cics of the group wure a conatant component of t:rs1-1l catcher;. 

'1'!\o oaF.:ic ·part of bior,oss is comprised of n lov! llUL'.bor of 

opecios 1 thnt ir~ c:Onractcrie:tic of the ?.uz·voyinr~ horinon of tho 

.r..::rin~ rea nn wall as of the entire tc:!porote G.l'en. LOl.'COVcr
1 

one species doD'.Iil.wtao ·ay ·uiomacs over the rP-at S'!Jf'C:ie~ thoueh 

it in not clearly (:Y.pressud. J)ior;asa of dore.inont ·species avo-· 

rll~na only t\<o'O !ift1~ of the totnl ·aiou.atls. ::;pr:cics comin~ uftur 

tno doillino.ut npcc:iuc hnvc the LiOI:iass threo titt.ae les[l than that 

of tllo rior:,ilinnt J=:pcci£:s. 

Lcson~lugic cpeci6s h<~VC! disperse ,;.{stribution in ;,;00-1000 

layer, they 'rio not forlll ac:a;r<:p,tiona. 'their catchoe: are nora 

sir~lificnnt in ~o~opeluei&l,pnrticularly neur tho continent6l 

clopo (fits .. 2). '£he maximum yield (O,:>t per one hour cr h·awlLTJ.~) 
~::.<t; cuur;ht on 1;he boundary of Lnirchov rid;.;c er.d c.a.vutoz·nl:iu­

-·,avurin part of the elope. 

CCiliCLU.:.lLll 

uioJ·,~o~a of n.eGopelnr•,ic fish of the ~:ertern nerinG ~eu in 

¢Gti.r..atC!O· to he 5, 1)2 r.ln .. t. !.oro:over 1 1 1 'i4 r~.ln.t of fccdinli pol­

loclc occurt~d in t:lcaopelot~inl. 

,'.:£ EJ'ccies \·!ere observed in tr,e r:ca. lJP.lonc;iaJ; to 51 (~cnern 

ond 33 ffl.t1ili•·s. 

:.·hn botJic part of biot·.ans (04,1;) ic comprinod of 7 !'pccicn 

C...nc .s;.•ccics (.::tcno·o:rnchius lcucupr.urun) c!ominatcn by the hio­

J:i.nl:n Li.ll•onr:; tho :rn~t nncll thouch not nlera•ly exm:c;.nod. ~t'ho bio­

nr~:;n of tho dominoht rqHH:iPn nvcraccs two fifth of the tot•ll 

bio:Jose. :l'he followinG npecios hnvu the bioma.cs three til:;.(i3 lor-.s. 

llCnopeln(~ic: fiflh nro di:=;::r:rru:ly dint::-ibutocl i:l 2C0-·1000 lay­

C'l'1 timy do 'lnt .forn :JCL£:-:'•:c:•ti.IIO~;. Itn ct.id1en nrc ;~.:ore t:i~ni!i­

ct:nt iu J'i\'!W_::u::lntinl. ~·h.., /.la>:l1~um (:oncc:-rtr::..tiono ure obr;erved 

Q.u t,;hu contiutmtHl slopfl ,pnrticulnrljl no!U' tho :~hi.r!':hov ridi;o. 

w ..... __, 

: .. 

u 



1':.t·le 1 

List cr species and occurence (0) c.t" nsh In 

L:.yer 200-1roo m in Bartn[ :=:ea 

1 Ta:.:on-. .: . .2___..:-

fern. Petrom~rzcr:idae 

En:cs:pr~m:s trtdentatus (G=ii'~r;.:r, jE,3';.) + 

r::m. Squal! o.::e 
2. ~.c:mtos:..~s: pact ficus 8tr;e1ca: H Sct":..""c~der-, 1"2~~ + 

fa.rr~ l.tiorcstorr..;.t i d.=.e 

3. t:ar.senla condida ·eo~n. g;sg 

fam. Pothyla?idae 

Table 1 -- continued 

'ra~on ::!...... 

fa.,.~ A.lepocaphal!dc.e 

!17. Baja:::a.ltfcrnia :~.aialcps: Lut:<en, 1.99E: t 

i1:3. r::;)ulenl:a :.ttrtta (Va.!ll.;.nt, 188.8) ,. I 

fam. Platytrcottdae l 

I19. Ho:r:b~;ni.;. innesl {fo...,·ler, 1~2.0) . I 

120. ~.Gulis:a c.J'i'IP-ll.a ~!atsut et Rc:;Enbiatt, i'J:g • 
I21. S.;r,ar::i.:htt;)/S .E..tci Parr, 1953 • 

4.. BathY12i:.l5 pacificus Gtlt.ert, 1~~1 ++ : i fa.."i'l S::-opel.=rchida.? 

l 5. PseudobattNlae-us mlllert (Jordan at Gilt-art, 1.998)! .... ". 

5. Lii')Ql:;qus cct".cter.s!s (Scl" .. 'r!!dt, i.92B) 

" ... Leuro~lcssus s:c~~idti Rass, 

fern. Cpsthcprcotida.e 

e. or..::.tchc.ptery::.: sp. 

t9E5 

'J. l/a..~r'Cll1M::J mtcrcstcll"a Ct".apr.-.;n, l'J39 

fsaL Gcnostc~at!dae 

!tO. Cyclothcna atr=rta Gllt~rt, l'J05 

l11. SC.ncstorre gracile Guntt".er, 

f~TL Ct,aul ic.:.:!:..nt td:;;. 

• O'"JO 
lvl..., 

:u~. Ct'L:;ul tcdus m::.ccunt 8.-:!an, 1.8'21 

f5 .. iil. M;laccste ids.-:-

l13. Artstcstcmtas scint tlll?.!;s (Gil~I'l, Dl5) 

114.. 1.'.3-la.:::cstecs nt~ar Ayers, 1B.l8 

fa.-n. M:lar.::.st.::mtatl.1a.: 

!15. Tacto::;tc.J:-.; r..:.c.rcpus B~l1r., 1~3'3 

:~e. P.=r.hystoml .. ;s lil\Cr_o;i_Qll LGun::lic-r.J __ _h'3'.~E:) 

•• 

., 
t 

r::z. Bentt.;lbella d.:ntata. (Ct\3prrG..'I, !;32) 

f.::.:-n. Uotosud 1 doe 

•oo ,._._., S.:tip.: lcsaurus .;dl.:rt ( FeCcrov, ~~ -ge·n 
{2.~. Scop;}:::.S3U!'US r,or-ri 01-:ad, i9S3) 

r"am. t.nctopterictae 

125. t.:"i0tor)tcrus l~ha.r'5!) ::u~rrayer, l ';11:. 

f::>..11. Alap1saur~d2.a 

12e. All!pisaurus fero:l: Lo·~·e, 1833 

fam. Myctophtd=.a 

i2'."'. Ctaphus tt",?ta Et[&nra:m .:t El~&:-~r..=:;n, :8'?G 

i2.3. L2.EJ?2r.)ICtUS jCrd:Jii Gilb.eft, 1'?!:!. 

I2'l L::.:r..p: .. nyct!..is ra~3lt3 {31lt~rt, 1:?·~::~ 

I:?.O. L=.~n~-a.'1}.'ctus rHt.;r! 3ilt.ert, i.~~~-

:31. P:-ntow.yctq~hum t~~rrpr..ni (C:--.. :y.;r .. ~::. :·~4..:.) 

l2.2. Stenc.brc.::r,ius l.:u:::ops.::rus 2i€€-lli"2..--:r. .:t 

Ei io!·!"IParm, ! e·;o 

++ 
' ' 

H ; 

" 
I 

. I 

i 

t 

+ 
.,--j· 

.~-

i< 

+ 

.l 

12.2.. St.:r.ot-.r;;c!·.t u::: nannocr11 r- r Gi! t.eN ~ .. r~c\ ·---.....:.-.:..--:.. . ..:. 

w 
1-' 
ro 



u \....;' \_) u u u 

T5ble 1 -- co~tt~ucd 

Ta;.::on· G 

!'34. Ta."letonooanta cre-r.ul.ara {jord~n at Gi lt.;rt, l:35C) I ·;..· 

r.=.rr~ :~acs.:c~l id=..e 

:.:.:. S=Dpalann:s tr-istis :.lc:c.:k, 1e;u ., 

F3i-:-.. P:.ra.lepidid.:.e 

:;.~. Fa:-ale~::; Eltla."'l!.icc c.tla.,tJca Kror.::r, ~se.a ... : 
~27. ::otcl;:pt:; r!.ss:.:t !'133CJ (Eor.ap:=..""t-?, ·.841). . : 

fa;;,_ Cetcmtrr.~:ja;: 

::?.3. 3y.-tr.~r.;im:.::;: :;p. •· 
fa.1'~ :le:ntc:~t!iyd&: 

:-?~. :. .. •c..:ett I i.E- tnf,;,:s (3u:'ltr.er, :87E:, .:. r 

f.=.or. Gre 1 r·c:j tO'! a-? 

Gr.tir::.Ces t.t.!~:.:.,;;.:::;: 8fa.Pi12'., tg:?~ j" ++ 

:_;;-,;: ! red.:: s :!·.: ~.:i):; -:.:-. i. \ S•:i~:J~ !.:z, : ·t:?..:.) .7 

:..:.2. ~-S.i'tali.a ld:::.;rcrp·r..a P:.cts::.i•, :;~·2 .. 
f=m. Caratt !d,·:>e 

:.;;:, 2e;·.=ti3S ;-,.:.:!.t.::.:;.~li r:royar, 1.3"5 k 

f:;:r~ l.tr IG-5.? 

!..3-<!rr.:-r.ems lCP.\lil!C.S S::t'.inldt, :?2.3 •. 
: ... :. :-!.s:ar-;]'i·~_u;; ~.:i1r.;;m'ii 3u~;tf.er, ::3:S2 

f.::.Jn. :l;.j!d~ 

:.:.;:. T!".-:r=..rra .:halcc:•E;I'.=..:J~r.:;. (P:~l~.:.:;,[~8!:..J: .;. i 

-:3!ll. ~.~ ..... ~:..: ... idE.·? 

C'u;·::ph.~n~.tde:; C!i:.;:-eu:;; (Gtli:.ert, 'i.E;ge.; .. 
. :.:..;?. :~·-=·=-Yl=·i"".=.en.: 1d;;; \=CCtc-r·al15 ( Gt !::..:tt, :.S9i) ., 

r.;;:'t. ~.;; ~ ;;;;;~:--~:;;.' t..£2 
--------------~----..:.. 

u () 

Table 1 -- ccnttr.ued 

Ta.zon 

i~d. M::alr.pt'aes lUiUbrts GiU::art,1B'd: 

:50. Po:·on:ttra crasstcep:; (G;;;r:~~:ar, i.-973) 

f2.:r.. Carist t idaa 

;:=i.. Ca.!'istiu:; I!Bcrcpus (8-gll.:.tt:, :·~:::"3) 

f=rr~ cr.i .:.sm::x:1ont i d=.e 

::.2. K~l t indtca Llcyd, 1'30'3 

F";n. Z03i'Cid"" 

::2. L','C:.ETE!ll!i.5. t-ri.lr.r.aa (2-e.s,, :8';C) 

!5~. i...i·::-c:-&rs.ri':r."O scld.;.t.JVl s.:.!",.-:;!.:!:, :?~D 

';" 3!1"~ 8yt t".l t I .j,;.: 

::5. il""..:l.=..:;sob.;.tt"~ia i;-e-13-li.C::. ... _ .... --. ........ -:- .. , :·?E.3 

f.am. lccste!d.=.e 

r· '--' 

:~e. !.:-~:;t;us .:..;n~Errattc·.::; :....:..-::<:n;t:.;,, 1~~~-8 

;·a.T~ P::i)t.:-.r.:--.:-lut i-t= 

::7. Ma:.=.cccuttu:; sp. 

fam. cy·.:.lcpterid~ 

::E. t.p.:-.c~::yclus •:e-ntrlccsus (?.:l~;s. :·:·::~; 

;:-;<. :=e:E.Eccyclt;s 'Jltiaz! L.tn-::1~::--a -=~ :...-=t·.:za, ::-;:~ 

:·.:.,.... Lip.::.rid.x 

:r:.c. t~;;ct.1lip,;.r·ls 1:.;l.;?~cu:; 3J:t;.:;-: ;;-;. 3..::-:<~, 1?.-:2 

iC1. ?.::.rallp5.riS S\~. 

f.: .. m. ?1-:ur.::•r.ect I•::IZ 

0 

G 

... + 

""+ 

* 

-~ l 

+ • 

t 

·< 

1 ,. 
• .. 

+ 

:e2. Re;r;)-.ardtiu:; m=.tsuur.=.a icr--::!:;n c-t S:-,-;.'.!cr !'JOl j l. 

~:.:tc-~:;: .:.c.cur:-·e-r;~.e ate:; :.c~. •.,. 
:.-:.:-;,;;·:-:::v:..; ::.~lc·,· 5J~ (+ : l te:--at:J:-~ .:~t:;) \••• 

'-") .:-i..i!' . ::::~3. ·..; ... 
"'' 

0 
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Tu~lc 2 
nio~s (1) ~d ~atio (2) at do~~t f~eu o£ 

----- ---- - -
-~=-·=-~- r 1 t!t:ld t ! ~)2 I - - - - -

...v·~·¥.;;..:_:..._:.;{.! - 27~~:. ... ~7 ,1 I • 

.Dc:t!-~·lo.._-:i~o 2001 I 33,C ~ 

C::~r .. ~.;:.: :::.~::~.:...!.:.;.: 270 I 4,6 I 

.. ~:J.c~::.. :..::. :!.:..!..:::.o :;: 213 I J,G I 

C:-·clop"t-Cl'idcc- I 165 I 2,0 ' 
t-::~p<.::.·.;c~il'.l!.'i.~~:- '· 141 I 2,4 I 

.... ~~:..:.:::.. :;: >~J I l' •• :>,..; I 

:2o~:.::.l - ?:J21 ~ I 1:~.o I ---- ---
li'a~:.c 3 

~::;.~:-..:::.:..:= ( 1) wd rat:!.o (2) of do::i.llo.::lt opocic~ ci' r!CGopclc,:;:::.c 
Uf.Cci.C:Z of the lla.!>iuc CCC. 

:4 . .::c::.~:; ----
S'tt':!.Ob!'u.C!~u~ lcucopoa.rll~ 2224 3'1,6 
.l<l·.;:~·~.::..:..-..::;. p:tc:!.tiouo 710 12,0 

:i.:; O"..i.ic ;;;.r:::.,r-~;:2,::.:: J.:U.l!c . .:'i 60~ 10,) 

::-.tt:'.~-::b~·o.c:.liuo !!:l.!l.~.Jchi::o ?70 7,9 
.:.·..a:.l~.·e~;.lo::m:l:J oc;:t""'..iclti )80 G,4 
!..i:;cl::.::;:.:~ C1JilotcXJi.O 315 5,3 
Ch.:L::.:.io~l~ ~cc!.:..!l.i 270 4,6 

oti.:.o:o~ 944 15,9 
: ~ot<ll !,;921 100,0 ----------------------
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The Spatia1 Differentiation of Walleye Pollock 
Year1i.ngs in the Eastern Bering Sea 

Moiseyev Ye. I. 
TINRO, Vladivostok. U.S.S.R: 

Eastern. :Bering §aa sh~lr in i.a"j· - O:UD.e ":988 - 192'), the wall-

eye pollock juvenilez' ~p~ti&l difte±bntiaticn could be 

tracsd in oul·Cisized e;rot:.ps. 

a=-ee, large yes.rli.n.e;~ \-:ith 13 - 15 ern. moc!nl Group \'lo"(:re dist­

ributee. pJ.•ir.o.rily in tb.e lower shelf nrefis, a::.d n\~Pra~e yenro­

li!lgs "!ith ·12 - 1" c:,;~ ::oci..s.l r-oup \:ere U bct'.·rceLi the lar;:;e 

and SIW.all onee'. 

Thc- reaeon io= tl;.e :-ec.rli!l§'S' dif'ferent sizes' o::-i-

east out of rc-orc-ducticr.. areas b:: c:;=re-=:t, ?.:r~C t~Je C:i.f:.:t;re::rt 

The yearlinc;a 1 se_';lar-ate::les:J by diffcre.i:t size ~""""''""Q 

to be also explr..ined by the j-u.ven.ile:s' t>.otivc: r.i;;;r:~t!c;ts ~~ 

~bus, the walleye pollock y!;a:r-lin[~S 1 clistritlution 

in the SastE:-r:::l. Bering E:ea. ~e:-P.ms to be ir.i'luenced b~:: 
p 

tile- main spe.\ming pluecs i 

2. Different t~a o! spa~~ing; 

3. Dir::tribution or the cesoplc.nkto:1 r.i!iere!!:t f.:-?c­

tions and the juvenilss• active mi~~ation~ ao a co~~~9~ance 

to !ood selectivity. 
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Out1ine or Bio1ogical. Infonw.tion obtained fra. 
Winter Pollock Stock Research in the A1eutian Basin 
by Kaiyo ~ in 1988/89 

Kazuyuk.i Teshi.aa 
Sekai Nationa~ Fisheries Research Institute 

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

Introduction 

This report presents an outline of midwater trawl 
survey conducted for sampling as part of the Pollock stock 
survey In the Aleutian Basin by Kalyo maru, a survey vessel 
of the Fisheries Agency of Japan, from December 1988 to 
March 1989. It also presents an outline of biological 
Information concerning pollock obtained from the survey. 
Reports of the survey by Kaiyo ~under the title of 
entire survey cruise, biological survey, acoustic survey and 
marine environment research are now being prepared by re­
spective authors and is scheduled to be pub! ished shortly. 

Outline of the Survey 

Kaiyo ~ 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, \909 (Fig. 1). Under the 
initial program, it had been planned to conduct quantitative 
echo sounder survey, midwater trawling survey, research on 
marine environment (fig. 2). but. as sea conditions were 
worse than anticipated. only the transect lines as shown In 
Fig. 3 were Implemented. F~rther, only 24 samplings by 
mldwater trawl nets were conducted. 

Midwater Trawl Survey 

During the survey period, a total of 24 samplings were 
conducted using mldwater trawl nets in the locations shown 
in fig. 3. Table 1 shows the location. date and time, 
towing hour, towing depth. collected specimens, etc. At 
each towing, the number and weight of collected specimens 
were measured, and then about 200 kg of pollock {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 qn the length punching cards to obtain length 
composition each for males and females. Specimens of 20 to 
30 individuals by sex were selected from among 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. their 
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 Into tissue 
fragments for further detailed histological study. 

u \) u u u 

Table 1 shows total catch amount of pollock, the weight 
and number of specimens measured, CPUE (weioht and number of 
pollock caught per one-hour towing) _and the weight and 
number of catch of" other fishes. Pol locks accounted for a 
predominant part of the catch. Besides pollock, smooth lump­
sucker showed a relatively frequent appearance. One individ­
ual each of arrowtooth flounder an~ Greenland turbots, and 
two Individuals of giant grenadier, which are seldom ob­
served In the mesopelagic layer, were collected. 

Pol locks were caught by all the trawl nets other than 
MT-14, and CPUE (catch per one-hour towing) .was extremely 
high in Boooslof area north of Umnak Island while It was 
relatively low In the international waters (Fig. 4). CPUE 
was also low in the Basin within the U.S. 200 miles zone 
other than Bogoslot area, showing little difference from the 
international waters. but relatively high CPUE was observed 
in MT-23 near the continental shelf of the eastern Bering 
Sea and MT-19 north of Atka Island of Aleutian Islands. 

Biological lnformat,ion 

I. length composition 

Table 2 shows lenoth compo~ition of pollock by sex 
compiled 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.S. 200 miles zone and 
all the survey areas (Aleutian Basin). 

The length composition of pollock in the Aleutian Basin 
was within a ranue of 34-60 em. with their modes at 48-49 em 
and average length at 48.3 em. Modes for females ranged 
from 50 to 51 em and their average length was 49.3 em. 
Modes for males were 48-49 em and the average length was 
47.4 em (Table 2). Comparing the length composition for 
males and females combined In the international waters and 
that in the U.S. 200 miles zone, the'modes and average 
length in the International waters were 47-48 em and 48.0 
em. respectively, which were slightly smaller than the 
corresponding figures of 48-49 em and 48.4 em for the U.S. 
200 miles zone. Pollock of the body length of 40 em or 
less, which appeared onlY In a small number in the U.S. 200 
miles zone, were caught in the areas near the continental 
shelf (MT-22 and MT-23) 

2. length-weight relations 

Flo. 6 shows the length-weight relations of pollock by 
5ex 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-weigllt 
relations for pollock. males and females combined. 

Total survey area: BW 
International waters: BW 
U.S. 200 miles zone: BW 

Here BW means we I ght (g) 

3, Stomach contents 

1. 1654 x 10 -6. n2· 996o 
25. 6522 x I 0-6. Fl2' 7067 
4. 2900 x 10-6, Fl3' 0793 

and FL means fork length {mm). 

Of all the 744 Individuals for which stomach contents 
were examined, 403, or 54". 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 cephalopods 
(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 1969 were filled with 
what were bel leved to be pollock eggs. 

4. Maturity conditions 

The proportions of gonad weight to the body weight 
(maturity index, GSII were obtained on the basis of pollock 
data measured on board the vessel. By order of collecting 
days, the GSI values for males stayed within a range of 4-
14" throughout the survey period, showing no conspicuous 
trend (Fig. 8). On the other hand, GSI values for females 
showed Increase In the course of time, peaking out at around 
February 22 and 23. and gradually declined 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 GSI values in the period 
after February 26 when ~ maru completed mldwater trawl 
survey, we used data obtained by Miller Freeman, a research 
vessel of the U.S. National Oceanic and Atmospheric Adminis­
tration, which conducted the joint survey in the same area. 

Observation of mature male fish was conducted on board 
the vessel in four stages: Developing, Mature, Spermatozoa 
discharge and Spent. Observation of mature females was 
conducted in five stages: Developing, Premature, Mature I 
(having partially mature eggs), Mature ll (from t~aVino 
considerably mature eggs to those immediately before spawn-
ing) and Spawnino. Flo. 9 shows the frequency of appear-
ance of each staoe by sampling location. Pol locks 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- (80"1 In the 
premature stages except late February when they were spawn­
ing. 

It was assumed from change trends of GSJ values and 
maturity stages that spawning of pollock in the Aleutian 
Oasin in 1989 started in the southeastern area of the Basin 
around late February. 

w 
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Table 1. Records of operations and c~tch data on the midwater trawl survey 
conducted during the Japan-U.s. joint acaustic/midwater trawl 
survey by Kaiyo ~in the Aleutian Basin from December of 1988 Table 1. Continued. 

to t-tarch of ElB9. 

t:lhb:atcr trnl cdcb d~h l:lldotcr tca11l catch data 

Trawl no HT -I HT -2 HT-3 HT-· HT-5 Trawl no HT-11 HT -12 HT-13 HT-1~ HT-1 S 
Date tcawled S/12/88 11/12/88 12/12/88 22/12/88 23/12/88 Dale tra11led 27/12/88 27/12/88 29/JZ/88 ll/12/88 2/1/89 
Duration (•In) " 60 16 60 " 

Duration {aln) 51 60 " 60 10 
Total catch (kg) 191 ,3 51.2 16.1 11.6 lH.l Total calch (kg} .., 162.2 !55, 6 0 62.4 
Total nu•ber •219 " '" 9) . 117 Total mr111bcr 6 202 190 0 " CPUE (kg/hr) 260,0 51.2 1J1 11.6 216.2 CPUE {kg/hr) u 162.2 95.3 0 70.6 
CPUE (no/hr) 320 " 201 9) 266 CPUE ( no/hr) 6 202 116 0 " Sample she Sample slu 

FeiQale, kg 97.8 ~8.3 H.~ IS. 8 69. ~ fe111ale, kg 3,0 84.7 H.J ~ 6. 3 

"' 106 50 21 " 63 "' < 101 " 5< 
kg/fish 0.923 o. 966 ll.90~ 1),832 D. 8Jii kg/fl sh 0 .750 0.839 0.869 ll. 857 

~ale, kg H.S 8. 9 18. ~ 21.2 14.1 .Hale, kg L2 11.5 80.9 36 .I 

"' 91 II 23 28 " "' 2 101 10< <5 
kg/fl sh 0.819 0. 81)9 o.8oo 1).757 0.795 kg/fish 0.600 0.767 0.718 0. 802 

Other specles,kg{no) Other specles,kg{no) 
s.ooth l.s. 2.3( I) 21.3(2~) 8.4(30) S1110olh ],S, 1.0(11) 9.2{-H) 18.7{32) 2.5(3) I 0.6(6) 
Arro)l'tooth fl. Arro)l'looth fl. 
Greenland lur. Greenland tur. 
Giant sre'dler Giant gre'dler J .3( I) 
Hyctophlfor• Hyctophl for• 
Chinook sahon ChI nook sa Ia on 2. 9(1) w 
Pac. sl. shark Pac. sl. shark 
8. •agister a. •agister "' 
Squid unldent 0.081(1) •• 3(~ l Squid unldent O.HI) 0.3(3) 0,06(2) lJ1 

Octopus unlde, Octopus unlde. o. 5(1) 
Jellyfish Jellyfish 0.3(2) I.Hll 

•Estluted 
l:lilht:a1cc tcu:l caleb dill 

Hld:uttc lu~l 1a.lch sSAh Tra)l'l no HT-16 HT-11 HT-18 HT-1 9 HT-20 
Trawl no HT-6 HT -7 HT-8 HT-9 HT-10 Date tra)l'led 23/1/89 25/1/89 28/1/89 S/2/89 6/2/89 
Date tra11led 24/12/88 25/12/88 25/12/88 26/12/88 26/12/88 Duration (•In) 120 109 120 51 <1 
Duration (•In) 65 35 60 59 60 Total catch (kg) H2.9 53.9 38.5 875.2 LHI.~ 
Total catch (kg) 230.9 11.2 87.0 116.7 74.2 Total nu11ber "' 66 .. '1,098 •5,350 
Total nu•ber 27< 21 1U "' 100 CPUE (kg/hr) 71.5 29.7 19.3 921.3 5,669, 9 
CPUE (kg/hr) 213.1 29.5 8J .o \18.7 7L2 CPUE (no/hr) .. 36,3 ,. 1,156 6, 830 
CPUE (no/hr) 253 36 1U 151 100 Sa•ple size 
Suple size Fe111a Je, kg 59.2 28. ~ 2LJ H.o 185,2 

fe11ale, ks 100. J n.J 61.!1 34.5 "' 66 32 " " 210 

"' 113 58 15 u ks/flsh 0.897 0.888 0.838 0.851 0. 882 
kg/fish 0.888 o.H7 0.825 0,802 Hale, kg Bl. 7 25.5 H.2 H1.2 131.1 

Male, kg 9J.3 U.J 5L8 39. J " 109 H " 183 171 

"' 121 " 13 51 kg/fish 0. 768 0.750 0.7H 0.172 0 .lfi7 
kg/fish 0.804 0.716 0.75 I • 0.696 Other specles,kg(no) 

Other specles,kg(no) Smooth l.s. 6.!(4) 6 .2(!) 20.1(31) 11.1(6) 
Smooth !.s. 19 .0( 15) I 0. 5( 19) LSI! I) 22.H20 H.8(5~) Arrowtooth fl. 
Arrowtoolh fl. Greenland tur. 

Greenland tur. Giant gre'dier 
Giant gr~'dier Hvctophl ton 

Hyctophiform O.OH{S) ll. 053( ~ l Chinook sal11on 

Chinook sal•on Pac. sl. shark 

Pac, s\, shark B. IU9isler 

8. 11aglster Squid unident 2. 7(1) I .0(1) 3.0( 10) 
Squid unldent O.H7(1) 0.~11(~) 0.3(3) Octopus unlde. 

Octopus unlde. Jellyfish 

Jellyfish 0.732(~) •EstiP~ated 
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Table 2. Size co•rositlon of pelagic pollock caught during the Japan-U.S. 

joint acoustic/mitllo'atcr trawl survey by Kaiyo!!!!:..!! ill the Ai"cutian 
Table 1. Continued. 

Basin from December ot 1968 to ~arch of 1989. 

l:lidlfalt:r trn:l catdl....J1a.1.a. 

Tra"lll no HT-21 HT-22 HT-23 uHT-24 Size class International waters U.S. waters Whole survel are; 
Date tra.,Jed 7/2/69 13/2/69 16/2/6'4 26/2/89 (em) d' ¥ To ta I <i' ¥ Total <i' ¥ Tot a I 
Duration (11\n) " " " " Total catch (kg) 3,797.2 J. 336.1 1.252.0 
Total nu•ber ·~. 5'44 1],823 •2,054 H-35 I I CPUE (kg/hr) 5,695.6 ~.H8.1 1,365, 6 
CPUE (no/hr) 6,891 5, D97 2.241 -JG 9 9 9 ' Suplt she -J 1 5 I 6 5 I 6 fuale, kg· 186.6 215.3 16.4 B. 1 

"' 211 2Jl 116 10 -J 8 - 6 6 6 6 
kg/fish 0.660 o. 924 0. 676 0,870 

Hale, kg 121.7 65,7 95.3 316.5 -J' I I 8 I 9 9 1 10 

"' 156 " 169 "' -40 2 2 15 2 ll 11 2 19 kg/rlsh 0.780 0.738 0.56~ . 0.738 
Other species, kg I no) -4 I 1 2 J 1 6 IJ 8 8 16 

S•oo th I. s. 1.9( I) 1.11(2) 
-42 J J 6 12 9 21 15 12 Arro.,tooth fl. -Ill 21 

Greenland tur, -(I) -43 8 2 10 28 15 4J J6 I 1 5J Giant grt'dler 8.1 (I) 
w Hyctoph If or• -44 26 1 JJ 26 1J J9 52 20 12 
1\.) Chinook sabon 

Pac. sl. shark 20(2) -4 5 n 14 46 61 Jl 98 99 45 144 .. "' 
B. •agister 0.17(2) o. 33( •. , Squid unldent 

-4 6 61 19 60 161 52 21J 22 2 11 293 

Octopus unlde. -41 92 JJ 129 266 106 JJ2 358 14J 501 
J~tllyfl5h 

•Estl11ated, nNel was broken during hauJlng. Total catch was -48 85 57 142 J28 IJ5 4 6J 41J 192 605 
ntl..ahd roughly beheen 12 and 15 tons. -4 9 69 59 126 J2 0 208 526 J69 2 61 656 

-50 41 11 116 2J I 2J8 469 272 Jl5 561 

-51 Jl 56 69 121 19J J 14 152 251 40J 

-52 1 47 54 56 166 222 6J 21J 216 

-53 2 17 19 20 64 104 22 101 12J 

-5<\ J IJ 16 II 59 70 1·1 12 86 
-55 J J 5 J5 •10 5 JB 4J 
-56 J J 12 12 15 15 
-57 I I I 1 8 l. 0 9 
-58 4 •I 4 4 
-59 6 ' 6 
-(i 0 

To ta I Hi1 419 BOJ 1.704 1,31Hi 3,090 2,168 1.805 J,97J 
lie an -17. I 48.9 t\8.() <17.5 <\9.<1 48." 4 7. 4 <l!l.J ·IB.J 
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Figure 1. Track and noon positions of a cruise by Kaiyo ~during the Japan-U.S. joint <:~caustic/ 
midwater trawl survey for pelagic pollock in the Aleutian Basin from December 1 of 1989 
t'!'March 20 of 1989. 
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Figure 2. Prearranged transect lines for the Japan-U.S. joint acoustic/midwater trawl survey by 
l<aiyo ~in the Aleutian Basin from December of 1988 to March of 1989. 
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SSN T-1 

T-23 

!/OW 

Ruea~cll period; 
Oec.S,l986 • Mar.\,1989 

-·-·Track line 
, ••• Kidwater trawl 

Figure 3. Actual track lines and s~mplinq stations by midwater trawl gear conducted during the Japan-U.S. 
joint acoustlc/midwater trawl survey for pelagic pollock by Kaiyo ~ in the Aleutian B~sin 
from December of 1988 to March of 1989. 

X No catch 
so kg 

100 kg 
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International waters 
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• • • 
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&---' • 
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<:I ~~"' ,{1 . 0 

' "'tj,!lf?' ...,_ _, 
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. '!}~!!.' 
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Figure 4. CPUE {kg/hour) of pollock by sampling station of midwater trawl during the Japan-U.S. joint. 
acoustic/midwater trawl survey by Kaiyo ~ in the Aleutian Basin from Decembel';" 1988 to 
March 1989. 
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Stomach contents of pollock caught during the Japan-U.S. joint 
acoustic/111id;..ater trawl survey by Kaiyo ~ in the Aleutian 
Basin from December 1988 to March 1989. 
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Figure 8. Changes of gonadosomatic index (GSI) of pollock in the Aleutian Basin during the period 
from December of 1988 to ~arch of 1989, 
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Figure 9. Composition of maturity stages of pollock gonad by sampling station observed during 
the Japan-u.s. joint acoustic/midwater trawl survey by Kaiyo maru in the Aleutian 
Basin from December of 1988 to March of 1989. -- --



Migration or Ra.stern Bering Sea Herring, 
as inferred from 1983 - 1988 Joint Venture 
and Foreign Trawl. Bycatcb Rates 

Fritz Funk 
Alaska Department of Fish and Game 
Juneau~ Alaska 

INTRODUCTION 

Migration of Pacific herring (Clupea harengus pa11asj) 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 location of Japanese directed herring 
fisheries summarized in NPFMC {1983) and by Wespestad and Barton (1979) 
supported the two major migration patterns observed by the Soviets. During June 
and July, a southwestward movement of herring was observed in the northern 
Bering Sea, from Norton Sound to Nunivak Island {figure 1). In 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 late summer. It was commonly hypothesized that stocks 
from both 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 continental shelf edge between the Pribilof Islands 
and St. Matthew Island from October through March. Foreign directed fishing for 
herring ended in 1980. After that time herring became a prohibited species and 
foreign fleets no longer tracked the movements of herring in the Bering Sea. 

Stock identification studies were conducted to determine the origins of herring 
captured in a food/baH 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, Rogers and Schnepf 1985, Rogers et al. 1984, Walker and 
Schnepf 1982). 

Spawning 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 limited stock identification studies of the 
Outch 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 timing and 
location of herring migration. The NPFMC has required a high level of observer 
sampling of foreign and joint venture groundfish harvests since 1983. This 

paper examines the ratio of the weight of the herring catch to the total weight 
of the groundfish catch in observer records from Pacific cod (Gadus 
macrocephalus) and pollock (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. 

METHODS 

The weights of herring bycatch and total groundflsh 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 1• longitude area, 
and target fishery category. Target fishery categories 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 bottom trawl" and wother bottom trawl". 
Trawl tows in these target categories were defined as consisting of less than 
20~ Atka mackerel, less than 20~ flatfish, and less than 95~ pollock. Tows with 
greater than 95% pollock are assigned to a midwater trawl category by the NMFS 
criteria. Because preliminary analyses showed that midwater trawl bycatch rates 
were substantially less than bottom trawls, trawl 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 both of these categories were combined. 

A herring bycatch rate index was computed by dividing the observed herring catch 
for each month and 112· latitude by I" longitude area from 1983 through 1988 
by the total observed groundfish catch for the same area and period. The 
resulting bycatch rates by latitude, longitude 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 month~. although 
herring did appear to occur in this area. For each month, the grid of herring 
bycatch rates was smoothed by distance weighted least squares 1 to aid in the 
interpretation of migratory patterns. These data were plotted as a 3-

1The SYSTAT/SYGRAPII distance weighted least squares algorithm was used for 
smoothing, with a tension parameter (weighting) equa 1 to the inverse of the 
number of 1/2" latitude by 1" longitude squares containing bycatch rates for a 
given month over the 1983-1988 period (SYSTAT 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 
NPFMC'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 112• 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. 

RESULTS AND DISCUSSION 

The pattern of observed herring bycatch rates in the southeastern 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 northwest 
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 coupled 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 
trawling effort along the continental shelf edge from the Prlbilof Islands 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 
effort 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-Hay. In June, high herring bycatch 
rates were reported along the Alaska Peninsula, southwest of Port Moller (Fig. 
8). Fishing effort during June covered much of the Bering Sea, with little 
herring bycatch reported elsewhere. By July, most of the high herring bycatch 
rates shifted to the "horseshoe" area just north of Unimak Pass (Figure 9), 
where the JOO 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 bycatch 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 
contlnuing in the horseshoe area. By September, bycatch rates in the horseshoe 
area declined, and the area northwest of the Prlbilofs became the dominant area 
of herring bycatch (Fig. II). Sampling effort covers a wide area of the Bering 

3 

u u u u () 

Sea, with good coverage along the entire continental shelf edge. In October, 
despite a large amount of effort in the horseshoe area, no herring bycatch was 
reported {Fig. 12). Herring bycatch was reported from the immediate vicinity 
of the Pribilof Islands and from the area southwest of St. Matthew Island. 
Samp I i ng coverage is adequate a 1 ong most of the cont i nenta 1 she 1 f edge. In 
November, herring bycatch was low except for the area southwest of St. Hatthew 
Is 1 and, with goad samp 1 i ng coverage over most of the cont inenta 1 she 1 f 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 
phenomenon 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 occupy 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 
sma 11, high herring bycatch rates only occur occasionally In the aggregated 
data. 

These data provide little 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 occurred 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 Islands 
by August. 

CONCLUSIONS 

1. flerring bycatch rates from 1983-88 joint venture and foreign bottom trawling 
for Pacific cod and pollock strongly support the previous Soviet and Japanese 
hypothesis of a clockwise migration of herring around the southern Bering Sea, 
with a wintering ground northwest of the Pribilof Islands. 

2. Herring stocks migrate along 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 Pribilofs 
begins as early as July, and is complete by mid-September. 

4. Bycatch· rates were extremely low along the Alaska Peninsula except for the 
summer months, i ndi cat i ng that a 11 herrIng stocks winter offshore. 
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5. The herring migration is a relatively discrete phenomenon. At any one time, 
herring stocks occupy only a small proportion of the Bering Sea. 
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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 
autumn reappearance in offshore waters reported from Soviet 
research. Small arrows: possible summer feeding routes and autumn 
migration routes (from Wespestad and Barton 1979). 
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Figure 3. 
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January herring and groundf1sh 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 112• latitude by t• 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 Ob$erved 
catches for pollock. and "other" bottom trawls from 1983-1988 
(shaded areas). 
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Figure 4. 
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February herring and ground fish catch distributions. Upper panel: 
herring bycatch rate by foreign and joint venture pollock bottom 
trawl and "other" bottom trawl (primarily Pacif1'c 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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March herring and groundflsh 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" 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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April herring and groundf1sh. 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 I" longitude 
area, smoothed by distance-weighted least squares. Lower panel: 
National Marine Fisheries Service regulatory reporting areas (511-
540), c·ontour 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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Figure 7. 
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May herring and groundfish catch distributions. Upper panel: 
herring bycatch rate by foreign ahd joint venture pollock bottom 
trawl and "other" bottom trawl' (primarily Padflc cod) gears, 
averaged from 1983 through 1988, by 1/2" latitude by l" 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 ~ather" bottom trawls from 1983-1988 
{shaded areas). fj. 
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Figure 8. 
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June herring and ground fish catch distributions. Upper panel: 
herring bycatch rate by foreign and joint venture pollock. bottom 
trawl and "other" bottom trawl (primarlly Pacific cod) gears, 
averaged from 1983 through 1988, by l/2 • lat f tude by I" 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 ventu1·e observed 
catches for pollock. and "other" bottom trawls from 1983-1988 
(shaded areas). 13 
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July herring and groundflsh 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· longitude 
area, smoothed by distance-weighted least squares. Lower panel: 
National Martne 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). ,u 
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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" bottom trawl (primarlly Pacific cod) gears, 
averaged from 1983 through 1988, by 112• 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" bot tom trawls from 1983-1988 
(shaded areas). 

IE" 

() 

w 
w 
<D 



:3 
& 

" "' :§ 
~ 
i§ 

,o-r : [, .. · .... I '"-.._ 

5 -~·· /\ - --' I 

e' 

"'>. 
-o~ 

.""> 
Figure 11. 

~ 
t." "-...-.:f:> 

September 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 112• latitude by t• 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 1983·1~88 
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Figure 12. 
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October herring and groundf1sh catch distributions. Upper panel: 
herring bycatch rate by foreign and joint venture pollock bottom 
trawl and "otherM 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 Mother" bottom trawls from 1983-1988 
(shaded areas). 1/ 
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Figure 13. November herring and groundffsh 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" 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 a11d "other" bottom trawls from 1983-1988 
(shaded areas). ns 
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December 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 l/2" latitude by 1" longitude 
area, smoothed by distance·weighted least squares. lower panel: 
National Marine Fisheries Service regulatory reporting areas {511· 
540), contour 1 ines of herring bycatch rates from the upper panel, 
and the distribution of observed foreign and joint venture obse•·ved 
catches for pollock and "other~ bottom trawls from 1983-1988 
(shaded areas\. •n 
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Future Fie1d Research P1ans ror Wal.l.eye Pollock 
in the Bering Sea 

Fisheries Agency or Japan 
Tokyo. Japan 

1 , 1 9 9 0 S u m m e r s u r v e y 

Type: Acoustic/midwater trawl survey. 
Period: Middle June to Middle October. 
Area: Aleutian Basin (Internal waters 

and U.S. Wate'rs) and eastern 
Bering Sea Shelf. 
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if possible. 

(New) Kaiyo maru (2, 600 to n } 

w .,. 
N 



) 

) 

) 

) 

) 

) 

) 

) 

) 

) 

343 

Plethodo1ogy of Data Collection on Ret Sel.ectivi.ty 
and Accidental Mortal..ity of Fish passing through 
the Mesh . of the Codend 

VIIIRO 
Moscow. U.S.S.R. 

~stract 

~nls paper contains advice on determining mesh 
selectivity factors for trawl codends using a special 
liner. The deSign and technical specifications of the 
liner are described. 

It also ~escribes an experiment to determine the 
~ccidenta1 mortality of fish passing through the trawl 
codend. 

It contains proposals on standardising data collection 
an.d handling for mesh selectivity studies. 

• * * * * • * • * * 

ME!HODOLOGIE POUR LA COLLEC1E DES DO~"OEES ·sL"R. LA SEL~CtrVIT!: 
DU ~f.A.ILL\GE ET LA MORT.UI7E ACCIDE:i:ELLE o::s POISSONS PASSA..'l? 
A !RAVERS LE MAILLAGE AU CuL DE C:-~"7-

Vli!RO 
(U.R.S.S.) 

Ce document presente des avis .sur la determination des fac.te;.-r:: 

de selectivtte du ~lllagP. aux culs de chaluts utllisan~ un voile 

special.. ~ modele et les caracteristiques techniques du voile sent 

deer its. 

Le document presente aussi une description d'une exper:.enca 1r.er 

pour determiner la IDO.C'tallte accidentelle des· polSSOOS passant d 

travers le cul de chalut. 

Il contient egaler.tent des propositions sur la standa;-dls3ti-:-:·: 

de la collecte et traltement des donnees pour les t!tuties :sur la 

selectlvite du mall!dge. 

• • • • • • ¥ • • • 




