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OVERVIEW

Felix Favorite

Northwest and Alaska Fisheries Center
2725 Montlake Blvd. E.

Seattle, Washington 98112

ABSTRACT

Although for decades general associations between fish and
the eastern Bering Sea environment have been assumed or proposed,
specific fisheries oceanography investigations designed to explore
or explain such relations have not been carried out in spite of
the fact that early investigators consistently pointed out the in
adequaci es of tasual envi ronmental observati ons obtai ned duri ng
fishing cruises and recognized the need for more complete studies.
A1though today the acqui siti on and process i ng of envi ronmenta1
(physical and chemical) data is rapid and straightforward using
S-T-0 and autoanalyser systems and shipboard computers, such i n
tegrated studies are still rare. This Overview is designed not
only to put the subsequent Chapters in this Section in perspective
in regard to fisheries oceanography, but also to suggest that al
though annual stock assessments may satisfy management criteria,
conservation practices will require information on the year round
distributions of juveniles as well as adults, mUltispecies inter
actions, and rather specific relations within the overall eco
system. Thisis a 1arge task but more emphasi s on fi sheri es
oceanography studi es wi 11 accelerate acqui sition of the required
knowledge.
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INTRODUCTION

The rapacious exploitation of whales in the Bering Sea to

obtain whale oil in the mid-19th century was accomplished without

any cons i derati on of conservation pri nci p1es or of impact on the

ecosystem and it is gratifying to see the extensive efforts funded

by the Outer Continental Shelf Environment Assessment Program

(OCSEAP) to define conditions and processes in this area as in

this century we seek to obtain petroleum from below the sea floor.

Because of the nature of the OCSEAP program, to assess real and

possible effects of oil exploration and exploitation, many of the

individual grants are largely disciplinary (physical oceanography,

fi shery bi ology, i chthyop1 ankton, etc.), and area specifi c (i. e.

Norton Sound, Navarin Basin, St. George Basin, Bristol Bay Basin,

etc.). The purpose of this Section is to consider the continental

shelf of the eastern Beri ng sea as an integral unit and bri ef1y

evaluate environmental and biological continuities and relation

ships throughout the area. The initial guidelines for this Sec

tion on Fisheries Oceanography were 100 (double-spaced) pages

constituting about 5 Chapters and it is obvious that although we

have far exceeded that amount the subject is still not adequately

covered.

I believe that straight off a definition of fisheries oceano

graphy (or fishery oceanography if one prefers) is in order. Of

course the term stems from fisheries hydrography which originated

at the turn of the century, and essentially embraced any and all

factors influencing fisheries. Since the word "ecology" appar-
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ently was avoided, one suspects that originally the term was meant

to incorporate those immediate factors that would enhance catching

fish, or perhaps explain why fish weren't caught, rather than the

broad studi es of the ocean or even very speci fi c but basic re

search. The shift from fisheries hydrography to fisheries ocean

ography in mid-century dealt largely with semantics, rather than a

shift in activities, during the period when those in the bur

geoning field of ocean studies couldn't decide whether they would

march under the banner of oceanography or oceanology. Although

such a discussion may seem trivial, Chapman (1961) canvassed the

world in an attempt to obtain an acceptable definition of fish

eries oceanography without success.

The actual scope of studies embraced by fisheries oceanog

raphy is virtually unlimited -- from external forces, global or

extraterrestrial, that alter the physics, chemistry, biology or

geology of the sea, to internal forces that redistribute, modify,

consume, or guide this energy, and including interactions of all

life, life support systems and the effects of man. Currents,

temperatures, density, etc. have long been considered a part of

fisheries studies. Although one may consider dismissing studies

of nutrient chemistry because the absence or abundance of nutri

ents is reflected in primary (plant) prOduction, there will be no

evidence of why phytoplankton are scarce or abundant. When con

sidering pelagic fish one can argue that even primary production

can be dismissed because it is reflected in secondary production

(herbivores), but when consideri ng demersal or bottomfi sh, that
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part of the plant production reaching the bottom plays an impor

tant role in the development of benthos which-are consumed by

bottomfish. However, secondary production and the subsequent

trophic level, tertiary production (carnivorous plankton), are

used in various stages of fish development and must be considered.

Recent ly the role of starvation - the 1ack of abundance of

the required kind and size of forage at the appropriate time for

fish larvae, juveniles and adults - has become an important con

sideration in fisheries oceanography studies. In terms of larval

fish, such studies in the Bering Sea raise numerous questions

because (as will be pointed out) our knowledge of early life

stages of fi sh is extremely fragmentary. Although some i nforma

tion is available on age 1 pollock and juvenile yellowfin sole

distributions, certainly there are not only vast gaps in our

knowledge of the distributions and movements of these juveniles

and those of other commercial species for one or in some instances

even several years before they are recruited to the fishery, but

also almost ignorance of juveniles of non-commercial species.

This has not been a primary concern in managing adult stocks, but

if one considers the eastern Beri ng Sea as a. potential area for

shelf ranching, a concept approaching reality as a result of the

Fisheries Conservation and Management Act (FCMA) , an entire spec

trum of fi sheri es and oceanographi c ; nformat i on wi 11 be requi red

to define this ecosystem.

Although fisheries oceanography studies are not considered to

be limited to relations of adult, commercial fish and their envi-
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ronment, discussions in this Section are restricted to this aspect

because studies on physical and biological oceanography, benthos,

ice and other aspects of the Bering Sea ecosystem are presented in

other Sections of this Volume. However, it should be pointed out

that even when considering adult fish the term fisheries oceano-

graphy carries the connotation of studies pertaining to relations

among environmental conditions, processes, or events, and species

behavior and multispecies interactions and does not mean merely

.matching climatic or casual marine observations obtained during

fishing or other cruises with catch data in an attempt to obtain

one to one relations. One would hope that it signifies carefully

designed experiments to define relations or verify suspected

associ ati ons, Such experiments, with the possibl e exception of

parts of the Processes and Resources of the Bering Sea Shelf

(PROBES) program, have not been conducted in the eastern Bering

Sea even though a great deal of general information has been ob

tained from. foreign· fishing fleets; specifically Japanese and

Soviet. Because of management demands much of the U. S. research

effort in the eastern Beri ng Sea has been devoted to what is

present, rather than why it is and what factors can and do cause

fluctuations in distribution and abundance of stocks.· However,

this trend is changing slowly as attention is directed more toward..
ecosystem models.

BACKGROUND

During a discussion of fisheries oceanography in the eastern

Bering Sea at Fairbanks, Alaska, in 1974, the dissimilar spawning
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and migration patterns of- halibut, yellowfin sole and Pacific

salmon were noted and it was pointed out that PROBES offered an

excellent opportunity to conduct multi di scipl i nary research in

relation to or in concert with fisheries (Favorite 1974a). Al

though an excellent group of investigators joined PROBES, there

was little effort focused on any fishery but pollock, and only the

egg and larval stages have been studied. Now, 5 years later, this

opportunity to investigate in greater detail these and other pat

terns of multi speci esinteracti ons and resource-environment rela

tions was welcomed.

There is a sayi ng that nature abhors an equi 1i bri urn, that

natural forces do not necessarily operate to maintain the status

quo and often man's intervention is all that is required to tilt

the system, sometimes drastically. In our haste to evaluate pre

sent conditions we should not ignore the past or assume that

steady state balances between - primary production and biomass

exists. Except for folklore our early knowledge of fish compo

nents stems 1argely from Cook's voyage in 1778 during whi ch ha1

ibut, cod, salmon, and other fishes and mammals were encountered

(Munford 1963) but- of course relative abundances were unknown.

For roughly a quarter of the 19th century the shelf area south of

St. Matthew Island with the exception of inner Bristol Bay was

considered a major whaling ground and the area between Nunivak and

Unimak -Islands was still in use in 1875. The exploitation of_

whales and fur seals in this area and the subsequent exploitation

of cod in the same general area in the late 19th and early 20th
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centuries must have altered several niches and extant transfers of

energy between trophic levels, but there are no data to show cause

and effect. For example, did the reduction in whale populations

auger well for fish populations, either due to an increase in

availability of planktonic forage or decrease in consumption of

fish; did the extensive removal of cod by the fishery permit

establishment of the current mass i ve crab bi omass; and, wi 11 the

extensive present fishery on pollock result in a change in the

feeding habits .of fur seals that could trigger subsequent changes

in the ecosystem?

The information on recent events is better but still fragmen

tary. The recent demise of halibut although not necessarily due

to overfishing is certainly related to the extensive bottom trawl

i ng effort duri ng the 1ast one or two decades. . Although the

pollock resource is apparently large, it is not certain whether

this. is due to reductions of older age groups by the fishery

thereby reducing the effects of cannibalism or the fact that there

appears to' be a substantial stock seaward of the shelf serving as

a reservoir and source of replenishment. Yellowfin sole abundance

was severely reduced after the initial fishing on this stock in

the 1960's. Herring abundance has always been variable and at

tempts today to estimate stock size are subject to close scrutiny.

And of course for years catches by Japanese salmon motherships

have affected forecast estimates of salmon returns to various

river systems based largely on counts of downstream migrants

supplemented with data from oceanic monitoring.

7
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There is little need to be defensive about the incompleteness

of knowledge concerning environmental processes affecting fish

eries and stock assessment in the eastern Bering Sea when one

recognizes that such studies and evaluations are still being con

ducted in the North Sea where fisheries investigations have been

carri ed out independently and cooperatively by numerous nations

for centuries. It was not until the late 18th century that

Vancouver showed the eastern side of Bering Strait was part of

North America and provided a map of coastal features. And it was

not until the early part of the 19th century that maps and charts

indicated that the name Kamchatka Sea was changed to Bering Sea.

Wilimovsky (1966) has summarized early voyages in this area.

Typically exploitation has come before scientific explora

tion. By the mid-19th century whaling grounds over the south

eastern Bering Sea had largely been abandoned and whalers were

entering the Arctic Ocean. At the turn of the century the cod on

Slime and Baird Banks north of the Alaska Peninsula were heavily

fished and numerous salmon canneries were in operation in Bristol

Bay and surrounding areas. Yet it is only today that an under

standing of oceanographic conditions and processes is being

derived largely through studies by OCSEAP, PROBES, NWAFC and other

agencies.

Knowledge of bathymetry has also been fragmentary. Although

at the end of the 19th Century U. S. Coast and Geodetic Survey and

U. S. Bureau of Fisheries charts revealed the existence of the

broad shelf and its abrupt termination at the edge of the Bering
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Sea basin, it has been only within the last decade that a large

300 m depression shown on Japanese and Soviet charts to occur

between the Pribilof Islands and St. Matthew Island was found to

be nonexistent (Favorite 1974b). And only within the last few

years has some of the complexity of the bathymetry at the shelf

edge been forthcoming as a result of fishing operations.

FISHERIES OCEANOGRAPHY

There are several periods during which fisheries and oceanO-

graphic data have been collected with wide-ranging degrees of syn-

opticity and thoroughness. Certainly the whalers in the mid-19th
. .', .

.J

century recorded casual environmental data that when combined with

data from geographical explorations provided insight into, T:e

sources and conditions (Dall 1882 - see Shelf Environment)., At

the end of the century the U. S. Bureau of Fisheries conducted

studies from aboard the Steamer Albatross, but it w!!~ not until

the 1930 I s that fi sheri es or oceanographic studi es resumed" and

except for the World War II period the field efforts have marke~ly

accelerated up to the present time.

Steamer Albatross , '.'

Rathbun (1894) reported that the Albatross explorations were

noteworthy in that they constituted an innovation in support of

the fishing industry beyond that ever attempted by any foreign

nation. In a summary of cruises from 1888-1892 in the eastern

Bering Sea he noted that 'although 3 cod banks had ,been recognized

north of the Alaska Peninsula - Slime, Baird, and Kulukak - these

banks were not necessarly separate and distinct, except that the
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westernmost, Slime Bank, was characterized by immense numbers of a

large jelly-fish, brownish or rusty in color, measuring from 15-45

cm inches across with long tenacles having great stinging powers.

Although not observed upon the sea surface, and concentrations ap-

peared abruptly around July 1, they interfered with the lowering

of fishing hooks, the use of cod trawls, and even raising anchors.

Today the general location may be construed as a -frontal zone be-

tween oceanic and shelf water but other factors are certainly in-

volved in the phenomenon. The largest and best cod during this

summer period were taken 11-14 km north of the peninsula, those

inshore were of smaller size and inferior quality. Even today

there is little specific information concerning the nature or

structure of a front along the coast. Rathbun noted also that

problems concerning the habits of fur seals on the Pribilof Is

lands, near the outer edge of the bank, made it very important

that the physical and biological features of the surrounding area

should be thoroughly studied, and that the distribution of cod was

greatly influenced by the movements of capel in, herring, and sand

lance but scarcely anything was known regarding the habits of

these species on the Alaska coast. However, shortly after the

turn of the century the Albatross cruises in this area ceased. It

is only in the last few years that such.studies have commenced.

Salmon Studies, 1938~41

Except for some tagging studies in the 1920's (e.g. Gilbert

1924) near Port Moller of salmon returning to Bristol Bay streams

there is little evidence of marine research in the area until the

10
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1930 I s when the Japanese commenced a crab fi shery and a small

operation for bottomfish on the shelf. When it became apparent in

1937 that these operations were to extend to salmon fishing, funds

were made available to the U, S. Fish and Wildlife Service (FWS)

to conduct investigations on the migration routes and availability

of salmon in western Alaska and particularly salmon of the Bristol

Bay region. Oceanographic studies were conducted from aboard the

U.S.C.G.T. Redwing in 1938 and salmon fishing aboard chartered

fishing vessels in 1939; both operations continued until 1941 when

they were interrupted by the outbreak of World War II and reports

of results were delayed (Barnaby 1952, Favorite and Petersen 1959,

and Favorite et al. 1961). Although salmon were caught in' all

areas, fi shed over the southeastern part of -the shelf, they were

-apparently more abundant in the area 54-108 km offshore along the

north side of the Alaska Peninsula. The cause for this is still

unexplained although it has been ascertained that seaward mig

rating smolts occur inshore of the shoreward migration, of adults

(Straty 1974). Further, there was a marked shift in dominance

from sockeye to chum salmon' northward of the Pribilof Islands

be] i eved to represent a mi grati on path of the 1atter to more

northern coastal streams. Prophetically Barnaby noted that there

were large populations of bottomfish and shellfish in the area and

it was only a matter of time before exploitation would occur.

Crab Studies, 1941

In 1940 Congress approved a special appropriation authorizing

the FWS to conduct a king crab study off the coast of Alaska and

11



operat ions in the Beri ng Sea were conducted from Apri 1-September

in 1941 (Fish. Tech. Lab. 1942). Bottom isotherms indicated a

tongue of cold water between Cape Newenham and the Pribilof

Islands in in the direction of Port Moller and sharp ingredients

along the north side of the Alaska peninsula were believed to

cause rapid changes in water temperature relatively close inshore

particularly between Amak and Seal Islands where the. greatest

concentrations of crabs were found, but since similar conditions

did not occur in other productive areas the significance of this

possible relationship could not be evaluated. However, it was

pointed out that the accidental catch of edible flatfish was

phenomenal. Cod were found in offshore waters at depths deeper

than usually fished commercially and were larger; pollock and

yellowfin sole were found in great abundance and the possibility

of a commercial fishery for halibut was indicated. These studies

also ceased at the outbreak of the war.

Bottom Trawling and Oceanography, 194B-49

Crab studies resumed in 1947 aboard the charter vessel Alaska

(King 1949) in a small area about 75 km northwest of Port Moller.

When conditions permitted air, surface and bottom temperatures

were obtained. Maximum crab catch occurred at a bottom tempera

ture of 3 C and catches were made at temperatures from 1.65-7.25

C. Unusually large incidental catches of pollock and yellowfin

sole obtained were roughly an order of magnitude larger than cod

catches and undoubtedly this prompted the chartered mothership

operation (Pacific Explorer with a fleet of 10 fishing vessels)

12
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from April to July 1948 in the Amak Island and Black Hills area

(Wigutoff and Carlson 1950); but no environmental data are re

ported.

Perhaps the fi rst fi shery crui se that seri ously considered
{j

oceanographic conditions was conducted aboard the chartered Deep

Sea from Unimak Pass to Norton Sound during the last week in June

and the first week in July 1949. The report of the cruise (Ellson

et al. 1950) indicates awareness of previous oceanographic studies

(Ratmanoff 1937; Barnes and Thompson 1938; Goodman et al. 1942;

and others) and results indicated: a correlation between depth and

bottom temperatures except for the corridor of subzero bottom

. water extending past St. Matthew Island to the southwestern por

tion of St. Lawrence Island; bottom water temperatures were posi

tively correlated more than· any other factor with the abundance of

fish taken over the entire area; temperatures at the surface and

bottom were several degrees lower than those observed in the pre

vious September from aboard the U.S.F.W.S. Washington; summer

warming influenced the northward migration of many fish; the cold

corridor effectively acted as a faunistic barrier to the movement

of many species through the strait between Siberia and St. Law

rence Island; the fauna in this area consisted mainly of eelpouts,

liparids, sculpins and Tanner crabs; the continuity of the corri

dor was believed to extend past St. Matthew Island and the Pribi

lof Islands into the southeastern Bering Sea and was believed to

cause a shunting of species entering Bering Sea through the

Aleutian passes to the eastward before continuing northward; cod

13



and flatfish in particular were assumed to "lead" along the edges

of the cold water barrier thereby explaining the concentrations

found in the approaches to Bristol Bay and northward along the

warm water channel adjacent to the coast.

These cruises indicate there was ample evidence a number of

years ago of numerous potential relations between these resources

and the environment to justify conducting specific fisheries

oceanography studies that would enhance conservation and manage-

ment practices.

Recent Studies

Commercial exploitation of resources, largely by the Japan

ese, intensified in the 1950's. Scientific studies and conserva

tion measures were enhanced by the formation in 1953 of the Inter

national North Pacific Fisheries Commission (INPFC) whose reports,

documents and bulletins are readily accessible and contain reports

of Japanese and U. S. investigations on crab and fish resources

that are in progress even today. And the NWAFC has conducted an

extensive annual survey of resources in the southern part of the

area since the early 1970's. However, environmental observations

are limited and only incidental to fishing ,effort.

The extensive Soviet Bering Sea Comprehensive Scientific

Commercial Expedition commenced in 1958 and resulted in numerous

compilations of environmental conditions summarized by Favorite et

al. (1976) and fishing reports (Moiseev 1963-72) that are cited

throughout the following Chapters. Even though this Soviet acti

vity prompted extensive analyses of existing oceanographic and

14
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fisheries data, and environmental observations obtained from

aboard fishing vessels contributed to general resource-environment

relations, such observations were incidental to the fishing ef

fort, fragmentary and not available through normal channels.

Further, no major Soviet oceanographic vessel participated in the

investigations.

Recently there has been a trend toward cooperative inter-

national fisheries research that becomes more coordinated and suc-

cessful'each year. Emphasis is still, however, largely on fishing

at predetermined station locations that provide assessments of

resource abundance and little emphasis in terms of funds, person

nel and vessel time is allocated to specific fishery oceanography

studies that may provide the key to more efficient and effective

resource assessment and improved management and conservation.

SECTION SUMMARY

The eastern Bering Sea has numerous physical and biological

characteristics that should be documented here. First it has an

unusually broad, relatively flat continental shelf the slope of

which abruptly increases largely near the 150 m isobath. Rel

atively isolated from currents of the North Pacific basin by the

Alaska Peninsula, the Bering Sea basin by the abrupt shelf edge,

and the Arctic basin by the narrow and shallow Bering Strait, it

has three major embayments: Bristol Bay, Norton Sound and the

Gulf of Anadyr. It is basically a subarctic environment with ice

cover present and expanding seaward from October to a maximum in

April, and largely absent by June. Although surface and coastal

15



water temperatures in summer are not unlike those as far south as

the Washington coast, the -1.8 C water temperatures under the ice

in winter and near the bottom at mid-shelf during summer identify

the Beri ng Sea shelf regi me. Hi gh ri ver runoff in 1ate spri ng

markedly alters coastal water properties and flow, and oceanic

perturbations greatly affect flow at the outer portion of the

shelf; whereas, conditions at mid-shelf are largely influenced by

tidal currents, formation of a surface layer in summer as ice melt

and warming result in positive stability, and water overturn dur-

ing winter as slight negative stability occurs during the freezing

out of salt as ice is formed.

The sluggish circulation and nutrient replenishment as a

resul t of wi nter overturn is conducive to hi gh producti on and

standing stocks in spring and summer and the ice in winter causes

extensive fish migrations to the deeper, warmer water at the shelf

edge and upper slope. Pollock are the dominant semidemersal spe

cies, yellowfin sole the dominant demersal species, and herring a

dominant pelagic species although the anadromous salmon are abun-

dant from June to September.

Although the largely discipline oriented approaches by indi

vidual OCSEAP research units and the generally independent field

surveys make it difficult to make multispecies or interdiscipli

nary assessments, the opportunity to bring the fragmentary infor

mation on the various life stages of major biological components

up to date, to assess dynamic aspects of the ecosysyem, and to

extend the available knowledge through the use of simulation tech-
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niques presented 'a great challenge, and is what we as a group have

attempted to accomplish --in spite of frustrations associated with

the lack of continuity of data in space and time, the multiplicity

of sampling techniques, and large gaps in basic knowledge. It has

been necessary to be selective in our approach and limit discus

sions of resource-environment relations to several commercial

fish, which obviously prey on zooplankton, other fish and benthos,

and are preyed upon by fish, birds and mammals. Even though such

interactions are poorly documented numerical assessments have been

made using simulation techniques.

First, background information on environmental conditions

(Ingraham) and distributions of ichthyoplankton (Waldron) are pre

sented. Next, distributions, abundance, migrations, spawning

activities and environmental relations of 5 selected species are

summarized: Pacific halibut (Hippoglossus stenolepis) - that

spawn seaward of the shelf in winter and migrate shoreward in

spring (Best); Pacific herring (Clupea harengus pallasi) - some of

which migrate inshore across the shelf in spring and spawn along

the coast from April to July, and others that overwinter inshore

(Wespestad and Barton); walleye pollock (Theragra chalcogramma) 

that spawn perhaps ubiquitously in subarctic waters but certainly

. in large numbers inshore in spring along the shelf edge (Smith);

yellowfin sole (limanda aspera) - that migrate inshore across the

shelf in late spring and early summer and spawn in the ·southeast

ern part of the shelf (Bakkala); and, salmon (Oncorhynchus spp.) 

that as adults migrate shoreward across the shelf to various

17



coastal areas in late spring and early summer to spawn and as

j uveni 1es mi grate seaward \icross the shelf to oceanic areas in

spring and summer (Straty). Then, having provided a general,

descriptive assessment of temporal and spatial variations in fish

distributions, migrations and spawning locations in relation to

envi ronmental conditi ons or events (Favori te and Laevastu), an

overall evaluation of the total biomass of ecosystem components

and their interactions is made using simulation techniques

(Laevastu and Favorite).

After having perused the following Chapters, one cannot help

but feel that OCSEAP studies, rather than having completed base

line data acquisitions for the eastern Bering Sea shelf and achie

ved basi c or prel iminary understandi ngs of processes, have actu

ally only permitted us to define the nature of the tasks that have

to be accomplished if we are to obtain a sufficient understanding

of the eastern Bering Sea ecosystem to assess the impact of oil

exploration and exploitation and protect the extant living marine

resources.

Up to this point little new information has been obtained and

previous knowledge has been only marginally extended. One talks

about warm and cold years, but nothing is known about what occurs

under the ice. One attempts to measure primary and secondary pro

duction without concern about patchiness, predation and reproduc

tion, or evidence of biomass balances. One conducts casual

studies of ichthyoplankton without regard to the limitations in

our knowledge of their identification or location and never pur-
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sues organisms much beyond the egg stages. One knows little or

nothing about the migrations or distributions of juveniles for the

one or several years before they enter the fishery as adults. One

notes that cold conditions appear to delay shoreward migrations of

adults but in some instances also notes that migrations of more

northerly stocks do not appear to be influenced at all by equiv

alent temperatures. And, in most cases, knowledge of year round

distributions and migrations of adult fishes and specific causes

for aggregations or movements is still severely limited.

It is easy to say the ocean is a turbulent regime, that each

year is different, and that only gross assessment can be made and

only general relations be ascertained. However, there is an ap

parent order to the Bering Sea ecosystem that implies in many

instances some very specific fish responses that we do not under

stand and only dedicated, multidiscipl inary research (fisheries

oceanography) will provide the answers.
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SHELF ENVIRONMENT

W. James- Ingraham, Jr.

Northwest and Alaska Fisheries Center
2725 Montlake Blvd. E.

Seattle, Washington 98112

ABSTRACT

_ Monthly mean environmental conditions of ice; temperature,
runoff and salinity for winter (January-March), May, July and
Sep,tember are presented for the eastern Bering Sea shelf area.
Mean geostrophic flow (0/50 db) in summer (July) reflect the north
westerly flow at the shelf edge and a westward flow-from the Yukon
River area seaward south of St. Lawrence Island. Tidal currents as
derived from a hydrodynamical-numerical model reflect a NW/SE flow
over the outer shelf and NE/SW flow north of the Alaska Peninsula,
between Nunivak and St. Matthew Island and in the -southern Gulf of
Anadyr. A1though data are fragmentary, envi ronmenta1 condi t ions
over the shelf are highly variable and examples of N-S surface wind
components (1946-1975), ice cover (1976-1978), and bottom tempera
tures (1969, 1973, 1976 and 1977) reflect departures from mean
conditions.

INTRODUCTION

The eastern Bering Sea shelf is characterized by several fea

tures that have pronounced effects on its hydrocl imate: Sloping

gently westward over 500 km, the shelf terminates abruptly as the
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continental slope drops somewhat precipitously into the Aleutian

basin and this results in a coastal-oceanic water interface that

largely divides the surface area of the Bering Sea in half. The

shelf is isolated from the direct effects of circulation in the

Pacific Ocean by the Alaska Peninsula and sheltered from the Arctic

Ocean by the narrow, shallow Bering Strait.

Seasonal advance and retreat of ice cover in winter and

spring, and the extensive discharge of runoff in spring and summer

dominate conditions and processes in the hydroclimate. Since phy

sical processes have been discussed in another Section of this

. Vol ume, we are concerned hereprimari ly wi th condi.ti ons over the

entire shelf area, in so far as data are available. Brief refer

ence is made to historical studies, mean conditions for January

March, May, July and September are presented, and variati ons in

ice, winds and bottom temperatures are discussed.

Although even today the Bering Sea is considered a remote and

hostile area, it must have been considerably more treacherous and

foreboding to early explorers and particularly whalers with limited

resources and technology. The loss of 33 whaling vessels north of

Bering Strait in 1871, only 4 years after U.S. acquisition of

Russian America, resulted in environmental studies in the northern

shelf area (e.g. survey of Bering Strait from U. S. Schooner Yukon

in 1880) and an assessment of logs and reports from whaling and

other vessels transiting this area (Dall 1882), and considerable

information was derived.

Fi rst, in respect to ice and surface temperatures: (1) the
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southern limit of ice was shown first to extend to 56°N in the

central Bering Sea and well below the Pribilof Islands in the shelf

area; (2) in cold years ice remains around St. Paul Island until

late May; (3) ice opened to the westward of St. Lawrence Island

first, it frequently being navigable there and north of the island

,into Norton Sound, at a time in the season when the passage between

Nunivak Island and St. Lawrence Islands is still blocked with de-

caying ice; (4) water opens first where, the southerly cold set away

from the ice is strongest; (5) the extent of ice in different years

vari es and depends on wi nds, wi th prolonged wi nds from the north

bringing loose flow ice southward which is prevented from returning

northward when the winds change by the formation of new ice; (6)

the water retains nearly its normal temperature up to within a very

short distance from a large field of ice; (7) the Yukon discharge

during summer months gives rise to definite local currents; (8) in

summer at depths of 10 ftm (18 m) a higher degree of temperature is

,found than, that which obtains in adjacent deeper water; (9) surface

temperatures in Norton Sound obtained at anchor on 7 July over a 24

hr period varied from 6.7-12.2 C, a range of 5.5 C. Recent cruises

and satellite imagery have largely borne out these e,arly observa-

tions.

Second, in respect to surface currents it was recognized that:

(1) discharges from numerous large rivers and the westerly and

northerly marching tide create a distinct set in the vicinity of

their mouths more or less directed by local winds; (2) the Kusko

kwim and Bristol Bay rivers have a southwesterly or southeasterly

25.



set depending on prevailing wind and tide; (3) discharge from the

Yukon River in calm weather would proceed in a northwesterly direc

tion, but under northerly winds or ebb tide, or both, part or all

of it would pass to the southward of St. Lawrence Island; (4) away

from the influence of the rivers the current is influenced a great

deal by the direction and force of the wind; (5) north of Nunivak

Island (600 41'N, 166°04'W) the U.S.S. Corwin reported NW/SE tidal

currents of 0.5-2 kts (rv 25-100 em/sec) while in the ice; (6) at

St. George Island a steady current of one to two kts (rv50-100 em/sec)

from the west is sometimes observed for several days; (7) currents

across Bering Strait (0705-1415 hrs, Sept. 5, 1880 from aboard

U.S.S. Yukon under fresh NWly wind, transit west to east) varied as

follows: E21.8°S, 3.4 kts; N24.3°W, 1.5 kts; W28.3°E, 3.8 kts;

Sl.3°E, 2.5 kts; W31.0oN, 2.2 kts. Numerous reports of drifts of

whalers under various conditions of ice, winds, and sea were pre

sented for analysis and provide considerable insight not only into

tidal flow but also general drift. All this information reflected

. the complexity in flow and the difficulty even today in evaluating

flow from a limited· number of current meters.

Third, in respect to subsurface data, which of course were

sparse because of limited. instrumentation, there were reports of

conditions across Bering Strait and of environmental divisions over

the shelf of considerable value. The U.S.S. Yukon hydrothermal

cross-section of Bering Strait in September 1880 clearly indicated:

the 6 C temperature difference across the strait--vertically iso

thermal conditions of 2.6 - 8.6 C (36.7 - 48 F) in the western

26.
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third; the temperature gradient (3.3 - 7.2 C) regime in the central

third; and the slight stratification of water of 7.8 - 9 C (46. - 48

F) in the eastern third with maximum values near the surface, off-

shore of the eastern side of the strait. However, in spite of the

temperature differences and the impl ication of opposing currents

existing in the strait, the fact that strong northerly and south

erly currents had been experienced on both sides of the strait by

various navigators suggested that there was not sufficient evidence

to report that a southerly cold current occurs on the west side of

the strait,' and a warm northern current on the east; but it was

recognized that the northerly flow on the east side of the strait

was composed largely of river runoff. In addition, based upon

temperature data only, the Bering Sea was separated into 3 divi

sions: (A) the shallows (e.g. Bristol Bay, Norton Sound, etc.) and

the area seaward to the 25 ftm (~46 m) contour; (B) the moderate

depths, between the 25 ftm (~46 m) and the 75 ftm 0'137 m) con-

tours, from Bering Strait to the Alaska peninsula; and (C) the deep

waters to the south and west. Attempts to improve on this scheme

have continued up to today and do not deviate significantly from

this early assessment. Favorite (1974), prior to OCSEAP and PROBES

studies denoted 4 sub-domains distinguished by temperature-salinity

relations: Gulf of Anadyr, West Alaska Coast, Mid-Shelf and Shelf

Edge (Fig. 1). PROBES studies have focused on the frontal zones

o

between these sub-domains only in the southern part of the shelf

(e.g. Coachman and Charnell 1979).
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Although most investigators are familiar with the University

of Washington oceanographic studies in the 1930's (e.g. Barnes and

Thompson 1938) and those by the U. S. Bureau of Fisheries in

1938-41 (e. g. Favorite and Pedersen 1959; Favorite et al. 1961),

few are aware of the studies by the U.S. Naval Electronics Labora

tory in 1949 because some aspects were classified. Some results

are available (Saur et al. 1952) that describe general summer con

ditions, and temperature and salinity relations were used to iden

tify 7 water masses in the eastern Bering and Chukchi Seas.

Oceanographic studies conducted from 1953 to the present time

during fisheries investigations under the aegis of the Inter

national North Pacific Fisheries· Commission (INPFC) and other

studies during this period have been summarized by Dodimead et al.

(1963) and Favorite et al. (1976) and recent OCSEAP and PROBES

studies are summarized in the Physical Oceanography Section of this

Volume.

MONTHLY MEAN CONDITIONS

Ice information presented is based on data from Potocsky

(1975) and recent satellite imagery; temperature and salinity data

are based on the current NODC geofile (including QCSEAP data) and

Japanese and NWAFC fisheries cruises. The latter data have been

computer processed into monthly means by ~o (lat.) and 10 (long.)

quadrang1es and anoma1i es are deri ved from these means, however,

only summaries of conditions for winter (January-March), May, July

and September are presented and discussed. There are several

limitations to the presentations of mean conditions in this area:
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First, there are not sufficient data for summaries by ~ x 1° quad

rangl es (nor even 2 x 2°) thus there are numerous gaps in each

month .. and only limited data from October to March; second, there

was no equivalent acquisition of data in warm and·cold years, thus

in some instances the values represent mean conditions or condi

tions in warm or cold years, possibly extremely anomalous condi

tions (there is not space to document the numbers of observations

and years obtained, but this information is available at NWAFC);

and, third, the paucity of data can also result in isolated anom

alous values and tongue-like protrusions that may merely reflect a

preponderance of data from a single year rather than a significant

environmental feature. Nevertheless, the data reflect a high

degree of continuity of conditions throughout the area that cannot

be obtained in any other manner.

Ice

In the northern Bering Sea, monthly mean air temperatures vary

from 10 C in summer to -20 C in winter and extreme conditions ex

tend this range over 10 C higher in summer and lower in winter.

Temperatures are below 0 C largely from October to May and thus sea

ice plays a dominant role in the ocean environment. Freezing oc

curs at about -1.8 C in this area and the formation of ice limits

winter cooling of ·sea water to this temperature.

Much of the increasing solar radiation in spring is consumed

in the melting of ice and the seasonal increase of sea surface

temperatures is delayed. However, when ice is no longer present,

dilution and abrupt warming at the sea surface result in a shallow,
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stable surface layer which retains most of the incoming radiation

and permits nearly subtropical conditions to occur particularly in

the inshore areas.

The area is free of ice only a short period usually from June

or July to August or September. Usually by September ice begins to

form near Cape Dezhnev and along the western shore of Bering Strait

and by October it extends into the Gulf of .Anadyr and across Bering

Strait, even in the eastern part of Norton Sound. Mean conditions

(Fig. 2) indicate a progressive southwesterly advance through

March or April to the edge of the continental shelf, but a rapid

retreat from May to June, from north of the Pribilof Islands to

Bering Strait. Potocsky (1975) presents an excellent summary of

mean ice conditions and indicates wide deviations from the monthly

means and there is an entire Section on ice in this Volume.

Surface and Bottom Temperature

Mean surface temperatures primari ly reflect the annuaf eye1e

of insolation; secondary effects ar·e observed in nearshore areas

affected by river runnoff and reduced cloud cover, and in areas of

ice cover where spring warming is delayed until the ice is melted.

Winter (January-March) surface temperatures of less than -1.5 C

(Fig. 3) reflect the approximate extent of ice cover from Bris

tol Bay to Cape Navarin. The warmest water, 2 C, is located off

shore in the ice free area and intermediate temperatures of 1-2 C

are found just south of the ice on the southern portion of the

shelf. By May temperatures over the southern shelf have increased

to 3-5 C but over most of the shelf relatively low temperatures,
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between -1 and 1 C, prevail marking the initial stage of the heat

ing cycle following the ice melt. Surface temperatures for July

show most of the area has warmed rather quickly to. 6 to 8 C and

inshore temperatures have reached a maximum except in the extreme

north with Bering Strait temperatures near 5-6 C and negative tem

peratures still present on the east coast of Siberia north of the

strait. Local warm spots are seen with temperatures in excess of

16 C in Norton Sound and 12 C temperatures in Anadyr and Bristol

Bays. August is the warmest month for surface water temperatures

when the majority of the area reaches 8 to 10 C thus reducing the

contrast between the offshore areas and the coastal areas where

temperatures are nearly the same as in July. A dramatic change

does occur, however, in Bering Strait with the apparent southward

movement of cold, east Siberian coastal water and the apparent

northward movement of the warm, Alaskan coastal water, thus pro

ducing a pronounced gradient of nearly 10 C between the cold west

ern and warm eastern side of the strait. By September the effects

of the beginning of the cooling cycle are seen as most of the area

temperatures are between 7-9 C and coastal temperatures have de

creased to about 10 C or less. The gradient across Bering Strait

has decreased to about 6 C.

Bottom temperatures result primari ly from the processes of

vertical mixing and diffusion and to a lesser extent from the pro

cesses of horizontal mixing and advection. Mean temperatures less

than -1.5 C in winter (January-March) were distributed over the

majority of the shelf extending seaward as far southward as mid-

34.
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Bristol Bay and as far offshore as St. Matthew Island, but close to

shore in Anadyr Bay (Fig. - 4). Surface cooling, the formation of

ice and overturn have produced a vertically isothermal water column

which extends to a depth of at least 50 m and sometimes as much as

75 m. Warmer water of 2-4 C is found at depth near the shelf break

associated with the general cyclonic (counterclockwise) circulation

over the Bering Sea basin and the northward extension of Alaskan

Stream water from the North Pacific Ocean. Thus, isotherms tend to

be roughly parallel to the bathymetric contours. The presence of

0-1 C water just north of the Alaska Peninsula is probably correct

in the mean sense, but the serpentine nature of the contours may be

misleading due to the presence or absence of data during extreme

winters when this area may be less than -1 C, or mild winters when

temperatures are probably near 1 to 2 C; for this reason, the pre

sence or absence of a northeastward flow which is implied if one

i-nterprets the contours as warm advection from the southwest, can-

not be substantiated. Another area that appears to be influenced

by some cross-shelf, warm advection, however, is Anadyr Bay.

By May there has been little change in the bottom temperature

distribution in the outer shelf area between the 100-200 m iso-

baths, but the shallow area from inside the 50 m isobath to the

Alaskan coastline, from Bristol Bay to the mouth of the Yukon

River, has warmed from the winter condition of less than -1.5 C to

between 0 and 2 C, with highest values occurring closest to shore.

Therefore, the dominant feature is the area of the remnant negative

temperatures which appears as a large southeastward tongue located
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about mid-shelf. Apparently the dominant process in the warming of

coastal bottom water at this time is downward mixing of surface

warmed water rather than horizontal warm advection from the south.

The negative isotherms associated with the tongue appear discontin-

uous and in isolated areas, again, probably due to inadequate tem-

poral distribution of data.

Because the best data coverage is during mid-summer, mean

bottom temperatures for July show the most complete picture of

shelf temperatures. The coastal area has warmed to in excess of 10

C from Bristol Bay to Norton Sound thus highly accentuating the

inshore edge of the cold tongue where a large temperature gradient

(10-12 C) occurs. Temperatures at the seaward side of the tongue

remain about the same north of the Pribilof Islands. The cold core

of the tongue appears to warm slightly as the portion south of 58°N

is now more clearly defined by the 1 C isotherm; whereas to the

north small remnant patches of less than -1.5 C water still occur.

An increase of about 1 C is seen in a separate tongue advecting

warm (greater than 4 C) water northwestward from Unimak Island.

Similar to surface temperatures, bottom temperatures across Bering

Strait reflect about a 4 C west to east gradient.

By September the warm coastal water (8-10 C) reaches its

greatest seaward extent, thus sharpening the already high gradient

on the eastern side of the cold tongue and shifting it slightly

seaward to about 100 km offshore. A division appears to develop in

the cold core near 58°N as 2-3 C water influenced by the westward

movement of the warmer coastal water appears to separate the tongue
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into two areas, whi ch are each 1ess than 1 C, to the north and

south. The reappearance of some negative temperatures in the

southern core reflects additional data in cold years in that July

temperatures reflect higher values (0-1 C) and it is unlikely that

the colder water was advected from the north across the i nter-

mediate warm area. In Norton Sound bottom temperatures increase to

6-8 C. And, on the northern edge of the cold core a tongue of2 C

water intruding from the west replaces the negative temperatures of

July in Anadyr Bay.

River Runoff

Although data on river runoff are sparse, general characteris-

tics for the area may be deduced from data for the Yukon River, the

largest individual fresh water source. In terms of total land area

whi ch drai ns into the Beri ng Sea, the Yukon River compri ses 45%,

the Anadyr River 20%, the Kuskokwim 12%, the Nushagak 3%, and the

remaining rivers 16%. Because of regional differences in precipi

tation, however, it may be misleading by as much as a factor of two

to estimate the magnitude of discharge from the major rivers by

comparing their drainage areas alone. The only data for an ex

tended period of time are for the Yukon River at Ruby where 22

years of monthly mean discharge data are available. Long-term·

monthly averages (Fig. 5) indicate a pronounced seasonal pattern

of runoff; low during the freezing period, decreasing from 2x103

m3/sec in November to 1x103 m3/sec in April, it increases rapidly

to a peak of 13.5x103 m3/sec in June and then steadily decreases to

low levels by November as the freezing period commences.
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Some examples of variability are evident in the last 4 years

which are characterized by alternating high and low values. Com

mencing in 1975, above normal spring and summer runoff was followed

by low values in spring and summer of 1976. This pattern was re

peated wi th above normal runoff in spri ng 1977 and below normal

values during spring and summer 1978. The lowest values in the

last 4 years occurred in 1978 and a shift in the peak discharge

from June to July. This shift also occurred in two other low dis

charge years, 1960 and 1963. For three consecutive summers (1976,

1977, and 1978) during the period following the annual peak dis

charge, runoff has been below normal.

Surface and Bottom Salinity

Mean surface salinities increase from November to April by the

process of salt exclusion during freezing and decrease by precipi

tation and river runoff which delivers a large pulse of fresh water

to the surface layer from May to October. Maximum values (greater

than 33.3%0) occur in northern Anadyr Bay and north of St. Law

rence Island (Fig. 6) and are believed to be local results of

the freezing process inasmuch as they are separated by large areas

of lower salinity. Values less than 32.0%0 occupy the majority

of the shelf area south of St. Lawrence Island and out to about the

100 m isobath. By May several changes are evident. A decrease of

1-2%0 is evident in inner Bristol Bay, Norton Sound and north of

St. Lawrence Island, and a long tongue of less than 31. 0°/00 ex

tends eastward from the Yukon River mouth to just south of St.

Lawrence Island. By July ice is no longer present and the river
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FIG. 6 long-term mean sea surface salinity (%0) for January to
March, May, July and September.
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runoff has resulted in a pronounced dilution of surface water along

the west coast of Alaska and in Anadyr Bay; and a minimum value of

less than 16.0% 0 occurs in Norton Sound. Despite this marked

dilution inshore and lesser changes offshore (evident in the west

erly displacement of the 33.0%0 - nearly 200 km), the 32.0%0

isoha1ine appears to be in a consistent position roughly parallel

ing the 100 m isobath along an approxmate line from Unimak Island

to Cape Navarin. By September the effect of further dilution sea

ward of the shelf is evident as very little water of greater than

.33.0% 0 remains over the basin, but conditions in the shelf area

are similar to those of July except for slightly higher salinities

near the Yukon River mouth and in Norton Sound, probably the result

of mixing and decreased runoff.

Mean bottom salinities below 50 m generally increase with

depth. In January-March values of bottom and surface salinity are

largely the same in water less than 50 m depth, essentially isoha1

ine conditions (Fig. 7). In water deeper than 50 m, however,

stratification appears to develop as shown by the displacement of

both the 32.0 and 33.0 bottom isoha1ines about 100 km farther

shoreward (northeastward) than the corresponding surface isohal

ines. This salinity increase with depth allows the higher tempera

tures at these depths to exist in a vertically stable density

field. There is little change in bottom salinities in May except

for the presence of some slight dilution of less than 31.0%0 in

inshore Bri sto1 Bay and- south of St. Lawrence Is1and. By July,

however, strong dilution has occurred in Norton Sound with values
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FIG•. 7 Long-term·mean bottom salinity (%0) for January-March,
May, July and September.
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less than 24.0°/00 and to a lesser extent in Bristol Bay (less than

28.0°/00). A notable feature is the absence of dilution in Anadyr

Bay at the bottom despite marked dilution at the surface and this

condition persists through September as the area having salinities

greater than 33.0°/00 continues to enlarge.. Also evident in

September is the extension of dilute water farther offshore in

Norton Sound· and the s1ight increase in bottom -sa1i ni ties in i n~

shore Norton Sound and Bri sto1 Bay, probably due to hori zonta1

mixing.

Water Masses as Reflected by Surface and Bottom Temperatures

There have been numerous attempts to describe water masses in

the Bering Sea using the classical method of T-S (temperature vs

salinity) diagrams to recognize groups of data with similar water

characteristics which are put into envelopes based upon dominant

processes andlor the resulting water structure. Recent studies

(e.g. Takenouti and Ohtani 1974) have considerably more detail than

the early ones and OCSEAP studies have refined considerably our

knowledge of water masses and their interactions over the southern

shelf offshore from Bristol Bay (Kinder 1977; Kinder et al. 1978);

however, 4 major distinct environments stand out -- Gulf of Anadyr,

West Alaska Coast, Mid-Shelf, and Shelf Edge (Favorite 1974).

A1though sal i ni ty characteri sti cs i nf1 uence the water mass

definitions in the Gulf of Anadyr (where high salinities are asso

ciated with low temperatures due to the salt exclusion process) and

also near the Shelf Edge area (from the influence of Bering Sea

basin water) the most striking feature of the shelf environment is
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the temperature regime, particularly in the mid-shelf and coastal

waters. The coastal water mass is clearly distinct from the others

because of its relatively constant vertically homogeneous nature;

whereas, marked stratification occurs in summer at mid-shelf.

Thus, to illustrate the extent and seasonal changes in mean water

mass conditions, it is expedi ent to look at temperature changes

between surface and bottom.

During January-March, mean temperature differences (surface

minus bottom) are near zero over most of the shallow shelf as ice

cover and deep vertical mixing result in isothermal conditions

(Fig. 8). The most significant feature is the oblong area of -2

to -4 C differences which occurs all along the outer shelf where

seasonally cold surface temperatures override a deep, warm, slight-

ly more saline water mass. By May there is little change except

west of St. Lawrence Island where two extreme values of -2 C and 2

C i ndi cate 1oca1 condi t ions at the begi nni ng of spri ng warmi ng

following completion of ice melting. Dramatic changes are seen by

July and continue through September as the dominant summer feature,

a di fference of 6-8 C, deve lops over the remnant tongue of cold

mid-shelf bottom water. The eastern side of this area is clearly

defined by a sharp decrease in temperature difference which ap

proaches zero in coastal water; the western side, near the outer

shelf, is less well defined as the decrease is due to the slightly

warmer bottom temperatures.
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FIG. 8 long-term mean surface minus bottom temperatures (C) for
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Flow

Although the most reliable data on flow comes from direct cur-

rent measurements, so few data have been taken and then only in

local areas of individual interest such as Bering Strait and Bris-

tol Bay (Coachman and Charnel 1 1979) that indirect methods are

still required to imply net flow or mean circulation and these have

proved effective in gaining knowledge of the general flow in the

climatological sense which concerns us here. One must keep in mind

that tidal components on the order of 50 em/sec occur daily which

reverse ei ther di urnally or semi-di urnally, thus any estimate of

mean flow will probably be at best about one order of magnitude of

the instantaneous flow. An NWAFC tidal model study (Hastings 1975)

indicated the reversals of flow largely NE/SW in inner Bristol Bay,

between Nunivak and St. Matthew Islands and between St. Matthew

Island and the Gulf of Anadyr; and NW/SE over much of the remainder

of the shelf (Fi g. 9). Although except in inner Bristol Bay

--,
J

)

(Dodimead et al. 1963) these flows have not been verified, the

offshore/onshore flow south of St. Matthew was apparently noted by

Dall (1882).

In the absence of direct measurements, the geostrophic approx-

imation is widely used to calculate mean currents from the vertical

distributions of temperature and salinity relative to an assumed

level of no motion, usually below 1,000 m depth. This method has

been used to estab1ish the exi stence of northwestward mean flow

Transverse Current (Favorite et al. 1976) seaward of the shelf

edge, but is i nvalidin shallow water over the shelf except for
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FIG. 9 Tidal currents (em/sec) calculated from numerical tidal
model for the times: (a) 4 hours before high tide,and
(b) 4 hours before low tide at the eastern boundary
(from Hastings 1975).
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showing anomalies of specific volume from a geometric level. The

mean data for July did have sufficient areal coverage to warrant

examination and contours of anomaly of dynamic height computed from

the surface relative to 50 db (0/50 db) that suggest several major

o features of flow are present (Fig. 10). Northwestward flow is

indicated over the basin between Unimak Island and Cape Navarin and

a component veers to the right around Anadyr Bay, eastward Figure

10 to St. Lawrence Island, and finally northward through Bering

Strait. There is suggestion of a weak westward cross-shelf flow

just north of St. Matthew Island and also a northeastward flow into

Bristol Bay along the north coast of the Alaska Peninsula with a

westward meandering return flow out of northern Bristol Bay. Al

though the action of surface winds could result in markedly differ

ent flows in the upper and lower portions of this 0-50 m layer,

which are well isolated in summer by thermal and haline stratifica

tion, these results are interesting and should form the basis for

further investigations.

VARIABILITY

McLain and Favorite (1976) have presented monthly anomalies of

.air and sea surface temperature in the vicinity of the Pribilof

Islands (57°N, 1700 W) from 1967-75 that reflect not only a long

term downward trend (which has reversed itself in 1977) but also

considerable monthly and annual variability. Mean monthly north

and south wind components for 1946-75 for the grid point 57°N,

u

:)

1700 W (Fig. 11) indicating potential periods of cooling (and ice
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Monthly mean wind (m/sec) components at 57°N, 170oW, :1946-75
(positive values indicate northward"component, negative ~
values indicate southward component) and 12-month running
mean showing annual mean trends.

~,__..::19T4B=--_....:·5T-'__--'.54T-__..:;57'___-----=.•0r-_-----'.•T-3 .~66'-------=:·.;:_9__-'·7~2----.:·~75

"'

0
"?
~

~
OJ
~o4 .0
>="1
0 0

z-'" 0
"?
~,

~)

0
"1
'",

0

~l
"?
v,

0
"1
"',

J

FIG. 11

~)

)

51.

)



advance in winter and spring) and warming (and ice retreat in win

ter and spri ng)refl ect the extreme vari abi 1i ty of meteoro1ogi cal

conditions and the 12 month running mean shows an indication of an

approximate 3-year cycle, and a long-term trend of increasingly

dominant northerly winds (cold conditions). Kihara (1971) has re

ported the extreme variability of extent of Alaskan Stream Exten

sion water over the southern part of the outer shelf. Although

polar waves considerably alter air temperature, wind, precipita

tion, etc. annual variability in shelf conditions are most easily

shown by the extent of ice cover and by bottom temperatures.

Ice

In recent years, 1976-78, the extent of ice cover for November

(when ice first extends seaward) indicates minimum ice cover in

1976 and a maximum in 1977; whereas, for April (usually the month

of greatest ice cover) the maximum extent occurred in 1976 and the

ice edge has been displaced farther northward each year with the

greatest changes occurring on the eastern side of the shelf (Fig.

12). Thus, there is no correlation between spring conditions

and subsequent fall conditions (i.e. summer conditions can oblit

erate cold trends established in spring).

Further, although the normal southerly winds in spring result

in a compact ice edge and hasten its northerly retreat, northerly

winds can cause anomalous conditions. In April 1976 an unusual and

large southward displacement of part of the ice edge in the Bristol

Bay area resulted in ice immediately northward of the Alaska Penin

sula and forced vessels out of the area (Northwest Fisheries Center
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FIG. 12 Mid-month position of the ice edge, April 1976-79 and
November 1976-78.
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1976).1/ This not only caused water in the open area in northern

Bristol Bay to be subjected to early insolation (and thus warming),

but considerably altered the temperature structure of the water in

the area into which the ice was advected, because spring warming at

the surface had already commenced; this resulted in extremelyano

malous conditions in spring 1976.

Bottom Temperatures 1973 and 1977

The paucity and fragmentary nature of data on bottom condi

tions as well as the limit on the length of this report require

selection of time periods to indicate variability. Bottom condi

tions largely reflect surface conditions (cold vs warm - not actual

temperatures) but the reverse is not true, and the months of July

1973 and July 1977 were selected because data were available in

Norton Sound and Bristol Bay even though it is known that extreme

values occurred in other years (Le. warm, 1968-69 and 1977-79;

cold, 1971 and 1976). Temperature anomalies from long-term mean

values discussed earlier indicate that when considering bottom con-

ditions in summer a general overall shelf categorization of.warm or

cold years may be subject to error in that in July 1973 positive

anomalies of 3 C occurred in NQrton Sound and negative anomalies of

2 Cin Bristol Bay; however, in July 1977 negative anomalies in

excess of 4 C occurred in Norton Sound and positive anomalies of 2

Oi

o

o

C in Bristol Bay (Fig. 13). It is apparent that before one can

l/Northwest Fisheries Center. 1976. Ice conditions in the eastern
- Bering Sea, April 1976. Northwest Fisheries Center Monthly Report,

April 1976, pp. 7-9. Northwest and Alaska Fish. Cent., Natl. Mar.
Fish. Serv., NOAA, 2725 Montlake Blvd. E., Seattle, WA 98112.
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FIG" 13 Anomalies of bottom temperature (e) from the long-term mean,
(a) July 1973, and (b) July 1977"
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consider movements of fish throughout the shelf, knowledge of the

environment over the entire shelf is required.

Bottom Temperatures, June and July 1969 and 1976

One further example of variability is given by comparing bot

tom temperatures in June and July 1969 with those of June and July

1976 (Fig. 14). These indicate that the temperature difference

of warm conditions in 1969 (also in 1978) from cold conditions in

1976 was as high as 5 C. These conditions are shown in later Chap

ters to affect movements of fish but they also must have signifi

cant effects on the survival, reproduction and movements of benthos

and other creatures of the shelf.
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ICHTHYOPLANKTON

Kenneth D. Waldron

Northwest and Alaska Fisheries 'Center
2725 Montlake Blvd. E.

Seattle, Washington 98112

ABSTRACT

Ichthyoplankton studies in the Bering Sea have been-conducted
since 1955 by Japanese, Soviet and United States biologists. Com
parison and integration of the results of the various surveys is
difficult because surveys were conducted during different seasons,
different nets ,and types of tows were used to collect the samples,
and different areas were surveyed. Sampling effort was very un
evenly distributed seasonally with only 1% expended during winter,
about 9% during fall, 35% during spring, and 55% during summer.

Of the approximately 300 species of fish that occur as adults
in the Bering Sea, eggs and/or larvae of about 270 species, di
vided among 137 genera in 34 families, might be expected to be
present in plankton samples. Plankton collections made since 1955
contained 60 species divided among 52 genera in 24 families.
Families that occurred most frequently in the 26 collections
studied were Cottidae (26), Gadidae (23), Hexagrammidae (23), and
Stichaeidae (23). Because of differences in seasonal and areal
coverage, it is difficult to determine which larvae were most
abundant. For collections made during spring between the Aleutian
Islands and about 600 N and centered over the continental slope,
larvae of pollock (Theragra chalcogramma) were'much more abundant
than any other species or genus.
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An adequate knowledge of the ichthyop1ankton of the Bering
Sea can be gained only by a series of surveys covering the area.
from the Aleutian Islands to Bering Strait and from Bristol Bay
and Norton Sound west to at least 175°E. Minimum sampling would
be on a grid of stations spaced at about 50 km intervals with a
neuston and. an ob1i que net tow at each of about 600 stations.

INTRODUCTION

Ichthyop1ankton data for the eastern Bering Sea are not as

extensive as for some other areas, (e.g. off the California coast)

and most of the work has been .done since 1955. Between 1955 and

1975 most of the collections were made on cruises of the Japanese

fisheries training ship Oshoro Maru and on a number of Soviet ex

peditions to the Bering Sea. Before 1975 there are only 3 reports

compiled by U. S. biologists concerning ichthyop1ankton in the

Bering Sea. The purpose of this report is to summarize all avai1

ab1e data east of 174°E and denote i nadequaci es of the i nforma

tion. It should be obvious that although damage from oil spills

in local .areas may cause infinitesimal losses to generallyubiq-

uitous forage, it is not only the loss of forage in extensive

spawning areas but the damage to ichthyop1ankton itself that isa

major problem. Assessment of damage will depend on knowledge of

temporal and spatial distribution of fish eggs and larvae.

Beginning in 1975 the United States sponsored two programs,

OCSEAP and PROBES, whi ch i nc1 uded studies of i chthyop1ankton of

the Bering Sea, especially over the outer continental shelf.

Si nce the inception of these two programs and up to sUllllJler of

1978, 10 cruises had studies of ichthyop1ankton as a primary or

secondary objective.

61.



Cruises in the Bering Sea since 1955 for which there are re

ports dealing with general ichthyoplankton studies or of a single

species of ichthyoplankton are listed in Table 1. Information

:)

concerning some of the cruises made in 1978 is in the form of pre-

liminary cruise reports, and reports of cruises of the Oshoro Maru

made since 1969 denote only the number of stations and type of

collections made. Some of the general reports include only taxa

in the total collections, others taxa by station, while a few note

only the distribution and abundance of a single species. There

are other reports of collections of zooplankton in the Bering Sea

and some include a general category of fish eggs or larvae, but

such reports are not included in the table or elsewhere in this

summary.

FACTORS AFFECTING INTER-CRUISE COMPARISONS

It has been necessary to use sources of information with dif-

ferent degrees of completeness and accuracy in the preparation of

this summary. Information concerning Japanese cruises aboard the

Oshoro Maru includes location of stations at which larvae were

caught but do not denote stations at which eggs and larvae were

not caught(i. e. non-productive effort is lacki ng). Reports of

Soviet studies have usually been from sources which were origin

ally published in Russian and subsequently translated to English

and, for the most part, station positions had to be estimated from

small charts contained in the original publications; further, in

some instances it was impossible to determine catch by station.



Ichthyoplankton Cruises in the Bering Sea Eaat ~f 174°E, 1955-1979
TABLE

o

1963 (Halibut COIIllh May 54 -55 166 \1-165 V 10
charter)

14 Jun-14 J~l 54 -591963 !lahoro Haru 177 E-167 V 7 5
1965 Seskar Harcb-Hay , 54 -61 179 '1-160 V " S.V,T
1965 Seskar June-July 54 -65 180 -163 V 8. S,V.T
1966 Oshoro Haru 13 Jun-31 Jul 53 -65 177 E-164 V .32 5
1967 Oshoro Milru" 12 Jun-20.Aug 53 -65 175 E-161 V ·22 5
1968 Osboro Haru 12 Jun-8 Aug 52 -64 177 E-162 W 28 5
1969 Oshoro Haru41 10 Jun-2 Aug 53 -58 .180 -160 w 35 5
1970 Oshoro Haru- 6 Jun-16 Aug 52 -58 172 v-161 V .50 5
1971 George B.Ka}ez 26 Hay-9 Jun 53"'-56 173 \1-168 V • 0
1971 Oshoro Har"41 17 Jun-23 Jul 52 -58 174 £-161 V 31 5
1972 Osboro Haru- 11 Jun-12 Aug 52 -65 175 v-161 W 5
1972 Frofessor Harch-Jun 54 -62 174 E-l64 W 0,.

1973
Deryugin 41

11 Jun-23 Jul 52 -59 180 -160 W 36 ,Oshoro Har"41
1974 Oshoro Hanr- 7 Jun-22 Jul 52.-58 178 V-167 \l 41 5
1975 Shunyo Haru 4 Har-3 Jul 54 -61 161 W-179 11 121 V
1975 Discoverer 41 20 Hay-IS Jun 53 -60 158 -175 W 108 V,O
1975 Oshoro Haru- 13 Jun-5 Jul 52 -59 180 -160 W 78 5
1975 Discoverer 15-26 Aug 54 "'-60 159 -172 W 76 V,O
1975 Miller Freeman 13-24 Nov. 54 -62 162 -17011 38 V,O
1976 Surveyor 17 Hat"-26 Apr 54 -58 162 -174 1I" 57 V,O

~:~~ H1~:~r~r::i1
26 Apr-31 Hay 54 -59 175 \1-158 V 56 5,0
14 Jun-25 Jul 52 -64 174 E-162 V 39 5

1976 Discoverer 5-17 Aug 55 -66 161 -168 V 80 V,O

i~~~ H1~::~~r:~1
16 Apr-13 May 53 -58 174 W-163 W ·134 5,0
12 Jtm-24 .rul 52 -60 178 V-163 V 51 ,

1978 Hiller Freeman 11 Feb-18 Mar 54 -60 164 V-l77 W 32 5,0
1978 T.G. tb01llpson 11-29 ,Apr 157 ',0
1978 0.= 10 Apr-20 Hay 54 -62 162 V-18O 3" 5,V
1978 Osboro Haru June-August 66 ,
Hakuho Hare 23-30 July 55 -65 168 v-173 V , 5,0

FLN Faculty of P1shedea, Hokkaido Univ., 1975
FLN Faculty of Fisheries, Rokkaido Univ., 1976a

~~~ ~g~b~~, Mito and Nagai, 1977

FL.~ Faculty of Fisheries, Hokkaido Univ., 1976b
h1,NIO NODe Data~/
1m,NIO NODe Dat;2.1
1m,NIO NODe Dat~1
Sam. ,1l-60 Waldron and Pavodte, 1977
FLN Faculty of Fisheries, Bokkaido Univ., 1977
lJa.NIO NODe DattJ.l
SuI. ,8-60 Waldron and Vinter. 1978
FLN Faculty of Fisberies, Hokkaido Oniv., 1978
S8ID.. ,B_60 Waldron, 197%1
N,B,HIO PROBES, 1979- "
X-SO Hoiseev and Bulatov, 19791.1
FLN Facultv of Fisberies, Hokkaido Univ•• 1979
ORI-100 Haryu. EDdo and N1s!JiY-.a. 1979

Cruiae!/ Year
1 1955
2 1956
3 1957
4 1957
5 1958
6 1958
7 1958
8 1959
9 1959

10 1960
11 1961
12 1962

13

14
15
16
17
18
19
20
21
22
23
24
2S

26
27
28
29
30
31
32
33
34
3S
36
37
38
39
40
41
42
43

. Vessel
Oshoro Haru
Oshoro Hare
Oshoro Haru
Brown Bear
Oshoro Maru
Zhemchug
Zhemchug
Alazeya
Oshoro Maru
Osboro Hare
Oshoro Haru

8g?D

Lat. N.
Date Ft"gm Tg

174 E-168 V 34
174 E-l72 V 9
177 E-166 V 20
175 E-175 V 21
174 E-16O V 124
174 E-162 V 95
174 E-165 V 60
174 v-167 V 17
175 E-163 V 13
174 E-I72 V 11
174 W-163 V 88

Type 31
of tow-

5
5
5
o
5
s",v
5,V
5,V
5
5
5
5,V

FLN
FLN
FLN
IlOtt
FLN
IKS-80
IKS-80
!KS-80
FLN
FLN,PC
FLN
IXS-80

F/r-80/113

FLN,IKHT
IKS-80
!KS-80
FLN·
FLN
FLN
FLN
FLN
11-60
FLN
FLN
IIQfT(C1.)

Reference
Faculty of Fisheries, Hokltaido Vnivo 1957a
Faculty of Fisheries, Hokkaido tlniv., 1957b
Fsculty of Fiaheries, Hokkaido Univ., 1958
Aron, 1960
Faculty of Fisheries, Hokkaido Univ., 1959
Hwdenko, 1963
Husienko, 1963
Husienko, 1963
Faculty of Fisheries, Hokkaido Vniv., 1960
Faculty of Fisheries, Hokkaido tlniv., 1961
Faculty of Fisheries, Hokkaido Vniv., 1962
Kasllkina, 1965, 1970

Dunlop et aI, 1964

Faculty of Fisheries, Hokkaido tlnlv., 1964
Serobaba, 1968 (report only pollock)
Serobaba, 1968 (report only pollock)
Faculty of Fisheries, Hokkaido Vniv., 1967
Faculty of· Fisheries, HOkkaido Oniv., 1968
Faculty of Fisheries, Hokkaido Univ., 1969
Faculty of Fisheries, Bokkaido Unlv., 1970
Faculty of Fisheries, Bokkaido Univ., 1972
D!.mn and Nap1in 1973
Faculty of Fishedes. Bokkaido Univ•• 1973
Faculty of Fisheries, Hokkaido Univ•• 1974
Serobab.a 1974 (pollock-vertical sections)

C)

FOOTNO'l'ES FOR TABLE I
11 cruise NO.-an arbitrary number assigned for the purposes of this s~ry.
1:.1 Type of tow: S = horizonta.1 surface tow probably .to a~ depth of 1 111; 0 .. oblique tow from the surface to a depth and back to the surface;

V .. vertical net tow; H .. iI borizontal net tow at sa.e depth below 1 m; T .. Total; definition of this not Imowu, but the tendDology
appeared in Serobaha (1968).

1/ Net: FLN - fish larva net. See refereneea for specifications lIbich varied slightly between 1955 and 1977.
IKMI - Isaac.s-Xidd Hidwater Trawl (Isaaca and Kidd 1953).
IKKI'(C1.) - an IJJfX witb a closing type cod end.
IXS-80 - t1 •••nets of IliO IIlesh Yit:h a lIOuth dlaaet:er of SO CII." (Kashkina 1970)
B/r-S0/113 - a reverse cone net Yith dt.enaiOQ8 and .esh t:he s_ as t:be IXS-80.
B - bongo net. size not specified.
&-60 - bongo net: with a lIIOuth dia.eter of 60 ClIl and IlleSh of 0.505 11III.

1Ja - a simple one meter ring net.
N - a neuston net:
S8IIl. - A Sameoto type sampler (Sameoto and Jaroszynski 1969).
NIO - a 2 meter National Institute of Oceanography trawl.
PC -underway pLankton catcher.

41 Reports of the Oshoro Haru cruises since 1969 do not l.i.St station positions or catch, but give only total stations sampled.
51 Carch by station for these cruises was obtained frOlll. the OCS!AP data file .at NODC.
61 Cru:1se report PROBES 78, Leg I, 8 April to 1 Hay 1978
1./ Maiseev, E.1. and O.A. Bulatov. 1979. The state of pollock stocks in eastern Bering Sea. Pacific Research Inatitute of

Fisheries and Oceanography (TINRO). Vladivostok 1979, 8 p (processed).
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Information collected during OCSEAP cruises is accurate with re

spect to position and catch, and was obtained from processed re

ports of the Northwest and Alaska Fisheries Center (NWAFC) or from

the data file of the National Oceanographic Data Center (NODC).

Because of the varying degrees of accuracy in position and for

convenience in presentation, all data have been presented on the

basis of geographic areas measuring ~o of latitude by 1° of longi

tude. These areas are designated by the coordinates of the lower

right corner in west longitude (i.e. the area from 57~oN - 58°N

and from 165°W - 166°W is designated 57~oN, 165°W), and by the

lower left corner in east longitude.

Because it was not always possible to determine the number of

net hauls made at one position, a station as used here is defined

as one or more net tows made at a geographic location within a

time span of a few hours. Samples separated in time by a few days

or more were counted as separate stations. This treatment tends

to minimize effort, and in terms of net hauls sampling effort is

much greater than shown here.

Total sampling effort east of 114°E (Fig. ·1) was estimated

using cruise reports that listed station positions and includes

only the cruises listed in Table II. Sampling covered the en-

tire Bering Sea but with a concentration of effort along the con

tinental slope south of the Pribilof Islands. Division of effort

into quarter-years (Figs. 2-5) shows that 35% of the sampling

was done in spring (March-May), 55% in summer (June-August), only

9% in fall (September-November) and less than 1% in winter (Decem

ber-February) .
64.



0

f~IU 11

Icll.bJO\>lAok.... COU..... llII,lq yo.l_ C,.tou ~. u,....J•• II.. J/ 1/ t,uu..l'.- Yaul , , , • , • , • , ~1I121'IJU~WUnn1l3~»U)1~

II_14M ,
~ .......,... l!ll!!! , •_.- n
1'10110.... ¥lll ..... U : ·. 0
:-U::I~_'U'

,,
"'lo7a l1<llH "I ••byl.... .!U!!.t! ,

.I._ puUI... •1. .s.ldt:l!J "a.."UooI...Ud.. ,
Q>...........~ ,

Hyc.""'l.Mo "R!!l!!!!!~
, ·Pro._rerm"~/ , ·'_.....hl!.. t."".....,.,..,!1 • ·IloId_UIl.... ",<tophid. , ·~U_ "tI.,1Io"" , ...111.0 ,

~~
, 0n....... d,al.GI_ U . :Uo>l-...Ul........... • .

%ou.l.<I_ ,
too._UfJ.......... ,

1lK...... I.... ,
~_.11... Me«'''''' ,

III01......U'O ,
~~

,
Scorp_1<IM U
~u..!/ u
",""",un•• _corp_Ill. ,

110""••_1_ ".."",.-.,. " ·· ·,. .....- • ·· ·,. ~ • ·· ·,. """"""
, ··,. .!!!.!!!!!. • • ··,. ~ , ··1I.!!nII!:-~ " · ..

UIII....Ufl.........._ .. ,
.......1_.1.... U
~fW.rt.e U
.H!!!:2!!..!!!ill!.! T

,
C....L!ao n
~ ..c1Uc... ,
~.,.

, .···_Lo.Uo<... .,. ".I. _1_,,,,,,.. , ·I. 1~1
, ·j!. .l!t!!!2 1/ , ·_l.....~ ,

0~ ... , ···•~ ... "~.p.
,

l!!I.!!E!. J!!!2!! ,
•......uu.... uuuo " •...- U

~ao:l,......dll-.!1 , :...................... ,.. ~
,.. ol.LU ,

'L.......... l>or.;biu ,
=:""~=:~jil·

,,
OdGat!Pll!?lh ••10."'_ ,
1Ia1....UU<l __ •cyelopt••J_ " 0~""".d...... !!1 • ·.YI!!&!. .p. n ··10- ...!c1Nll.. ,
""et.lb"'l-0~ • ·u.u.....IU... <)"Clop....UlI JY " ·"<Io7-Muu. "~.,. .. :1· .!!E!!!! ,
1lIo~UU"'~~'"

,
.......'01.-.- ,
•.::::-r'o1b ,

".u_rloU_!!!!!!!!!!e!! ,
~!OI7..",~... ,
~.,. " • ·. ·~ ~

, · ~

~ -':l!1¥- , . '-'
1· ~

, .
~ .... •
1.. ~ ,
\III~t1f1."" ",1dM1.6o " ..·. · ·c~,_u- ,
LJc_c........_b ,

I'tlll""u,-Io/.M ,
P<UI.d>l!!!!!~

,-,- •
\Iot~'UIM~ • . •-- ,
1e_.~

, ·.
~~I " .... . ·-- "_............ •.. n_ • :c;1m C.::':IW1- ,
tiTTI_LAoot.~ " : ·~"_I""

, · · :
~"I1_.. • · · :
~~ •~~.Yl , .'loU......... .!!!.!!!!!!. ,
Pk!IroMet•••_u_....
---.- .£!!Am!.-- W •
"bIoa~<I ... hl.......l_l.. n . : : : . ·_.u... ·.1o.-.1.6o " ·_ or ..... por co>d_- U 14 lr.llDUUU1.513 lU~~"U""2SH"I'U~~U J

_ .. ,f ,..1_ ,...._ ." ... ." , , lD lD '" 111111111 , U 14 • .n , I' n

65.

::J



"1

I I 2 3 a ~ ]

",, ,
2 y, ,..

110'

,

2
3

I

, ,
(. I 2.

3

I.l .1. I /11

6 '2.:l. 51 S 2 to I I
£. 2. .1 1 <; I l. I 6 14

9 5 ; 5 ~ 11.3 S S £:, .; 3 2
11,7 9 " ::I qls "1 b <; £:,

.5, II G "1 b q I 'i I~ ., 5 , 4 1

J 3 It.! q q J./ q J'- '1 g 4 1 (,

I 13 IO rz. " .§ 1/2 '1 o.t 17.. q "7 10

2 <J J~ 11 ,1612.0 II I'll S ,1:1. 1:1. '"

.3 2 ~j ~ in 10 11 '2.1 lq 10 If
I . /I 'I 15 ,q r~ 2D II 2

I f:, 5 ;, :)1 19 6

" 2. II /5"11"8
2 ,,.

I"

"' :.,

, , , , , I, ,
.!.

,.... ~

- ~ 3 -11:;" 110" ,., .",

',".I "

, 2

"

I '~ f I

2

I 3 I I

r 2. . I' .2 "

I 2. ; 2. J 3 1

'':'-j3JjS

". S 'I "1 6

,-,_.:;'" l./. ':'- £.
°Li·,.

"

, "

HOt

2, , 2 ,:) , , 2 ,2 ,
I ,

3 , z , ".2
i , , , , ,,

Number of stations at
been collected in spring,

.m'

samples

___ ..c"'c__-'..,
which ichthyoplankton
March-May.

I'

170'

--.-." ,

, ,a
z 6 I , ,

2 " b '" "" I 3 ~
, /.. 6 ..31. 5 I 2

,
6' " '6" 16 " '" 6 "
I 2 21/6 /3 I.:J pi 12

2 I 6 13 /0 15
,

3 3 ~ N'I./ •, 1 111 '1"£'

2 2

I····

, ,
,2. I 2. 2:

. f. .J. I 2

•. <J.. 3 2.

/ 'i 3
.J/ J.I

~}j

/ ,

,.

"'''

"'"

17~'

2
have

FIG.

J

66.



r-----,---~-------;_:__--
lTet' r I ll\O" 1"10· .

, 'Z
Z I,

,.
, 2,;

.. ':' i

170·

,
, I

'11
, I

L
3 ,

,.,

FIG. 3 Number of stations at which ichthyoplankton samples
have been collected in summer, June-August.

no'

o

o

""

I '

3 ;;, ,

2 J '

..,

1 ~

1

I, ',

J

I "

1
I

3

3 I I

, ,
I

J •
l' f

'f. 2. I

r ~ I ~

I I J J' I,

.1· '..'

r~o'

. ': :

2 I
I ,

I

I I

". J\ 3

I

,
, I

, ."

1\

0';"(1 :.,:.",,,'

.",,'"no'

FIG. 4 Number of stations at which ichthyoplankton samples
'have been collected in fall, September-November.

67.



,," ,.
,,~

'j.,

,
.'. ,1.

I I ,

2

.' I

no'

\
"

.J

FIG. 5 .Number of stations at which ichthyoplankton samples
have been collected in winter, December-February•

68.

._--------- .,----- "--



Thus, fish whose eggs or larvae are planktonic during the six

months from September through February were undersampled in com

parison ~to those that are planktonic during spring and summer.

Pleuronectidae, for example, show considerable diversity in time

of spawning. Yellowfin sole spawn in mid-summer and thus are not

available for capture with plankton nets in spring or early sum

mer. Halibut and turbot, on the other hand, spawn in winter and

by the following spring and summer their larvae are difficult to

capture with plankton nets. Pollock, one of the most abundant

fish in the Bering Sea, spawn mainly during spring and their lar-

vae are relatively scarce in samples collected during late summer

and fall.

A further obstacle to inter-cruise comparisons is the type of

tow used in making the collections. Vertical net tows usually

strain a relatively small volume of water resulting in the capture

of only small numbers of fish larvae, and the more uncommon taxa

are seldom found in collections made by this method. A horizontal

tow at the surface, e.g. a neuston tow, may produce large numbers

of eggs and larvae but these may belong to only a few taxa whose

larvae characteristically inhabit this zone. Greenlings and Atka

mackerel, family Hexagrammidae, and sculpins of the genus Hemil-

epidotus are often abundant in neuston collections, whereas flat

fish larvae are almost completely absent from such tows. In

general, an oblique tow from near bottom to the surface appears to

capture a large number of species as well as large numbers of

specimens. Examination of Table I shows that many of the collec-
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t ions were made wi th surface tows. Thi sine1udes most of those

made aboard the Oshoro Maru, and because those cruises represent a

majority of sampling effort west of the continental slope the

species composition in that area is biased towards those taxa with

surface dwelling planktonic larvae.

A third point to consider in comparing samples collected dur

ing different cruises is the area coverage and station spacing.

Considerations of economics, logistics, and program objectives

'usually dictate that a particular sampling effort be confined to a

single vessel often operating within a small area and/or sampling

at relatively few stations. The Oshoro Maru cruises often covered

a large total area but with widely spaced stations. Most of the

effort by the Miller Freeman consisted of sampling at closely

spaced stations ,but within a relatively small area. Cruises by

the Zhemchug and Seskar covered large areas within which stations

were spaced at moderate intervals, but most sampling was restric

ted to the continental shelf and slope.

As a result of restricted areal coverage combined with uneven

seasonal distribution of effort and type of tow that predominated

in certain areas, the distribution of many species is not well

defined. Yellowfin sole, larvae are not reported in very many col

lections and this may relate to their spawning area which appears

to be well up on the continental shelf in moderately shallow water

while much of the sampling effort was devoted to the outer contin

ental shelf and continental slope. Pacific herring spawn in inter

tidal areas and their larvae must remain close to shore while
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they are planktonic for they are reported in very few collections.

Pollock spawn along the continental slope and outer shelf and

their eggs and larvae are seldom captured in water less than 75 m

depth. Myctophids and bathylagids are two groups that are pro

bably undersampled because of the predominance of surface tows in

the central basin where they inhabit the deeper waters.

In summary, much of the sampling effort has been focused on

the di stributi on and abundance of a few speci es, in parti cul ar

pollock and yellowfin sole, and collections of other species have

been incidental to this main objective. It is likely that defin

itive information about the total ichthyoplankton community in the

Bering Sea can be gained only through a concerted cooperative ef

fort by Japanese, Soviet, and U.S. biologists to promote at least

one, year-round sampl ing effort covering the entire Bering Sea

with sampling at moderately spaced stations and obtaining at least

an oblique and a neuston tow at each station.

AVAILABLE FAUNA AND CATCH

There are generally considered to be about 300 species of

fish in the Bering Sea divided among 150 genera and 40-45 families

(Quast and Hall 1972; Wilimovsky 1974). Of these, 4 families --

Petromyzontidae,. Squalidae, Raj i dae , and Acipenseridae, with 6

genera and 12 species, are extremely unlikely to appear in plank

ton samples. In addition, larvae of Salmonidae and Gasterosteidae

with 7 genera and 16 species are seldom found in marine plankton

although they do occur in samples from estuaries and brackish

water areas. There remain 34 families with 137 genera and 270
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species that can reasonably be expected to occur in plankton sam

·ples either as eggs or larvae, or both.

Collections resulting from the cruises discussed here (see

Table I) contain 87 separate taxa of which 60 are species, 13

are genera (9 of these are also included in the specific listing),

and 14 are families. All told they include representatives of 52

genera in 24 families, and the various taxa and the collections

) from which they were obtained are presented in Table II. Thus,

larvae of over one-third of the genera, over half of the families,

but of only about one-fifth of the species of fish present in the

Bering sea as adults have been collected and identified. Most of

the species not included in the list are in the large families

Cottidae, Zoarcidae, Cyclopteridae, and Stichaeidae which account

for some 170 species. The 14 families not included in the collec

tions contain only 23 species.

Because of the variations in spawning time and the logistical

aspects of vessel cruises, it is seldom possible to sample the en~

tire spectrum of ichthyoplankton during any single cruise. Exam

. ination of Table . II shows that of a total of 87 taxonomic

categoriesof larvae, no report 1i sts. more than 38 taxa and four

reports list 10 or fewer taxa. Certain ·of the .reports in Table. I

(e.g. Serobaba 1968, reporting on the 1965 cruise of the Seskar),

deal with single species and do not· include listings of other

larvae and eggs that were almost certainly present in the collec- .

tions.
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DISTRIBUTION AND ABUNDANCE OF ICHTHYOPLANKTON

The following section contains charts showing location and

frequency of capture of the different taxa and a brief discussion

of each taxon--giving where possible distribution notes, season of

capture, and a general estimate of the actual abundance in the

samples. In addition, it is noted if eggs are pelagic or demer

sal, and if they are pelagic, whether or not they occurred in the

samples. For a few species, a short discussion of egg distribu

tion and abundance is included. The arrangement of families fol

lows that proposed by Greenwood et al. (1966).

Clupeidae

The Pacific herring, C1upea harengus pallasi, is the only

member of this family in the Bering Sea and as an adult it is

abundant and commercially valuable, but larvae were caught at only

10 stations .on 3 cruises in the summer and fall of 1975 and the

o

summer of 1976. Only 24 herring larvae were caught, all at shal-

low water stations in Bristol Bay and Norton Sound (Fig. 6),
o

and the largest catch was 9 larvae. A partial explanation of the

scarcity of herring larvae is that spawning takes place in inter

·tida1 areas and larvae apparently remain close to shore during the

period they would be susceptible to capture with plankton nets.

Most of the sampling effort shown in Figure 1 was in areas outside

of those occupied by herring larvae.

Herring eggs are demersal and none were reported.

Osmeridae

There are four species of smelt which occur in the Bering Sea
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as adults and two of these were present in plankton samples.

Capelin, Mallotus villosus, were caught at 76 stations on 10

cruises in spring, summer and fall (Fig. 7). With one excep-

tion, all occurred south of 600 N almost exclusively over the con

tinental shelf and extending into the easternmost part of Bristol

Bay. The single exception was a capelin larva collected just

south of Bering Strait in August 1976. Based on collections made

aboard the Miller Freeman in the spring of 1977 (Waldron and

Vinter 1978) capelin are more easily caught withneuston nets than'

with deeper fishing bongo nets, and more specimens were collected

at night than during the day.

Rainbow smelt, Osmerus mordax, were represented by'a single

Juvenile caught in quadrangle 61~oN,.' 167°W in November 1975.

Unidentified osmerid smelt were reported at 5 stations on 2

cruises in spring and summer.

Osmerid smelt are demersal spawners and no eggs were re-

ported.

Bathylagidae

The deepsea smelts are represented in the Beri ng Sea by 5'

species (one name is of questionable validity), and larvae of 3 of

the species were found in plankton ,samples. The most frequently

collected species was the northern smoothtongue ,Bathyl agus

schmidti, which was caught at 69 stations on 10 cruises in spring,

summer, fall, and winter. Catches of B. schmidti were generally

less than 5 larvae per tow with a maximum of 22 at one station.
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The Pacific bl acksmel t, Bathylagus paci fi cus, was coll ected

at 51 stations on 6 cruises in spring and summer. Catches of ~.

pacificus were usually less than 5 larva per tow with a maximum of

8 at one station. The stout blacksmelt, BathYlagus milleri, was

collected at only 2 stations on 1 cruise in summer, and the 2

specimens should be described as large juveniles or small adults

even though they were collected with a plankton trawl. In con

trast to Osmeridae, deepsea smelts were collected over the outer

continental shelf, the continental slope, and the deep central

basin south of 600 N and from 165°W to 178°E (Fig. 8). There

did not appear to be any marked difference in distribution between

the northern smoothtongue and the Pacific blacksmelt and so their

distribution was plotted as one figure. The two stout blacksmelt

were collected at 2 stations in quadrangle 5~oN, 178°E. As far

as can be determined none of the bathylagid larvae were captured

wi th surface nets. Because most of the samp1ing effort over the

deep central basin was with surface tows, the lack of specimens

from that portion of the Bering Sea may be a sampling artifact.

Eggs of deepsea smelt are pelagic and identifiable but none

were reported.

Chauliodontidae

This family of bathypelagic fish has a single species in the

Bering Sea, the Pacific viperfish, Chauliodus macouni. Larvae and

juveniles of this species were collected at only 3 stations on 2

cruises in summer, all of which were close to the Aleutian Islands

between 172°W and 178°E (see Fig. 6).
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FiG. 8 Number of stations at which larvae of Bathylagidae
have been caught.
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Eggs of this species are pelagic but none were reported,

Myctophidae

The family of lanternfishes includes 7 species in the Bering

Sea and larvae of 3 of these were reported from plankton collec-

tions. Larvae of the northern lampfish, Stenobrachius leucopsarus,

were collected most frequently of the 3 species and were caught at

35 stations on 9 cruises in spring, summer, and falL Northern

lampfish. larvae were distributed from the edge of the continental

shelf across the slope and along the Aleutian Islands westward to

9). Only one larva of this species was caught

'.=:J

-,
-'

J

north of 57°N, and there were no large catches made at any sta-

tion..

Larvae of the bi geye 1anternfi sh, Protomyctophum thompsoni,

were collected at 10 stations on 3 cruises in spring and summer.

They were caught at 2 stations along the continental shelf and at

'8 ,stations' close to the Aleutian Islands westward to 177°E.

Catches were small, consisting of only 1 or 2 larvae at anyone

station.

California headlightfish, Diaphus theta, were caught at only

4 stations on 1 cruise in summer. These specimens were juveniles

or young adults close to the Aleutian Islands from 174°W to·178°E.

Almost all myctophid larvae were caught with obliquely or

vertically towed nets that fished well below the surface. As with

bathyl agi ds, the absence of myctophid 1arvae from the central

deep-water region of the Bering Sea may be a sampling artifact

rather than an actual distribution pattern due to the predominance
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of surface sampling in that area.

Little is known about eggs of myctophids and though they are

assumed to be pelagic none were reported.

Gadidae

The codfishes have 4 or possibly 5 species in the Bering Sea,

and 1arvae of 3 of these were found in 21 plankton co11 ections

made during all seasons.

Larvae and juveniles of saffron cod, Eleginus gracilis, were

caught at 13 stations on 2 cruises in August 1975 and 1976. All

of those classified as larvae were caught in Norton Sound and

Bering Strait, but the juveniles were caught in outer Bristol Bay

(Fig. 10). Most samples contained only 1 or 2 specimens but

one sample from quadrangle 6~oN, 164°W yielded 54 saffron cod

1arvae.

Eggs of saffron cod are demersal and none were reported.

Larvae of Pacific cod, Gadus macrocephalus, were caught at 5

stations on 3 cruises in spring and summer. The total catch was

only 10 larvae, 5 from a station in quadrangle 52°N, 174°W in the

Aleutian Islands and 5 from 4 stations on the continental shelf

south of Nunivak· Island. They were caught in surface, oblique,

and vertical net tows.

Eggs of Pacific cod are demersal or .benthonic and none were

reported.

Larvae identified only to the family level Gadidae were

caught at 41 stations on 8 cruises in spring and summer. Catches

at individual stations were usually less than 5 larvae, but at one
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station just west of Unimak Pass 59 larvae of this taxon were

caught during a spring cruise. Distribution of larvae identified

only as Gadidae extended from the Aleutian Islands to Bering

Strait and from 163°W to 176°W. Stations at which these larvae

were caught were scattered from well up on the continental shelf

across the slope and a few stations were over deep water. It

seems likely that the unidentified gadids from north of St. Law

rence Island were a different taxon than those to the south.

Walleye pollock, Theragra chalcogramma, have probably been

the primary objective of more ichthyoplankton surveys than any

other fish in the Bering Sea. As a result the distribution and

abundance of their eggs and larvae are quite well known and have

been described in various reports (Musienko 1963; Serobaba 1968,

1974; Waldron and Favorite 1977; Waldron and Vinter 1978; Waldron

1978). These reports show larvae to be most abundant between

Unimak Pass and the Pribilof Islands along the continental slope,

with total distribution extending to 59°N in spring. During sum-

mer larvae show a more wide-spread distribution from the Aleutian

Islands to 6<Pii°N, and from well up on the continental shelf in

Bristol Bay 'across the central basin to 177°E.

Because of the large number of samples containing larvae it

was possible to show distribution for two periods, spring and sum

mer, and for two types of net tows: surface tows and combined

oblique and vertical tows. Larvae were caught in surface tows

made at 40 stations on 2 cruises in March-May, plus an undeter

mined number of stations on one other spring cruise for which the
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catch by station could, not be determined. These surface samples

showed them to be distributed along the continental slope in a

somewhat di,sconti nuouspattern (Fig. 11). Duri ng the same 2

cruises larvae were caught in oblique net tows made at 124 sta

tions plus catches made at 15 stations on another 'spring cruise.

Distribution shown by these oblique tows covered essentially the

same areas as that shown by the surface tows but there was more

continuity in the distribution (Fig. 12).

During June-August, 'larvae were caught in surface tows at 76

stations, mainly on 9 cruises of the Oshoro Maru, and were widely

distributed over the entire Bering Sea (Fig. 13). Fewer verti

cal and oblique tows were made during summer and larvae were

caught at only 31 stations yet these showed a wide distribution

from the Aleutian Islands to 6~oN and from 164°W to 178°E (Fig.

14).

In spite of the intensive sampling for larvae along the con

tinental slope and outer shelf, it is likely that there is a gap

in our knowledge of their distribution and abundance over the deep

central basin. Comparison of catches in surface and oblique net

tows shows that relatively fewer larvae are caught in surface tows

and at fewer stations. Most of the sampling over the central

basin was with the surface tows (see Fig. 4) and most of those

were during summer. It is reasonable to assume that sampling by

means of oblique tows should reveal a larger population of pollock

larvae over the deep central basin than is shown by surface tows.
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Pollock eggs are one of the few egg species routinely identi

fied in plankton samples and so their distribution can be shown in

some detail. They are present generally along the outer continen

tal shelf and continental slope from the Aleutian Islands to 600 N

(Fig. 15). Within this area they occur from late February to

late July but are most abundant from about mid-March to mid-May.

Abundance of eggs has been treated in greater detail than that of

larvae, probably because eggs are caught more readily than larvae

in vertical net tows which were used on most of the Soviet

cruises. Quantitative estimates of abundance are shown for

crui ses made in 1959 (Musi enko 1963), for 1965 (Serobaba 1968),

and 1972 (Serobaba 1974) although the latter shows only vertical

distribution along section lines. Estimates of egg abundance

based on oblique net tows are given for 1976 (Waldron and Favorite

1977), for 1977 (Waldron and Vinter 1978) and for 1978 (Waldron

1978). Maximum abundance of eggs beneath 1 m2 of sea surface, as

shown by vertical net tows, was 598 in March 1959 between Unimak

Pass and the Pribilof Islands and over 2,000 eggs at some time

from March to May 1965 immediately north of Unimak Pass. Maximum

numbers of eggs beneath 1 m2 shown by oblique net tows was 1,268

in May 1976 east of the Pribilof Islands, 1,041 in Apr'll 1977

north of Unimak Island, and 958 in March 1978 northwest of Unimak

Pass.

Most of the samples of ichthyoplankton were collected with

open nets that caught all plankton between the maximum tow depth

and the surface, so there is little information on the vertical
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distribution of the different fish larvae and eggs. During a

Soviet cruise in 1972 (Serobaba 1974) samples were collected with

a closing type net fished at several different levels. Results of

this survey show pollock eggs and larvae present to depths of 1000

m, but catches below 100 m depth were quite small and below 200 m

they were less than 1 per 1000 m3.

Zoarcidae

Eelpouts is one of the larger families with 29 species pre-

sent as adults in the Bering Sea, yet larvae have been recorded

for only 3 stations (see Fig. 6). All eel pouts were caught at

stations over the continental shelf and were caught during spring,

summer, and winter.

The lack of eel pouts in plankton collections probably re-

fleets spawning characteristics, behavior of young, and configura-

tion of the net tow used to collect most plankton samples.

Reproduction among eel pouts may be oviparous or ovoviviparous

according to Hart (1973), and Clemens and Wilby (1961) state that

eel pouts may be viviparous. Eggs of some eel pouts are as large as

7 mm (Lycodes palearis, in Hart 1973) and hence the newly hatched

young might be quite large, say on the order of 20 mm, and active.

If large size and active behavior were coupled with dwelling on or

close to the. bottom, then it would be difficult to capture larva

of eel pouts with standard plankton nets. In order to delineate

the distribution of larval eelpouts it is likely that a special

sampler must be used to fish the layer immediately above bottom.

87.

01



Macrouridae

Rattails or grenadiers are represented in the Bering Sea by 9

species, and Coryphaenoides pectoralis is thought to be abundant

enough to support a commercial fishery (Novikov 1970). Larvae of

grenadiers were caught at 8 stations on5 cruises in spring and·

summer All were caught close to or over the .continental slope

between the Aleutian Islands and 5~oN, and between 167°W and 180°

(see Fig. 6), and only lor 2 larvae were caught at anyone

. stati on.

Macrourid eggs are pelagic, identifiable to family, and were

caught in a vertical tow near 55°N,177°E (Musienko 1963).

Mel amphaei dae

This family of bathypelagic fish is represented in the Bering

Sea on ly by the hi ghsnout mel amphi d, Mel amphaes 1ugrubri s, and 2

small adults were caught at 1 station in quadrangle 52~oN, 178°E

in the western Aleutian Islands (see Fig. 6).

No melamphid eggs were reported.

Scorpaenidae

Rockfish are a commercially important group of fish with 12

species of Sebastes and 3 of Sebastolobus in the Bering Sea. At

present it is difficult, if not impossible, to identify larval

rockfish from the Bering Sea to species although it is possible to

separate genera. Larval Sebastolobus were not reported from any

of the plankton collections, but Sebastes sp. larvae were caught

at 89 stations on 10 cruises made in spring and summer. Individ-

ua1 catches were not 1arge, generally 1ess than 20 1arvae per
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station, but a few samples contained 30-40 larvae each. Rockfish

larvae were distributed mainly over the continental slope, the

adjacent shelf and deep water, although a few were caught well up

on the continental shelf. They were caught from the Aleutian

Islands north to about 63°N, although only 2 stations were north

of 60o N, and from 164°W westwards to 175°E (Fig. 16). Rockfi sh

larvae were collected with surface, oblique, and vertical net tows

though most appear to have been caught in oblique tows.

Rockfish of the genus Sebastes are ovoviviparous and no eggs

were reported.

Hexagrammidae

The greenlings and Atka mackerel were one of the most common

ly occurring groups of larvae in all plankton samples. In the
,

Bering Sea the family contains 2 genera, Pleurogrammus, with 1

species, the Atka mackerel, f. monopterygius, and Hexagrammos or

0 1

,

greenlings is not always possible so these larvae have been

treated here only as a genus. Greenling larvae were collected at

251 stations on 21 of the 26 cruises; only one other genus occur

red as frequently and that was the sculpin genus Hemilepidotus.

Green1i ng 1arvae appeared ;n catches made' duri ng all seasons of

the year from late February to November. Catches at individual

greenlings with 5 species. Identification to species of the

o

stations were moderate, usually less than 10 larvae, and the

maximum catch was 253 larvae at a station in quadrangle 53°N,

178°E in June 1960. Larval Hexagrammos sp. were distributed

widely across the Bering Sea from the Aleutian Islands to 62°N and
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from 161°W in Bristol Bay to 174°W, but appeared to be caught more

frequent1y south of the Pri bi1 of Is1ands along the edge of the

continental shelf and to the west in the vicinity of Bowers Ridge

(Fig. 17).

~j Larvae of Atka mackerel were caught at 118 stations on 11

cruises in winter, spring, and summer from late February to August.

Catches at individual stations were generally smaller than for

greenling larvae and maximum catch was 37 larvae at a station in

quadrangle 55°N, 170oW. Atka mackerel larvae were distributed

over much the same area as were greenl ings occurri ng from the

Aleutian Islands to 62°N and from 1600 W in Bristol Bay to 175°E,

but they were present at less than half the number of stations as

compared to greenlings (Fig. 18). Both green1i ngs and Atka

mackerel larvae are caught more frequently with surface than with

oblique and vertical net tows.

Eggs of Hexagrammidae are demersal and none were reported.

Anoplopomatidae

The family of sablefishes is composed of 2 species, both of

which are present in the Bering Sea as adults.

One larva tentatively identified as skillfish, Erilepis
-.~

zonifer, was caught at 57°41'N, 174°25'W in July 1960.
,

Larvae of sablefish, .Anoplopoma fimbria, were caught at 28

stations on 11 cruises in spring and summer. Usually only a few

were caught at anyone station, but an unusually large catch of 45

larvae was made in quadrangle 55°N, 164°W near Unimak Island in

1968. Larvae of sablefish were distributed generally from the
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Aleutian Islands to about 59°N and from 162°W to 175°W, but were

found most frequently along the edge of the continental shelf and

in the vicinity of Bowers Ridge in the central Aleutian Islands

(Fig. 19). More appear to have been caught with surface rather

than oblique or vertical net tows.

Eggs of sablefishes are reportedly pelagic, but none were re

ported.

Cottidae

With some 75 species in 36 genera, sculpins are by far the

largest family of fish in the Bering Sea and were present in all

26 collections. Larvae of this group can often be identified as

cottids but relatively few are identifiable to species. In these

collections only 7 genera with 6 species were listed, the remain

der coming under the heading of unidentified cottids (see Table

II). Of these, 3 species and 1 genus each were captured on

only 1 crui se.

The most commonly occurring and widespread sculpin larvae

were the Irish lords, Hemilepidotus sp., which were caught at 208

stations on 21 cruises during all seasons of the year from late

February to November. Irish lords include 5 species in the Bering

Sea, 1 of which is found only on the western side. Identification

to species is possible for larvae with. countable finrays but the

smaller larvae are usually identified only to genus, thus distri

bution is shown only for the genus. Irish lords have one of the

widest distributions of any larvae in the Bering Sea, extending

from the Aleutian Islands to 63°N and from 1600 Win Bristol Bay to
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20). While there are insufficient quantitative

data for the enti re regi on, coll ecti ons made aboard the Oshoro

Maru during summer were all made by approximately the same type of

surface tow, and these show no areas of consistently high abun-

dance. Actual catches of Irish lord larvae for a 10-minute sur-

face tow range from 1 to 3,709 with only 5 of 114 collections

containing more than 100 larvae. The catch of 3,709 larvae was

made in quadrangl e 5~oN, 165°W. Only the northeastern area of

the Bering Sea, roughly the Nunivak Island-St. Matthew Island-St.

Lawrence Island area appears to be devoid of Irish lord larvae.

This genus of sculpins appears to share the surface layer with the

hexagrammid larvae as more of them are caught with neuston and

other surface-towed nets than with nets sampl ing deeper waters.

Iri sh lords differ from the hexagrammi ds in that there is a

greater difference in day and night catches of these sculpins than

there is for hexagrammids, with larger catches made at night.

A second genus of sculpins common in these collections was

Myoxocephalus, great sculpins, with 10 species present in the

Bering Sea. The taxonomy of the adults is unclear and no attempt

was, made in any of the collections to identify larvae to species.

Larvae of great sculpins did not occur as frequently as those of

Irish lords but were caught at 53 stations on 9 cruises in the

summer. They have one of the widest north-south distributions,

extending from the Aleutian Islands to 6~oN, but appear to be

limited to the continental shelf with their east-west distribution

extending from 161°W to 174°E (Fig.

94.
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were small, lor 2 larvae per station, .the great sculpins are pre

sent in the northeastern area in which Irish lords were absent.

The area of greatest abundance is in Bristol Bay where catches of

up to 408 1arvae pe.r station were reported in quadrangl e 57°N,

161°W, and several stations reported catches of more than 50 lar

vae. Most of the great sculpin larvae were caught with surface

tows.

In addition to Hemilepidotus sp. and Myoxocephalus sp.,· 6

other taxa of sculpins plus a category called unidentified cottids

were present in the samples. Distribution of these miscellaneous

species is shown (Fig. 22).

Artediellus pacificus, the hookhorned sculpin, was collected

Clt one station east of the P·ribilofIslands on the continental

shelf during late spring.

Icelinus borealis, the northern sculpin,wascaught at 2 sta

tions between Unimak Island and the Pribilof Islands on 1 cruise

in spri ng.

Gymnocanthus sp. was caught at one station northeast of St.

Lawrence Island during summer.

Malacocottus sp., probablY·M. kincaidi, the blackfin sculpin,

was caught at 4 stations between Unimak Pass and ··the Pribilof

Islands during a spring cruise.

. Triglops pingeli, the ribbed sculpin, was caught at 1 station

southeast of Nunivak Island during a fall cruise, and Triglops s·p.

was caught at 3 additional stations, 1 northeast of St. lawrence

Island on a summer cruise, 1 between Unimak Pass and the Pribilof

Islands, and 1 near the Alaska Peninsula during a spring cruise.
95.
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In addition to these taxa which could be identified, there

were numerous cottids which could only be identified to family.

These were distributed mostly over the continental shelf and slope

south of 60oN, but a few were collected as far north as Bering

Strait and west along the Aleutian Islands to 177°E. Unidentified

cottids were collected at 83 stations on 11 cruises in spring and

summer.

Eggs of cottids are demersal and none were found in any of

the plankton collections.

Agonidae

The poachers are represented in the Bering Sea by 16 species

and larvae of 7 of these were present in the plankton samples.

Larval poachers were caught at 45 stations on 14 cruises in spring

and summer.

Agonus acipenserinus, the sturgeon poacher, was caught at 18

stations on 7 cruises, all of which were in sununer. They were

distributed mainly in Bristol Bay and the adjacent continental

shelf except for one -larva caught at a station north of_ Nunivak

Island (Fig. 23).

Odontopyxis trispinosa, the pygmy poacher, was caught at 4

stations on one cruise in sununer, and all were caught north of St.

Lawrence Island and in Bering Strait.

Asterotheca infraspinata, the spinycheek starsnout, was

caught at 2 stations just north of Unimak Island in sununer.

Aspi dophoroi des sp. larvae were caught on 2 cruises, A.

bartoni on 1 crui se, and A. 01 ri ki on one other crui se, all in
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summer. Larvae of this genus were distributed from north of St.

Lawrence Island (~. olriki) and along the continental shelf edge

south of the Pribilof Islands.

Hypsagonus guadricornis, the fourhorn poacher, was caught on

2 cruises in spring and summer, with 1 specimen from the Gulf of

Anadyr and the other specimen north of Unimak Island.

Occella dodecaedron, the Bering poacher, was caught at 1 sta

tion in summer on the edge of the continental shelf between Unimak

Pass and the Pribilof Islands.

Larva1 agoni ds i dentifi ed only to fami ly were caught at 22

stations on 6 cruises in spring and summer. They were distributed

from the Aleutian Islands north to 58°N, and from 161°W in Bristol

Bay to 174°W along the Aleutian Islands and along the continental

slope.

Eggs of agonids are demersal and none were reported.

Cyclopteridae

The snailfish and lumpsuckers, with 49 species, are the

second largest family (after Cottidae) in the Bering Sea and one

of the least known with respect to both adult and larval identi-

fication. Cyclopterids were present in samples from 20 cruises,

but only 4 taxa were identified, plus larvae identified to family

level.

Aptocyclus ventricosus, the smooth lumpsucker, was caught at

5 stations on 4 cruises with a total catch of 6 specimens. All

were caught with surface nets during spring and summer, 4 of them

near the Aleutian Islands between 166°W and 175°W, and 2 specimens

at a station in quadrangle 55~oN, 171°W (Fig. 24).
99.
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Nectoliparis pelagicus, the tadpole snailfish, was caught at

10 stations on 4 crui ses duri ng spri ng and summer, wi th a total

catch of 20 specimens. Most were caught in nets fished below the

immediate surface, but a few were taken with surface nets. The

tadpole snailfish was found in a relatively small area between the

Aleutian Islands and 56°N, and between 168°W and 175°W.

Larvae of snailfish of the genus Liparis, which has 13 spe

'ties in the Bering Sea, were caught at 41 stations on 12 summer

cruises. Most samples contained relatively few larvae but at one

. station in quadrangle 57~oN, 162°W, 671 larval Liparis sp. were

caught (see Cruise 20, Table I). Larvae of this genus were

distributed widely from the Aleutian Islands to Bering Strait and

between 162°W to 175°E. They were caught most frequently over the

continental shelf but were also found over the continental slope

and adjacent deep water. Most of them were caught with surface

nets.

Unidentified snailfish were caught at 46 stations on 10

cruises during spring and summer. These unidentified snailfish

were found between the Aleutia.n Islands. and 60oN, and from 162°W

to 174°E, and within these limits were found over the same areas

as were Liparis sp.

Cyclopterid eggs are demersal and none were reported.

Bathymasteridae

The searchers and ronquils are represented in the Bering Sea

by 3 sped es in 2 genera, wi th 1 genus and 1 speci es present in

the samples. Bathymasterids were caught at 76 stations on 18
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cruises in spring, summer, and fall, but only 3 specimens were

caught in fall. The family is quite widespread in the Bering Sea

and occurred at stations from the Aleutian Islands to 63°N and

25). They were found over the con-

t i nenta1 shelf, slope, and deep water of the central bas i nand

more were collected with surface nets than with nets that fished

deeper. Catches at individual stations were generally small, less

than 5 specimens, but at 2 stations (in quadrangles 53°N, 174°E

and 55~oN, 167°W) 262 and 245 were caught (Cruise 18, Table I).

On ly 6 specimens of Bathymaster si gnatus, the searcher, were

caught, 3 each at 2 stations in quadrangles 5~oN, 169°W and 55°N,

Eggs· of bathymasterids are demersal and none were reported.

Anarhichadidae .
The wolffishes have 1 or possibly 2 species in the Bering Sea,

and were represented in the collections by 5 larval Anarhichas

oriental is, the Bering wolffish, caught at 5 stations on 1 cruise

in spring (see Cruise 37, Table I). All were -caught with neu-

ston nets at stations near the outer edge of the continental shelf

between Unimak Pass and the Pribilof Islands (see Fig.

Eggs of wolffish are demersal and none were reported.

Stichaeidae

6).

The pricklebacks are a fairly large family with 21 species

present in the Bering Sea and were represented in these collec-

tions by 6 species in 4 genera plus stichaeid larvae identified
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only to fami ly. Pri ckl ebacks were present in 23 of the co11 ec

tions and had one of the widest distributions of any fish larvae

being found from the Aleutian Islands to 650 N, and from 158°W in

o

Bristol Bay to 174°E (Fig. 26). Most stichaeid larvae were

caught with surface tows although some were taken with oblique and

vertical tows. One species, Lumpenus maculatus, was caught more

frequently in the oblique tows.

Alectridium aurantiacum, the lesser prickleback, was collec-

J.

ted at only a single station (see Cruise 1, Table

rangle 5~oN, 165°W.

I) in quad-

Chi ro1ophi s polyactocepha1us, the decorated warbonnet, was

caught at 27 stations on 2 cruises in spring in the general area

between the Aleutian and Pribilof Islands from deep water to the

outer continental shelf. Catches were moderate, usually less than

20 larvae per station with a maximum catch of 78 at a station in

quadrangle 5~oN, 168°W.

The genus Lumpenus included those pricklebacks identified

only to genus, plus 3 species, L. fabricii the slender eelblenny,

L. maculatus the daubed shanny, and L. medius the stout eelblenny.

lumpenus sp. was caught at 43 stations on 10 cruises in spring and

summer over an area almost as wide as for the family, from the

Aleutian Islands to 63°N and from 161°W to 174°E at stations far

up on the continental shelf, over the continental slope, and over

the deep central basin. Catches at individual stations were gene

rally small and the maximum catch was only 22 larvae.

103.



-=:1

(J

Larvae of Lumpenus fabri ci i were caught at 12 stations on 3

cruises in summer over a wide area from the vicinity of Unimak

Island to 65°N and from 1600 Win Bristol Bay to 178°W in the Gulf

of Anadyr. All catches of this species were made over the conti

nental shelf and individual catches were only 1-2 larvae per

station.

Lumpenus maculatus larvae were caught at 10 stations on 3

cruises made in spring and summer. They were more restricted in

distribution, being found from the Alaska Peninsula to only 5~oN

and from 161°W to 173°W. All larvae of this species were caught

over the continental shelf and, in contrast to most of the other

stichaeids, more larvae of 1. maculatus were caught in oblique and

vertical tows than in surface tows. Individual catches usually

consisted of only 1-2 larvae with a maximum catch of 19 larvae at

a station in quadrangle 5~oN, 170oW.

A single larva of Lumpenus medius was caught in summer at a

station in quadrangle 58°N, 166°W.

Larvae of Stichaeus punctatus, the arctic shanny, were caught

at 18 stations on 4 cruises in spring and summer.. They had a

fairly wide distribution over the continental shelf, continental

slope, and deep water from 54°N to 6~oN and between 164°W and

177°E. Individual catches were small and variable, ranging from ·a

few to moderate numbers with a maximum of 131 larvae at a station

in quadrangle 62~oN, 172°W.

Stichaeid larvae identified only to family were caught at 69

stations on 11 cruises in spring and summer. They were found over
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a range extending from the Aleutian Islands to 600 N and from east

ern Bristo1 Bay at 158°W to 174°E, and were caught over the con

tinental shelf, continental slope, and deep water of the central

basin. Individual catches ranged from 1 or 2 up to a maximum of

556 per station, - with the maximum caught at a station in quad

rangle 5~oN, 170oW.

Stichaeids are demersal spawners and no eggs were reported.

Cryptacanthidae

The wrymouths have 2 species in the Bering Sea and one spe-

cies Lyconectes aleutensis, the dwarf wrymouth, was represented in

these collections by a larva caught during an early spring cruise

at a station in quadrangle 55°N, 165°W (see Fig. 6).

The wrymouths are demersal spawners and no eggs were re-

ported.

Ptilichthyidae

This family contains a single species Ptilichthys goodei, the

qui 11 fi sh and, although it is not a common species, _qui 11 fi sh

larvae were 'caught at 11 stations on 5 cruises in spring and

summer. Most of the larvae were captured in Bristol Bay and out

to the shelf edge, but a single specimen was caught in quadrangle

o

6). All of the quillfish larvae were

caught in surface tows.

Nothing is known concerning the eggs or spawning habits of

qui 11 fi sh.

Pholidae

The gunnels, with 5 species in the Bering Sea, are one of the
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1esser known famil i es in the area and a11 1arvae of thi s taxon

have been identified only to family. Gunnel larvae were caught at

40 stations on 6 cruises in spring and summer; most were caught

during summer. They have a wide east-west distribution extending

from 161°W in Bristol Bay to 174°E, but are limited in their north-

south distribution from the Aleutian Islands to 58°N (Fig. 27).

They were taken at a few stations over the continental shelf but

the majority were caught over the deep, central basin. Almost all

larvae were caught with nets towed at the surface; catches were

often of moderate size, exceeding 50 larvae at several stations in

the vicinity of Bowers Ridge and a maximum catch of 131 gunnel

larvae at a station in quadrangle 53~oN, 179°E.

Eggs of thi s fami ly are demersal and none were reported .

Zaproridae

The prowfish have only one species, Zaprora silenus, that is

present in the Bering Sea. Larvae were caught at 5 stations on 3

cruises in spring and summer with a total catch of 8 larvae. Most

were caught near the Aleutian Islands but in the area over the

continental slope, however, one was caught near the Pribilof

Islands (see Fig. 6).

'J

It is not known if the eggs of thi s speci es are pe1agi c or

demersal.

Ammodytidae

The family of sand lances is represented in the Bering Sea by

1 species, Ammodytes hexapterus, the Pacific sand lance. Larvae

were caught at 170 stations on 19 cruises in spring and summer,
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few larvae were caught in early fall. They had a wide distribu

tion from the Aleutian Islands to 65~oN and from 159°W in eastern

Bristol Bay to 174°E with a majority of collections being made

over the continental shelf (Fig. 28). Sand lances were one of

,)

the most numerous larvae in the collections with many samples con-'

taining more than 100 larvae and a maximum catch of 1,337 larvae

at a station in quadrangle 5~oN, 164°W. During summer larvae

appear to be concentrated in an area just north of the tip of the

Alaska Peninsula and Unimak Island with several catches of over

400 sand lance larvae per tow. Most of the larvae were caught in
"

, ~urface tows, but during spring oblique tows seemed to catch more

larvae although the catches were not large.

Sand lance are demersal spawners and no ,eggs were reported.

Pleuronectidae

The right-eyed flounders, one of the commercially important

groups, have 17 species in 14 genera in the Bering Sea. Larvae of

this group were collected during 20 of the 26 cruises and were

caught during spring, summer, and fall, being more' abundant in

spring. In general, fewer flounder larvae were caught in surface

tows than in oblique or vertical tows.

The genus Atheresthes contains 2 species, ~. stomias, the

arrowtooth flounder, generally considered an eastern Bering Sea

species, and A. evermanni, the Kamchatka flounder, considered as a

western Bering Sea species but possibly extending to the Pribilof

Islands. Larvae of these two species have not been described ade-

quately enough to permit specific identification so the records of

108.
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capture are combined and presented here as distribution- of the

genus. Larval Atheresthes sp. were collected at 74 stations on 8

crui ses in spri ng and summer. Most of these 1arvae were caught

over the outer continental shelf and the continental slope but a

few were taken over deep water west of the slope and a few from

shallower water in Bristol Bay (Fig. 29). The di stribution

extended from the Aleutian Islands to 58lioN and from 1G2°W to

177°W. Individual catches of this species were small and usually

consisted of only a few larvae per tow.

Eggs of Atheresthes sp. are pelagic but none were reported.

The genus Hippoglossoides includes~. elassodon, the flathead

sole, and H. robustus, the Bering flounder, two very similar spe

cies which occur in the Bering Sea and have overlapping ranges.

Differentiation of the adults to species is difficult and larval

descriptions are not adequate to permit identification to species

and data are presented here for the genus. Larval Hippoglossoides

sp. were caught at 22 stations on 7 cruises in summer and on 1

cruise in fall. As with all flounders, most larvae of this genus

were caught in oblique or vertical tows, and catch per tow was

small. Hippoglossoides sp. larvae were distributed from the vici

nity of Unimak Pass north to GOON and from 1G2°W to 173°W (Fig.

30). Most were caught over the continental shelf where but a

few were caught over the deeper water of the continental slope.

As with most oth~r flounders, the eggs of Hippolglossoides

sp. are pelagic· and are readily identifiable to genus and possibly

to species on the basis of egg diameter. Hippoglossoides sp. eggs

109.
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were generally distributed along the outer continental shelf

between about Unimak Island northwesterly to west of St. Matthew

Island and were found in samples collected during April to August

(see cruises 6, 7, 34 and 37, Table I).

Larvae of Pacific halibut, Hippoglossus stenolepis, were

caught at 22 stations on 6 cruises in spring and early summer.

They were usually found at stations over the continental slope or

deeper water, but a few were caught on the edge of the continental

shelf, and were distributed in a narrow band extending from the

vicinity of Unimak Pass to quadrangle 58°N, 174°W, northwest of

the Pribilof Islands (Fig. 31). Individual catches usually

consisted of only one larvae but 5 were caught in a I-hour tow in

quadrangle 54°N, 165°W (Dunlop et al. 1964).

Eggs of Pacific halibut are pelagic but are generally found

at depths greater than 200 m, and no halibut eggs were reported.

Larvae of Lepidopsetta bilineata, the rock sole, were caught

at 41 stations on 4 cruises in spring and summer, but the catches

on 3 of these cruises consisted of a single larva. The remaining

larvae were caught in the area between Unimak Pass and the Pribi-

lof Islands (see cruise 37, Table I). Except for one rock sole

larva reported from Norton Sound, the distribution of this species

was restricted to the continental shelf from the Aleutian Islands

to 5~oN and between 163°W and 172°W (Fig. 32). Catches at

individual stations were small with the largest catch being 12

larvae, and all were caught in vertical or oblique tows.
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In contrast to most other flounders, the eggs of rock sole

are non-planktonic and none were reported.

Larvae of Limanda aspera, the yellowfin sole, were caught at

29 stations on 4 summer and 1 fall cruise. Catches were generally

small, usually less than 20 larvae per station. In contrast to

most other flounders, larvae of yellowfin sole were found only on

the inshore shallow portion of the continental shelf where they

were distributed from 5PioN to 64°N and between 162°W and 1700 W

(Fig. 33).

Eggs of yellowfin sole are pelagic and large quantities were

collected during several cruises (see cruises 6, 7, and 12, Table

1). During 1958, eggs and larvae were caught but in 1962 only

eggs were obtained. Musienko (1963) reported maximum densities of

500-1000 eggs/m2 south of Nunivak Island in July 1958, and Kash

kina (1965) reported maximum densities of 1684 eggs/m2 northwest

of Nunivak Island and 336 eggs/m2 south of Nunivak Island in July

1962. These are the only reports of quantitative distribution of

yellowfin sole eggs.

Asingle post larva of Limanda proboscidea, the longhead dab,

was collected in early September in Bristol Bay (see Fig. 31).

No eggs of this species were listed in any report.

Only 3 larvae of Platichthys stellatus, the starry flounder,

were caught, 1 in the vicinity of the Pribilof Islands and 2 in

Norton Sound (see Fig. 31); all were caught during summer. No

eggs of this species were listed in any of the reports.
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Larvae of P1euronectes guadrituberculatus, the Alaska plaice,

were caught at single station north of Nunivak Island during July

1962 (see Fig. 31).

Eggs of Alaska plaice were caught at 57 stations on 4 cruises

in spring and summer although during 2 cruises eggs were caught at

only 3 stations. Eggs of this species were distributed from 550 N

off Unimak Island to 59~oN and from 159°W in Bristol Bay to 175°W,

and all were found over or very close to the continental shelf

(Fig. 34). On one cruise (see cruise 34, Table 1) eggs of

Alaska plaice were widely distributed with centers of abundance

near the Alaska Peninsula in quadrangle 55~oN, 162°W, just south

of Nunivak Island in quadrangle 59°N, 167°W and northwest of the

Pribilof Islands in quadrangle 57~oN, 171°W. All the . large sam-

ples were caught with surface tows, but some eggs were caught with

oblique tows.

Larvae of Reinhardtius hippog1ossoides, the Greenland halibut

or Greenland turbot, were. collected at 109 stations on 10 cruises

in spri ng and summer, occurri ng more frequently than any other

flounder. They were caught with nets towed at the surface but·

most were caught with oblique and vertical tows. Catch per sta

t i on was usually small, 1ess than 10 1arvae per tow, but at 4·

o

o

. stations (see cruise 29, Table I)be~ween57 and 102 larvae per

tow were caught at stations over the shelf edge and slope. They

were distributed more widely than those of any other flounder and

were found from the Aleutian Islands to the Bering Strait and from

35), from well up on the continental shelf

in outer Bristol Bay to deep water beyond the continental slope.
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Eggs of Greenland turbot are pelagic and can be identified

but none were reported.

DISCUSSION

Families Not Present in the Collections

Several families of fish are represented in the Bering Sea as

adults but their eggs and/or larvae were not found in plankton

samples. The following list of 14 families, which include 23

speci es, are 1i sted by Quast and Ha11 (1972) as present in the

Beri ng Sea. Some of these may spawn in waters south of the

Aleutian Islands, some may be present in deep waters of the cen

tral basin, some may be present at very shallow inshore locations,

and others may be part of the unidentified larvae component pre

sent in almost all plankton collections.

Synaphobranchidae (1) Oneirodidae (2)

Notacanthidae (4) Zeidae (1)

Gonostomatidae (4) Gasterosteidae (2)

Alepocephalidae (1) Pentacerotidae (1)

Alepisauridae (1) Trichodontidae (2)

Anotopteridae (1) Scytalinidae (1)

Moridae (1) Bothidae (1)

Groupings of Taxa by Habitat

Vertical distribution of larvae could not be determined for

any taxon except pollock, but certain larvae were present either

exclusively or mainly in one type of tow or another. Table III

shows taxa present in two types of collections, surface tows and

combined oblique and vertical tows. Those caught exclusively with
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one type of tow are marked with an asterisk (*), while those not

marked were caught in both types of tows but predominantly in one

or the other.

TABLE III

Taxa of Larvae Caught Either Exclusively Or Predominantly in Surface
Net Tows in Combined Oblique and Vertical Net Tows.

Oblique or Vertical Net Tows

*Bathylagidae
Myctophidae
Eleginus gracilis
Gadus macrocephalus
Theragra chalcogramma

*Zoarcidae
Nectoliparis pelagicus
Lumpenus maculatus

*Lyconectes aleutenis
Pleuronectidae

Surface Net Tows

. Osmeridae
Hexagrammos sp.
Pleurogrammos monopterygius
Ano~lopoma fimbria
Hemllepidotus sp.
Myoxocephalus sp.

*Aptocyclus ventricosus
Liparis sp.
Bathymasteridae

*Anarhichas orientalis
Stichaeidae (except L. maculatus)

*Ptilichthy goodei -
Pholidae
Ammodytes hexapterus

It was more difficult to group· larvae by water depth at sta-

tions where they were caught. In Table IV, 6 different areas

are identified in which various taxa were found either exclusively

or predominantly. Taxa found exclusively in a particular habitat

are marked with an asterisk.

RESEARCH RECOMMENDATIONS

Serious shortcomings of previous cruises are that each cruise

or series of cruises either focused on a particular species or

area, or the ichthyoplankton study was of secondary importance to

·a primary objective. Before continuing with additional surveys of
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TABLE IV

Taxa of Larvae Caught Either Exclusively or Predominantly
in Various Habitats

Habitat Taxa

Inshore

Inner Continental Shelf

Total Continental Shelf

*Clupea harengus pallasi

Limanda aspera

Osmeridae lYconectes aleutensis
Eleginus gracilis Lepidopsetta bilineata
Myoxocephalus sp. Pleuronectes quadrituberculatus
Cottidae, unidentified
Agonidae Platichthys stellatus
Lumpenus fabricii
L. maculatus
I. medius
Zoarcidae
Ptilichthys goodei

Continental Shelf and Slope Theragra chalcogramma (in spring)
Hippoglossoides elassodon
Hippoglossus stenolepis

Continental Slope and Deepwater
Bathylagidae
Myctophidae
Anoplopoma fimbria
Aptocyclus ventricosus
Pholidae
Atheresthes sp.

Continental Shelf. Slope and Deepwater
Gadidae. unidentified
Theragra chalcogramma (summer)
Sebastes sp.
Hexagrammos sp.
Pleurogrammus monopterygius.
Hemilepidotus sp.
Bathymaster1dae
eyc1opteridae
Stichaeidae (except those above)
Ammodytes hexapterus .
Reinhardtius hippoglossoides

* These were confined exclusively to a particular habitat.
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this type, it is important to obtain a comprehensive view of the

total ichthyoplankton community of the Bering Sea. Lack of such

information in the past has resulted in surveys with limited ob

jectives being carried out at the wrong time of 'the year or in the

wrong areas. The knowledge gained from a comprehensive survey

would not only clarify interpretations of past fragmentary data

but would allow more economical and efficient planning of future

surveys. Such a survey would almost certainly have to be a co

operative effort involving Japanese, Soviet, and United States

vessels and biologists and be conducted over a period of at least

,one year. The following are'some of the points to be considered

in this research:

- The area encompassed by the survey should include the

entire Bering Sea from the intertidal areas and bays to the deep

water central basin. During winter and early spring this would be

reduced because of ice in the northern 'areas.

The number of stations needed to cover such an area is

large, on the order of 600 stations' over the continental shelf and

central basin, including close inshore areas. The stations should

be arranged in a regular grid with one station in every area of ~o

of latitude and 10 of longitude, or approximately a spacing of 50

km between stations.

In order to sample ichthyoplankton of species that spawn

at different times of year it is essential that the survey include

a minimum of 4 occupancies at each station, i.e. once during each

season. Samples collected in January, April, July, and October

120.



would probably be adequate. Duration of anyone cruise should not

be longer than 1 month, and all areas should be sampled during the

same months.

At each station plankton should be sampled routinely

with a quantitative neuston net and with an oblique net tow to the

bottom or a depth of 200-300 m. At selected stations additional

samples should be collected with nets fished to deeper depths, and

if possible these should be opening-closing type nets. Sampling

at inshore stations might require special net tows, e.g. use of

fine-meshed seines.

Vessel requirements for this survey would be a minimum

of 16 vessel-months, not including transit time to and from the

Bering Sea. There would be some 2,400 stations occupied with

something on the order of 8,000-10,000 individual samples.

Such an effort would require international cooperation

and could be conducted under the aegis of the IOC as a component

of WESTPAC.
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HALIBUT ECOLOGY 1/

E. A. Best

International Pacific Halibut Commission
P. O. Box 5009, University Station

Seattle, Washington 98105

ABSTRACT

A small but important halibut fishery exists in the Bering
Sea. The distribution of halibut within the area is seasonal and
dependent upon climatic conditions. The fish migrate to deep water
for _spawning during the winter and return to shallow areas for
summer feedi ng. The timi ng and extent of the summer movement is
controlled by oceanographic conditions. Spawning is known to occur
between Unimak Island and the Pribilof Islands at depths of 250 to
550 m and probably occurs at other locations within the Bering Sea.
All stages of life history forms from larvae to spawning adults
have been taken.

- Tagging studies have also shown a movement of halibut from the
Bering Sea into the Gulf of Alaska. There is also a suggestion of
a mixing of stocks of halibut within the Bering Sea.

Halibut in the commercial landings range from 7 years old and
4.5 kg to over 30 years old weighing over 100 kg. Commercial
1andi ngs from the southeastern Beri ng Sea reached a peak of over
7,000 mt in 1963. Current landings are about 250 mt. Historically
management of the halibut resource has been the responsibility of

l/Not to be cited without written permission of the International
- Pacific Halibut Commission.
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the International Pacific Halibut Commission. During 1963 to 1976
management was assumed by the International North Pacific Fisheries
Commission, with recommendation from the International Pacific
Halibut Commission to the Canadian and United States Governments.
With the advent of the Fisheries Conservation and Management Act of
1976, management responsibility was returned to the International
Pacific Halibut Commission subject to approval by Canada and the
United States.

INTRODUCTION

The Pacific halibut, Hippoglossus stenolepis Schmidt, the

largest member of the family of flounders called Pleuronectidae,

occurs in waters of the North Pacific Ocean and Bering Sea. This

large, commercially valuable flounder has been the object of an

intense commercial fishery in the northeastern Pacific Ocean since

1888 and was used for subsistence purposes prior to that. A jour

nal of Captain Cook's voyage of exploration reports the use of

"holybret" by the crews of his vessels, natives, and Russian fur

traders at Unalaska in 1777 (Munford 1963).

An intensive commercial fishery in the early 1900's off the

continental . Uni ted_ states , British Columbia, and in the Gul fof

Alaska depleted the resource and created the political climate

which brought into existence the Convention between the United

States and Great Britain "For the Preservation of the Halibut

Fishery of the Northern Pacific Ocean Including Bering Sea," which

was ratified on October 21, 1924. This original Convention pro

vided for the establishment of the International Fisheries Commis-

sion (IFC), which was renamed International Pacific Halibut Commis

sion (IPHC) in 1953, to provide for the management of the halibut

resource. This Convention, which was amended in 1930, 1937, 1953,
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and 1979f./, still provides the means of managing the halibut fish

ery on behalf of Canadian and United States citizens. During this

55-year-period there have been some trying times, particularly for

the management regime established for the Bering Sea.

The "International Convention for the High Seas Fisheries of

the North Pacific Ocean" between Canada, Japan, and the United

States came into force in 1953. This Convention created the Inter-

national North Pacific Fisheries Commission (INPFC) to manage the

stocks of fish within the Convention area, including the Bering

Sea. A notable feature of this treaty was the principle of absten

tion from fishing certain fully exploited stocks of fish. Under

this provision Japan was required to abstain from fishing halibut

in waters of the North Pacific Ocean and Bering Sea east of 175°W

providing that stocks of that species continued to meet the quali-

fications for abstention. Also, no determination regarding absten-

tion could be made until the Convention had been in effect for 5

years (Bell 1969).

From 1958 through 1961 INPFC annually reviewed the qualifica

tions of the halibut stocks for continued abstention. In 1962, it

was agreed by the three contracting parties that halibut in the

Beri ng Sea east of 175°W no longer qual ifi ed and the hal i but in

that area was removed from the abstention list. Japanese nationals

were permitted to fish halibut beginning in 1963. Other countries

g/The 1979 amendment had not been ratified by either Canada or the
United States at the time of writing.
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not signatory to these Conventions were free to fish halibut in the

Bering Sea without 1imitation outside of the fishing zone estab

lished by the United States.

With the enactment of the "Fisheries and Conservation Manage-

ment Act of 1976" (FCMA), the control of fishing within 200 miles

of the coast of the United States became the exclusive concern of

the United States Government. Recommendations to the government

for the management of the halibut fishery in the Bering sea are

still the responsibility of IPHC.

The development of a halibut fishery in the Bering Sea was

i nhi bi ted by the di stance from estab1i shed process i ng plants and

transportation facilities and the presence of fishing grounds

closer to the home ports of the fishing fleet. The relatively

large landings from the Gulf of Alaska have dictated that much of

IPHC's research activity be directed to that area to fulfill thei'r

management directives.

LIFE HISTORY

All stages in the life history of halibut from larvae to mat

ure adults have been taken from the waters of eastern Bering Sea.

The complex process of evaluating the contribution of each stage to

the ecosystem has not yet been worked out.

Oescription

Early ichthyologists describing fish of the eastern Pacific

Ocean felt that the halibut there was identical with the Atlantic

halibut, Hippoglossus hippoglos$us. Schmidt (1904, 1930) noted

some differences in the shape of the scales, length of the pectoral
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fin, and shape of the body and described it as a separate species,

J:!. stenolepis. Vernidub (1936) in further investigations did not

consider these differences to warrant specific status and consid-

ered the Pacific form to be a sub-species, J:!. t. stenolepis and

Schmidt (1950) later agreed with Vernidub that the Pacific halibut

was a sub-species. Since that time North American ichthyologists

have detected other differences great enough to. separate species

and at the present time the American Fisheries.Society (1970) ac

cepts J:!. stenolepis.

Ha1i but are compressed 1aterally and, except in the 1arva1

stages, have both eyes on one side of the head. Adults can be

di sti ngui shed from other North Paci fi c flounders by thei r 1arge

. size; large, almost symmetrical mouth with conical teeth; a pro-

nounced arch of the 1atera1 1i ne above the pectoral fi n; and the

crescent-shaped or lunate tail. Halibut usually are dextral, that

is, both eyes are on the right side, which is heavily pigmented and

is oriented toward the surface. On rare specimens the eyes and

pigment occur on the left side of the fish. Pigmentation varies

from olive to dark brown or black with lighter, irregular blotches

that are often similar to the pattern and color. pattern of the

ocean floor. This protective coloration makes the fish less con

spicuous to predators and .prey. The left or blind side faces the

ocean bottom and is wh.ite. Halibut are more elongate than most

other flatfishes. The average width of the body is about one-third

its length. The small scales are well buried in the skin.
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Distribution

In the eastern Pacific Ocean halibut are found from northern

California into the Bering Sea. The distribution continues across

the Bering Sea and off the Asiatic Coast between Hokkaido Island

and the Gulf of Anadyr, as well as in the Sea of Okhotsk. Pre

sently the largest concentrations are in the Gulf of Alaska with a

smaller population in the Bering Sea.

Halibut are demersal, living- on or near the bottom, and

usually in water of 2-8 C, although they will tolerate colder

temperatures. Younger ages are found in relatively shallow inshore

areas while adults have been reported as deep as 1000 m and adult

halibut are regularly taken at depths of 300 to 500 m in the Bering

Sea during the spring fishing season.

In trawl hauls made in the eastern Bering Sea, the youngest

halibut have been found in the southern -part but larger, older

juveniles and adults are known to range into the more northerly

part. The younger fish possibly do not have the strength and en

durance to make the longer migration and compete with the larger

individuals even though the environment is suitable during the

sUlll1ler.

The farthest north that halibut have been taken during IPHC

surveys was-62°30'N. Two juveniles were caught in three hauls at

this latitude during July. _ September surveys made by -National

Mari ne Fi sheri es Servi ce (NMFS), when the waters are near thei r

warmest temperatures, have reported a "small" halibut at 65°15'N,

and a single adult halibut 66°02'N, 168°02'W (Best 1977).
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Seasonal Movements

During the winter months ice covers much of the area and water

temperatures near bottom drop to 0 C or less; this condition forces

the halibut to concentrate in the deeper, warmer water along the

continental edge. With the advent of spring the ice retreats and

the water gradually warms to temperatures that permit the halibut

to disperse over the expanse of shallow flats which provide a suit

able environment for a nursery for young halibut as well as feeding

grounds for the larger juveniles and adults.

Juvenile halibut were abundant at depths of 330-370 m between

Unima~ Pass and the Pribilof Islands during an IPHC survey in March

with few hal ibut taken at shallower depths. Novi kov (1964) re

ported concentrations of halibut in the same area in March. In

April a concentration of halibut was reported near the northern

entrance of Unimak Pass (ca. 54°40'N, 165° 09'W) at depths of 80

and 104 m where bottom temperatures were 3.1 and 3.8 C. On the

same cruise east of 164°W , when bottom temperatures were -1.0 to

1.4 C, no halibut were taken (Best 1977).

As the warming progresses, young halibut move eastward along

the north side of the Alaska Peninsula and usually are found

throughout Bristol Bay in June. By late June, they spread north

ward toward Nunivak Island. An IPHC survey in the vicinity of St.

Matthew Island (600 30'N) during the latter part of June found bot

tom temperatures to be 0 C or less and only 10 halibut were caught

in 14 hauls. Temperatures of 4 C or greater were encountered south

of 59°30'N and catches increased to 86 fish in 5 hauls. An IPHC
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charter found a concentration of adults in the vicinity of St.

Matthew Island in August and September but they left the area by

mid-October. The occurrence of small halibut near shore in Norton

Sound during July, August, and September was reported by Turner

(1886).

Many of the tags released in the Bering Sea have been'recov-

ered within the area and have confirmed the annual migration from

deep areas in winter to shallow areas in summer and return to deep

water in the winter. Novikov (1970) reported that a halibut tagged

in deep water north of Unalaska Island in April was recovered 32

days later on the flats. The fish had travelled 184 km for an

average of 5.7 km per day.

IPHC tagged nearlY' 3,600 halibut near St. Matthew Island

during August and September and 221 were subsequently returned.

Although most (114) were recovered near the release site, 56 were

recaptured from deep water along the continental slope between

Unimak Pass, Pribilof Islands, and west to 180°. Most of'the re

coveries from the deeper areas were made by the North American

setline fleet during the April fishing season, although some were

from the Japanese trawl fleet during the winter. An additional 51

recoveries were made in the Gulf of Alaska. Several dense concen

trations of adult halibut, such as the above, have been found.

These concentrations have provided some excellent,' short-term

fishing but after the initial exploitation the concentrations do

not exist.
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A schematic diagram of the winter and summer distribution of

halibut in the Bering Sea is given in Fig.

Environmental Factors

1.

Water temperature recorded near bottom during the IPHC summer

surveys in the Bering Sea ranged from a low of -1.7 C at a station

near mid-shelf in 1975 and to a high of 10.5 C at a shallow station

in Bristol Bay in 1965. During the 1960's IPHC surveys caught few

halibut at stations with temperatures of less than 2 C and catches

were largest when the temperature was 4 or 5 C. Soviet research

trawlers in the southeastern part reported the highest catch per

hour at water temperatures of 3.5-5.5 C (Novi kov 1964). The

Fi sheri es Agency of Japan (1972) reported increased catches of

juvenile halibut taken when bottom tempertaures were about 5 C.

Commercial halibut fishing in the Gulf of Alaska is generally con

ducted in water of 3-8 C (Thompson and Van Cleve 1936).

A period of cooler water temperatures occurred during the

period of 1970-76. Some of the IPHC stations, at which halibut had

been taken in previous years, could not be sampled during June of

1972 and 1975 because of drifting ice. No halibut were taken at

several ice-free stations in the survey area where water tempera-

tures were 0 C or lower. A comparison of bottom water temperature

during June of 1967 and 1972 (Figs. 2A,B) indicates that under

the cooler conditions halibut were found to be concentrated in a

smaller portion of the southeastern Bering Sea than in warmer

years. The limiting effect of the 2 C isotherm was less noticeable

in the colder years. Warm water conditions returned to the Bering
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FIG. 2A Distribution of halibut in number per· 60-minute haul and
approximate location of bottom isotherms (C) in June 1967.
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Sea again in 1977 and 1978 and juvenile halibut were distributed

throughout the survey area similar to 1967.

The timing and extent of. the annual movement from deep to

shallow areas seems to be dependent upon the severity of the pre

ceding winter. If the winter is mild and warming occurs early the

suitable temperature range will extend father north. These condi

tions permit the halibut to migrate from the edge grounds onto the

flats earlier in the year and opens a large portion of the Bering

Sea for feeding. during the summer. If conditions are favorable,

hali.but may disperse as far north as Bering Strait•. Following a

cold winter, warming is delayed and the area suitable for halibut

is .restricted. to the more southerly portion of the Bering Sea.

When conditions inhibit the northward dispersion, halibut tend to

form more concentrated schools in the southern portion of the

Bering Sea,

Subpopulation Structure

The tagging studies conducted by IPHC, Japan, and U. S. S. R.

have shown some indication of the movement of stocks between the

eastern and western Bering Sea as well as into the Gulf of Alaska.

The most notable movement was made by a fish released July 5, 1975,

at 61°18'N, 175°12'E during a joint IPHC-U.S.S.R. research cruise

off Kamchatka and recovered May 19, 1977 near the Shumagin Islands

in the Gulf of Alaska. The rate of the interchange has not been

calculated due to the small number of tags recovered and the lack

of effective fishing effort on adults in the western areas.
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Migration from the Bering Sea into the Gulf of Alaska, docu

mented during the first tagging experiment by IPHC in 1930 has been

confirmed by all tagging studies since. Many of the recoveries of

tagged hal i but released in the Beri hg Sea were made off south

eastern Alaska, British Columbia and as far south as northern

California (Fig. 3). One of the longer movements was from St.

Matthew Island to Hecate Strait, .British Columbia, a distance of

over 3,200 kID and the fish was captured within one year after

taggi ng. Thisis an. average movement of about 8.8 kID per day.

Ounlop et al. (1964), after making corrections for fishing

effort, calculated that 24% of the halibut tagged in 1959 emigrated

to the Gulf of Alaska. Best (1977) reported 3 tagged juveniles

released in the southeastern Bering Sea were recovered by the set

line fishery in the Gulf of Alaska.

The foreign trawl fleet made substantial recoveries from a

group of tagged juveniles (mean length about 30 cm) released by

IPHC near Unimak Island. These fiSh were tagged and released in

July at 54°45'N, 164°45'W in depths of less than 50 m and were re

covered from an area· centered about 54°50'N, 165°30'W at depths in·

excess of 200 m, a distance of about 50 kID from the release site,

the following winter. Two longer-term recoveries from this release

have been recorded, one from west of the Pribilof Isli!.nds (58°35'N; .

177°18'W) and the other frOm the Aleutian Chain near Amukta Island

(52°50'N, 171°25'W).

140.

-------~~~~~--'-~~~~~~-



58"

56°

I
I
I,
\54.

Is,.
I
I
i
I
I

135

~

165" 160· . 155: 150·

o 0
C>

o

135"

135 0

130"

FIG. 3 Recoveries of halibut tagged in the Bering. Sea during 1959.
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If the theory of compensatory emigration by which young hal

ibut migrate to "counteract the drift of t~e natant eggs and larvae

and to maintain the species in its habitat" (Dunlop et al. 1964) is

valid, the two longer-term tag recoveries would suggest that some

of the juveniles in southeastern Bering Sea originate from spawning

grounds to the west, while the three recoveries from the Gulf of

Alaska suggest spawning to the east. Certainly these few tag re-

coveries are insufficient to reach any conclusion on migratory

patterns but do make for some interesting speculation. A logical

exp1anation is that the shallow areas of the southeastern Beri ng

Sea may be a nursery area for more than one _stock of halibut.

Two tagged juveniles released on the Pacific Ocean side of

Unimak Island at approximately the same time as the above Bering

Sea releases, were recovered in the Bering Sea the following winter

by the same trawl fleet. While this movement of two small fish was

only about 125 km it is the only record of any movement of halibut

from the Paci fi c Ocean to the Beri ng Sea. These scattered frag-

ments of information only open the door to speculation and do not

define the interchange of halibut throughout the Bering Sea and the

adjacent areas.

Maturity

Using all information on -maturity collected from research

cruises in the Bering Sea east of 175°W, the age at 50% maturity

for female halibut was calculated to be 13.8 years at a length of

122 cm. Ma1es averaged 7.5 years and 72 cm. -Thisis older than

the age of approximately 11 years but about the same size reported
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for female halibut from the Gulf of Alaska (Schmitt and Skud 1978).

In the Bering Sea less than 1% of the 9~year-olds and about 1% of

the 90 cm females were·observed to be mature. These data fit well

with the information reported by Novikov (1964) for the eastern

Bering Sea.

Novikov (1964) also reported an average fecundity 'of 1,164,000

eggs for 12 females between 100-120 cm in length and 2,338,000 for

females between 120-140 cm from the Bering Sea during the period of

1957-1960. IPHC has no information on fecundity of halibut from

this- area. However, a 1973 study in the Gulf of Alaska (Schmitt

and, Skud 1978) reported only about half· as many eggs for fish of

the same size. The increased fecundity may be the result of an

evolutionary process to insure survival in the environment of the

Bering Sea or a discrepancy in the methods used in calculation in

the two studies.

Spawning

Studies conducted in the Gulf of Alaska have provided informa

tion on halibut spawning (Thompson and Van Cleve 1936). Informa

tion to date indicates that halibut spawning in the Bering Sea is

similar in nature. An IPHC research cruise during the winter of

1963-64 found mature unspawned fish at depths of 250-550 m' between

Unimak Island and the Pribilof Islands in December. The same gen

eral area was fished again in January and most of the fish were

spawned out. Spawning undoubtedly takes place at other locations

along the continental edge west of the Pribilof Islands as well as

along the Aleutian Islands.
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The temperature of water at that depth remains a fairly con

stant 3-4 C the year around; consequently the deve1opi ng hal i but

ova probably experience nearly the same conditions as in the Gulf

of Alaska. Van Cleve and Seymour (1953) estimated time to hatching

would require about 23 days at 4.7 C. Under controlled laboratory

conditions Forrester and Alderdice (1973) observed hatching after

20 days at 5 C but ova did not survive to hatching at 4 C. Under

conditions found in the Bering Sea hatching would probably require

at least three or four weeks.

Thompson and Van Cleve (1936) reported newly hatched larvae

were at greater depths than the eggs in the Gulf of Alaska. How

ever, by the age of 3-5 months all larvae were in the upper 100 m.

Young halibut completed metamorphosis and were on the bottom by May

or June at a length of 22-29 rom. Musienko (1957) reported taking
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young-of-the-year halibut 34-42 mm long in September and October

off the Kamchatka Peninsula. This period of time for development

through metamorphosi s seems reasonable for the temperature regime

found in the Bering Sea.

Although the early larval development takes place in rather

deep water the growing larvae gradually rise towards the surface

waters. If conditions of currents and food are satisfactory the

young halibut should find itself in relatively shallow water close

to shore when metamorphosis occurs and the larvae change from a

pe1agicexi stence to a bottom dwelling habitat. Although meta

morphosed young-of-the-year have not been reported from the eastern

Bering Sea; they probably exist as IPHC regularly captures one

year-old halibut during late June from water less than 15 m deep

along the northern shore of the Alaska Peninsula and from the bays

on the Bering Sea side of the Aleutian Islands using. special small

mesh nets.

Size and Age Composition

The size and age of halibut captured depends to a large extent

upon the type of fishing gear used. The juvenile halibut survey by

IPHC and fishery resource surveys by the NMFS are conducted. with a

standardized trawl net which catches small halibut primarily 25-60

cm. The minimum size limit for commercially-caught halibut is 81

cm which is about equal to 4.5 kg. Set1i ne gear will catch some

small halibut but the undersized fish are discarded at sea. The

commercial landings sampled by IPHC contain halibut from 80 to over

200 cm. Some fish as young as 7 years old will begin entering the
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setline fishery (a year class is not fully recruited until age 10)

and a few fish are caught each year that are over 30 years old and

weigh over 100 kg. The size distribution and age composition from

the juvenile survey and commercial landings taken east of 175°W in

1977 are shown (Fig. 4).

A curious phenomenon of alternating strong and weak year

classes was reported from the juvenile surveys (Best 1977). The

pattern of relative year class strength generally has continued

into the older ages in the 1977 commercial landings where ages 10,

12 and 16 have maintained greater abundance than the intervening

ages (see Fig. 4). The 1961 year-class which produced the

largest number of 2-year-olds recorded in the juvenile surveys was

still above average as 16-year-olds.

Growth

Female halibut are larger than males at any given age, how

ever, the difference is very small until about 5-6 years of age.

After that time the difference becomes significant and continues

throughout the life of the fish. The rate of growth slows notice

ably for males at about 9 years of age and a length of 90 cm. The

decrease in growth rate does not occur in females until age 13 and

. a size of about 125 cm. The size and age at which the decrease in

growth rate occurs in the two sexes suggests that it may be tied to

the onset of maturity. A comparison of the length and weight of

male and female halibut is given in Table I. These data are

actual measurements of fish examined on IPHC research or observer

cruises during the period 1961-78.
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A comparison of growth rates for halibut from different areas

shows that fish in southeastern B~ring Sea grow at a faster rate

than halibut from western Bering Sea (IPHC 1976). However, ac

cordi ng to Southward (1967), they do not grow as fast as fi sh in

the Gulf of Alaska. He also reported an increase in growth of

Bering Sea halibut beginning during the mid-1950's that apparently

has continued until the present. Best (1977) reported that a ser

ies of cold years (1972-75) in the eastern Bering Sea had reduced

the growth of juveniles. The year classes affected by the reduced

growth are only now entering the commercial fishery and the short

term reduction in growth would likely be masked by the long-term

average used in calculating the size at age.

TABLE I

Average Length in cm and Round Weight in kg at Age for Halibut
Caught East of 175°W

Males Females Males Females
Age cm kg cm kg Age cm kg cm kg

1 11 .01 12 .01 16 92 9.62 133 31.76
2 20 .07 20 .07 17 94 10.32 137 34.97
3 29 .23 30 .25 18 105 14.77 142 39.27
4 37 .50 39 .60 19 100 12.61 147 43.93
5 45 .95 49 1.25 20 98 11.81 147 43.93

6 56 1. 93 63 2.82 21 111 17.68 154 51.05
7 67 3.44 78 5.64 22 102 13.44 161 58.99
8 77 5.41 87 8.03 23 99 12.20 158 55.50
9 86 7.73 97 11.42 24 107 15.70 164 62.63
10 89 8.64 103 13.88 25 106 15.23 167 66.41

11 98 11.81 111 17.68 26 111 17.68 165 63.87
12 98 11.81 118 21.56 27 178 81.66
13 98 11.81 128 28.06 28 182 87.76
14 95 10.68 131 30.24 29 164 62.63
15 89 8.64 131 30.24 >29 197 113.43
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Food Habits

Halibut are opportunistic .feeders utilizing whatever is read

ily available, consequently a wide variety of food items has been

found in hal i but stomachs. Generally, the small hal i but feed on

small crustaceans; as they increase in size the food shifts to

1arger prey items and there is an increase in the amount of fi sh

utilized. Little information. is available on the food of adult

halibut.

Examination· of the stomachs of juvenile halibut from the

Bering Sea indicated they were feeding heavily on shrimp, hermit

crabs, small shore crabs, and sandlance (Table II). Novikov

(1964) reported that halibut over 60 cm feed extensively on pollock

and yellowfin sole.

Although not significant in the Bering Sea, in some areas of

the Gulf of Alaska halibut were f.ound to feed heavily on Tanner

crab. Halibut also have been found to occasionally feed on large

king crab, particularly during the soft-shell stage (Gray 1964).

In earlier years when the population of halibut was larger it is

possible that halibut played some part in keeping the king and

Tanner crab populations at lower levels of abundance. Reduced

predation may have been partially responsible for the increase in

crab abundance.

Some predation upon halibut must take place, particularly at

the smaller sizes although there is little documented evidence.

IPHC has found rare cases of cannibalism upon young halibut in the

course of the food habit studies. By the age of five or six years

149.



halibut are one of the dominant predatory fishes and as such must

be immune from predation except for the larger marine mammals.

Ha1i but hooked on set1i ne gear are easy prey for sea 1ions whi ch

can render a portion of a catch unmarketable.

,
TABLE II

Food Items Observed in Halibut Stomachs, Southeastern Bering Sea, 1976-1977.
the Numbers Indicate Stomachs in which Each Item was Observed.

Food Item

Shrimp
Sand lance
Hermit crab
Shore crab
Isopod
Tanner crab
Pollock
Cottids
Smelt
Cod
Annelid worm
Euphausid
Blenny
Sandfish
Sea Poacher

1
10

11
20

Fish Length in
21- 31- 41
30 40 50

STOCK BIOMASS

cm
51- 61
60 70

71
80

1

1

Total.

102
36
24
13

7
4
4
3
2
2
1
1
1
1
1

o

o

r-'
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The limited and sporadic nature of the commercial fishery has

precluded reaching any reasonalile estimate of the biomass of adult

halibut. However, IPHC was abie to calculate a maximum sustained

yield from the southeastern sector (between Unimak and Pribilof

Islands) of 2,268 mt. from data available between 1958-63 (Dunlop

et al. 1964). This yield was exceeded in 1962 and 1963 and abun

dance as indicated by catch per unit of effort dropped sharply.
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With the added mortality of juveniles by the trawl fleets in south

eastern Bering Sea the fishery has never again reached that level.

Trawl surveys conducted by NMFS in 1975 and 1976 each pro

duced estimates of nearly 31,000 mt of juvenile halibut (Bakkala

and Smith 1978). The addition of adults, not available to the trawls

used in this survey, would substantially increase this figure.

The removals of small halibut as incidental catch of the for

eign trawl fleets during the 1960's and early 1970's have reduced

the potential for recruitment and rebuilding of the adult halibut

stocks. Time and area c.losures on the foreign trawl fleets have

reduced the i ncidenta1 catch of hal i but in recent years. The

. FCMA .willprovide for even greater control of fishing in the

southeastern Bering Sea, but the halibut stock probably will never

return to a size that will permit catches as large as those of 1962

and 1963 which were made from a virtually unfished stock.

The strength of year-classes observed as juveniles has. fluctu

ated on an alternating year basis through the 1960's. Recent sur

veys indicate that the 1973 year-class is large, however, this

group of fish will not become available to the setline fishery until

1981. A single large year-class cannot significantly improve the

size of a population which is ordinarily made up of over 20 year

cl asses. Several above average years, preferably occurring in

successive years will be needed to noticeably improve the supply

of halibut.
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HISTORY OF COMMERCIAL UTILIZATION AND REGULATION

The development of a fishery for halibut in the eastern Bering

Sea was slow. The lack of processing facilities, distance from

horne ports, often adverse weather conditions, small stock size, and

profitable fishing in the Gulf of Alaska all combined to keep

fishing effort in the Bering Sea at low levels.

Fi shery

A-s-ma:ll-f;-sh-~ry-took-p-l-ace-in-the-southeastern-Bering-Sea'-----3

between 1930-34 by a few U. S. vessels. At that time the Bering

Sea was open to fishing at the same time as the Gulf of Alaska. No

further fishing occurred in the area until 1952, when U. S. vessels

began taking about 100 mt annually from fishing grounds east of

175°W (Fig. 5). To encourage fishing in the Bering Sea the

fishing season was opened one month earlier than the Gulf of Alaska

beginning in 1958. The catch began to increase, reaching nearly

4,400 mt in 1962 (Myhre et al. 1977) and was about equally divided

between United States and Canadian vessels. INPFC determined that

halibut in the Bering Sea no longer qualified --for abstention and

Japan was allowed to enter the fishery in 1963 (Forrester et al.

1978). Up to this time, removals were limited only by the length

of fishing season. In 1963 a three-nation catch limit of 5,000 mt

was established by INPFC for that portion of the Bering Sea along

the edge of the shelf between Unimak Island and the Pribilof

Islands (roughly between 165-1700 W) despite the fact that IPHC had

calculated the maximum sustained yield from this 5° of latitude to

be 2,268 mt for the period of 1958-63 (Dunlop et al. 1964). The
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1963 catch from the quota area reached 4,974 mt and the total catch

for the area east of 1750 Wwas 7,254 mt. In 1964, a catch limit of

2,900 mt was set for the area between Unimak Island and the Pribilof

Islands but only 972 mt could be taken from the depleted stocks.

Japan discontinued longlining for halibut after the 1964 season.

Catches declined after that time, and since 1970 have averaged about

250 mt, largely caught by U. S. vessels.

Regulations

After the poor catches of the 1964 fi shi ng season the open

period was limited to only 7 days in 1965 on the advice of IPHC.

Since then the open period for the area east of 175°W has been

gradually increased to its present 20 days in April and September,

respectively. West of this line continuous fishing is permitted

from April 10 to November 15. Poor catches in the eastern sector

stimulated interest in fishing farther west, particularly along the

Aleutian Islands.

Canadian interest in the Bering Sea fishery has declined with

the growth of their domestic herring fishery, which occurs at ap

proximately the same time as the spring season. The new "Protocol

for Regulation of the North Pacific Halibut Fishery" eliminated

Canadian participation in the Bering Sea commencing in 1979.

IPHC adopted a minimum size for commercially caught halibut of

5 pounds dressed weight with head off in 1940. This minimum size

was further described to be a fish of 26 inches (66 cm) in 1944.

The minimum size was increased to 32 inches (81 cm) in 1974. This

size is about equal to a 10-pound (4.5 kg) fish, dressed with the

head off.
154.

01

O!



)

J

J

J

In addition to the directed setline fishery for adult halibut

very large numbers of young halibut have been taken incidentally in

the fisheries for other species. Hoag and French (1976) estimated

the incidental catch of halibut by foreign fleets from the entire

Bering Sea was 11,519 mt in 1971. No estimate of the additional

catch by the traps of the domestic crab fishery has been made.

Incidental catches of mostly young individuals reduced the recruit

ment into the adult stocks. International negotiations initiated

time-area clqsures beginning in 1974 for locations and times of

greatest incidental catches of hal ibut. These restrictions have

significantly reduced the incidental catches of small fish which

should improve recruitment to the adult stock in the future. The

first indication of improvement has been noted in the increased

numbers of juveniles. in the annual surveys conducted by' IPHC

(Fig. 6).

HISTORY OF RESEARCH

The U. S. Bureau of Fisheries' Steamer Albatross reported a

few small hal i but· taken in the course of a survey of the codfi sh

resource of the Bering Sea in 1890 (Rathbun 1894). The Albatross

returned in 1911 while making a survey of the halibut grounds of

the Pacific Coast (Alexander 1912). However, only a few small

halibut were caught off Akun and Akutan Islands and 2 sets with

longline gear made near Unimak Pass caught no halibut and the ves

sel proceeded to the Pacific Ocean. The next research in this area

was the taggi ng of set1i ne-caught hal i but in Makushi n Bay off

Unalaska Island by IFC in 1930. A small United States fishery

155.



r'
~

60

:: 50 :.)!

:c..
::I
040
:c..• :.)!
Co 30..•D
E 20
::I
Z

10
::),

1962 1966 1970

Year
1974 1978

FIG. 6 Abundance of juvenile halibut (~65 cm) in the southeastern
Bering Sea.

156.



J

J

J

began about this time and lasted for about 3-4 years. With the

rebuilding of the stocks in the Gulf of Alaska the fleet was able

to secure profitable catches from grounds closer to port than the

Bering Sea. The increased fishing in the Gulf of Alaska required

that IPHC direct its research and management efforts to that area.

Research in the Bering Sea had a very low priority-until funds

were appropriated that permitted the initiation of a large tagging

program by IPHC in the 1950's. In 1956 an IPHC chartered setline

vessel found substantial numbers of commercial-sized fish along the

edge between Unimak and the Pribilof Islands. The chartered trips

w~re-primarily to tag halibut but much life history information was

collected from fish unsuitable for tagging. - The accumulated infor

mation was summarized by Dunlop et al. (1964).

In addition to the investigations of the halibut stocks avail

able to setline gear, IPHC began a trawl survey of the flats (con

tinental shelf) in 1963 which has continued to date. This was

primarily a study of the juvenile halibut in the area ,and has been

summarized through 1977 by Best (1977). The NMFS has also collec

ted information on halibut numbers and distribution in conjunction

with king crab and groundfish surveys (Pereyra et al. 1976; Bakkala

and Smith' 1978). Japan al so contributed to halibut research as

part of its commitment to INPFC. Most of the data co11 ected by

Japan and IPHC contributed to the management decisions of the INPFC

and are i ncl uded in Pereyra et al. (1976). The U. S. S. R. made a

comprehensive trawl survey between 1957 and 1961 and the informa

tion on halibut collected during this period was summarized by

Novikov (1964).
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A joint IPHC-U.S.S.R. research program to tag halibut began in

1975 with a cooperative cruise in the western Bering Sea by a

U.S.S.R. vessel with IPHC and U.S.S.R. scientists on board (IPHC

1976). IPHC has continued releasing tags with legends in English,

Japanese, and Russian since 1975. The agreement called for the

U.S.S.R. to conduct a similar program in the western regions.

Informati on gai ned from thi s cooperative research wi 11 provi de a

better assessment of the halibut resource.

The role that the Bering Sea plays in the life history and

distribution of Pacific halibut, although of great importance, is

not well understood. Looking at a map of Alaska, the first im

·pression one gets of the Bering Sea is a large water mass isolated

from the Pacific Ocean by the chain of the Aleutian Islands. In

reality, the impression of isolation is false as the many passes

between the Islands provide passage for Pacific Ocean water, im-

mi grati on . routes for the pel agi c eggs and 1arvae of hal i but, as

well as pathways for later emigration of adults.

RESEARCH RECOMMENDATIONS

The research carried out in ·the Bering Sea to date has been

concentrated in the eastern part. Even the research efforts of

Japan and the U. S. S. R. have been conduc,ted ina di sproporti onate

amount in the eastern part with little· if any research reported for

the western part.

A basic need is the development of standardized catch and

effort statistics on all fishing by all nations for the entire
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Bering Sea. Forrester et al. (1978) did an excellent job of com

piling the available information through 1970 but were hampered by

the lack of adequate original information.

A coordinated tagging program should be developed stressing

areas of the western Bering Sea and Aleutian Islands. Emphasis

should be placed on tagging of the juvenile halibut which appar-

ently make extensive movements from the nursery areas to the

grounds where they become avai 1ab1e to the commerci a1 fi sheri es.

Tagging of adults is also needed to provide information on the

seasonal exchanges of the commercial sized halibut between winter

spawning grounds to summer feeding grounds. Emphasis must be placed

on the return of recaptured tags to provide the greatest informa

tionfromthese efforts.

In conjunction with the tagging program much basic biological

information on halibut can be collected from the fish unfit for

tagging. A simple but neglected project is the comparison of spec

imens from eastern and western Bering Sea and the eastern and west-

ern, Pacific Ocean areas by serological or electrophoretic tech

niques to determine population similarities or differences.

Any future research should be coordinated between scientists

of all nations fishing in the Bering Sea. Communication between

researchers is necessary for the best utilization of collected

information. In a tag recovery program, communication with the

actual fishing fleet is essential or much of the information may be

lost or distorted before reaching the issuing agency.
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SUMMARY

The Paci fi c hal i but are found from northern Cali forni a into

the Bering Sea and across the Asian Coast. Their center of abun

dance is in the Gulf of Alaska with a smaller but important popula

tion in the Bering Sea.

An inshore feeding migration in summer and an offshore spawn-

ing migration in winter have been observed. The timing and extent

of the inshore migration is influenced by environmental conditions

with cooler water tending to restrict the movement. A period of

relatively cool water temperatures altered the summer feeding mig

ration between 1970 and 1976. A directed movement of young fish,

probably,to counteract the drift during the prolonged egg and lar

val stages has also been noted. Movement by tagged young halibut

in both an easterly and westerly direction away from the tagging

location suggests that there is a mixing of stocks in the Bering

Sea. Based on returns of tagged fish a 24% immigration into the

Gulf of Alaska was calculated.

Female halibut in the Bering Sea mature at about 13 years of

age and a size of 122 cm. A female will produce from 1-2 million

eggs or more depending upon its size. Males mature at a smaller

size of about 72 cm and at an age of about 7 years.

Based on scientific observation spawning occurs at depths of

250-550 m in the area between Unimak Island and the Pribilof

Islands between December and February. Capture of a few larval

halibut suggest that spawning also occurs at locations west of the

Pribilof Islands and along the Aleutian Islands. Halibut larvae
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have a pelagic life for at least 5 or 6 months and then settle in

shallow water near shore.

Halibut in the commercial landings are from 7 to occasionally

over 30 years old and range in size from 80 to over 200 em. Female

halibut are larger than males at each age with the difference be

coming quite large at the older ages.

Examination of the stomachs of young halibut indicates a pre

fe.rence for shrimp, small crabs, and small fish, with larger fish

utilizing larger prey items. The diet is varied and locally abun~

dant prey of the proper size is heavily utilized.

Development of a commercial fishery for halibut in the Bering

Sea was hampered by lack of facilities, distance from the home

port, and adequate fishing in the Gulf of Alaska. Special seasons

stimulated interest in the halibut of the area and landings slowly

increased during the early 1950's, accelerated as the fleet devel

oped a knowledge of the area, and reached a peak of over 7,000 mt

in 1963. Catches have averaged about 250 mt during the 1970's.

Rebuilding of the adult stocks has been hampered by the massive

incidental catch of small halibut by the trawl fisheries for other

species. Restrictions on the trawling activities give promise of

improved stock condition in the future.

Regulation of halibut fishing by U. S. and Canadian fishermen

has been the responsibility of the IPHC since 1932. The INPFC

managed the halibut resource from 1963-76, while IPHC made recom

mendations to the Canadian and United States Governments for pre

sentation to INPFC. After 1976 management of the fish resources of
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the area became the responsibility of the United States under the

FCMA. However, the responsibility for halibut remains with IPHC, a

joint Canadian-United States agency.

Research on hal i but has been strongly i nfl uenced by the need

for stock assessment and management of the resource. Between 1950

and the present a considerable amount of research has been con

ducted in the southeastern Bering Sea by IPHC and fishery agencies

of the United States, Japan, and the U. S. S. R. Thi s research was

largely uncoordinated and of an exploratory nature to develop and

monitor the commercial fisheries in the area. Future research

should be coordinated to provide a broad spectrum of information

and to reduce costs of research by preventing duplication of

effort.
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DISTRIBUTION AND MIGRATION AND STATUS OF PACIFIC HERRING

Vidar G. Wespestad

Northwest and Alaska Fisheries Center
2725 Montlake Blvd. E.

Seattle, Washington 98112

Louis H. Barton

Alaska Dept. Fish and Game
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ABSTRACT

Pacific herring are an important part of the Bering Sea food
web and form the basis of a major commercial fishery. Until re
cently Japan and the U.S.S.R. have been major exploiters of herring.
Catch peaked in the early 1970's at 145,579 mt, and then declined
in response to overfishing and poor recruitment. Recently herring
abundance has increased, and the United States has become the dom
inant exploiter of herring.

Most herring are harvested in coastal waters during the spawn-·
ing period which commences in late April/mid-May along· the Alaska
Peninsula and Bristol Bay and progressively later to the north.
Spawning occurs at temperatures of 5-12 C and the time of spawning
is related to winter water temperatures with early spawning in warm
years and late spawning in cold years. During spawning eggs are
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deposited on vegetation in the intertidal zone of shallow bays and
rocky headlands. Eggs hatch in 2-3 weeks as planktonic larvae and
metamorphose to juveniles after 6-10 weeks. Little is known of
larval and juvenile stages in the eastern Bering Sea.

Sexual maturity begins at age 2, but most herring mature at
ages 3 and 4, the ages of recruitment to the fishery. Herring as
old as age 15 occur; very few beyond age 10 are present in commer
cial catches. Age specific mortalities are unknown but the average
instantaneous natural mortality rate is estimated to be 0.46-0.47.
The rate of growth is generally'greater in the Bering Sea than in
the Gulf of Alaska, but within the Bering Sea growth decreases to
the north. Herring feed on the predominant larger zooplankton-
euphausiids, and copepods.

Three major stocks occur in the Bering Sea: northwest of the
Pribilof Islands, Gulf of Olyutorski, and Cape Navarin. These have
been identified as individual stocks based on differences in growth
and maturation rates, and dissimilar age structures. Herring win
tering northwest of the Pribilof Islands migrate to the Alaska
coast in spring and spawn in Bristol Bay and between the Yukon and
Kuskokwim Rivers. Although some may also spawn in the eastern
Aleutian Islands, Alaska Peninsula, and Norton Sound, herring in
these areas may also winter inshore near spawning grounds. North
ward of Norton Sound some herri ng wi nter in bracki sh 1agoons and
estuaries.

Herring wintering northwest of the Pribilof Islands arrive on
the winter grounds in October and concentrate in waters of 2-4 C at
depths of 105-137 m through the winter. In March schools migrate
to the coast for spawning. After spawning they appear to remain in
coastal waters because few are found on the shelf or slope. In
late August, they reappear in offshore waters in the areas of
Unimak and Nunivak Islands, and the seaward migration to the winter
grounds continues through September and October.

Although assessments of eastern Bering Sea herring .have ranged
from 374 thousand mt to 2.75 million mt, the current 'estimate of
spawning biomass is 432-864 thousand mt. Fisheries data indicate
that herring declined rapidly following peak harvests in the early
1970's and that peak catches were supported by a few strong year
classes. Weak year-classes occurred through the early 1970' s, and
recrui tment appears to be normal i zed. in recent years.

Research is required to refine estimates of· abundance and bio
logical characteri stics of stocks, to improve the capabi 1ity for
predicting changes in resource abundance, composition and avail
ability, and to identify the origin and distribution of herring in
offshore areas.
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INTRODUCTION

The Pacific herring (Clupea harengus pallasi) is a member of

the family Clupeidae which has a global distribution and includes

about 50 genera and 190 species found mostly in tropical and tem

perate waters' (Svetovidov 1952). They occur in the North Atlantic

and North Pacific areas, are similar in appearance and differ pri

marily in the number of vertebra (55-57 vs. 52-55). Pacific and

Atlantic species also differ biochemically, with significant dif

ferences observed in the frequencies of eight genes (S. Grant,

Northwest and Alaska Fisheries Center, Seattle, Washington, Per

sonal Communication). Svetovidov (1952) believes that Pacific

herring arrived from the Atlantic some time between the Pliocene

and' Jhe "post-glacial 'transgression'" via the Asian Arctic.

Pacific herring also differ from Atlantic herring in spawning and

migrational behavior; the, former are spring spawners, whereas the

latter are divided into spring, winter, summer, and autumn spawn

ers.Pacific herring spawn between the intertidal zone and about

20 m and deposit eggs on vegetation, whereas, Atlantic herring:

spawn in deep water on a gravel bottom. Pacific herring generally

remain near'the spawning ground year round and do not make exten

sive seasonal migrations as many Atlantic stocks do.

In the North Pacific Ocean, herring are distributed along the

Asiatic and North American continental shelves (Fig. 1): in

Asia they range from Taksi Bay, near the mouth of the Lena River,

to the Yellow Sea (Andriyashev 1954); and in North America, from

Cape Bathurst in the Beaufort Sea, to San Diego Bay, California

(Hart 1973).
168.
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FIG. 1 G~ographic range of Pacific herring (Clupea harengus
pallasi) in the North Pacific Ocean.
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Herring are an important part of the eastern Bering Sea food

web. They are pelagic planktivores which are highly adapted with

large mouths and numerous fine gill rakes for efficient utilization

of euphausiids, copepods and other zooplankton. In turn, herring

are important prey for marine mammals, birds and roundfish. Mathe

matical simulations of the ecosystem in this' area by Laevastu and

Favorite (1978) indicate that annual total mortality equals one

half of herring biomass production and that 95% of total mortality

is by predation. Given this level of mortalitY,it is understand

ab1e that herring stocks exhibit strong fl uctuati ons in abundance

with seemingly small changes in fishing or environmental factors.

The abundance of herring declined sharply in the early 1970's

and only recently has an increase become apparent. Although'seve~

ral hypotheses could be advanced to explain the cause of the strong

population fluctuations observed, data are insufficient to estab

lish conclusively a causal factor. Since rapid, marked changes in

abundance are expected to occur in the future, it will be necessary

to be able to identify the causes and predict their occurrence and

magnitude.

Present knowledge is rudimentary and inferences on many as

pects of life history must be drawn from other more thoroughly

studied populations. Research is needed on all aspects of herring

biology, especially of interspecies interactions and environmental

effects on herring.
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FISHERIES

Archeological excavations in the area indicate that net fish

eries had been developed as early as 500 BC (Hemming et al. 1978),

and subsistence fishing for herring continues in many native vil

lages. especially in villages between the Yukon and Kuskokwim

Rivers where alternative food resources (salmon. moose, etc.) are

absent or in low abundance (Barton 1978). Commercial herring fish

eries developed in the northern Bering Sea around the turn of the

century. Marsh and Cobb (1910) reported that a small fishery devel

oped in Grantley Harbor on the Seward Peninsula about 1906 to

supply salt herring to Nome. .Prior to 1909. another small herring

fishery developed in Golovin Bay. Norton Sound (Rounsefell 1930).

Although the Grantley Harbor fishery apparently was short-lived,

the last reported catch was in 1917 when 300 barrels were packed,

the Golovin Bay fishery operated until 1941.

The first large scale herring fishery began in 1928 when a

purse-seine Heet fished at Unalaska. Salteries were established

at Dutch Harbor in following years, and the catch increased to a

peak of 2.277 mt in 1932 (Barton 1978). Catches ranged between 1-2

thousand mt until 1937. and thereafter declined until 1946 when the

fishery ended. Lack of demand and accompanying low prices for

cured herring was the principal reason for the demise of this fish

ery (Wespestad 1978a). A herring fishery resumed in 1959 when.

Soviet exploratory trawlers located wintering concentrations along

the continental slope northwest of the Pribilof Islands (Dudnik and

Usol'tsev 1964). During the first season. 10,000 mt were harvested
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(Fig. 2). Catches increased in following years as effort in

creased' but declined sharply in 1965 and 1966 when herring could

not be located and effort was greatly reduced.

Japanese vessels began targeting on herring in the late

1960's. A trawl fishery was established on the winter grounds from

November to April and a gi 11 net fi shery, whi ch operated off the

western Alaska spawning grounds, from April through June (Wespestad

1978b). In 1977, the area east of 168°W and north of 58°N was

closed to foreign herring fishing to protect native subsistence

fisheries, and in 1978 the 168°W closure line was extended to the

Alaska Peninsula. This greatly limited the gillnet fishery; no

foreign gillnetting occurred in 1978 and only a very limited amount

in 1979.

Catch and effort peaked in the 1ate 1960' s/early 1970' sand

then declined (Fig. 3). The p~ak catch occurred in 1970 when

145,579 mt was harvested (see Fig. 2). Catch droPPed abruptly

the following year, increased slightly in 1972, and then declined

until 1976 when an increase occurred. In 1977, an allowable catch

of about 21,000 mt was establ ished by the U. S, when the 200-mile

Fi shery Conservation Zone was estab1i shed. Herri ng harvests have

been maintained at this level to the present time.

U. S. herring fisheries resumed on a small scale in Norton

Sound and northern Bristol Bay in the late 1960's for herring roe

and herring roe-on-kelp for the Japanese' market. Harvests were

small, generally under 100 mt, until 1977, when the catch increased

to 2,550 mt. The fishery expanded further in 1978, and the catch
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rose to 7,025 mt. In 1979, catch increased again to approximately

12,000 mt. Most of the U. S. harvest is taken with purse seines

and gillnets in northern Bristol Bay between Cape Constantine and

Cape Newenham. Additi onally, small er fi sheri es occur in Goodnews

Bay, Security Cove, Cape Romanzof and Norton Sound (Fig. 4).

GENERAL BIOLOGY

Spawning

Herring spawn along the western Alaska coast in late spring to

midsummer (see Fig. 4). In most years, spawning occurs first

aiong the Alaska Peninsula and in Bristol Bay in late April to mid

May and progressively later to the north. In Kotzebue Sound, it

may extend from July through mid-August (Barton 1978). It usually

commences soon after the spawning grounds become ice-free and has

been noted to commence when water temperatures are approximately

3-5.5 C (Scattergood et al. 1959), although it has been recorded

over a range of 6-10 C in northern Bristol Bay (Warner and Shafford

1977) and in a range of 5.6-11. 7 C on spawning grounds between

Norton Sound and Bristol Bay (Barton 1979).

Prokhorov (1968) found that the approximate time of spawning

in the western Bering Sea is related to winter and spring water

temperatures with early maturation in warm years and delayed devel

opment in cold years. The past two years (1978-1979) have been

mild winters, 1979 especially so, and herring have arrived on the

spawning ground several days to two weeks earlier then average;

while in 1976, a cold year, spawning herring were not evident until

mi d-June. Svetovidov (1952) bel ieves that the shore spawni ng be-
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havi or of Pacifi c herring is due to alack of hi gh water tempera

ture in deeper water.

The duration of spawning may range from a few days to several

weeks. Generally, the older herring are the first to spawn, fol

lowed by successively younger fish. Eggs are deposited on vegeta

tion in intertidal and shallow subtidal waters, predominantly on

rockweed (Fucus spp.) and eelgrass (Zostera spp.) (Barton 1979).

There are two types of spawning habitats: rocky headlands, and

shallow lagoons and bays (Barton 1978). Southward of Norton Sound

most spawn is found in the intertidal zone on rockweed, while from

Norton Sound northward most spawn is found in the shallow subtidal

zone on eelgrass. Barton believes area differences are partially

due to smaller tide changes in the northern areas.

Eggs take 10-21 days to hatch depending on water temperature.

In northern Bristol Bay, this takes 13-14 days at 8-11 C (Barton

1979). However, Alderdi ce and Vel son (1971) have suggested that

optimum temperatures for Pacific herring egg development are 5-9 C

and that below 5 C egg mortality occurs.

Little is known of the magnitude or causes of egg mortality on

eastern Bering Sea spawning grounds, but studies in British Colum

bia revealed wave action, exposure to air and bird predation as

major factors (Taylor 1964). Wave action may be a major cause in

the Bering Sea because it has been observed that a severe storm

subsequent to spawning activity destroyed both deposited eggs and

rockweed in the upper i ntertida1 zone along the south shore of
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Cape Romanzof (Gilmer 1978). Predation of fish may also be an im

portant egg mortality source. Concentrations of flatfishes, parti

cularly yellowfin sole, have been observed on the spawning grounds

in northern Bristol Bay (John Clark, ADF&G, personal communica

tion). Stomach examinations of flatfish in spawning areas by both

authors have rev~aled a high rate of egg consumption.

Larval and Juvenile Development

General Background Information from Barkley .Sound, B.C. Studies

Herring hatch as larvae averaging 8 mm in size, and this plank

tonic l.arval stage lasts for approximately 6-10 weeks, at which

time the larvae have grown to approximately 30 mm and begin to

metamorphose into juveniles (Taylor 1964). During the larval

stage, they .are subject to high and variable mortality rates. An

important source of mortality may be failure to obtain proper food

after yol k sac absorption and from passive transport away from the

coast by prevailing currents (Outram and Humphreys 1974). Steven

son (1962) found that when larvae in Barkley Sound were transported

to the open sea, few of the transported larvae survived. He did

not find temperatures and salinity to be important factors in in

shore areas but believed the high mortality of larvae offshore was

possibly connected to the increased salinity of the open sea.

There are indications that the direction and magnitude of surface

stress may affect larval survival, a northward wind stress (along a

N/S coast) will result in net onshore flow and a piling up of water

against the coast, causing onshore retention of larvae and good

year-classes, offshore movement is associated with poor year-classes
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(Outram and Humphreys 1974).

Upon completion of metamorphosis, juveniles are free-swimming

and begin to form schools that enlarge and move out of the bays as

summer progresses (Taylor 1964). Hourston (1959) found that juve

niles moved from' the spawning grounds on the northwest side of

Barkley Sound to rearing grounds on the southeast side. No specif

ic reason could be found for migration to the southeast other than

a preference for calmer, sheltered water found there. Juveniles in

Barkley Sound actively feed at depths of 0.6-5 m at dawn and dusk.

No sampling was done at night, but some inactive schools were ob

served near surface. Juveni 1e schools were found ina range of

salinities, but most were found at 25 0/00 salinity, which corres

ponds to Fujita and Kokudo's (1927) point of best fry survival.

Bering Sea

Little is known about the juvenile stage in the Bering-Chukchi

Sea region from the time herring leave the coast in their first

summer until they are recruited to the adult population. Rumyantsev

and Darda (1970) indicate that juveniles feed in coastal waters in

summer and move to deeper water in winter (juvenile herring in

British Columbian and southern Alaska waters winter offshore and

reappear in bays the following summer -- Taylor 1964; Rounsefell

1930). In the western Bering Sea, ages 0 and 1 herring inhabit

areas nearer shore and at lower temperatures than adults (Prokhorov

1968).

Juveniles were found in the Port Clarence area in 1977, and

more than 50% of the juveniles were captured in Imuruk Basin, the
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bracki sh forebay of the Port Cl arence/Grant1ey Harbor complex.

Apparently herring in the northern Bering Sea and Chukchi Sea may

have a much lower salinity tolerance as eggs and fry were found in

Imuruk Basin near Port Clarence in water of 40
/00 salinity (Barton

1978). Although juveniles were present in the spring spawning per

iod (late June-early July), significant numbers were not captured

until mid-August. Their presence in Hotham Inlet in November was

i ndi cated by stomach analyses of sheefi sh (Stenodus 1euci chthus).

Further substantive numbers of age 1 herring were captured in June

in Hagemeister Strait of northern Bristol Bay (Barton 1979).

Wolotira et al. (1977) found both mature pre-spawning and im

mature, herring in autumn (September-October) trawl catches made in

the offshore waters of the northern Bering Sea and southern Chukchi

Sea; 'however, age 0 herring were only found in the pelagic area of

Norton Sound between Cape Douglas and Golovin Bay.

Maturation and Fecundity

Herring spawn for the first time at ages 2-6 but the majority

do not spawn until ages 3 (50% mature) and 4 (78% mature). By age

5, 95% of the population has matured (Rumyantsef and Darda 1970).

Sexual maturity of eastern Bering Sea herring coincides with re

cruitment into the fishery, primarily at ages 3 and 4. The onset

of sexual maturity occurs earlier in the herring's southern range

(stocks mature between ages 3 and 4 in British Columbia and ages 2

and 3 in California -- Hart 1973, Rabin 1977).

In mature herring fecundity varies as a function of body

length and latitude, increasing in size and latitude (Nagasaki
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n.
1958); it also appears to be higher in the eastern Bering Sea area

than in the Gulf of Alaska or western Bering Sea (Table

Age and Growth

Herring have been found to attain an age of up to 15 years

(Barton 1978), and generally occur in substantial numbers from ages

3-6, but when strong year-classes occur, ages 7-10 may comprise a

substantial portion of the catch.

TABLE I

o

o

o

o

Fecundity (thousand of eggs) of Pacific Herring in
Different Areas of the Northern Pacific Ocean

0

Area Age 4 5 6 7 8 Source

E. Bering 1963 26.6 34.4 46.1 59.5 70.8 Shaboneev
Sea (1965) 0

1964 26.6 32.1 52.4 53.5 77.8 (Rumyantsev
&

Darda (1970)

Alaska 1976 Mean: Range: 12.6-84.8 Ages IV-VI Warner 0
Peninsula 26.4 (1976)

Karaginskii 1963 26.8 30.1 37.4 Kachina1
Bay

W. Bering 1964 39.2 43.3 50.6 Kachina 0
Sea

Vancouver 1955 19.9 23.8 29.6 38.2 30.4 Nagaski
(1958)

1Cited in Rumyantsev &Darda (1970) . 0

Stocks grow at about the same rate as those in the Gulf of

Alaska and British Columbia until ages 3-4, but growth is greater
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in the Bering Sea for older fish, and they achieve a greater maxi-

o mum 1ength and wei ght than the more southern stocks (Fi g. 5).

Loo (maxi

to (age in

o

C)

()

o

o

Rounsefe11 (1930) reported many herring of 380 mm in the catch at

Unalaska (compared to a maximum of 330 mm reported for British

Columbia -- Hart 1973). In more recent investigations, Rumyantsev

and Darda (1970) and Warner (1976) have found Bering Sea herring of

340-345 mm. Barton (1978) found that size-at-age in spawning con-

",ce.ntrations along the western Alaska coast from Norton Sound north

ward 'are significantly, smaller than stocks to the south (Fig.

5). '

A general growth curve was derived for eastern Bering Sea her-

ring by applying von Bertalanffy's equation to data reported by

Shaboneev(1965) from the winter trawl fishery:

L = L 1_ek(t-to)
t ClO

The parameters of von Berta1anffy's equation are:

mum length in mm) = 324.5, k (growth rate) = 0.35 and

, years, fish was 0 length) = 0.0261.

Warner (1976) computed a von Bertalanffy curve for fish cap-

tured in trawl samples in Bristol Bay. His coefficients were Lao =

299, k = 0.18 and to = 2.10. These estimates, although lower, do

not differ significantly from Shaboneev's data, given the variances

reported by Warner.

Mortality

Beyond the larval stage the rate of natural mortality de

creases sharply and continues to decrease slightly until about age

5 when it begins to increase from senility, disease and spawning
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mortality (Fig. 6). In the juvenile stage the magnitude of

o

o

mortality is actually unknown but inferences from other fish popu

lations suggest that it is maximum in years of high egg and larval

survival through intense intraspecies food competition (Ricker

1975).

A general estimate of the natural mortal ity rate for eastern

Bering Sea herring was derived by,Wespestad (1978a), using the pro

cedure of Alverson and Carney (1975). This method estimates the,

natural mortality rate for eastern Bering Sea herring to be 0.47.

Natural mortality can also be determined by an analysis of catch

curves using regression techniques (Ricker 1975). Applying this

method to 'data presented by Laevastu and Favorite (1977), the in

stan,taneous mortal ity rate for fUlly recruited ages of eastern

Bering Sea herring is determined to be 0.46. Age-specific natural

mortality estimates are unavailable for the eastern Bering Sea

stocks; however, they are probably similar to natural' mortality

rates estimated for herring, stocks in southeastern Alaska and

British Columbia (Table II).

TABLE II

Instanteous Rate of Natural Mortality ,(M) for Herring
in the Northeastern Pacific

Area/Age 3 4 5 6 7 8 Source

S.E. Alaska .20 .33 .46 .59 .72 .85 Skud (1963)
E. Vancouver Is. .40 .64 .77 .85 Tester(1955)
W. Vancouver Is. .46 .61 .72 .79 Tester(1955)
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TURNOVER 0.89

N.M.- Natural mortolity

F. M. - Fishing mortality

C.M.-Consumed by mammals

C.F. -Consumed by fishand birds
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Food and Feeding

The first food of larvae is usually limited to small and rela

tively immobile plankton organisms that the larvae must literally

nearly run into to notice and capture. Earliest food is sometimes

more than 50% mi croscopi c eggs, other items i ncl ude di atoms and

nauplii of small copepods.

Herring do not have a strong preference for certain food spe

cies but feed on the comparatively large organisms that predominate

in the plankton of a given area (Kaganovskii 1955). Feeding gen

erally occurs prior to. spawning and intensifies following spawning

·(Svetovidov 1952). During the winter, feeding declines and ceases

in late winter (Dudnik and Usol'tsev .1964). During November

December, in Kamchatka waters of the western Bering Sea, Kachina

and Akimova (1972) found that juvenile herring consumed small and

medium forms of zooplankton (chaetognaths, copepods, tunicates) and

benthoplankton (mysids). Euphausiids, amphipods, mollusks and

o

C)

other organisms were found rarely and usually in small quantities.

In the demersal zone, herring stomachs contained quantities of

tubes of polychaete worms, bivalve mollusks, amphipods, copepods,

juvenile fish and detritus.

In the eastern Bering Sea, stomachs in August were 84% filled

with euphausiids, 8% with fish fry, 6% with calanoids, and 2% with

gammarids (Rumyantsev and Darda 1970). Fish fry, in order of im

portance, were walleye pollock, smelt, capelin and sandlance. In

spring, food was mainly Themisto (Amphipoda) and Sagitta (Chaetog

natha). After spawning, the main diet was euphausiids, Cal anus

spp. and Sagitta spp. (Dudnik and Usol'tsev 1964).
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Nearly 75% of herring stomachs examined in the spring from

Bristol Bay to Norton Sound were either empty or contained only

traces of food (Barton 1978). Only 25% of the stomachs examined

were at least 25% or more full, and only 3.4% were 100% full.

Major food items were cladocerans, flatworms (Platyhelminthes),

copepods and cirripeds.

DISTRIBUTION

Stock Distribution

Three major herring wintering rounds have been identified

within the 'Bering Sea: northwest of the Pribilof Islands an~Lin

the Gulf of Olyutorski (Prokhorov 1968~"iRa~ear Cape Navarin (N.
'"_.~~~' t

Fadeev, TINRO, Vladavostok, U.S.S.R., Personal Communication)

o

o

o

o

o

(Fig. 7). Di fferences in the pattern of mi grati on between the o
coast and the outer continental shelf has effectively isolated

Asian and North American herring in the Bering Sea. Different

growth and maturation rates, and dissimilar age structures reported

by Prokhorov (1968) occur between those wintering near Cape Navarin

and northwest of the Pribilof Islands, suggesting that although

these groups winter in close proximity there is little or no mixing

between them. Most herring which winter near the Pribilof Islands

are believed to spawn in Bristol Bay and in areas between the Yukon

and Kuskokwim Rivers. This conclusion is based on Soviet research,

similarities in age composition, and the distribution of Japanese

trawl catches during the spawning migration (Wespestad 1978b,

Barton 1979). ADF&G aerial surveys indicate that the greatest

abundance of spawni ng herri ng occurs in the Bri sto1 Bay area and
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FIG. 7 Range of Pacific herring wintering area northwest
of Pribi10f Islands and average winter location
of Pribi10f and Gulf of Anadyr wintering area
(1 and 2); possible wintering areas in Norton Sound
and north of Unalaska Island (3); migration routes
from Pribi10f grounds to spawning ,areas: routes
reported by Soviet researchers (4); routes shown
by Japanese trawl catches during April and May (5);
small arrows--possib1e routes to Norton Sound and
Cape Romanzof.
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smaller spawning concentrations occur to the north and south (see

Fig. 4).

The re1ati on of herri ng spawni ng in Norton Sound to spawni ng

stocks to the south is unclear. Those in Norton Sound are geneti

cally similar to spawning stocks to the south (Grant 1979) and ap

pear in inshore waters in late May-early June (Barton 1978) which

suggests they may winter offshore. However, it is possible that

some or all herring remain in. Norton Sound year-round. Barton

(1978) reported that an autumn, non-spawning run occurs in Golovin

Bay in northern Norton Sound, and herring have been caught through

the ice by local residents jigging for cod in this area and near

Nome. Further, herring have been found in ringed seal (f. hispida)

stomachs collected near Nome in November. To the north of Norton

Sound herring occur in Port Clarence, in inlets from the Bering

strait to areas within Kotzebue Sound. Many, if not all, stocks

found northward of Nome remain in the immediate area year-round and

winter in coastal lagoons and brackish bays, even though in several

locations (e.g., Port Clarence, Shismaref Inlet, and inner Kotzebue

Sound) ice cover may occur (Barton 1978).

Herring may also occur along the Alaska Peninsula and through

out the Aleutian Islands. Marsh and Cobb (1911) reported that a

large spawning occurred at Atka Island in 1910, and that spring and

autumn runs (the latter presumably non-spawning) occurred at

Unalaska and Port Heiden. The fishery which operated at Unalaska

in the 1930' sand 1940' s harvested herring in summer and early

autumn, averaging 1,337 mt between 1929-37. The current status of
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these stocks or their relationship to other eastern Bering Sea

stocks is unknown. Recent aerial surveys by ADF&G have found small

spawning concentrations on the north shore of Unimak Island, in

Heredeen Bay, and in Port Hei den (Warner and Shafford 1977).

Catches by Japanese trawlers just north of Unimak Pass in winter

indicate that this may be the wintering area of herring spawning on

the Alaska Peninsula (Wespestad 1978b).

Seasonal Distribution- Pribilof Stock

Temperature may be the major factor influencing seasonal dis

tributions. Soviet scientists found the herring moving through sub

zero Water temperatures in the spri ng on the way to spawni ng

grounds, but during summer months they were found on the shelf in

the warmer, upper layers of the water column (see Fig. 7). As

'J

stated previ ous ly, Svetovi dov (1952) bel i eves that mi grations to

the coast for spawning developed because of the lack of sufficien

tly warm water in spring and summer in the North Pacific Ocean.

Also, earlier warming of coastal waters provides an earlier devel-

opment of phytoplankton and zooplankton and better feeding condi

ti ons.

Winter

The major wintering grounds of eastern Bering Sea herring is

located northwest of the Pribilof Islands, approximately between

57-59° N lat. representing an area of 1600-3000 km2 (Shaboneev

1965) that shifts in relation to the severity of winter. In mild

winters herring concentrate farther north and west, and in severe

winters they move south and east (Fig.
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Dense schools are found during the day a few meters off the

bottom at depths of 105-137m and at water temperatures of 2-3.5 C

(Dudnik and Usol'tsev 1964). Very few were found shallower on the

continental shelf where cooler temperatures prevailed. Distinct

diurnal vertical migrations occur in early winters; however, as the

season progresses diurnal movements diminish and herring remain on

bottom during the day and slightly off bottom at night (Shaboneev

1965).

Spring

Soviet scientists investigating herring distribution in the

mi d-1960' s found that herri ng 1eft the wi nteri ng grounds in 1ate

March and believed that herring followed two routes to the coast,

and Japanese trawl catches in April and May indicate one major and

one minor path (see Fig. 8). The past two years (1978-79) have

been mild winters and 1979 especially so. In these years, herring

arrived on spawning grounds along the coast several days to two

weeks earlier than average; while in 1976, a cold year, herring

were not found until mid-June.

Summer

The failure of Soviet surveys in the mid-1960's using gillnets

and trawls to locate herring concentrations on the Bering Sea slope

or shelf in the summer suggested that most herring apparently re

main temporarily in coastal waters after spawning. Annual NWAFC

summer trawl surveys covering much of the continental shelf of the

eastern Bering Sea support this conclusion, as very few herring

have been taken in summer surveys (Pereyra et al. 1976; Bakkala and
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Smith 1978). A hydroacoustic survey conducted along the outer

shelf between Unimak Pass and the U.S.-U.S.S.R. convention line in

June-July 1979 found only one herri ng in 2,558 nm and 35 mi dwater

trawl hauls. These results indicate that only a small amount of

herri ng may remai n or return offshore in summer and the bul k re

mains in coastal waters. Summer distribution may be influenced by

the availability of food and heavy phytoplankton blooms (1-3 g/m3 )

(Rumyantsev and Darda 1979). They concluded that herring remained

in coastal waters during the summer because heavy phytoplankton

blooms occur there, and poor feeding conditions exist on the outer

shelf. Those captured on the outer shelf during the summer were in

poor condition and had been feeding on items of low nutritional

value --items other than their preferred zooplankton diet. Herring

are believed to avoid the areas of heavy bloom because of low nu

tritional value of phytoplankton and the gill clogging properties

of certain. phytoplankton species which interfere with respiration

(Henderson et al. 1936).

Concentrations began reappearing in offshore waters in· the

areas of Nunivak and Unimak Islands in August (Rumyantsev and Darda

1970). The movement to offshore in the area of Unimak Island in

August appears to be an annual occurrence, as ·U.S. fishery obser

vers on foreign vessels first encounter herring in trawl. catches in

greater than trace amounts at that time and area.

The distribution of herring between the time they leave the

spawning grounds and the time they reappear in offshore waters is

unknown. Salmon fishermen report catching large herring frequently
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in salmon gi11nets in coastal areas of Bristol Bay in late June and

July. A1so, Dudni k and Uso l' tsev (1964), usi ng drift nets, found

commercial quantities of herring only in littoral areas along the

northern portion of the Alaska Peninsula. The reappearance of sea

ward mi grants in 1ate summer in two 1ocati ons suggests a summer

migration along the coast (Fig. 9). Migration to winter grounds

continues through September with the herring progressively moving

to deeper water and concentrating in the 2-4 C temperature stratum.

Fall

Concentration on the winter grounds begins in October and con

tinues into winter. Mature fish were found to arrive on the win

tering grounds prior to the arrival of immature fish (Ramyantsev

and Darda 1970). It was also found that immature fish had a pre

ference or tolerance for lower temperature and saline waters of the

shelf than did adult fish (Fig. 10).

Seasonal Distribution - North of Norton Sound

The annual cyc1e of herri ng occurri ng to the north of Norton

Sound appears to be markedly different from that of herring in the

central and southern Bering Sea. In these areas herring appear to

move into brackish bays and estuaries for spawning and wintering,

presumably finding suitable temperatures from fresh water rivers

and streams. Barton (1978) found herring spawning in Imuruk Basin,

a brackish forebay of Port Clarence, in 4 0/00 salinity. The herr

i ng di spersed fo11 owi ng spawni ng and then reappeared in Imuruk

Basin in mid-autumn.
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FIG. 9 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 dashed arrow: area of autumn reappear
ance in offshore waters reported from Soviet research,
small arrows: possible summer feeding routes and
autumn migration routes.

195.

o

o

o

o



)

;65"

i
62

5L

56'

. HERRING

o Immature

53' ; II Mature
• Mixed
- Salinily contours (%..)

180' 175' 170' 165·

56'.

53'

160'

FIG. 10 Distribution of Pacific herring
relationship of adults (mature)
mature) to salinity gradients.
Rumyant'sev and Darda 1970.)

196.

in October and the
and juveniles (im
(Modified.from



Large numbers of herring were found concentrated just outside

Kotzebue Sound in 6-8 C water in September and October (Wolotira et

al. 1977). It is possible that these herring move south with the

advancing edge of the ice field, however some evidence suggests

that they remain in the area through the winter. The phenomenon of

herring moving into coastal waters in winter and offshore in summer

has also been reported from Asia; Andriyashev (1954) reported that

populations occur in Kamchatka, Sakhalin and Honshu which winter

and spawn in brackish lakes and lagoons. Barton (1978) cites ADF&G

records of herri ng bei ng found in sheefi sh (Stenodusl euci chthus)

stomachs which were collected in Hotham Inlet, Kotzebue Sound in

1ate November.

To the south of Kotzebue, on the northwest side of the Seward

Peninsula, herring occurred in 11 of 14 stomachs of spotted seals

(.P.. 1argha) collected at Shi shmaref in October, and in 13 of 30

ringed seals collected in January and February. Marine mammal bio

logists who analyzed the stomachs indicated that there was little

doubt herring were ingested in the area where seals were captured.

ABUNDANCE TRENDS AND STOCK STATUS

Estimates of absolute abundance are scant, and even relative

abundance data are rather 1imited. Attempts, have been made' to

estimate herri ng bi omass by: 1) a Sovi et hydroacousti c trawl sur

vey; 2) ecosystem modeling; and 3) aerial surveys of spawning bio

mass.

In 1963, three years after the fishery began, the eastern

Bering Sea herring biomass was estimated to be 2.16 million mt
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based on a Soviet hydroacoustic survey of the wintering grounds

(Shaboneev 1965). A recent paper by Kachina (1978), using the same

data, reduced this earlier estimate to 0.374 million mt by using a

lower mean school density of 0.5 fish/m3 compared to 3.38 fish/m3

used for the ori gi nal estimate. Accordi ng to Shaboneev, school s

were surveyed at night and the area and height of schools were

mapped acoustically; school composition and age distribution were

determined by trawling. The original density (3.38 fish/m3) was

determined by comparing acoustic echograms from the eastern Bering

Sea to echograms of schools sampled by purse seines in western

Bering Sea coastal water. The revised estimate of 0.5 fish/m3 is

based on densities observed in subsequent surveys of herring con-

centrations on the winter grounds northwest of the Pribilofs during

1969-71 (N. Fadeev, TINRO, Vladivostok, U.S.S.R., personal communi

cation). The densities derived are questionable but cannot be

fully evaluated because few specific details are available regard

ing Soviet survey methods and accuracy. However, data reported in

the literature and from individuals involved with herring hydro

acoustic surveys indicate that the range of densities used by the

Soviets may be extreme and an intermediate value may be more realis

tic.

Recently, a-numerical ecosystem model was applied to estimate

biomass of eastern Bering Sea herring (Laevastu and Favorite 1978).

This model simulated herring abundance based on the amount of herr

ing needed to sustain the diet of herring predators at reported

rates of consumption. Although the accuracy of input parameters,

198.

---------------------------------------------



such as predator population size and consumption rates, has not

been sufficiently evaluated, model results show that a minimum

stock size of 2.75 million mt of herring is required to maintain

components of the ecosystem, i ncl udi ng predators, at a 1eve1 ob

served in .the mid-1960"s prior to the start of intensive fishing.

Aerial surveys have been flown in the past several years along

the western Alaska coast during the spawning period and the number

of schools recorded by surface area (Barton 1979). Estimates of

biomass were obtained by converting estimated school surface area,

using densities of 0.1 and 0.2 mt/m2 surface area.

The estimated spawning biomass along the coast from Bristol

Bay to Norton Sound in 1978 was 432-864 thousand mt. These esti-

o

o

o

o

o

mates include errors in determining surface areas and volumes of

schools, recording schools of other fish such as capel in, smelt or

sandlance as herring, and recording the same school more than once

during the season; and. therefore, may be an overestimate of actual

spawning biomass (Barton 1979).

Although biomass estimates are rather rudimentary, CPUE of the

Japanese trawl fishery and ADF&G aeri a1 surveys i ndi cate that her

ring abundance declined sharply in the early 1970's and increased

in the 1ate 1970 's. The CPUE (mt/hr) for Japanese 1arge stern

trawlers decreased from a high of 6.80 in 1969-70 to 0.77 in 1973-

74 (Table III). The CPUE of small stern trawlers also declined.

o

o

o

o

The CPUE of the Japanese gillnet fishery exhibited no trend, pre-

sumably because vessels were target; ng on spawni ng concentrati ons

which may not reflect population abundance (Wespestad 1978b).
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TABLE III

Herring Catch Per Unit Effort Data for the Japanese Trawl
and Gillnet Fisheries in the Eastern Bering Sea.

Small Trawlers Large Trawlers
(mt/hour) (mt/hour)

J

, Year

1967
1968
1969
1970
1971

1972
1973
1974
1975
1976

Stern trawl

1.25
1. 75
0.81
1.06
0.56

0.29

Gillnet

(mt/10 tons)

2.09
4.63 .28
6.80 .39
6.74 .24
1. 52 .34

1.84 .04
0.77 .14
0.17 .35

.16

ADF&G aeri a1 surveys have' i ndi cated an increase in herri ng

abundance in all major spawning areas during the 1976-78 period

(Table IV). Preliminary assessment of observations in 1979 in-
.•)

o

dicate a similar or slightly greater abundance relative to 1978.

The longest series of aerial counts is from southern Norton Sound,

extending back to 1968 and, similar to the trawl CPUE data, indi

cate a decrease in abundance during the early 1970's.

The current· level of herring abundance cannot be related to

former levels due to changes in the fishery. The catch and CPUE of

foreign trawlers are no longer useful as indicators of abundance

because herri ng are now 1argely i nci denta1 catches to other fi sh

eries due to increased targeting on pollock, and the allowable

catches of herring have been low in recent years (Wespestad 1978b).
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Also, the absence of aerial surveys in major spawning areas prior

to 1976 precludes the use of this method for determining the rela

tionship of past to present biomass levels.

TABLE IV

Relative Abundance Indices of Spawning Herring Standardized to 1976
In Major Spawning Areas of the Eastern Bering Sea.!1

o

1968 1972 1974 1975 1976 1977 1978

Bristol Bay 1.0 2.1 20.0
Goodnews Bayl 9.5 1.0 20.9 61.6
Security Cove 0

Nelson Island 0.52/ 1.0 1.0 3.2
Norton Sound: 20.8 8.4 2.9 0.0:: 1.0 4.2
St. Michaels to
Unalakleet

II Relative abundance indices are corrected school counts weighted
by surface area obtained from aerial surveys.

21 Minimal survey effort.

Length and age frequency data indicated that catches in the

late 1960's and early 1970's were composed of larger and older her-

o

o

ring than in the past few years (Table V). These data suggested

that recruitment was poor until recently and may have been a major

contributing factor to a lower herring abundance. Recruitment

appears to have increased beginning with the 1972 year-class

o

(Fig. 11). 0
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TABLE V

Mean Length of Herring Taken in the Fisheries by all Gear in all
Months in the Eastern Bering Sea and Alaska Coastal Water.1/

Foreign Trawl Fishery Coastal Fishery
Mean Probable Mean

Length Sample Average Length Sample Location of
Year (em) Size Ages (em) Size Sample

1964 26.60 3,101 7 23.30 339 Norton Sound
1965 29.83 155 8-9
1966 27.16 48 6-7
1967 26.20 99 5-6
1968 29.04 4,771 8-9 28.60 350 Bristol Bay

1969 30.66 3,951 9-10
1970 30.81 3,813 9-10
1971 29.21 4,299 8-9

1974
1975
1976

23.40~/ 1,981
3-4 20.11 791 Bristol Bay

1977 4-5 23.00 2,847 Bristol Bay
1978 ' 23.2~/ 3,607 4-5-6 23.27 1,031 Bristol Bay

,:)

y

~/

'-,
~/u

Standard length for all coastal samples; fork length for foreign
samp1es pri or to 1978. '
Fork length (Nov. 1976-Feb. 1977) estimated standard length is
22.40 m.
Standard length (Dec. 1977-Jan. 1978).

o

Sources: Foreign Fishery:

Coastal Fishery:

Fisheries Agency of Japan, Rumyantsev
and Darda (1970). U.S. observers on
Japanese and Soviet vessels.

Alaska Dept. Fish &Game, 1964 Annual
Report; Bristol Bay Data Report No. 17;
Barton et al. (1977). Warner &Shafford
(1977).
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FIG. 11 Age frequency of Pacific .herring in the Bristol Bay
herring roe fishery, 1976-1978.
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Age 4 herring comprised 54% of the catch in 1976, 50% in 1977;

and in 1978 comprised 65% of the purse seine catch. In 1979, pre

1iminary results suggest that the recuitment of age 4 herring is

decreased from that observed in 1976-78; however, it appears that

age 3 fi sh are present in hi gher amounts than in the recent past.

Year-class strength data presented recently by Naumenko (1979)

show several years of relatively weak year-class strength in the

1960's and early 1970's (Fig. 12). These data suggest that the

peak catches of the fishery were sustained by a few strong year- .

classes and that future yields of this magnitude are likely only in

the event of a series of much above average year-classes or change

in the ecosystem.

RESEARCH REQUIREMENTS

Research is required to refine estimates of abundance and bio

1ogi cal characteri stics of stocks; to improve the capabi 1ity for

predicting changes in resource abundance, composition and avail

ability; and to identify the origin and distribution of herring in

offshore areas.

Estimates of biomass of specific groundfish resources have

been obtained through resource surveys using bottom trawls; how

ever, herri ng are not generally avai 1ab1e to bottom trawl s, and

other gear and methods must be used for assessing biomass. Hydro

acoustic surveys, spawn deposition surveys and aerial surveys of

schooled fish are some of the methods under consideration for bio

mass estimation.
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FIG. 12 . Abundance of Pacific herring year-classes in the
eastern Bering Sea relative to the 1957 year-class.
(From Naumenko 1979.)
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Hydroacoustic surveys in the nearshore areas just prior to or

during spawning are probably not practical due to the many widely

scattered schools that are constantly moving through the shallow

waters. Optimum results can be expected on the winter grounds when

herring are relatively stationary and concentrated. Results of

surveys conducted during late winter-early spring could be applied

in time for management of the roe fisheries.

Spawn surveys convert the amount of spawn deposited to the

size of the adult population, using age-sex-size composition and

fecundity data. Such surveys would have to be conducted immedi

ately after spawning so as to not be affected by losses from pre

dation and storms. The vast size of the area, including distances

between'spawning areas, lack of sub-tidal spawning information and

various logistical problems, currently render this method impracti

cal for the eastern Bering Sea.

. In spite of limitations due to weather and narrow time-area

coverage, aerial surveys may be one of the more cost-effective ways

of measuring the abundance of spawning herring. Intensive testing

should be made of school distribution within a limited area to

determine if surveys are more effective at particular times and to

investigate the variability of schools along sighting tracks.

Also, aerial biomass estimation procedures and species identifica

tion procedures need to be developed. If a mOdel of spawning

school distribution could be develpped, then statistical procedures

could be used to overcome some of the weather and time limitations.

Satellite technology may be a means of augmenting aerial surveys in
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that large schools may be observable at distances from the coast or

spawn deposition (milt) may be observable from satellites. A com

bination of low level aircraft and satellite observations may pro

vide answers to the effective coverage of tracklines and time~space

distribution of schools.

Long-term fi sheri es management requi res re1i ab1e forecasting

of stock conditions. Until now, forecasts have been based mainly

on past ,events, such as trends in abundance i ndi ces (CPUE I s) and

size and age composition of specific resources without any consid

eration of the interactions of these resources with each other and

the environment. Studies need to be. continued to determine for

predictive purposes those factors that have major influences on the

abundance, composition and distribution of resources. Monitoring

certain oceanographic and cl imato1ogicalcondi ti ons (temperature,

currents, etc.) in both the nearshore spawning-rearing grounds and

the offshore wintering grounds may be very important in understand

ing fluctuations in herring abundance.

There is a critical need for annual pre-recruit surveys (i.e.,

of young fish before they enter the fisheries) so that a measure of

their abundance can be used to forecast later contribution to the

exploitable stock. Assessment of pre-recruit abundance could be

made of juveniles in nearshore nursery areas or at a later age in

more offshore waters. The major limitation for use of this method

is the virtual absence of information relating to distribution of

eastern Bering Sea herring during the first 2-3 years of their life

cycle.
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Basic biological research is needed to systematically investi

gate population parameters, such as age specific mortality rates,

growth rates and recruitment rates. Investigations are also needed

to establish the degree of utilization of herring in the diet of

marine mammals, salmon and other predators so ecological effects of

harvesti.ng calL be bette~ evaluated_

Lastly, stock distribution needs to be investigated so that

individual stocks within the eastern Bering Sea can be monitored

with regard to relationship to other stocks and occurrence in fish-

eries.
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THE BIOLOGY OF WALLEYE POLLOCK

Gary B. Smith

Northwest and Alaska Fisheries Center
2725 Montlake Blvd., E.

Seattle, Washington 98112

ABSTRACT

Walleye pollock, Theragra chalcogramma, occur broadly di s
tributed over the eastern Bering Sea outer continental shelf, and
at their presently estimated population size of 5 million mt, are
a large source of organic production. Within the food web pollock
are an important food resource for a wide variety of other fish
species, marine mammals, and avifauna. Pollock also represent a
major source of predation directed toward zooplankto~ and canni
balistic behavior. In addition, trawl fisheries harvest approx
imately 950,000 mt of pollock annually.

Although the genetic identity of eastern Bering Sea p.ollock
is apparently distinct from populations in the western Pacific,
genetic differentiation observed within the eastern Bering Sea is
low, and the entire eastern Bering- Sea population may be regarded
as effectively a unit stock. The population is composed of ap
proximately fifteen year-classes that show differences in geo
graphical distribution and behavior based upon age. The overall
rate of population mortality is high, approximately 51% dying
annually, and age class abundance is variable between years.

Spawning occurs predominantly along the southeastern Bering
Sea outer shelf, just west and northwest of Unimak Island. Migra
tory movements that accompany ontogeny include northwest drift and
broad dispersal by age I-yr. In general, the adult fraction of
the population undergoes seasonal movements to deep water during
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winter, to spawning sites in spring, then to the outer and central
shelf during summer. Two apparent influences of ocean climate,
warm or cold years, are to affect the timing and extent of these
seasonal changes in geographical range.

There are fundamental needs for better understanding of
important factors affecting the population dynamics of eastern
Bering Sea pollock, to ensure collection of adequate time series
data, and further studies of interspecific relationships and
population exchange.

INTRODUCTION

The gadoid fish species walleye pollock, Theragra chalcogramma

(Pallas 1811), is now recognized as perhaps one of the most impor

tant components of the Bering Sea biological system. Pollock have

been found to represent a large fraction (ca. 20-50%; Pereyra et

al. 1976) of the total standing stock of eastern Bering Sea demer-

sal fishes, and the annual production of this organic pool is

large. In 1978, commercial trawl fisheries operating in the east

ern Bering Sea harvested 977,700 mt of pollock (Pileggi and

Thompson 1979). This amount represented 56% of all foreign fish

catches in the fishery conservation zone (i.e., inside the 200-mile

limit) of the entire United States, and a total dockside (ex-vessel)

value of approximately $92.4 million.

Because of their large standing stock, wide geographical

distribution, and large rates of total food intake and production

(growth), pollock represent an important part of the Bering Sea

food web. During different life history stages pollock can be a

major source of predation, feeding upon a broad spectrum of primar

ily zooplankton and fish prey. In turn, pollock themselves serve
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as an important food source for a variety of other demersal and

pelagic fish species, pinnipeds, cetaceans, and avifauna.

POPULATION CHARACTERISTICS

Nomenclature

The walleye pollock, I. chalcogramma, is the only recognized

member of the genus Theragra and is endemic to the North Pacific

(Fig. 1). The overall species range extends continuously around

the continental shelf areas of the northern Pacific Ocean and

Bering Sea. In the northwest Pacific the species extends from the

Sea of Japan, through the Okhotsk Sea and Kurile Islands, and along

the Kamchatka Peninsula and Anadyr Gulf. In the northeast Pacific

the range extends from St. Lawrence Island through the eastern

Bering Sea, through the Gulf of Alaska, and along the northeastern

Pacific coast to central California (Hart 1973). Pelagic popula

tions have also been recently found over deep water in the central

Bering Sea (Okada 1977, 1978).

In the eastern Bering Sea, I. chalcogrannna is by far the most

abundant of the four cOl1lDon gadi d speci es. These other species

include Gadus macrocephalus (Pacific cod), Boreogadus saida (Arctic

cod), and Eleginus gracilis (saffron cod).

Genetic Structure

Although pollock are distributed (and perhaps spawn essen

tially continuously) along the northern rim of the Pacific Ocean

and Bering Sea, genetic differentiation might reasonably be ex

pected due to the isolating effects of both geographical distance

and barriers (Kimura and Ohta 1971). This is because individual
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migrations will nearly always be considerably less than the total

distributional range of the species, and instead, effectively form

regional breeding populations. Similarly, diffusive exchange of

eggs and larvae due to advective transport may be expected to be

higher within regional current systems than between, although pro

gressive transport of successive generations may be significant.

Consistent with these hypotheses, recent studies of biochemi

cal genetic variation have found relatively large genetic differ

ences between pollock sampled from extremes of the speci es range,

but relatively small genetic differentiation within regions (Iwata

1973, 1975, 1977; Johnson 1977). Based upon differences in allelic

frequencies for the protein locus tetrazolium oxidase, Grant et al.

(1978) concluded that the widely separated populations of the

western and eastern Pacific are relatively genetically isolated and

distinct. Only weak regional differentiation was observed, how

ever, among pollock collected from north> and south areas of the

eastern Bering Sea and from the Gulf of Alaska.

Other investigators have proposed a more complex population

structure in the Bering Sea. From analyses of morphometric char

acters, Serobaba (1977) recognized four principal Bering Sea pol

lock populations: southeastern, northern, >western, and Aleutian

Island. Maeda (1972) proposed two distinct eastern populations

based upon apparent migrations to separate spawning areas northwest

and southeast of the Pribilof Islands. After comparisons of the

age structure of commercial catches in northwest and southeast

regions from 1963 to 1970, however, Chang (1974) concluded that the
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pollock population exploited by fisheries in the eastern Bering Sea

is a unit stock.

Description of Habitat

In the eastern -Bering Sea, pollock occur widely distributed

over the continental shelf, but show highest densities along the

shelf edge (Figs. 2 and 3). The overall distribution pattern

varies seasonally and between years, dominated by movements between

deep and shallow water. Over the continental shelf pollock show a

"semidemersal" behavi or, tendi ng to form school s near the bottom

during daytime, then dispersing up into the water column at night.

Along .the outer continental shelf and slope, dense shoals are

formed that may exceed 20-50 km in length and have mean densities

of up to 9 mt per hectare.

Figures 4 and 5 show two examples of the apparent depth

distribution of pollock on the eastern Bering Sea continental

she1f, determi ned from research vessel surveys. Duri ng August

October 1975, pollock were relatively symmetrically distributed

around a median depth of approximately 200 m. During April-June

1976, the vertical pattern was less symmetrical but similar, al

though apparent densities were lower among all depth intervals

except 400-450 m.

The domain within which pollock occur demersally in the east

ern Bering Sea, then, is a broad section of the outer continental

shelf and slope primarily within the 100-300 m depth range. The

bottom morphology of the continental shelf in most of this region

is featureless and level, with sand and silt surface sediments
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FIG. 2 The apparent density distribution of walleye pollock
during August-October 1975, determined by a research
vessel survey (Pereyra et al. 1976).
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April-June 1976
Kg per 10,000 m2 trawled

I
No catch

<30

30-150

h:i 150-300

>300

57"N

5B"N

59"N

0
63"N

, m

62"N

0

61"N

'\\",
GooN

0

FIG. 3 The apparent density distribution of walleye pollock
during April-June 1976, determined by a research vessel
survey (Bakkala and Smith 1978).
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FIG. 4 Apparent vertical distribution of
pollock densities on the continental
shelf during August-October 1975
(based upon the data shown in
Fig. 2).

FIG. 5 Apparent vertical distribution of
pollock densities on the continental
shelf during April-June 1976 (based
upon the data shown in Fig. 3).



(Sharma 1974). In deeper water, the continental margin is steep

and cut by large submarine canyons that substantially affect the

flow and mixing of water currents along the shelf edge (Kinder et

al. 1975).

In compari son to temperature and sal i nity characteri sti cs of

water masses in other regions of the North Pacific Ocean, pollock

occur within a relatively extreme seawater environment. in the

eastern Bering Sea (Fig. 6). These distinctive conditions--cold

and low salinity--result from mixing of shelf and oceanic waters

within apparently broad zones of interaction along, and over, the

eastern continental shelf (Takenouti and Ohtani 1974; Coachman and

Charnell 1979). Source waters, mixing characteristics, and asso

ci ated hydrographi c features must all be important in determi ni ng

the composition of both pollock prey and predators.

Stock Size

Seven well-documented estimates of the absolute bulk biomass

of eastern Bering Sea pollock are summarized in Table I. A con

fusing feature of these results is the use of different, and some

times unspecified, geographical boundaries among the different

analyses. In addition, becau~e all of the estimates are based upon

selective sampling (namely, demersal trawl nets, and in the case of

estimates based upon commercial data, targeted fisheries), the

relationships between statistical populations included in the anal

yses and true field populations are unclear. Management policies

for eastern Bering Sea trawl fisheries assume a present pollock

stock size of approximately 5 million mt (NPFMC 1978).
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TABLE I

Summary of Estimates of Absolute Population Size for Eastern Bering Sea Walleye Pollock.

Source

A. Based upon research survey data

Region and time period 1../ Method 1:/

Estimated
population
(x 106 mt)

Pereyra et a1. 1976

Bakkala and Smith 1978

Okada 1978; Nunnallee 1978

Eastern Bering Sea shelf, Unimak Pass 1 2.426
to 610 N (August-October 1975)

Eastern Bering Sea shelf, Unimak Pass 1 0.679
to 590 N (April-June 1976)

Aleutian Basin (June-July 1978) 1 0.840

B. Based upon commercial fisheries data

'" Chang 1974 Eastern Bering Sea shelf, INPFC areas 1 2.3 - 2.6

'" 1 and 2 (1969-1970)

"""
Chang 1974 Eastern Bering Sea shelf, INPFC areas 2 2.3 - 2.4

1 and 2 (1970)

Low 1974 Eastern Bering Sea, primarily INPFC 1 3.45 - 5.83
areas 1 and 2 (1964-1971)

c. Based upon model estimates

Laevastu and Favorite 1977 Eastern Bering Sea shelf 3 8.235

1/ A description of INPFC (International North Pacific Fisheries Commission) statistical areas is given in
Forrester et al. (1978).

Jj Estimation methods: 1· "area swept" (Baranov 1918; Alverson and Pereyra 1969);
(Pope 1972); 3'" "model fitting," based upon commercial fisheries data.

2 ... "cohort analysis"
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Table II and Figure 7 show the observed variability and

o trends for five indices of the relative annual abundance (biomass)

of pollock in the eastern Bering Sea. During the sixteen years of

observations 1963 to 1978, apparent pollock densities have varied

approximately ±50% of the long-term mean values. Rather than show

ing large random year-to-year differences, most variations in index

values seem to have represented longer-term trends. Judging by the

longest time series (Bakkala et al 1979b), pollock are relatively

less abundant now in the eastern Bering Sea region than during the

period 1965 to 1970.

The research survey data shown (see Table II) as, "NMFS

Crab-Groundfish," are results determined from demersal trawl sur-

Marine Fisheries Service

o

veys conducted by

(NMFS). A central

the U.S. National

159,100 km2 "core" area (Fig. 8) has been

C)

o

surveyed using uniform methods during approximately June 1 to

August 15 of each year (Pereyra et al. 1976: Section VIII).

Size and Age Composition

Rather than being a homogeneous pool, the eastern Bering Sea

pollock population exhibits a size and age structure that reflects

pulsed annual birth inputs, birth and survival rates, and a differ

entiation of distributional patterns based upon age. Pollock are

generally considered to spawn during only one period each year. In

the eastern Bering Sea, the spawning period has been reported to

extend from the end of February through June, with peak activity in

May (Serobaba 1968). This concentration of spawning within a four

month period, loosely synchronized with the timing of spring plank-

225.
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TABLE II

Summary of Indices of the Relative Abundance of Walleye Pollock in the Eastern Bering Sea, 1963 to 1978.!/

Source 1963 1964 1965 1966 1967 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 Mean s.d. c.v.

A. Research survey data

NMFS Crab-Groundfish surveys
(Pereyra et al. 1976: section -- -- -- -- -- -- -- -- -- -- 29.2 27.5 21.1 46.7 37.7 47.1 34.9 10.7 0.31
VIII updated to 1978). units =
mean kg ha- 1 trawled (nominal).

B. Commercial fisheries data

Japanese fisheries statistics
(Chang 1974), units - mt hr-1 3.09 2.72 4.80 4.40 7.09 7.67 7.79 13.1 -- -- -- -- -- -- -- -- 6.33 3.38 0.53

'"
combined gear.

'"a> Japanese fisheries statistics
(Bakkala et al. 1979b); units -- 9.5 18.3 23.6 21.3 23.8 31.5 18.7 14.2 14.2 8.6 10.4 9.3 9.4 8.6 9.4 15.4 7.15 0.46
= mt hr-l pair trawl.

Japanese fisheries stat~stics -- 3.77 4.02 3.46 5.83 3.81 4.92 5.41 4.92 -- -- -- -- -- -- -- 4.52 0.87 0.19
(Low 1974), units = 10 mt.

Japanese fisheries statistics
(Ikeda et a1. 1977; Okada et
a1- 1979), units = %of 1976 -- -- -- -- -- -- -- -- -- -- 121 102 91 100 86 93 98.8 12.4 0.12
pair trawl catch per unit of
effort.

1/ llMean"" arithmetic mean; "s.d. II .. standard deviation of mean; "c.v." '" coefficient of variation (- ratio of standard deviation to mean).
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ton production, provides for a large annual pulse of eggs and

1arvae.

Table III and Figure 9 summarize the apparent age fre-

quency distributions observed for pollock within the central region

o of the eastern Beri ng Sea (shown in Fi g. 8), determi ned from

NMFS demersal trawl surveys during the period 1973 to 1978. The

data represent an overall range in body size (fork length) of ap

proximately 6 to 90 em. Ages were determined from readings of

saccular otoliths.

Features of the observed age structure include: (1) a maximum

age of 15 years; (2) a re1ati vely hi gh overa11 average mortal i ty

rate; (3) variable age class abundance between years; and (4)

large, dominant year classes were apparently not maintained over

') successive years. Figure 10 shows the overall pattern of sur-

vivorship, based upon the mean apparent abundance of each age group

(i.e., column means) during the six years of observations. Assum

ing that rates of in-migration to, and out-migration from, the

index area were equal, and that:

N - N -Zt
2 - Ie

where

(1)

N1 =the number of individuals at any moment,

N2 = the number of individuals at some 1ater time,

C.J Z = an instantaneous rate of total mortality,

t =the intervening time interval, and

e = the natural constant 2.71828... ,

then the overall observed instantaneous mortality rate (~) was 0.72
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TABLE III

Indices of Relative Age Class Abundance Measured by NMFS Crab-Groundfish Research Vessel Surveys within a Central Area of the Eastern Bering
S~a during June to Mid-August, 1973-1978 (units = 106 individuals per 159,100 sq km). 1/

Survey Number of Number of Age classes (yr)
year trawls otoliths 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1973 111 490 756.9 518.2 146.0 193.4 99.4 34.4 91.5 117.8 18.9 17.9 4.51 -- 0.401 0.072

1974 111 954 2840.6 850.3 287.9 56.1 67.7 38.0 39.1 29.0 29.5 5.12 3.00 0.176 0.190

1975 111 766 758.4 402.4 614.2 108.0 24.6 27.5 14.7 14.2 7.98 5.99 0.52 0.594 0.009

"" 1976 107 1990 729.0 500.4 479.7 1014.1 132.5 35.0 38.8 46.2 41.0 22.3 8.28 1.850 0.607 0.032 0.171
W
0

1977 112 9.44 2241.9 630.2 145.8 245.3 231.9 72.0 29.8 23.7 23.6 13.1 11.9 3.200 0.491 0.180

1978 116 1256 1170.9 400.4 806.9 507.0 139.5 92.3 29.1 24.2 29.1 19.0 6.26 5.100

Overall mean (1973-78) 1416.3 550.3 413.4 354.0 115.9 49.9 40.5 42.5 25.0 13.9 5.75 1.82 0.280 0.050 0.030

Standard deviation (1973-78) 906.7 169.9 267.7 359.4 71.0 26.0 26.5 38.4 11.2 7.11 4.02 2.01 0.260 0.070 0.070

Coefficient of variation (1973-78) 0.64 0.31 0.65 1.02 0.61 0.52 0.65 0.90 0.45 0.51 0.70 1.10 0.93 1.40 2.33

Y Based upon estimates of nominal sampling effort, uncorrected for differences in effective fishing power. Underlined values were apparently
affected by in- or out-migrations.
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yr-1. This rate corresponds to 51% of the pollock population dying

each year. Rather than bei ng constant, mortal i ty was re1ati ve ly

higher for ages I, 4, 5 and 10 or more years (Fig. 11). Factors

o

)

that may have contributed to apparently higher m'orta11ty at ages 4

and 5 yr include the possibilities of increased selective removal

by fisheries, increased migratory activities' associated with on

togeny, ,and effects of reproductive stress. Senescence was pre

sumably a major cause of higher mortality at ages ,10 and older.

Life table characteristics are summarized in Table , IV.

Contrary to the assumption of a closed population, or'that in-
I ' .

and out-mi grations were in equil i bri um, the i ndi ces of abundance

observed in 1975 for all age classes except the age-l population

were inconsistently low (relative to cohort abundances observed in

1976), 'apparently indicating a distributional shift out, of the

index area during that survey period.

Another interesting result was the indication of density-

dependent mechanisms possibly regulating age class size (Fig. 12).

Although the relative year-to-year variation in abundance of one

year old populations was slightly less than the overall average of

age classes 1 to 12 yr, the apparent sizes of 2-year old popula

tions were relatively constant. The lack of evidence for persist

ence of strong year classes--such as the 1973 and 1976 year classes

that were unusually abundant at age l--was also unexpected, partic

ularly since cohort dominance ,seems to be a feature of the dynamics

of at least some simple animal populations with a large cannibal

istic adult fraction (Fox 1975).
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TABLE IV

Life Table Characteristics for Walleye Pollock, Based upon NMFS Crab-Groundfish
Research Vessel Surveys, 1973-1978.

-')
:Age ]j Mean apparent 1) Mortality'!.!

(yrs) abundance (x 106) Survival 11 (yr-l )
x nx Ix Inx

0.2 - 1.2 (5100. ) 1.0000

") 1.2 2.2 1416.3 0.2777 -0.95

2.2 - 3.2 550.3 0.1079 -0.29

3.2 - 4.2 413.4 0.08ll -0.15

4.2 - 5.2 354.0 0.0694 -1.12
0

5.2 - 6.2 ll5.9 0.0227 -0.84

6.2 - 7.2 49.9 0.0098 -0.21

7.2 - 8.2 40.5 0.0079 (+0,05)

'J 8.2 - 9.2 42.5 0.0083 -0.53

9.2 - 10.2 25.0 0.0049 -0.59

10.2 - 1l.2 13.9 0.0027 -0.88

11.2 - 12.2 5.75 0.001l -1.15

") 12.2 - 13.2 1.82 0.0004 -1.87

13.2 - 14.2 0.28 0.00005 -1.73

14.2 - 15.2- 0.05 0.00001 -0.51

15.2 - 16.2 0.03 0.000006
)

y Assuming a median birthday of April 1.

1/ Number of individuals reaching age x at time t. The value for age 0.2 yr
was extrapolated from the!!:.x values-of ages 1..2 to 15.2 yr, assuming
constant mortality.

1/ Probability that an individual survives to age.!..

if Age-specific instantaneous mortality rate, computed as mx = In(~l) 
In(~). The value in parentheses at age 7.2 yr may indi~ate sampling
error or effects of migration.
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The NMFS Crab-Groundfish and other research vessel surveys of.

the eastern Beri ng Sea conti nenta1 shelf have also found a geo-,

graphical differentiation of age structure (Pereyra et al. 1976:

Figure IX-34; Bakkala and Smith 1978: Fig. 38). During summer,

low-density populations in central and inner areas of the conti

nental shelf--particularly northeast of the Pribilof Islands--have

tended to be almost exclusively composed of one-year old individ

uals. Along the outer continental shelf and slope, populations

have been composed of a complex mix of age classes 2 to 10 or more

years.

Growth

Although gross characteristics of the growth of eastern Bering

Sea pollock have been described (Yamaguchi and Takahashi 1972;

Chang 1974; Pereyra et al. 1976; Bakkala and Smith 1978), no

studies have yet attempted to analyze ·or mathematically model

details of the growth curve(s) or the energetics of growth proces

ses. The approach taken here will be to analyze original data to

examine fundamental characteristics of growth in length, growth in

weight, and growth and decay of cohort weight.

Table V summarizes the mean lengths of individuals in each

age class represented in Table III, determined from annual NMFS

demersal trawl surveys of the index area (shown in Fig. 8). To

examine growth in length, a generalized form of the von Bertalanffy

(1938) growth model was fitted to the overall mean lengths (see

Table V - column means) of ages 1 to 13 years. The form of the

generalized growth model used was:
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TABLE V

Summary of Mean Lengths-at-Age Determined from NMFS Crab-Groundfish Research Vessel Surveys Conducted during June to Mid-August, 1973-1978
(units • em fork length)

Survey Age classes (yr)
year I 2 3 4 5 6 7 8 9 10 II 12 13 14 IS

1973 15.7 25.7 32.9 39.2 42.0 43.4 46.0 47.3 49.5 52.4 56.1 . -- 63.5 66.0

I\)
w 1974 15.5 25.2 34.9 38.5 44.3 44.3 47.7 49.6 51.0 53.4 51.7 57.6 57.8
00

1975 14.3 24.3 32.5 39.6 44.3 47.1 50.5 53.4 55.3 56.2 55.6 63.4 64.0

1976 11-.6 23.9 30.6 37.1 41.5 44.2 46.4 48.2 48.6 51.0 55.1 57.8 58.5 66.1 72.0

1977 15.9 23.9 33.7 41.7 44.8 47.5 50.0 51.7 52.0 53.3 54.4 54.5 52.0 60.0

1978 13.7 25.2 33.7 37.7 44.0 46.7 51.6 53.3 53.1 53.0 55.6 53.0

o o o o o o o o o o o
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(2)

where

= a hypothetical age of zero size, and

=the length or weight at age x,

=an asymptotic value of length or weight,

=a relative growth completion rate,

= a dimensionless exponent reflecting absolute
.growth rate. .

The model was fitted to the data by a computer program using

a Taylor-series method for least squares approximation (Draper and

Yx

yoo

0 K

Xo

d

(j

Smith 1966). The results are shown in Figure 13, and the

parameter values of best fit describing growth in length (sexes

combi ned) w.ere:

y.,. = 64.81 cm

K = 0.132 yr-1

Xo = 0.78 yr

d = 0.520 .

In summary, the pattern of growth in length observed was fast

growth between ages 1 to 15 yr, relatively rapid decrease in annual

length increments with increasing age, and an asymptotic body

. length of approximatey 65 cm.

To examine characteristics of growth in weight, the mean

weights-at-age were approximated by applying a power relationship

J

to the length data in Table

(Pereyra et al. 1976):

W=0.0075 L2. 977

where

V. The relationship used was

(3)
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W= estimated body weight in grams, and

L =body (fork) length in cm.

After converting the mean length of each age class to a com

puted "mean weight," for all years, the overall mean weights (i.e.,

co1umn means) were determi ned, and the general i zed growth model

(Equation 2) was fitted to the results (see Fig. 13). The para-

J

meter values· of best fit describing growth in estimated weight

were:

yeo = 7057 g

K =0.016 yr-1

Xo =1.18 yr

d =0.944 .

In contrast to growth in length, growth in body weight was nearly

linear within the age range 1 to 13 yrs, with almost constant

increments in weight of 114 g yr- l .

Table VI summarizes the overall mean body sizes at each age

J and, combining the observed survivorship from Table IV with mean

o

weights-at-age, illustrates the apparent growth and decay of cohort

weights. According to this model, a pollock cohort attains maximum

biomass at approximately 4 yr of age.

Reproduction

Because seasonal spawning aggregations and roe production have

been of particular interest to commercial fisheries, major features

of the reproductive biology of pollock have been fairly well de

scribed (Gorbunova 1954; Zver'kova 1969; Serobaba 1968, 1971, 1974;

Maeda and Hirakawa 1977). The attainment of sexual maturity is
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TABLE VI

Characteristics of the Growth of Walleye Pollock, Based upon NMFS Crab
Groundfish Research Vessel Surveys, 1973-1978.

o

o

Age )j Me;'" body Y Mean body ~/ Relative age class ~
0

(yrs) length (em) weight (g) weight (g)
x Yx Wx lxwx

0.2 - 1.2

1.2 - 2.2 14.4 21.9 6.08 0

2.2 - 3.2 24.7 105.2 11.35

3.2 - 4.2 33.0 251.0 20.36

4.2 - 5.2 39.0 409.6 28.43
0

5.2 - 6.2 43.5 565.0 12.83

6.2 - 7.2 45.5 650.9 6.38

7.2 - 8.2 48.7 796.6 6.29

8.2 - 9.2 50.6 892.6 7.41 0
9.2 - 10.2 51.6 945.4 4.63

10.2 - 11.2 53.2 1034. 2.79

11.2 - 12.2 54.8 1125. 1.24

12.2 - 13.2 57.3 1298. 0.52 0

13.2 - 14.2 59.2 1436. 0.07

14.2 - 15.2 (64.0) (1800.) (0.02)

15.2 - 16.2 (72 .0) (2537.) (0.02)
0

1/ Assuming a median birthday of April 1.

Y Overall observed mean fork lengths. The lengths in parentheses were based
upon limited observations.

II Overall mean predicted body weights (wet tissue).'

!!../ Computed as the product of "survival" times "mean body weight. 1I
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J

related to body size. On the basis of a classification of macro

scopic gonad conditions observed during a large demersal trawl sur

vey of the eastern Bering Sea during April to June 1976, Bakkala

and Smith (1978) found that the relationship between "fork length"

and "proportion of individuals sexually mature" was best described

by a sigmoidal curve of the model:
-cL

P =e-be

where f is the proportion of the apparent population mature at size

b em, ~ is the natural constant 2.71828... , and ~ and £ are con

stants. The fitted model for male pollock was found to be (Fig.

14):

. '-725.947e-· 224L
P = e (5)

(6)

'j

and the length at which 50% of the individuals were mature was 31.0

em. Female pollock matured at longer lengths than males; and the

fitted model was:

-867. 088e-' 209L
P = e

with tQe length at 50% maturity equal to 34.2 em.

In the eastern Bering Sea, the sexually mature fraction of the

pollock population undergoes a seasonal cycle of gonad development

and reproductive activity (Yamaguchi and Takahashi 1972). Despite

a relatively extended spawning period of February through June, the

majority of the breeding population appears to ripen and spawn dur

ing April to mid-May. Within this spawning period, it is not yet

clear whether a mature female releases eggs in one short pulse, or

as multiple releases over a period of days or weeks.
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As for many other fish species, attempts to measure individual

female fecundity (Le., number of viable eggs released per year)

have largely been premature to an adequate understanding of the

biological processes of oocyte' development, oocyte release, and the

extent of resorption (Foucher and Beamish 1977). This has resulted

in uncertainty over which sizes of oocytes to include in estimates

of annual zygote production, uncertainty of spawning model (namely,

single- or multiple-spawning), and failure to assess the number of

oocytes remaining in the ovary after spawning (Shew 1978).

The ovaries of female pollock contain oocyte populations often

composed of two or three distinct size classes (Gorbunova 1954;

Serobaba 1974; Shew 1978). Although details of the production and

fates of these different size groups remain to be studied, it seems

likely that the small classes (oocyte diameters ca. 60-550 m) may

represent a "reserve fund" (Foucher. and Beamish 1977) from which

only ·a .fraction develop each season to be spawned. Assuming that

onlyoocytes in the largest size class (ca. 600-1500 m diameter)

are actually released during spawning and viable, the relationship

Shew (1978) found between body size and potential.fecundity was:

F =0.29 L3.462 (7)

where

F =estimated number of oocytes in the 600-1500 m
diameter size class, and

L =body (fork) length in em.

By applying Equations 6 and 7 to the surviorship and growth

and age class fecundity (Table
'.)

o

data in Tables IV and VI, estimates could be made of individual

VII). Interesting features of
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TABLE VII

Reproductive Characteristics of Walleye Pollock, Based upon NMFS Crab
Groundfish Research Vessel Surveys, 1973-1978.

Age]}
(yrs)

x

Pivotal ?,/
length (em)

ys

Proportion of 11
females mature

Ps

Individual if
fecundity (x 103)

bs

Potential age ~I
class fecundity

lsPsbs

o

0.2 - 1.2

1.2 - 2.2 13.7 o. o. O.

2.2 - 3.2 23.5 0.008 16.2 0.02

3.2 - 4.2 31.4 0.289 44.1 1. 09

4.2 - 5.2 37.0 0.641 77 .9 3.59

5.2 - 6.2 41.3 0.842 114. 2.72

6.2 - 7.2 43.2 0.901 133. 1.39

7.2 - 8.2 46.3 0.947 169. 1.33

8.2 - 9.2 48.1 0.963 193. 1.54

9.2 - 10.2 49.0 0.970 206. 1.10

10.2 - 11.2 50.5 0.978 229. 0.69

11.2 - 12.2 52.1 0.984 255. 0.35

12.2 - 13.2 54.4 0.990 296. 1.17

13.2 - 14.2 56.2 0.993 331. 0.03

14.2 - 15.2 60.8 0.997 435. 0.004

15.2 - 16.2 68.4 0.999 654. 0.004

1/ Assuming a median birthday of April 1.

?,/ The size at time of spawning ("April 111) was computed as 95% the Yx value.

1/ Values for ages 1 tb 4 from Bakkala and Smith (1978), Table 26.

!!./ Number of oocytes ( ~ 600 pm diameter) produced per year, using the
relationship from Shew (1978).

~ Potential age class fecundity = product of survival (at time of spawning),
proportion mature, and individual fecundity; Is values were computed using
the age-specific mortality rates, assuming equal survival of males and
females. Units = 103 oocytes.
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the results are that age classes 4 and 5 years apparently contri

bute most to the potential reproduction of the population, 2 and 3

year olds contribute little because of their small sizes, and the

cumulative contribution of rare old ~6 yr) individuals is large.

The behavior of pollock during the spawning period (February

to June) apparently includes migrations to, and aggregations along,

the outer continental shelf and slope, (Fig. 15). Although

. spawning probably occurs along the entire eastern Bering Sea shelf

edge, the outer shelf region just west and northwest of Unimak

Island has been repeatedly identified as a major reproductive site

(Maeda 1972; Maeda and Hirakawa 1977; Serobaba 1968, 1974). Trawl

fi sheri es target upon pre-spawni ng and spawni ng populati ons, ob

taining high catch rates. Some fishing vessels harvest pollock

only for roe , di scardi ng thei r catches after strippi ng the ovaries

from ripe females.

Schools of .pre-spawning and spawning pollock apparently move

high into the water column, forming dense midwater layers (Takakura

1954; Serobaba 1974).' Mating pres umab1y i nvo1ves pai ri ng , and

broadcasting of the pelagic non-adhesive eggs (ca. 1.5 mm diameter)

with no parental care. Consistent with reported locations of prin

cipal spawning areas, pollock eggs and larvae have been observed in

highest .concentrations along the outer continental shelf between

the Pribilof Islands and Alaska Peninsula (Serobaba 1968; Waldron

and Vinter·1978).

Although some studies of the early life history of pollock in

the eastern Bering Sea have presupposed a simple counterclockwise
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FIG. 15 Locations of individuals observed in spawning condition
during April-June 1976. Dots show exact positions,
shading indicates inferred range of spawning activities.
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current transport through the central shelf region during the first

one or two years of age, recent data suggest a different and more

complex pattern of movement (Figs. 16 and 17). As opposed to

J

the previ ous impressi on of predomi nantly countercl ockwi se water

moti on over the eastern Beri ng Sea shelf, the present concept of

dominant long-term mean circulation is an extremely slow ( 1 cm

sec-I) drift to the northwest approximately parallel to the bathy

metry (Coachman 1979).

If spawning occurs predominantly along the southeast outer

shelf, then several months of northwest drift would carry larvae to

the vicinity of the Pribilof Islands. In fact, during NMFS Crab

Groundfish trawl surveys conducted from June to mid-August, a-group

pollock (approximately 2-4 months old, and 35-80 mm fork length)

have been observed over a large area of the northwestern outer

shelf (see Fig.

16). Highest concentrations of a-group juveniles, showing as

dense midwater or near-bottom layers, have been noted directly west

of the Pribilof Islands. Inspections of the stomach contents of

demersal fish species throughout the eastern continental shelf

region have found a-group pollock (lengths 50-80 mm) to occur as an

abundant food item only in-this same area._

By one year of age, pollock are broadly distributed over the

entire central and outer continental shelf, completely overlapping

and extending inshore beyond the adult range _(see Fig. 17). By

two years of age, pollock remain more restricted to deep water--and

with growth, begin to recruit to the ·trawl fisheries.

249.



56'

• 1978 Midwater sighting

• 1979 Midwafer sighting
53' 0 Oyerall apparel'll range

• ~:::a~fh~Oo~~~~ ~~;3~~;~e In

;59'

...
180' 175- 170' 165'

53·

o

o

o

o

o

o

o

FIG•. 16 Observations of O-group (2-4 month old) pollock during
June to mid-August, based upon NMFS research surveys
during 1978 and 1979.
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FIG. 17 Overall apparent range of one-year old pollock during
June to mid-August, based upon NMFS research surveys,
1975-1979.
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FOODWEB RELATIONSHIPS

One of the most stri Id ng features of the eastern Beri ng Sea

food web is the extent to which pollock are represented in feeding

relationships and overall energy exchange (Fig. 18). During

different life history stages, pollock feed upon a broad spectrum

. of prey (Takahashi and Yamaguchi 1972; MHo 1974; Clarke 1978;

Feder 1978; Smith et al. 1978; Bailey and Dunn 1979). In turn,

pollock serve as a major food resource for a wide variety of pri

marily high trophic level predators (MHo 1974; Feder 1978; Hunt

1978; Lowry et al. 1978; Smith et al. 1978).

Food and Feeding

The feeding characteristics of pollock are apparently largely

a function of body size, regional location, and time of year. Body

size sets certain morphological and behavioral limits--such as size

of the feeding apparatus, extent of dentition, and swimming speeds

--that affect the types of prey that can be captured and ingested.

Body size is also strongly related to vertical migratory behavior

within the water column and geographical location -- factors that

also determine available prey. Although regional, seasonal, and

yearly variations in prey densities must be important in deter

mining food composition and feeding rates, these have not yet been

well described in the eastern Bering Sea.

Larval pollock (5-20 mm) have been reported by Clarke (1978)

to undergo shifts in selection of prey sizes during ontogeny. The

gut contents of small larvae (5-10 mm) consisted mainly of copepod
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FIG. 18 Apparent food web based upon pollock in the eastern
Bering Sea. Dotted lines indicate pollock ontogeny.
Solid lines show important feeding relationships,
with arrowheads and line weights indicating the
direction and relative magnitude of carbon flows.



eggs and naup1i i. Larger 1arvae showed progress i vely i ncreas i ng

fractions of cyclopoid copepods, calanoids, and larval euphausids.

Juvenile pollock (2-20 cm) presumably feed on a corresponding

series of primarily zooplankton prey of increasing sizes, perhaps

foraged from areas high in the water column. Although not well

studied, important food items probably include copepods, ,amphipods,

juvenile and adult euphausids, eggs, and larval fishes.

As adults (lengths 20-90 cm), pollock are generalized pre

dators that appear to follow a "diurnally· schooling-nocturnally

active" .behavior pattern, although freshly ingested food items can

be. found in the gut at any time of day. Large eyes are apparently

adaptive for visual feeding, hunting at night, and foraging during

low winter light intensities. The sleek, fusiform body indicates

capabilities of fast swimming speeds. A large mouth and abundant,

fine needle-like dentition provide good apparatus for seizing and

ingesting large, .active zooplankton (primarily Thysanoessa spp. and

Parathemisto spp.) and fish (mainly juvenile pollock) prey (Fig.

19) ..

To place the role of pollock in the eastern Bering Sea food

web in perspective, estimates were made of the food requirement~

for three overall average stock densities and related to primary

production (Table VIII). At the average pollock densities that

can be inferred from research vessel surveys (50-100 kg ha-1), the

estimated daily food requirements represented approximately 2 to 4%

of' average photosynthetic production.
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TABLE VIII

Comparisons of Estimates of Food Intake Rates by Walleye Pollock in the
Eastern Bering Sea to Primary Production.

Pollock 1/ Pollock ~I Food 1/ Food intake rate as if
density 2 density intake rate percentage of primary

(mg wet wt m- ) (mgC m-2) (mg C m-2 day-I) production rate

2500 133 2 1

5000 266 4 2

10000 532 8 4

1/ Overall absolute density; the underlined value was the overall-mean density
observed by Pereyra et a1. (1976), assuming 100% trawl efficiency.

o

o

o

o

o

o

o

~I

11

Carbon equivalents were computed assuming a dry wt. of 14% wet tissue wt.,
and carbon f~action of 38% of dry wt. (Parsons et a1. 1977: Table 12).

Assuming an overall mean feeding rate of 1.5% of body weight per day
(Daan 1973).

Assumin~ an overall mean primary production rate (water column) of 200
mg C m- day-l (McRoy et al. 1972).
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Predation

Pollock are fed upon by a wide variety of other species, and

cannibalism (or "intraspecific predation") is also'high. To a cer-

tain extent, the pattern of predation upon pollock shows regional

variations reflecting the range overlaps and activity areas of the

different predator populations. In deep water along the outer con

tinental shelf, juvenile and adult pollock are a major food item of

) Pacific cod , Pacific halibut (Hippog10ssus steno1epis), Greenland

halibut ( Rei nhardti us hippog10ssoides), arrowtooth flounder

( Atheresthes spp.), and sab1efish ( Anop1opoma fimbria) . In the

vicinity of the Pri bi 1of Islands where large colonies of seabirds

and pinnipeds occur, predation upon larval and juvenile pollock

from the nearsurface layer by seabirds the cormorant (Pha1acrocorax

urile; kittiwakes, Rissa tridactyla, B. brevirostris; murres, Uria

aalge, Q. 10mvia; pUffins, Fratercu1a corniculata, Lunda cirrhata;

and parakeet auklet Cyc10rrhynchus psittacula) is significant, and

larger pollock are actively dived and fed upon by the northern fur

seal (Callorhinus ursinus).

:)

Other widely ranging predators apparently feed upon pollock

throughout their eastern Bering Sea distribution: cottids (parti

cularly MYoxocepha1us spp. and Ulca bolini), the Steller sea lion

(Eumetopias jubata), other seals (Phoca spp.) and toothed whales

(perhaps particularly Phocoenoides da11i and Orcinus ~).

Although cannibalism upon eggs and larvae during the post

reproductive period is a common behavior of many fish species,

pollock are unusual due to the extent that intraspecific predation

is a normal activity and represents a large fraction of total food
257.



intake. It is not unusual to find 35 cm pollock feeding upon 5-10

cm juveniles, and 60-80 cm adults feeding upon pollock 10-30 cm.

This peculiar feeding strategy--by which cannibalistic adults gain

a meal and eliminate potential competitors at the expense of their

juveniles--may result in sensitive density-dependent processes for

regulating both the age structure and total size of the population

(Fox 1975).

FISHERY CHARACTERISTICS

Present Status and History

Detailed reviews of the history and characteristics of the

different eastern Beri ng Sea trawl fi sheri es are gi ven in Pruter

(1973, 1976), Forrester et al. (1978), Low and Akada (1978), NPFMC

(1978), and Bakkala et al. (1979a). In summary, large trawl fish

eries for walleye pollock have been a relatively recent development

;)

;)

;)

o

;)

o

(Table IX), representing a shift from targeting upon other fish

species--primarily Pacific ocean perch (Sebastes alutus) and

yellowfin sole (Limanda aspera)--prior to 1964. This shift was a

consequence of decl i ni ng catch rates (i. e., apparent overfi shi ng)

of the other species, and the development of new processing techni

ques and end products designed to improve the world market demand

for pollock.

o

o

Duri ng the peri od 1966-70, annual pollock catches increased

steeply (see Table IX). Peak yields were taken during 1971-73,
o

then catches declined to the present levels of 950,000-980,000 mt

yr-1. These recent catch levels represent management quotas estab

1ished under the authority of the U. S. Fishery Conservation and
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TABLE. IX

Summary of Annual Removals of Pollock from the Eastern Bering Sea by Trawl Fisheries. 1964 to 1979 (metric tons). !/

Republic of China,
Year Japan USSR Korea Taiwan Poland Total

1964 174,792 0 0 0 0 174,792

1965 230,551 0 0 0 0 230,551

1966 261,678 0 0 0 0 261,678

1967 550,362 0 0 0 0 550,362

1968 700,981 0 1,200 0 0 702,181

1969 830,494 27,295 5,000 0 0 862,789
N

'" 1970 1,231,145 20,420 5,000 0 0 1.256,555
'"

1971 1,513,923 219,840 10,000 0 0 1,743,763

1972 1,651,438 213,896 9,200 0 0 1,874,534

1973 1,475,814 280,005 3,100 0 0 1,758,919

1974 1,252,777 309,613 26,000 0 0 1,588,390

1975 1,136,731 216,567 3,438 0 0 1 ,356~ 736

1976 913,279 179,212 85,331 0 0 1,177,822

1977 868,732 63,467 45,227 944 0 978,370

1978 :y 821,306 92,714 62,371 3,040 0 979,424

1979 ].! (774,630) (60,000) (85,000) (5,000) (25,000) (950,000)

II Data from U/olkkala et n..l. (1979h), unless othp.rwise cited. 1/ Pn~liminary estimates. 1/ Foreip,n fishing allocations (Pile~;l~i and Thompson 1979).



Management Act of 1976, Public Law 94-265. During 1978, 84% of the

total eastern Bering Sea pollock catch was taken by Japanese ves

sels, 9% by U.S.S.R., 6% by Republic of Korea, and 0.3% by Taiwan

ese. The present fishing fleets include factoryships, factory

stern trawlers, independent stern trawlers, pair trawlers, and

refrigerator transports.

Selective Characteristics

Contrary to general impressions, trawl fisheries in the east

ern Bering Sea are composed of specialized units (Le., national

and company fleets, and individual fishing vessels) that selec

tively target upon specific fish populations (particular species

and size mixes) so as to maximize the economic return from the

particular catching, processing, and storage capabilities of each

vessel. The market products that a fishing vessel is oriented

towards--frozen products (fillets or blocks), minced fish

("surimi"), meal, or roe--largely determine fishing strategies.

Depending upon seasonal variations in the availabilities of fish

populations, different fishing units may: (1) exclusively target

their trawling activities upon pollock; (2) "switch" the direction

of trawl i ng among several hi gher-va1ued species, taki ng pollock

incidentally; or (3) at times, even discard mistakenly-caught

pollock as a "trash" item.

Figure 20 shows the overall geographical distribution of

pollock catches (total annual yield) by Japanese fishing vessels in

the eastern Bering Sea during 1977. In general, vessels targeting

specifically upon pollock would probably have mainly fished along
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FIG. 20 Geographical distribution of the total annual Japanese
pollock catch during 1977, summarized by 1/20 latitude
and 10 longitude squares,

261.



the outer shelf. Vessels taking pollock incidentally to other

o

species--such as yellowfin sole,

guadrituberculatus) and deep

Alaska plaice

pleuronectids

( Pleuronectes

( Reinhardtius

o

hippoglossoides and Atheresthes spp.)--are represented by the

extended distributions of low-level catches over deep water and in

the central shelf.

A1though po11 ock are taken duri ng all months of the year, a

majority of the annual catch is taken during the summer from June

through September.

Fishing efforts directed toward pollock are highly size

selective (Chang 1974: Figure 12), a consequence of the fish densi

ties (more specifi cally, catch rates) avai 1ab1e at different body

sizes, trawl mesh sizes, and processing requirements of the differ-

o

o

o

ent vessels. Figure 21 shows the size frequency distributions o

observed from "survey" and "fishery" populations during 1978. Com-_

pared to the size distribution of the pollock population determined

from the more evenly weighted and inshore survey coverage of the

eastern shelf, trawl fisheries were selecting relatively larger,

individuals at the shelf edge.

A disturbing recent trend of eastern Bering Sea pollock fish-

eries, however, has been the selection of an increasingly larger

proportion of small and young fish. The size distribution of the

1978 fishery catch shown in Figure 21 represents an age composition

of approximately 2% I-year olds, 20% 2-year olds, 40% 3-year olds,

18% 4-year olds, and 20% 5 or more years of age. In the perspec

tive of the apparent growth and reproductive schedules for the
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FIG. 21 Comparison of the size frequency distributions of
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survey of the index area shown in Figure 8.
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Observer Program sampling of the commercial catches of
Japanese motherships, Japanese large stern trawlers,
and Korean large stern trawlers in INPFC area I.
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population (see Tables VI and VII), it would appear prudent to

reduce fishing pressures upon age classes 1-3 years.

SEASONAL AND INTER-ANNUAL VARIABILITY

Seasonal Variations

The eastern Bering Sea environment is characterized by strong

seasonality. Temperatures are seasonally cyclic and extremely cold

during winter. Mixing and overturn of the water column occurs as a

result of heat loss from surface layers during winter, followed by

increased water column stability during summer warming. Biological

production processes follow a cycle of pulsed high activities dur

i ng spri ng and summer, followed by along wi nter peri od of low

activity.

Apart from these generalizations, distinctive biological

domains (i.e., geographical subregions and water mass layers) are

apparently formed in the eastern Bering Sea characterized by dif

ferences in mean and extreme values of environmental conditions,

relative variability, and timing of events. These different

domai ns, or habitats, are presumably used by bi 0 1ogi cal speci es

according to their resource value (in terms of Darwinian fitness)

at specific times.

If we broadly defi lie mi grati on as, "an act of movi ng from one

spatial unit to another" (Baker 1978), then walleye pollock can be

seen to exhibit a continuum of movement types. At short time

sca1es (hours or days), the movements of i ndi vi dua1s refl ect the

daily activity pattern--forming and dispersing from schools,

searching for food, and avoiding predators. At longer time scales
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(weeks and months), individuals and large subpopulations (such as

certain age classes) show movements between different biological

domains--from deep water up onto the continental shelf and back,

along the shelf, and between major regions.

A dominant behavior of pollock appears to be seasonal move

ments on- and off-shelf (i. e., movements normal to bathymetry).

During winter months, shelf populations appear to retreat to deep

water along the outer shelf edge and may extend pelagically out

over deep water. During summer, vertical and onshore movements

occur that result in high concentrations of adults along the outer

shelf and a dispersal of primarily juveniles (age classes 1 and 2

yr) into the central and inner shelf regions. These seasonally

related bathymetric shifts are reflected in the trawling depths of

the commercial fishery (Fig. 22).

Since pollock are ectotherms, with body temperatures in equi

librium with their surroundings, on- and off-shelf migrations

appear to be an adaptive response to the extremely cold tempera

tures (0.0 to -1.7 C) of the shelf domain during winter. Along the

shelf. edge at depths of 200-300 m, water temperatures are relative

ly constant -- 3-5 C throughout the year, providing a warm winter

refuge (i.e., freezing avoidance) layer. Dispersal from this layer

out onto the continental shelf during summer presumably maximizes

the exp1oi tati on of di fferent food resources by different size and

age classes.

Along-shelf movements (i.e., parallel to bathymetry) have been

found from tagging studies and inferred from month-to-month changes

in the patterns of commercial fisheries catches (Serobaba 1970;
265.
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Monthly variations in fishing depths for pollock,
based upon 1978 NMFS Foreign Fisheries Observer
Program data from Japanese and U.S.S.R. independent
stern trawlers in INPFC area I. Dots indicate the
median fishing depth during each month, vertical
'bars indicate the monthly range. The shaded area,
depths 135-245 m, represents the principal range of
values during the year. Only gear operations in
which pollock represented 25% or more of the total
catch (by weight) were included in the analysis.
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Maeda 1972; Takahashi and Yamaguchi 1972). These have been sugges

ted to represent the directed, seasonally-related movements of sub~

populations between exclusive "wintering," "spawning," and "summer

feeding" areas. Although the outer continental shelf area just

west and northwest of Unimak Island does appear to be a major re

producti ve site, other resource areas (i ncl udi ng wi nter refuge,

other low-level spawning areas, and summer ranges) now appear to be

broadly distributed, and there do not seem to be clear long

distance migration routes to particular seasonal activity centers.

Two large subsurface domains that appear fundamentally differ

ent are the outer continental shelf areas northwest and southeast

of ,the Pribilof Islands. Temperature conditions are colder in the

northern area, wi nter sea ice extends seaward of the conti nenta1

she1f, and wi nter overturn penetrates the water co1umn to depths

below the shelf edge (Favorite etal. 1977). As a result, in this

northern regi on the t imi ng of spri ng and summer events--movements

related to spawning, the spawning period, and dispersal onto the

shelf--appear to follow the southeastern region by a lag of approx

imately 1-2'months. A characteristic progression of the commercial

fisheries from south to north along the outer shelf during spring

to mid-summer may represent targeting upon time-lagged spring

aggregations along the shelf edge, following a northward migrating

subpopulation, or perhaps partly result from restrictions due to

ice and weather conditions.

Evidence has been presented for a progressive decrease in the

size composition of pollock in the southeast area during the post-
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spawning period, presumably due to movements of large adults from

the reproductive site (Serobaba 1970; Yamaguchi 1979). Whether

these same, migrating, spent individuals account for increases in

population size composition that occur in the northwest area during

the same time period, will need to be verified by mark and re

capture studies.

The responses of pollock to winter ice cover may be expected

to be largely determined on the basis of thermal characteristics of

the subsurface (particularly bottom water) environment. Since an

arctic distribution is not shown, and there is no evidence of the

development of biochemical mechanisms for adapting to freezing

conditions, then it must be assumed that pollock are excluded from

shallow regions of the continental shelf during winter ice cover.

Along the outer continental shelf, the penetration of relatively

warm (1-5 C) subsurface circulation under ice cover may still

provide an adequate thermal refuge.

As suggested by genetic similarities and some tagging studies,

interregional exchange is apparently an important process that may

also vary seasonally. A relevant research problem is the question

of determining the origins and relationships (to shelf populations)

of pel agi c walleye po11 ock found over deep water in the central

Bering Sea. During an acoustic survey of the Aleutian Basin during

June and July 1978, Okada (1978) observed "spotted type" echo pat

terns from large pollock throughout essentially the entire region,

mainly from midwater layers at approximately 30-80 m depths during

daytime. Pollock in these layers were extremely uniform in size,
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with 82% of all individuals sampled between 44-50 cm.

Variations Between Years

Even if the eastern Bering Sea were a more constant physical

environment, important properties of the walleye pollock population

(e.g., abundance,- size and age structure, growth, food requirements)

might still be expected to undergo long-term fluctuations resulting

from <1) internal processes of population regulation, and (2) the

external, and variable, influences of 'predators (including fish

eries) and prey. Density-dependent processes of population control

may be expressed as variations in life table characteristics.

Because the population is composed of approximately 15 age classes,

and because inter-age class predation (and perhaps competition) is

significant, interactions between age classes may alone result in

inherent variations in age class abundances (and hence, total

population density) between years. Similar control mechanisms must

also result from the size-selective activities of predator popula-

tions, producing varying patterns of age-specific mortalities.

Particular properties of the population are apparently sensi

tive to certain age classes. The weight density, or biomass, of

the population will largely be dependent upon the abundances of age

classes 2-5 yr (see Table VI). Potenti a1 fecundi ty wi 11 pri-

marily be dependent upon the abundances' of age classes 4-9 yr (see

Table VII).

The actual high year-to-year variability of the eastern Bering

Sea physical environment adds other components that contribute to,
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and perhaps accentuate, fluctuations in population properties.

Potentially important variations in physical environment include

changes in general climate (McLain and Favorite 1976), anomalously

extensive ice cover and formation of cold bottom water during

winter, and changes in the flow and characteristics of eastern

Bering Sea source waters.

"Climate" is apparently important in determining the timing

and extent of seasonal migrations of pollock both on- and off

shelf. Ouri ng warm years, spri ng movementsi nto shall ower water

have appeared to occur earlier, and the density distribution of the

population has appeared to shift farther inshore than during cold

years (Pereyra et al. 1976: Figs. VIII-II and VIII-12). The direct

importance of thermal conditions in determining distributional

characteri sti cs of the popul ati on may be overemphasized, however,

and other factors that covary with temperature (e. g., particular

food items) may be more of a direct cause.

Hydrographi c conditions and short-term cl imate ( weeks) pre

sumably have large influences upon annual reproductive success by

contributing high variability to the survival of eggs, larvae, and

early juveniles. The effects of variable early survival upon year

cl ass abundances at subsequent ages, however, may be dampened or

obscured by later density-dependent mortality processes.

FUTURE RESEARCH

Because of the importance of pollock in the eastern Bering Sea

and other regi ons of the North Pacifi c, there are needs for sub

stantially increased research activities studying their basic bio
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logy, population dynamics and ecological relationships. In order

of priority:

1. There is a· need to develcp mathematical simulation models to

exami ne the behavi or of the popul ation dynami cs of pollock under

different assumptions of biological interactions and process rates.

Single-species age-structured models are needed to examine detailed

processes of internal regulation. Multispecies models are needed

to studY effects of i nteracti ons between speci es. Vi e1d-ori ented

models are needed to enable more objective eva1uation of potential

effects of different harvesting levels by fisheries, and to test

consequences of feedback and non-feedback management policies.

Simulations of environmental randomness should be included in all

three types of models.

2. We need to ensure the collection of more uniform population

data, and in particular, to strive for developing longer observa

tional time series based upon consistent procedures. This informa

tion is needed for use in mathematical models, and will provide the

basi s for sci entifi c management of the fi sheri es. Fi sheri es sur

veys of pollock in the eastern Bering Sea would be more productive

in the long run if the participating agencies better coordinated

their research efforts, standardized sampling methods and gear, and

agreed upon uniform statistical areas. There is also a need to

improve the uniformity and quality of data reported from the com

mercial fisheries.

3. There is a need to study relationships between spawning popu

lation size, reproductive success, and subsequent. age-class abun-
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dances and survival rates. Size- and age-specific mortality rates

need to be evaluated as potentially important density-dependent

mechanisms regulating population age structure and size.

4. The interrelationships of pollock with other species need to

be studied, particularly marine mammals.

5. We need a better understanding of seasonal movements and

population exchange: (1) along the eastern Bering Sea continental

shelf; (2) between populations associating with the eastern Bering

Sea continental shelf and pelagic populations over deep water in

the Aleutian Basin; and (3) between major geographical regions.
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POPULATION CHARACTERISTICS AND ECOLOGY OF YELLOWFIN SOLE

Richard G. Bakkala

Northwest and Alaska Fisheries Center
2725 Montlake Blvd. E.

Seattle, Washington 98112

ABSTRACT

Yellowfin sole is a major component of the demersal fish com
muni ty of the eastern Beri ng Sea conti nenta1 shelf and has been
fished commercially on a regular annual basis since 1954; in 1975
it made up 64% of the total flounder biomass and 23% of the total
sampled fish biomass. Intense exploitation in 1959-62 (when 1. 6
million mt were harvested) was the apparent cause of a severe de
cline in abundance of the resource and an estimated virgin exploit
able biomass of 1.6-2.0 million mt decreased to 0.8 million mt in
1963. The biomass remained at this lower level of abundance
through the early 1970's, but since 1972 it has shown a marked in
crease and may have reached 1.4 million mt in 1978. This increase
stems from the recruitment of a series of abundant year classes
originating in the years 1966-70.

Seasonal migrations are conducted from outer continental shelf
and slope waters (> 100 m) occupied in winter and early spring to
inner shelf waters (15-75 m) where spawning occurs in summer. Off
shore migrations by adults in fall and winter are an apparent re
sponse to ice cover and cold water temperatures that characterize
inner and central shelf waters in winter.

Unlike the adults, the young remain in shallow nearshore nur
sery areas throughout their first few years of life. They begin to
disperse to more offshore waters at 3-5 years of age, and by 5-8
years of age, they occupy much the same waters as older fish.
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Yellowfin sole are slow growing and reach a length of 25 cm at
8-9 years of age, which is about the average size of fish taken in
the commercial fishery. They first become recruited to the fishery
at 4-5 years and become fUlly recruited at 7 years, which corres
ponds to the age when the exploitable stock reaches its maximum
biomass. Growth declines between ages 7-8 when a high proportion
of the population reaches sexual maturity. Mortal ity increases
rapidly after the 9th year possibly due to spawning stress mortal
ity.

Cl imatic variations in the eastern Bering Sea since the mid
1960's have produced some apparent changes in year-class abundance
and in distributions and migrations of yellowfin sole. Abundant
year-classes were produced in years of relatively warm climatic
conditions whereas abundance of year-classes produced in cold years
were relatively low. Evidence has also suggested that extensive
ice cover may delay the start of spring inshore migrations, and
res i dua1 co1d water in central she1f areas may alter patterns of
summer migrations and distributions.

INTRODUCTION

Yellowfin sole (Limanda aspera) is a right-eyed flounder of

the fami ly Pl euronecti dae and is one of two speci es of Limanda

found in the eastern Bering Sea, the other being the long-nosed dab

(1. proboscidea). Yellowfin sole is a major component of the Ber

i ng Sea i chthyofauna whi 1e the longhead dab is a mi nor nearshore

species. External characters that distinguish yellowfin sole from

other flounders are the sharply arched lateral line over the pec

toral fin and the absence of an accessory branch; light brown color

on the eyed side with darker mottling; yellow cast to the unpaired

fins; and narrow black lines at the base of the paired fins (Hart

o

o

o

o

1973; Fig. 1). It is a relatively small flounder, and commer-

cial catches in recent years reflect an average size of 25 cm and

175 gms. Fish of 25 cm are 8-9 years old; however, maximum lengths
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FIG. 1 Yellowfin sole (Illustration from J. L. Hart, 1973,
Bull. 180, Fish. Res. Board Canada; courtesy Environment
Canada, Ottawa) ..
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of 53 cm (Ellson et al. 1950) and ages in excess of 20 years

(Wakabayashi 1975) have been reported.

The distribution of yellowfin sole is limited to continental

shelf and slope waters of the North Pacific Ocean, the Bering Sea

and, to a limited extent, the Chukchi Sea (Fig. 2). It ranges

along the Pacific coast of North America from Barclay Sound (about

49°N), Vancouver Island, British Columbia northward into the

Chukchi Sea (Hart 1973) and along the Asian coast from the Gulf of

Anadyr southward to the east and west coasts of Hokkaido Island,

Japan, and along the Asian mainland in the Okhotsk Sea and the Sea

of Japan to about 35°N off South Korea (Fadeev 1970a). Their

bathymetric range is from about 5-360 m, although in some regions

such as the Gulf of Alaska, it is limited to continental shelf

waters of generally 100 m or less. The deepest recorded occurrence

(360 m) is in the eastern Bering Sea.

They reach their maximum abundance in the eastern Bering Sea

and are by far the most abundant flounder in this area. Based on

an extensive trawl survey in 1975 (Pereyra et al. 1976) the biomass

was approximately 1.0 million mt, representing 64% of the total

flounder biomass on the eastern Bering Sea continental shelf and

23% of the total sampled fish biomass. It was the second most

abundant demersal fish after walleye pollock (Theragra chalco

gramma).

Although it is the predominant flounder in the eastern Bering

Sea, yelTowfi n so1e becomes a re1ati vely mi nor speci es among the
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flounder complex in the Guif of Alaska. It ranked eighth in rela

tive abundance in flounder catches in the northern Gulf of Alaska

(Hughes 1974) and is only occasionally taken in southeastern Alaska

waters (Schaefers 1951; Ellson and Livingston 1952).

The abundance of yellowfin sole is lower in U.S.S.R. waters

than in the eastern Bering Sea, but concentrations are large enough

in certain regions to attract commercial fisheries (see Fig. 2).

COMMERCIAL UTILIZATION

Yellowfin sole and other groundfish resources of the eastern

Bering Sea were first exploited commercially by Japan, initially by

exploratory vessels in 1930 and by a mothership-catcher boat opera

tion in 1933 (Forrester et al. 1978). Fishing was conducted off

Bristol Bay for pollock and flounders which were reduced for fish

meal and continued until 1937 with catches ranging up to 43,000 mt

annually. Another mothership fishery was conducted in 1940 and

1941 that targeted on yellowfin sole for human consumption

(Forrester et al. 1978). Total catches were 9,600 and 12,000 mt

respectively.

Following World War II, Japanese distant water fisheries re

sumed operations in the eastern Bering Sea in 1954 with mothership

and independent trawler fleets targeting on yellowfin sole. -In the

initial period of this fishery (1954-57), catches ranged from about

12,500-24,700 mt (Table I).
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In 1958 the U.S.S.R. also entered the fishery and from 1959-62

the exp1oi tati on of yell owfi n so1e was very intense wi th annual

catches ranging from 185,000-554,000 mt. There is evidence that

catches of this magnitude severely reduced the abundance of the

stock (Wakabayashi et al. 1977). In the subsequent period of 1963

71, catches were much lower, ranging from 53,800-167,100 mt.

Catches declined further in the period of 1972-77 as the U.S.S.R.

discontinued their target fishery for ye110wfin sole, presumably

because of low catch rates. Catches in this period, primarily by

Japan, ranged from 42,200-78,200 mt. In 1978 the U.S.S.R. resumed

their target fishery for ye110wfin sole and preliminary data indi

cates that all-nation catches rose to about 112,000 mt.

STOCK BIOMASS

The virgin biomass of exploitable yellowfin sole (age 6 years

and older) in the eastern Bering Sea has been estimated to range

from 1.3-2.0 million mt (Alverson et al. 1964, Wakabayashi 1975).

Based on a virtual population analysis (Wakabayashi 1975), the ex

ploitable population was reduced to approximately 40% (801,500 mt)

of the maximum estimate of virgin size by 1963. This decline oc

curred during the period of intense exploitation by Japan and the

U.S.S.R. when 1.6 million mt were harvested in 1959-62. The

analysis also showed some recovery of the resource in the mid

1960's when the exploitable population was estimated to reach about

950,000 mt (Table II). This was followed by another decline to

about 790,000 mt in 1970.
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TABLE II
-)

Estimates of the Exploitable Biomass (age 6 and older) of Yellowfin
Sole in the Eastern Bering Sea.

Year Virtual Population Analysisl1 Cohort Analysis21 Trawl Surveys31

1959 2035.1
1960 1924.0
1961 1521. 6
1962 1054.6
1963 801.5:)
1964 856.2 912.5
1965 872.8 960.7
1966 948.1 969.0
.1967 946.5 879.0
1968 862.7 635.4

1969 880.8 604.0
1970 786.7 720.8
1971 648.2
1972 660.0
1973 849.1

..)

1974 761.4
1975 910.2 991. 9
1976
1977

J 1978 1414.6

II Wakabayashi (1975)
21 Wakabayashi et al. (1977)
~I Pereyra et al. (1976);· Bakkala et al. (1979)

A cohort analysis covering the period 1964-75 (Wakabayashi et

al. 1977) showed trends in abundance similar to those indicated by

the virtual population analysis, but yearly biomass estimates

varied to some degree between the two studies (see Table II).

The cohort analysis showed the exploitable population reaching a
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low level in 1969 of 604,000 mt and then increasing to 910,000 mt

in 1975. This increase in abundance has also been evident from in-

dices of relative abundance from research vessel surveys and from

the commercial fisheries (Bakkala et al. 1979). The estimated bio

mass in 1975 based on the cohort analysis was similar to that ob-

tained from an extensive trawl survey of the eastern Bering Sea in

1975.

Indices of relative abundance and biomass estimates from trawl

surveys have shown that the abundance has continued to increase

through 1978 (Bakkala et al. 1979). The exploitable biomass may

have reached 1. 4 milli on mt by 1978, perhaps reachi ng 70% of the

virgin population size. The primary reason for the increase in

abundance of the resource has been the recruitment of a series of

relatively strong year-classes originating in the years 1966-70

(Fig. 3). The accumulative contribution of these year-classes

may have resulted in a doubling of the overall exploitable biomass

over the period of 1973-78.

STOCK STRUCTURE

Yellowfin sole form dense concentrations on the outercontin-

ental shelf of the eastern Bering Sea in winter. The largest of

these concentrations is located in the vicinity of Unimak Island

and the second largest is west of St. Paul Island (Fadeev 1970a;

Wakabayashi 1974). Other 1esser wi nter concentrati ons have al so

been recognized by these authors; one that may be located south or

east of St. George Island and the other in Bristol Bay, the latter

consisting of small fish. Japanese tagging studies have shown that
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the wintering concentrations near St. George Island and Unimak

Island combine in spring prior to onshore migrations to areas off

Bristol Bay (Wakabayashi et al. 1977). The wintering concentration

of small fish in Bristol Bay is also thought to be a part of the

Unimak Island-St. George Island group, perhaps representing a seg

ment of the juvenile portion of the population.

The second largest wintering concentration, that located west

of St. Paul Island, appears to remain relatively independent of the

Unimak Island-St. George concentrations throughout the year. This

group probably mi grates inshore between St. Paul and St. Matthew

islands and forms concentrations in the vicinity of Nunivak Island

in summer,

The apparently independent movements and distributions of the

St. Paul Island and Unimak Island-St. George Island populations

have suggested the exi stence of independent spawni ng stocks of

~ellowfin sole in the eastern Bering Sea, a northern stock (St.

Paul group) and a southern stock (Unimak Island-St. George Island

Bri stol Bay group) (Wakabayashi 1974; Wakabayashi et al. 1977).

Japanese tagging studies through 1973·indicated only limited mixing

of the two groups (Wakabayashi 1974) and some studies suggested

differences in biological characteristics (such as growth rates,

length-weight relationships, and egg diameters) between populations

in the proposed north and south stock areas (Kashkina 1965;

Wakabayashi 1974).

Other studies of biological characters, however, have not sup

ported the two stock concept (Fadeev 1970a; Wakabayashi 1974). In
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addition, returns from Japanese tagging studies since 1973 have

shown greater intermixing of fish between the proposed stock areas

(see Fig.

1977) .

4 for results of Japanese tagging results through

)

)

Results of biochemical genetic studies using electrophoretic

techniques (Grant et al. 1978) have provided no evidence of major

genetic differences between fish from the proposed north and south

stock areas. The authors point out, however, that the samples on

which the studies were based were not taken during the spawning

season when the two stocks (if they exist) would be most clearly

segregated. In addition, the findings of similar gene frequencies

between fish from the two areas is not positive evidence that dif-

ferentiation has not occurred. For example, if the populations had

become isolated from one another in fairly recent times, genetic

differences might not be easily detected with present electrophor

etic methods.

Thus, although accumulating evidence from tagging and genetic

studies tends to suggest the presence of a single spawning stock of

ye11 owfi n sole in the eastern Beri ng Sea, thi s questi on has not

been entirely resolved.

BIOLOGICAL CHARACTERISTICS

Size Composition

The length range of yellowfin sole taken by U.S.S.R. research

vessels in the eastern Bering Sea in the period of 1958-64 was 5-49
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cm (Fadeev 1970a). The average size of fish taken by the commer

cial fishery was 26-27 cm in 1958 and 1959, years immediately pre

ceding the period of intense exploitation of the population. The

dominant sizes according to Fadeev (1970a) were 24-30 cm. In re

cent years, the average size has been about 25 cm in the commercial

fi shery.

Length data taken on large-scale Northwest and Alaska Fish

eries Center (NWAFC) trawl surveys in 1975, 1976 and 1978 (Fig.

5) show fi sh rangi ng from 5-44 cm and averagi ng 22.2-22.6 cm for

combined sexes. More than 96% of the surveyed population was less

than 30 cm. The relatively high proportion of fish in the 12-16 cm

range in 1978 represents the recruitment of the apparently strong

year class of 1973.

Age Composition

The observed age range since the early 1970' s has been 2-19

years for males and 2-21 years for females (Pereyra et al. 1976,

Bakkala and Smith 1978); however, about 97% of the sampled popula

tion numbers were less than age 13.

Age data collected during NWAFC research vessel surveys and

from the commercial fishery show the population undergoing marked

changes in age structure during 1973-78 (Fig. 6). In 1973 a

high proportion (86%) of the population sampled by research vessel

surveys was made up of fish age 7 or younger, but by 1978 these·age

groups were only 36% of the sampled population, while fish age 8-11

were 54%. These changes are the result of the recruitment and

advancement through the popu1ati on of the seri es of re1ati ve ly
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strong year-classes originating in the years 1966-70. Research

vessel data indicate that the 1971 and 1972 year-classes may not be

as abundant as those of 1966-70 but that the 1973 year-class may be

of above average strength.

Size and Age at Maturity and Recruitment to the Fishery

Yellowfin sole begin to mature at a length of 10.5 cm for

males and 18.5 cm for females (Wakabayashi 1974; see also Fig.

7). The length at which 50% of the population is mature is 12.8 cm

for males and 25.2 cm for females. All males are mature at 25 cm

and most females at 30 cm.

Based on samples collected in 1959-64, Fadeev (1970a) reported

that males first ,begin to mature at 12 cm and females at 16-18 cm

but that 50% of the population reached maturity at 16-18 cm for

males and 30-32 cm for females. Wakabayashi (1974) suggested mat

urity may have been reached at a smaller size in 1973 because abun

dance of the population was lower than in 1959-64.

In relation to age, females begin to mature at age 6 and reach

50% maturity at about age 9; 100% of the females were mature at age

15 (Fig. 7).

Yellowfin sole first become recruited to the fishery at 13 or

14 cm which corresponds to ages 4-5. They become fully recruited

to the fishery at age 7 (Laevastu and Favorite 1978) which is also

about the age (7-8 years) when the exploitable stock reaches its

maximum size in weight (Wakabayashi 1975).
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Length-Weight Relationships, Growth, and Mortality

Length-weight relationships obtained in 1975 and 1976 show

that females are only sl ight1y heavier than males (approximately

1-10~O from lengths of 20-30 cm (Table III). Von Berta1anffy

growth curves (Fig. 8) and their parameters (Table IV) i 11 us-

trate the similarity in growth characteristics of males and fe

males. Six-year means of observed lengths and calculated weights

(Table V) indicate that annual increments of length increase

from age 4 to age 6 and then decline at older ages. Annual incre-

ments of weight also increase from ages 4-6, but are relatively

constant from ages 7-13. Laevastu and Livingston (1978) have also

shown a decline in the growth rate between ages 7 and 8 that they

attribute to a large portion of the population reaching sexual mat

urity at this age and the diversion of energy from growth to devel

opment of sex products.

TABLE V
Six Year Means of Observed Lengths and Calculated Weights at Age
for Ye110wfin Sole of the Eastern Bering Sea from NWAFC Survey
Data of 1973-78.

o

Mean
Length

Age (cm)

3 12.0
4 14.1
5 16.6
6 19.3
7 21. 0

8 22.4
9 23.9

10 25.2
11 26.4
12 27.4

13 28.7
14 29.1
15 29.4

Annual
Increment

(cm)

2.1
2.5
2.7
1.7

1.4
1.5
1.3
1.2
1.0

1.3
0.4
0.3

299.

Mean
Weight

(g)

19.5
32.3
51.7
81.5

103.9

126.4
154.2
181.0
206.3
230.3

265.2
278.3
286.6

Annual
Increment

(g)

12.8
19.4
29.8
22.4

22.5
27.8
26.8
25.3
24.0

34.9
13.1
8.3
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TABLE III

Length-Weight Relationships for Ye110wfin Sale of the Eastern Bering Sea (data of Pereyra et al.
1976; Bakka1a and Smith 197B).

Length Predicted Weight (g) at lengthTime Sample Range of Length-Weight
Sex Year Period Size Sample Coeff; ci ents 10cm 20cm 30cm

Males 1975 Aug-Oct 701 7-40 0.0128 2.956 11. 6 89.8 297.6
1976 Apr-Jun 213 9-33 0.0208 2.779 12.4 85.6 264.2

Females 1975 Aug-Oct 844 8-40 0.0102 3.035 11.1 90.6 310.2
1976 Apr-Jun 293 10-37 0.0168 2.870 12.4 91.1 291. 9

TABLE IV

Growth Parameters for Yellowfin Sole of the Eastern Bering Sea (data of Pereyra et a1. 1976:'
8akka1a and Smith 1978).

Number Standard Parameter, of Age Age Length Error of K to,-' Sex Year Readings Range Range Curve Fit Loo

Male 1975 609 0,8-15 0,17-30 1.50 40.79 0.11 0.22
1976 507 0,4-12 0,13-33 0.31 31.88 0.17 -0.02

Female 1975 707 0,8-15 0,19-39 0.80 40.28 0.11 -0.09
1976 600 0,4-14 0,13-36 0.66 32.23 0.18 0.10
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Mortality decreases rapidly with age in juvenile year classes

and reaches a minimum between ages 5~9, about the age of entry into

the fishery. Mortality increases rapidly after the 9th year when a

high proportion of the population reaches sexual maturity. The

higher mortality of ages 10 and above may be due to spawning stress

mortality.

Wakabayashi (1975) using the method of Alverson and Carney

(1~75) estimated instantaneous natural mortality (M) for age 4 and

older fish as 0.25, corresponding to an annual mortality rate of

22%.

PREDATORS AND PREY

An important predator of yellowfin sole in the eastern Bering

Sea according to Novikov (1964) is the halibut (Hippoglossus

stenolepis). He found a close relationship between the distribu

tion of halibut and that of yellowfin sole during the summer and

autumn and suggested that the movements of halibut are governed to

a 1arge degree by the movements of its pri nci pa1 prey, ye11 owfi n

sole. The incidence of yellowfin sole in halibut stomachs in his

studies. ranged ·from 33-70% and, in terms of composition by weight,

from 30-55% over various areas of the southeastern Bering Sea.

Although there must be other predators of yellowfin sole, particu

larly during larval and juvenile stages, they have not been docu-

mented.

Yellowfin sole are capable of feeding on a variety of animals

from strictly benthic forms such as clams and polychaete worms to

zoop1ankton (mys i ds andeuphaus i ids) to pel agi c fi sh (capel i nand
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smelt) (Pereyra et al. 1976). About 50 different taxa have been

found in stomachs of yell owfi n sole in the eastern Beri ng Sea

(Skalkin 1963). The kinds of organisms consumed vary by season,

area, and size offish. Feeding generally stops in winter although

instances of fairly intense feedi ng have been recorded in thi s

season (Fadeev 1970a). During the onshore migrations in May and

June 1971, 73% of the fish that had wintered near Unimak Island

were feeding, but feeding intensity was lower for fish that had

wintered near St. George Island (0.05%), St. Paul Island (19%), and

in Bristol Bay (0%) (Wakabayashi 1974). Feeding intensity in

creases as they move onto the central shelf and diet varies by

area, apparently dependi ng on the avai 1abil ity of food organi sms.

Fadeev (1970a) suggests that scarcity of benthic organisms results

in a greater dependence on zooplankton for food.

Contents of 2,357 stomachs taken over a broad area of the

eastern Bering Sea (Table VI) show that the primary food items,

representing 65% of stomach content by weight, were' bivalves,

amphipods, polychaete worms and echiuroid worms. Polychaete worms

and amphipods were the principal food items in smaller fish (10-20

cm), polychaete worms and bivalves followed by echiuroid worms and

amphipods in larger fish (20-30 cm), and bivalves and echiuroid

worms in fish greater than 30 cm.

SPECIES ASSOCIATIONS

Recurrent group analyses (Fager 1957, 1963; Fager and Longhurst

1968) have been used to demonstrate species associations within the

demersal community of the eastern Bering Sea (Kihara 1976; Mito 1977;
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Pereyra et al. 1976; Bakkala and Smith 1978). The procedure identi-

fies species relationships on the basis of cooccurrence within

samples. When joint occurrences are equal to or exceed 0.50, the

species are considered to show affinity.

TABLE VI

Stomach Contents (in grams) by Size Group of Yellowfin Sole
Collected in the Eastern Bering Sea in 1970 (Wakabayashi 1974).

:,

,)

:)

Food Item

Gadidae
Osmeridae
Ammodytidae
Other Pisces
Amphipoda

Euphausiacea
Macrura
Mysidacea
Brachyura
AhOmura

Crangonidae
Polychaeta
Cephalopoda
Bivalvia
Gastropoda

Ophiuroidea
Scutellidae
Echiurida
Ascidia
Holothuroidea

Sandll
Others
Indistinct

Total

No. of Stomachs

101-200mm

22.6

1.6
3.7
0.4

1.7

0.3
31.4

6.5

2.3
6.4
9.2
0.2

7.2
12.8
12.9

119.2

275

Size Group
201-300mm

60.3
12.7
12.5
36.4

180.2

61. 7
22.8

39.4
51.5

10.0
360.9

403.6
1.3

36.1
33.2

245.4
13.7
34.8

91. 9
108.2
64.2

1,878.3

1,708

300mm

26.8

56.4
18.4
45.3

38.1
24.1
0.2
7.8

18.3

0.8
63.1
1.7

553.1
10.4

1.4
17.2

398.4
4.2
3.5

13.7
163:6
27.7

1,496..7

374

Total

87.1
12.7
68.9
54.8

248.1

101.4
50.6
0.6

47.2
71.5

11.1
455.4

1.7
963.2
.11.7

, 39.8
56.8

653.0
18.1
38.3

112.8 .
284.6
104.8

3,494.2

2,357

J 1/ Possibly tubes of polychaeta.
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The above four studi es showed wi de vari at ion in the speci es

that cooccurred with yellowfin sole. This might arise from differ-

ences in areas, time periods, and years of the surveys from which

the data was analyzed. However, certain species cooccurred more

consistently with yellowfin sole than others (Table VII):

Alaska plaice were found to cooccur in all studies and rock sole

and Pacific herring in more than one study. Pacific halibut was

not one of the species showing close association with yellowfin

sole based on recurrent group analysis as was suggested in the food

habits study of halibut by Novikov (1964).

DISTRIBUTION AND SEASONAL MOVEMENTS OF ADULTS

Wakabayashi (1974) summarized Japanese commercial catch data

from December 1967 to October 1968 to illustrate seasonal changes

in fishing grounds. These data probably also generally illustrate

seasonal changes in distribution of major concentrations (Fig.

9). In winter months (December-March), catches were concentrated

near the 200 m isobath in the area west of the Pribilof Islands;

but from the Pribilof Islands to Unimak Island, they occurred

between 100-200 m. Beginning in April and clearly evident in May,

major catches were made near the 100 m isobath or in even shallower

areas. In June, largest catches occurred between 50-100 m and in

July and August near the 50 m isobath. In September main catches

again shifted to deeper water (50-100 m) and in October the great

est proportion of the catches near Unimak Island were taken at the

200 m isobath.
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FIG. 9 Seasonal changes in Japanese fishing grounds for
yellowfin sole, December 1967 to October 1968
(Wakabayashi 1974). Symbols represent the percen
tages of the total monthly catches taken in various
1/20 latitude and 10 longitude statistical blocks.
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More recent data from a large-scale NWAFC trawl survey in

Apri l-June 1976 ill ustrate the apparent routes of movement duri ng

spring onshore migrations for the two major wintering concentra-

tions located north of Unimak Island and west of St. Paul Island.

The spring of 1976 was unusually cold and the location of the ice

edge in April 1976 approximated an extreme southern location based

on observations over the seventeen-year period of 1954-70 (Bakkala

and Smith 1978). Because of the extensive ice cover, research

vessel fishing operations in April were mainly limited to the outer

shelf southeast of the Pribilof Islands. The Unimak Island winter-

ing concentration was clearly evident north of Unimak Island immed-

iately offshore of the ice edge (Fig. 10). Yellowfin sole were

highly concentrated in this area with catch rates ranging up to

6,800 kg/km trawled. Bottom temperatures near the leading edge of

this concentration were near 0 C and the densest portion of the

concentration was located in bottom temperatures of 0.1-2.0 C.

In May, as the ice edge receded, the Unimak Island wintering

concentration shifted .eastward towards Bristol Bay, apparently

moving with the receding ice edge and 0 C isotherm (Fig. 10).

In June (Fig. 11), a number of independent concentrations were

observed east of the location of the principal concentration ob-

served in May. The nearshore concentration in Bristol Bay was made

up of small fish not encountered in offshore waters. A concentra

tion of juvenile fish was also observed in this area in spring by

Fadeev (1970a) and, as noted in his findings, is believed to indi-

cate overwintering in Bristol Bay.
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FIG. 10 Distribution and relative abundance of yellowfin
sole in April and Mayas shown by a NWAFC trawl
survey in 1976 ( after Bakkala and Smith 1978).
As indicated in the text, concentrations of yellowfin
sole can be noted in the vicinity of Unimak Island,
west of St. Paul Island and east of St. George Island.
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Based on survey data in August to October 1975 (see Fig.

11) and earlier survey data (see Figs. VIII-23 to 29 of Pereyra et

a1. 1976), yell owfi n sole form a 1arge summer concentration in

outer Bri sto1 Bay between the 40:"100 m depth contours. Taggi ng

data suggest that these fish winter off Unimak Island and St.

George Island (see Fig. 4).

The second major wintering concentration that is located west

of St. Paul Island may have been under the ice in April 1976 (see

Fig. ; 10). This assumption is based on their location in May, an

area covered by ice in April. In June, the concentration of fish

located between St. Paul and St. Matthew Island may represent a

migration of this wintering group towards Nunivak Island as Japan

ese tagging data show that most of these fish become distributed in

the vicinity of Nunivak Island in summer (see Fig. 4).

DISTRIBUTION AND DISPERSION OF EGGS, LARVAE, AND JUVENILE FISH

The location and timing of spawning is based mainly on catches

of eggs during plankton surveys; spawning adults have rarely been

observed. Spawning begins in early July and probably terminates in

September according to Musienko (1963). Eggs were observed over a

broad area of the eastern Bering Sea shelf from off Bristol Bay to

off Nunivak Island (Fig. 12), and densities indicated that

spawning was most intense south and southeast of Nunivak Island.

Depths of spawning ranged from 15-75 m.

Kashkina (1965) also observed spawning between Nunivak Island

and St. Lawrence Island (see Fig. 12). Spawning also occurs in
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northern Bristol Bay based on my observations of females with

"running" eggs in July 1979.

Eggs are pel agi c, and 1aboratory studi es of eggs from the

Okhotsk Sea indicate that hatching occurs in about 4 days at 13 C.

(Pertseva-Ostrovmova 1961). The lower threshhold temperature for

successful egg development was 4 C. Eggs have been encountered in

the eastern Bering Sea at temperatures of 6.4-11.4 C (Kashkina

1965; Musienko 1963). At hatching, the prolarvae are small (2.2

3.1 mm), transparent, have 1arge yol k sacs, and are capab1e of

swimmi ng (Pertseva-Ostroumova 1961; Musi enko 1963). About three

days after hatching, the yolk sac is absorbed and the larvae begin

to feed and at this stage range in length from 3.3-3.8 mm.

The time from hatching to metamorphosis to the juvenile stage

is unknown. Partially metamorphosized young have been found in

plankton hauls at 16.5-17.4 mm in length, but larger juveniles have

not been collected in plankton tows and are assumed to have begun a

bottom existence in shallow nearshore waters.

Juvenile yellowfin sole of 5-10 cm (2 and 3 year olds) are

first observed in research vessel bottom trawls in inshore regions

(Fig. 13). These age groups have been observed in low abundance

off Kuskokwim Bay, in Bris~ol Bay, and along the Alaska Peninsula.

They SUbsequently disperse to the more offshore waters occupied by

adults, and at lengths of 16-20 cm (mainly 5-8 year olds) occupy

much the same waters as the larger fish.
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ENVIRONMENTAL INFLUENCES ON THE RESOURCE

The eastern Bering Sea continental shelf is subject to wide

fl uctuati ons in envi ronmental conditions both seasonally and an

nually. In winter and early spring much of the continental shelf

may be covered by pack ice, but is ice-free by late sprng or early

summer. Water temperatures under the pack ice are near the freez

ing point of seawater (-1.8 C) while bottom water temperatures on

the shelf in summer may reach 10 C or more in shallow nearshore

areas ..

Annual variation in environmental conditions on the continen

tal shelf have also been observed. Potocsky (1975) has documented

the wide annual variation in distribution of pack ice in the east

ern Bering Sea for the 17-year period of 1954-70. Annual varia

tions in surface and bottom water temperatures have also been ob

served (McLain and Favorite 1976; Maeda 1977; Bakkala and Smith

1978).

As discussed in another Chapter (see, Shelf Environment),

climatic conditions in the eastern Bering Sea appear to vary by

multi-year cycles rather than randomly (Kihara 1977; McLain and

Favorite 1976; Maeda 1977). These cycles are governed by the

cti recti on of prevai 1ing wi nds. In .years of prevail i ng northerly

winds, . the distribution of .pack ice extends farther south and

Alaskan Stream water entering the southeastern Bering Sea from the

North Pacific Ocean is prevented from intruding onto the continen

tal shelf. Prevailing southerly winds, on the other hand, limit

the southward advance of pack ice in winter and allow Alaskan
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Stream water to intrude onto the continental shelf in summer to

replace residual cold water (0 C or less).

One multiyear temperature cycle in the eastern Bering Sea

ended in 1976. Maeda (1977) has shown that temperatures increased

from 1961-67 and then decreased from 1968-76. The 1971-76 period

has been recognized as a particularly cold period in the eastern

Bering Sea (McLain and Favorite 1976; Bakkala and Smith 1978). In

1977 and 1978, temperatures were again warmer than in the preceding

six years.

Research vessel surveys to assess the condition of crab and

groundfi sh resources in the eastern Beri ng Sea have been carri ed

out by the NWAFC on an annual basis since 1971; a more comprehen

sive, series of data is available from 1973.' The 1973-78 time ser-

ies provides information on the distribution and abundance of

yellowfin sole during the last four years of the cold phase of the

recent climatic cycle and the initial two years (1977-78) of a

warmer phase. Examination of these data provides some evidence

that the fluctuations in environmental conditions observed over the

past several years may have i nfl uenced the di stributi on, migra

tions, and abundance of yellowfin sole.

Distribution and Migrations

Possible influences of pack ice on the distribution and migra

tion of yellowfin sole are illustrated by data from an NWAFC survey

in April-June 1976. Temperature conditions were unusually severe

during the survey; bottom water temperatures in June of the survey

peri od were the lowest recorded in the southeastern Beri ng Sea
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ly dense concentrations of fish located immediately offshore from

approximated an extreme southern location based on 17-year observa-

is that the fish were highly concentrated, waiting for conditions

concentration of yellowfin sole was near the ice edge with extreme-
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14). The impression gained from these datathe ice edge (Fig.

tions of pack ice distribution in 1954-70 (Potocsky 1975). In

April 1976, the leading edge of the large Unimak Island wintering

since 1966 (Bakkala and Smith 1978), and during April, the ice edge

favorable for initiating onshore movements. As shown by later

although Fadeev (1970a) has observed inshore migrations starting

from late April to mid-May over the three-year period of 1959-61.

Ice-induced delays to spring migrations are probably infrequent and

May, apparently following the receding ice edge. The apparent

sequence of behavior in relation to the ice edge suggests that the

Unimak Island wintering group avoided migrating under the ice and

that ice cover in spring 1976 may have delayed inshore migrations.

The seasonal timing of inshore migrations is not well defined

survey data (see Fig. 10), this concentration moved inshore in
~l\ua

~,e1f

!,de

~er'

_.Q1IS ,

~ed
I
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of relatively short duration. The ice must reach an extreme south- nu1t

ern location in spring months, such as in 1976, to interfere with ) falll

migrations beginning in late April and early May.

In contrast to this apparent avoidance of ice cover by the

Unimak Island concentration, other concentrations of yellowfin sole

may at times inhabit waters covered by pack ice. As shown earlier

J 1\;

(see Fig. 10), the location of the St. Paul Island wintering
)
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FIG. 14 Distribution of yellowfin sole in April 1976 relative
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concentration in May suggests that it was under the ice in April.

That young yellowfin sole may overwinter under the pack ice in

Bri&tol Bay has also been noted earlier.

Temperatures may also influence seasonal movements and distri

butions. Offshore movements in fall and winter may be an avoidance

response to the co1d bottom temperatures exi sti ng over the eastern

Bering Sea shelf in winter. Most of the population winters on the

outer continental shelf and slope in temperatures of 3.5-6.0 C

(Fadeev 1970b). Spring onshore migrations, however, are not re

stricted by relatively cold water on the shelf; they commonly occur

from relatively warm waters (up to 3-4 C) of the outer continental

shelf to cold waters of the central shelf (Fadeev 1970b). The non

avoidance of cold water is illustrated by the survey data in April

1976 (see Fig. 14). Although warmer water in the range of 2-3 C

was accessible to the Unimak Island wintering concentration farther

offshore, they were mainly located in temperatures of 0-2 C, with

largest catches in the vicinity of the 1-2 C isotherms.

Data from the series of NWAFC crab-groundfish surveys in June

to mid-August 1973-78 illustrate the relationship of the distribu

tion of yellowfin sole to temperature isotherms in early to mid

summer (Figs. 15 and 16). During thi.s series of years, bottom

water temperatures, encompassing the surveyed distribution of

yellowfin sole, were variable ranging from relatively low in 1974,

1975 and 1976 to relatively high in 1973, 1977 and 1978. Highest

catch rates (N 200 kg/hectare) were located ina rather wide range

of temperatures from -1 C to 7 C. Fadeev (1970b) has also commented
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on the wide temperature range (0-10 or 11 C) inhabited by yellowfin

so1e in summer. Hi s data showed hi ghest catch rates in bottom

water temperatures of 1-6 C.

Although high concentrations were observed in a wide range of

water temperatures during the 1973-78 crab-groundfish surveys,

there was also some indication of differences in distribution rel-

ative to temperature conditions. In summer 1978, a relatively warm

year, main concentrations were located in northern Bristol Bay. In

the co1dest years of the data seri es, 1975 and 1976, a number of

widely separated concentrations were observed with some located far

to the south and west of northern Bristol Bay. In 1973, 1974, and

1977, years of intermediate temperature conditions in the series,

concentrations appeared to be located between the more northerly

waters occupied in 1978 and the more southerly locations occupied

by some of the concentrations in the colder years of 1975 and 1976.

These data imply that the rate of migration to more northern waters

of the inner shelf may be slower in cold years than in warm years

or that summer di stributi ons differ with temperature conditions.

Abundance

Accumulating evidence suggests that variations in water tem-

peratures observed in the eastern Beri ng Sea may also affect the

year-class strength of yellowfin sole. Maeda (1977) has shown pre

dominant year-classes orginating in years of relatively high tem

peratures in the eastern Bering Sea and year-classes of below

average abundance originating in years of relatively low tempera-
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tures. This relationship also appears to be evident with more re

cent data. Bottom water temperatures taken in the southeastern

Bering Sea in June of 1966-78 are used as a measure of temperature

variation and to relate to year-class abundance (Fig. 17). Year-

classes originating in the warmer years of 1966- 70 when June bot

tom temperatures ranged from 2.0-4.5 C were relatively strong. In

1971 and 1972 when June bottom temperatures were colder (near 1.0

C), abundance of year-classes was much lower than in the previous

five years. Based on this relationship, temperatures in succeeding

years would indicate that the 1973 year-class will be relatively

strong, but that the 1974, 1975, and 1976 year-classes may be rel

atively weak. Pre1imi nary data suggest that the 1973 year-cl ass

is, in fact, relatively strong. Recruitment of the 1974-76 year

classes to research vessel gear is not yet adequate to measure

their abundance.

Environmental conditions would be expected to have greatest

influence on survival of yellowfin sole during early life history

stages. Yellowfin sole spawn from July to September; and although

June temperatures would therefore not be expected to directly in

fluence the survival of eggs, larvae, or juvenile fish, they may

provide an index to environmental conditions that will prevail

during the subsequent spawning· and. early life history stages.. .
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TRANS-SHELF MOVEMENTS OF PACIFIC SALMON

Richard R. Straty

Northwest and Alaska Fisheries Center
Auke Bay Laboratory, P. O. Box 155

Auke Bay, Alaska 99821

ABSTRACT

Five species of Pacific salmon are produced in the rivers and
streams tributary to the Bering Sea shelf. All spend a portion of
their,juvenile and adult lives as residents of the shelf. Although
this residency is transitory, salmon comprise a significant and
highly variable portion of the total pelagic fish biomass of the
shelf. Knowledge of the distribution and abundance of salmon while
residents of the shelf is vital to our future attempts to assess
the impact of their exploitation upon other living components of
the shelf and man's modification of the shelf environment on the
salmon resource.

Both maturing salmon and juvenile salmon are present on the
shelf from May through September, but their migration routes do not
overlap appreciably. Maturing salmon remain in the offshore waters
of the shelf until within the vicinity of their home river systems.
Juvenile salmon migrate seaward along the coast, eventually moving
to offshore waters as their size increases. The shelf distribution
of maturing salmon appears similar for all species migrating to
rivers located in the same geographic areas. Chinook salmon are
the first to enter the shelf during both spawning and seaward mig
ration, followed in order by sockeye, chum, pink, and coho salmon.

Annual and seasonal variability in sea temperature, food type
and abundance appear to influence the distribution, growth, and,
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indirectly, the survival of salmon while residents of the shelf.
Significant gaps exist in our knowledge of the shelf distribution
and dynamics of Pacific salmon. The greatest contribution to this
knowledge can accrue from studies conducted between 168°W and the
shelf edge from 56°N~66°N.

INTRODUCTION

Five species of Pacific salmon, Oncorhynchus spp., are pro

duced in the river systems tributary to the Bering Sea shelf. The

sockeye salmon, Q. nerka, is the most abundant species followed in

order by chum salmon, Q. keta; pink salmon, Q. gorbuscha; chinook

salmon, Q tshawytscha;and coho salmon, Q. kisutch; (Table I).

Salmon are anadromous, i.e., mature in the ocean and spawn in

freshwater. All spend a portion of their juvenile and adult lives

as residents of the Bering Sea shelf. Although this residency is

transitory, salmon comprise a significant and highly variable por-

tion of the total pelagic fish biomass of the Bering Sea shelf dur

i ng spri ng and fall. Therefore. knowl edge of the seasonal move

ments, migration routes, and magnitude of annual variations in the

biomass of salmon while in this area is vital to future attempts to

assess the impact of their exploitation upon other living compon

ents of the shelf ecosystem and man's physical modification of the

shelf environment upon the salmon resource.

The greatest biomass of salmon (from commercial fishery catch

statistics) originates from the rivers and streams flowing iDto

::::;

Bristol Bay (Table

Sea shelf (Fig.

I) at the southeastern terminus of the Bering

1). Information from the early 1900 i s (Pravdin

1940) and recent data available at TINRO indicate that the rivers
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TABLE 1

Relative Abundance of Pacific Salmon (Oncorhynchus spp.) Produced in River Systems Tributary
to the Bering Sea Shelf as Indicated by Average U. S. Commercial Catches

(1961-77, inclusivea)b and Available Soviet Catch Statisticsc(in thousands of fish)

Percentage
Species of total of

Area Sockeye Chum Pinkd Chinook Coho Total all areas

Bristol Bay 7,349.2 496.9 1,181. 6 97.6 43.0 9,168.3 82.1

Gulf of Anadyr 150.0· 410.5 f 9.99 scarce scarce 570.4 5.1

Yukon River 0.002 315.6 0:54 98.1 14.2 428.4 3.8

Alaska Peninsula 285.3 75.2 8.8 4.7 32.8 406.8 3.6
(north side)

Kuskokwim Bay 9.0 90.6 26.3 38.7 78.4 243.0 2.2

Norton Sound 0.02 114.5 59.5 3.0 5.8 182.8 1.6

Kotzebue $ounda 0.006 168.1 0.004 0.003 168.1 1.5

Arctic coasth j j

aNa reported catches for Kotzebue Sound in 1961.
bSource Alaska Department of Fish and Game, Juneau, Alaska'
~pravdin (1940) and data available at TINRO.

Even years only for U.S. waters'
~Even years only for U. S. waters·
Average 1974-78 inclusive'
~Average 1975 , 1977. and 1978·
.No estimates of number available'
~Unreliable reports of this species in American arctic rivers (Walters 1955).
JOocumented reports of this species in Siberian and American rivers (Walters 1955).
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and streams flowing into the Gulf of Anadyr in the northwestern

shelf area are a distant second to Bristol Bay in the biomass of

salmon produced. Pacific salmon are produced in certain rivers of

the Siberian and American arctic coasts (Walters 1955) but esti

mates of their relative abundance are not available. Apparently,

chum salmon, Oncorhynchus keta, are sufficiently abundant in the

lower Lena River, which enters the Siberian arctic, to support a

commercial fishery. Salmon produced in arctic rivers must traverse

the Bering Sea shelf and Bering Strait.

BIOLOGY OF PACIFIC SALMON

All species of Pacific salmon have similar life histories but

tion. patterns, freshwater and ocean age, age and size at maturity,

and time and location of spawning. In late summer and fall, salmon

)
differ in fecundity (Table II), food habits, growth rate, migra-

return from the sea to spawn in the rivers and streams from which

they originated. Salmon cease feeding when they enter freshwater

and derive their nourishment from body stores. All Pacific salmon

die after spawning.

Salmon eggs are deposited in gravel beds of rivers, streams or

lakes, and the eggs hatch during the winter. The young, known as

alevins, remain in the gravel until their large yolk sacs have been

absorbed and emerge from the gravel in the spring as fry. Greatest

natural mortality occurs in this freshwater environment during the

early life stages, and is greatly influenced by environment.

334.



TABLE II

Life History of the Five Species of Pacific Salmon in Alaska
- exceptions are frequent - (from Bailey 1969; Merrell 1970i and Hartman 1971).

Time spent Time Average Average
Species ; n freshwater spent Age at adult number eggs

of after emergence at sea Spawning weighta per female
()Salmon Freshwater habitat from gravel (yr) (yr) (kg) (thousands)

Sock.eye short streams and lakes 12-36 months 1-4 3-6 2.27 3.5
Chum short and long streams 1 month 2-4 3-5 2.96b 3.0
Pink short streams 1 day, usually 1 2 2.00 2.0
Chinook large rivers 3-12+ months 1-6 3-6 7.26 4.0
Coho short streams and lakes 12-24 months 1-3 3-4 3.04 3.5

:J
aMean weight for Alaska Peninsula (north side), Bristol Bay, and Yukon River stocks combined. Source

INPFC Statistical Year Book (1961).

bMean for Alaska Peninsula (north side) and Bristol Bay only.
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The fry of some species of salmon proceed immediately to sea;

fry of other species reside in freshwater for a few weeks to one or

more years. Depending upon the species, salmon usually spend from

a few months to several years at sea (Table II).

Growth is slow during freshwater life, very rapid during the

first summer or two at sea and slower thereafter.· The growth rate

of salmon in both freshwater and the ocean vari es among speci es,

years, and stocks of the same species. Regardless of the amount of

time spent in freshwater, however, salmon attain most of their

growth in the ocean.

Specific Life History Features

Sockeye Salmon -- Because of the great abundance and high com

mer~ial value of sockeye salmon, it is probably the best researched

speci~s of all Pacific salmon and its life history is described in

greater detail than the life history of other species of salmon of

the Bering Sea shelf.

Sockeye salmon carry about 3,500 eggs and spawn in the inlet

streams and lakes, lake outlets, and along the beaches of the lakes

themse1ves. The eggs hatch duri ng the wi nter, and i nch-l ong fry

emerge from the gravel in spring and enter the lakes.

After growing from one to ·four years in the nursery lakes, the

fish, now known as smolts, migrate downstream after the spring ice

breakup in Mayor early June and enter the bays and esturies ad

jacent to the Bering Sea. At this time, depending on their fresh

water age and the river system of origin, most smolts range between

70-115 mm in length and 7.8-9.6 g in weight (NMFS, ABL 1979 data).
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Most sockeye salmon smolts enter the eastern Bering Sea at Age 1,0,

or Age 2.01/ , or in their second and third year of life. In Bris

tol Bay, the larger Age 2.0 sockeye salmon smolts precede Age 1.0

smolts in order of their entry into the Bering Sea.

The numbers of sockeye salmon smolts migrating seaward from

Bristol Bay in a single year have been estimated at between 47-647

mill ion (from returning adults and estimates of marine survival)

(Rogers 1977) or 409-5,629 mt (from a mean weight of 8.7 g for Age

1.0 and Age 2.0 at the time they enter the Bristol Bay estuaries).

Estimates of the numbers of sockeye salmon smolts entering the

Beri ng Sea from areas other than Bri sto1 Bay are unavail ab1e at

this writing.

After enteri ng the estuari es of Bri sto1 Bay, sockeye salmon

smolts (hereafter referred to as juveniles~/) apparently do not im

mediately begin rapid growth (Straty 1974). True marine growthll

does not begin until the juveniles have been at sea for at least

4-6 weeks and have reached the more productive waters of outer

Bristol Bay and the Bering Sea.

11 Number of annuli in freshwater is indicated by figure preced
ing the decimal and the number of annuli in the ocean is in
dicated by the figure following the decimal. Thus, a 0.3 fish
is one whose scales reflect 3 annuli at sea- (freshwater. age
unspecified), a 2.0 fish is one whose scales show 2 annuli in
freshwater (ocean age unspecified), and an Age 2.3 fish is one
with 2 annuli in freshwater and 3 at sea. Total age (year of
life) is obtained by adding one to the sum of the freshwater
and ocean annuli. for example, an Age 2.3 fish is six years
old.

~I The term "juvenile" as used herein refers to seaward-migrating
salmon of Age .0 which have already entered estuarine or mar
ine waters.

11 Marine growth is indicated by wide spacing of circuli as op
posed to close spacing of circuli formed in freshwater.
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After entering the eastern Bering Sea, the juvenile sockeye

salmon migrate seaward and eventually enter. the North Pacific

ocean. Sockeye salmon spend from 1-4 years at sea, but most return

to their rivers of origin after 2 or 3 years of ocean life at 4, 5

or 6 years of age.

Mature sockeye salmon weigh an average of 2.27 kg (see Table

II) and range between 457-762 mm; some may exceed 4.54 kg (Hartman

1971). Runs of sockeye salmon returning to Bristol Bay tributaries

from 1951 through 1976 have ranged between 2.4-53.1 mi 11 ion fi sh

(mean, 15.68 million). Based on a mean weight of 2.27 kg per fish,

this is equivalent to 5,443-120,429 mt.

Chum Salmon -- The chum salmon is the second most abundant of

the five species of Pacific salmon inhabiting the Bering Sea shelf

(see Table I).

The fecundity of chum salmon averages 3,000 eggs per female

and in late summer and fall eggs are deposited in gravel riffles of

streams; some streams are close to tidewater, others, like tribu

taries of the Yukon River, are more than 1600 I<m from the sea. The

next spring, chum salmon fry may immediately migrate downstream

after emerging from the gravel and enter the sea, or they may re

main in freshwater for several weeks.

Chum salmon fry range from 30-55 mm in length when they enter

the estuaries and range from 100-150 mm when they enter the open

sea (Fredin et al. 1977). Juvenile chum salmon have been captured

with juvenile sockeye salmon in inner and outer Bristol Bay from
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mid-July through August in 1967, 1969, and 1972 (NMFS, ABL data),

indicating their seaward migration route is similar to that of the

sockeye. In late July, the juvenile chum salmon in inner Bristol

Bay are 79-128 mm; in late August after migrating to the outer bay

they are 102-168 mm (the rivers of origin of these chum salmon were

unknown); by September, juvenile chum salmon average between

170-220 mm (Hartt and Dell 1976).

Between 1950 and 1974, 23-134 million (median, 55 million)

juvenile chum salmon entered Bristol Bay annually (Rogers 1977) -

13.8-80.4 mt if the mean weight of Bristol Bay juvenile chum salmon

(0.6 g) at entry into the estuary is used for calculatons. Esti-

mates of the numbers of juvenile chum salmon entering the eastern

Bering Sea from areas other than Bristol Bay are unavailable.

By late fall or early winter of their first year, juvenile

chum salmon leave the Bering Sea (Fredin et al. 1977) and enter the

North Pacific Ocean where they spend from one to six winters before

reaching maturity; most return to spawn at 3, 4 or 5 years of age.

Mature chum salmon in northwest Alaska are from 530-800 mm long and

weigh 1.8-5.9 kg (Bakkala 1970).

Estimates of the annual adult chum salmon runs to Bristol Bay

from 1951 through 1976 range between 0.5-2: 7 million fish (Rogers

1977). Based on a mean weight of 2.96 kg per fish, the fish weigh

a total of 1,481-7,997 mt.

Pink Salmon -- Pink salmon rank third in abundance in the

eastern Bering Sea and have the shortest and simplest life history

of any Pacific salmon. Because of their rigid 2-year life cycle,
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populations from any two consecutive years are genetically separ

ated, and there is no consistent relationship between the even- and

odd-year cycles.

Mature pink salmon average about 2,000 eggs per fish and eggs

are deposited in late summer and in fall in stream riffles with

gravel bottoms. Throughout much of their range, pink salmon usual

ly spawn in the lower reaches of short streams, but in some trib

utaries of Bristol Bay, such as the Nushagak River, they may spawn

more than 180 km from saltwater.

Pink salmon have a short freshwater life because the ,fry pro

ceed seaward shortly after emergence from the gravel in spring. At

this, time, the fry are just over 25 mm long (Bailey 1969). In the

estuaries of upper Bristol Bay (Nushagak Bay), juvenile pink salmon

this size have been observed around cannery docks in early Jun'e

(Mike Nelson, ADF&G, personal communication). In mid to late

August 1969, juvenile pink salmon captured in inner Bristol Bay

were from 68-98 mm.

Between 300,000 and 203 million juvenile pink salmon entered

Bristol Bay in odd years between 1951 and 1975, inclusive (Rogers

1977). Based on a mean weight of 260 mg' per fry for 32.5 mm fry

(Bailey and Pella 1976), this is equivalent to between 78 kg and 53

mt.

Juvenile pink salmon produced in river and stream systems ad

jacent to the eastern Bering Sea migrate to the North Pacific Ocean

where they grow to maturity (Thorsteinson 1959). All pink salmon

mature after a year in the ocean and return to freshwater to spawn.
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At maturity, they are the smallest of five North American Pacific

salmon species and average about 2.0 kg.

Currently, the largest runs of pink salmon to Bristol Bay

occurd n the even years (Stern et a1. 1976). Hi stori cally, sma11

runs occurred in both even and odd years until the mid-1950's.

From 1951 through 1976, pink salmon runs to Bristol Bay have ranged

between 0.1-4.1 million fish; equivalent to 200-8,201 mt if 2.0 kg

is used· as ..the mean wei ght per fi sh.

Chinook Salmon -- Based on catch data alone, chinook salmon

rank.fourth in abundance in the Bering Sea and they are the largest

.and most fecund of the Pacific salmon, averaging 4,000 eggs.

Chinook salmon generally spawn in larger rivers, like the

NushagakRiver in Bristol Bay, the Kuskokwim River, and the Yukon

River. Eggs are deposited in areas of coarse to fine gravel and

sand that . are characterized by stream underflow rather than up

welling groundwater (Major et al. 1978). Eggs hatch in late winter

or early spring, and the fry spend from a few months to more,than a

year in freshwater before migrating to sea. Most smoltsentering

the Bering Sea. from the Yukon River (Trasky 1974), and probably

from other major rivers systems as well, appear to be in their

second year of freshwater life (the scales of these fish possess

one freshwater annulus).

Adequate data 'are not available on the mean length and weight

of smo1ts when they enter the Beri ng Sea estuari es. The mean

length and mean weight of 488 Salcha River chinook salmon smolts in

their second year of life were 73.0 mm and 4.3 g, respectively
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(Trasky 1974), but the mean size was undoubtedly somewhat larger by

the time they entered the Bering Sea, 1500 km downstream.

Estimates of mean and peak numbers of chinook salmon smolts

entering the Bering Sea from Bristol Bay and the north side of the

Alaska Peninsula river systems from 1955 through 1975 (Stern et al.

1976) are 4.3 and 10 million fish, respectively;. or an average of

18.5 mt and a peak of 43 mt of smolts (calculated from the average

size of Salcha River smolts entering the Bering Sea). Estimates of

the numbers of chinook salmon smolts entering the Bering Sea from

other river systems are not available.

In general, juvenile chinoo.k salmon tend to be close to shore

during their first ~ummer in the ocean (Major et al. 1978). A' few

juveniles in their first year of ocean life were taken in the

eastern Bering ,Sea during June through August 1956-70 (Hartt and

Dell 1976). Except the few chinook salmon smolts captured in ex-·

treme inner Bristol Bay in early June 1966, none were taken in

. subsequent purse-sei ne . haul s (NMFS, ABL 1966 data). between 1ate

June and August 1967 and 1969-72. Young chinook salmon (judged by

their 26-35 mm fork lengths to have been in their first year of

ocean life) have been taken in bottom trawls during mid-winter near

the shelf edge in the central Bering Sea. (Major et al. .1978).

The central Beri ng' Sea (as far west as 172°12' E) may be a

feeding ground or migration path for immature western Alaska

chinook salmon stocks (Major et al. 1978). Scale pattern studies

also indicate, tentatively, that they may extend from 160-1700 E to

at least 175°W in the North Pacific Ocean.
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Chinook salmon, the largest of the five species of Pacific

salmon, mature and return to spawn after 1-6 years at sea, but from

Bristol Bay northward, most returning to spawn have spent 4-5 years

at sea.

The size of the total run of mature chinook salmon returning

to Bristol Bay from 1951-1976 has been estimated at approximately

60,000-240,000 fish (Rogers 1977); 436-1,743 mt (calculated with

.7.26 kg, the average weight of a mature chinook salmon).

Coho Salmon -- Coho salmon are the least abundant of the

Pacific salmon native to the Bering Sea shelf (see Table 0,

have an average of 3,500 eggs per fi sh, and spawn in 1ate summer

and falL The progeny emerge from the gravel the fo 11 owi ng spri ng

and reside in rivers or lakes for 1 to 2 years (see Table II)

Coho salmon smolts from the Karluk River on Kodiak Island ap

parently migrate seaward somewhat later than sockeye salmon smolts

(Drucker 1972) when the water is warmer; and the same pattern is

believed to occur in the eastern Bering Sea.

Few measurements or weights are available for coho salmon when

they enter the Bering Sea. Juvenile coho salmon captured in purse

sei ners by ABL in Bri sto1 Bay in 1ate June 1969. ranged between

122-145 mm; most were probably Age 2.0 juveniles. Drucker (1972)

gi ves the size range of Karluk Lake coho salmon smo1ts as mean

lengths of 136.3-141.7 mm, with mean weights of 26.4-30.7 g, re

spectively.

The estimated mean and peak number of coho salmon smolts en

teri ng the Beri ng Sea from Bri sto1 Bay and the north side of the
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Alaska Peninsula river systems are 3.3 and 7.2 million fish, re-

spectively (Stern et al. 1976). If a mean weight of 29 g per fish

for all freshwater age groups of 'eoho salmon smolts entering the

Beri ng Sea is assumed, thi sis equi va1ent to an average of 96 mt

and a peak.of 209 mt. No estimates of the numbers of coho salmon

smolts entering the Bering Sea from other river systems adjacent to

the Bering Sea shelf are available.

Bristol Bay juvenile coho salmon probably migrate seaward

along a route similar to that followed by juvenile sockeye salmon.

Juvenile coho salmon have been captured with juvenile sockeye

salmon, in the same area between late June and Oc.tober (NMFS, ABl

19~6, 1967 and 1970datai Hartt and Dell 1976).

Juvenile coho salmon stocks of western Alaska origin appar-

ently. enter the North Pacific O,cean where mos'!; spend about 18

months at sea before returning to their 'river systems of origin to

spawn (while at sea, they grow more rapidly than other species of

salmon, including the pink salmon whose ocean life is also 18

months, Fredin et al. 1977).

Mature coho salmon average 3.04 kg. The estimated mean and

peak numbers of mature coho salmon returning to Bristol Bay-between

1955 and 1975 is 98,600 and 253,400 fish, respectively (Stern et

al. 1976) -- a mean of 271 mt and a peak of 698 mt;

Seasonal Movements

The marine life of Pacific salmon (beginning 1 January) may be

divided into three phases: ocean life, spawning migration and

seaward migration. The seasonal timing and length of each phase is.
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species and stock specific, and fluctuates, within limits, because

of environmental variation.

Ocean Life -- When salmon are distributed throughout the vast

area of the Bering Sea and North Pacific Ocean (French et al.

1975), they undergo rapid growth and attain sexual maturity. This

period of ocean life may last from a few months to several years

depending on the species of salmon (see Table II) and ocean

growing conditions. More than one generation of sockeye, chum,

chinook, and coho salmon are present together during ocean life.

Immature and maturing salmon of different races, ocean ages, and

conti nents or geograph~c areas of ori gi n may, dependi ng on the

season, become segregated from or intermix with one another (Royce

et al. 1968). Immature chinook salmon (Age 0.1) apparently are

abundant in the central Bering Sea near the edge of the continental

shelf in June and July (Major et al. 1978). Immature chum salmon,

older than Age 0.1, have been captured in research gillnets in July

in the western Bering sea shelf and slope area in the vicinity of

Cape Navarin and the Gulf of Anadyr (Nishiyama et al. 1968). A few

immature chum and sockeye salmon have also been taken during re-

search fishing on the Bering Sea shelf as far north as 62°N in late

July (Yonemori 1967).

Research fishing and salmon tagging have been conducted on the

Bering Sea shelf only during the spring, summer, and early fall

periods when juvenile salmon are migrating seaward and maturing

salmon are migrating to spawning grounds. The species composition

and proportion of immatures of Age 0.1 or older, of maturing sal-

mon, and of seaward-migrating juvenile salmon residing in the shelf
345.
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area between November and April are unknown but are probably negli

gible. Young chinook salmon (judged by their 26-35 cm fork lengths

to have been in their first year in the ocean) have been taken in-

cidentally by a Japanese trawler fishing in mid-winter for walleye

pollock, Theragra chalcogramma, in the eastern Bering Sea at the

shelf edge near 56°N, 168°W and 56°N, 173°W (Major et al. 1978).

General Spawning Migration -- The spawning migration, the time

sexually-maturing fish leave the high seas of the North Pacific

Ocean and western and central Bering Sea until the time they arrive

at the mouths of their respective home streams or river systems, is

species and stock specific. Maturing salmon are most abundant on

the Bering Sea shelf from mid-May to early September (Table III).

Maturing chinook.salmon are the first to enter the Bering Sea shelf

followed in order by sockeye, summer chum, pink, fall chum, and

coho salmon. The length of time a given salmon stock is present

and its distribution in the shelf area during spawning migration

depends upon the geographic location of its home river system, the

size and/or ocean age of individual fish comprising the population,

and environmental factors which influence the rate of migration and

directional movements.

Sockeye, chum and pink salmon have been captured in varying

numbers during United States and Japanese research fishing and tag

gi ng studi es at numerous 1ocations throughout the she1f duri ng

spawning migration. The number of catches of chinook and coho

salmon, however, have been lower because of the lower abundance of

these species and because research fishing has not taken place when
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TABLE III

Inclusive Oates of Peak Abundance of Maturing Pacific Salmon on the Bering Sea Shelf during Spawning Migration
(from commerical fishery and test fishing catches and migration rates).

Salmon specles

Chum

Location Sockeye (sulMler) (fall) Pink Chinook Coho

Estimated at Shelf edgea IS June-25 Jun 22 June-13 Jul 5 Jul-15 Jul 30 Hay-19 Jun 20 Jul-2 Aug

Estuaries or river
entrances: b

20 June-25 AugC 4 .Jul-25 Jul 20 Jul-20Aug I Aug-IS Aug I June-20 Jun \0 Aug-l0 SepAlaska Peninsula
Bristol Bay 30 Jun-l0 Jul 25 June-15 Jul 9 20 Jul-30 Jul 10 Jun-3 Jun 1 Aug-20 Aug
Kuskokwim Bil 17 Jun-5 Jul 9 9 10 Jun-30 Jun 25 Jul-15 Aug
Yukon River f 9 11 Jun-9 Jul 24 Jul-IO Aug IS Jul-l0 Aug 13 Jun-28 Jun 9 Aug-29 Aug
Norton Sound 9 30 Jun-16 Jul 9 3 Jul-25 Jul 10 Jun-30 Jun 3 Aug-25 Aug
Kotzebue Soundf 9 9 1 Aug-20 Aug 9 9 9

aEstimated dates are for Bristol Bay salmon only. Dates are based on migration rates of 4S km/day for sockeye and pink
salmon, 56 km/day for chum and coho salmon, and 60 km/day for chinook salmon during the last 30 days of spawning migra
tion. A travel distance of 680 nautical miles from shelf edge to the head of Bristol Bay (the mouth of the Kvichak
River) was used in these calculations. The 2000 m isobath in the vicinity of the heaviest concentration of a salmon

bspecies was delineated as the "shelf edge. II

A. R. Shaul, ADF&G, Cold Bay, Alaska, pers. comm. Oates are based on commercial fishery catches.
cThere are two types of sockeye salmon spawning migrations to river systems of the northern Alaska Peninsula, i.e. those
that reach peak abundance in the fishery in a short period of time between 25 June and 10 July, and those that occur
over a long period of tiMe between 20 June and 25 August with no definable peak period of abundance. A. R. Shaul,

dAOF&G. pers. comm.
C P Meacham AOF&G Anchorage Alaska pers camm dates are based on commercial fishery catches.

~w: A~vey, ADF&G, Anchorage, Ala~ka, per~. co~. .
W. Arvey, ADF&G, Anchorage, Alaska, pers. co~. Oates are based on commercial fishery catches.

gLow abundance precludes estimates.
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they are most abundant. Research fi shi ng and taggi ng experiments

have taken place largely between mid-June and late July when sock

eye and chum salmon are most abundant on the shelf. Chinook salmon

begin entering the shelf area in mid- to late May, and coho salmon

begin entering the shelf area in mid- to late July. As a result,

significantly less information is available. to show the distribu

tion and direction of movement of chinook and coho salmon than for

sockeye, chum, and pink salmon.

The distribution and direction of ·migration, and relative

abundance for all five species of Pacific salmon on the Bering Sea

shelf are depicted in Figures 2-6. These figures were prepared

o

'..)

.J

by plotting the locations of capture of each species on a chart of

the Bering,.. Sea shelf for all years for which data are available.,
For sockeye, 'chum, and pink salmon, certain areas of the shelf con

sistently yielded larger catches or catch per unit of effort values

than other immediately adjacent or more distant areas. For chinook

and coho salmon, abundance data were available only for Bristol Bay

where these species have been ·captured most frequently. Direction

of migration of each species was derived from the published results

of tagging experiments and direction of movement studies. The

probable direction· of migration was based on the geographic loca

tion or proximity of the home river system of the species and the

verified direction of movement of other salmon species captured in

the same area. For example, maturing sockeye and chum salmon
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appear to migrate eastward north of St. Lawrence Island, and mat-

uring chum and pink salmon appear to migrate eastward south of St.

Lawrence Island (Yonemori 1967) (Figs. 3 and 4). Major spawning

streams of chum and pink salmon are to the northwest and east of

St. Lawrence Island in Kotzebue and Norton Sounds, respecti vely.

Spawning streams of chinook and coho salmon are also to the east

and northwest of St. Lawrence Island.

Spawning Migration, Sockeye Salmon -- The greatest abundance

of sockeye saImon duri ng spawni ng mi grati on occurs in the south-

eastern shelf area (Fig. 2). Sockeye salmon are concentrated in

J

...:J

two bands offshore, north and south of the Pribilof Islands, and

are bound for rivers on the north side of the Alaska Peninsula and

those ri vers f1 owi ng into Bri stoI and Kuskokwi m Bays. As they

migrate across the shelf toward the head of Bristol Bay, they pro

gressively segregate according to their rivers of origin (Straty

1975). This segregation begins when the fish are still as far as

200 km from the mouths of their home river systems. Bristol Bay

sockeye salmon remain in offshore waters, rather than coastal

waters, until they are within 32-80 km of the mouths of their home

river systems. Sockeye salmon bound for rivers on the north side

of Bristol ilay (i.e., those rivers entering Nushagak and Togiak

Bays) are apparently more abundant in the northern portion than in

the southern portion of the eastern shelf distribution of sockeye

salmon.

An eastward migration is indicated for sockeye salmon captured

north of St. Lawrence Island (Yonemori 1967). These fish are most
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probab ly bound for the few sockeye salmon-produci ng river systems

north of St. Lawrence Island in Norton and Kotzebue Sounds (see

Fig. 2). Northward migration of sockeye salmon east of St.

Lawrence Island is uncertain because only one has been caught in

this area (Faculty of Fisheries, Hokkaido University 1968). Re

search fi shi ng north of 62°N has been in 1ate July and early

August, probably after most sockeye salmon have entered their home

river systems.

Mature sockeye salmon captured in offshore waters near Cape

Navarin and the Gulf of Anadyr in the western Bering shelf area are

most probably bound for the Tumana and Anadyr Rivers.

Spawning Migration, Chum Salmon -- Chum salmon are more widely

di stri buted throughout the shelf duri ng spawni ng mi grati on than

sockeye salmon, probably because chum salmon spawn in many more

streams in Norton and Kotzebue Sounds than sockeye salmon (see

Fi gs. 2 and 3).

In the southeastern shelf area along the approaches leading to

Bristol Bay, chum salmon appear to be more abundant farther off

shore than sockeye salmon--undoubtedly related to the size of the

chum salmon populations returnng to the river systems tributary~ to

Bristol Bay. On the average, the Nushagak River and Togiak River

systems, which enter on the north side of upper Bristol Bay, pro

duce over 70% of the commercial chum salmon catch of the Bri stol

Bay area (ADF&G 1974). Chum salmon are probably segregated ac

cording to the geographic location of the major chum salmon

producing river systems on the north side of Bristol Bay when they
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are more than 200 km seaward of the river mouths.

Chum salmon, apparently bound for the Yukon River, arctic

coast, Gul f of Anadyr, and Norton and Kotzebue Sounds are more

abundant in the western than in,the eastern shelf areas. Some have

been found to be moving eastward both north and south of St. Law

rence Island (Yonemori 1967). These were most probably bound for

the Yukon River, Norton Sound and Kotzebue Sound rivers, and rivers

entering the Bering Sea along the eastern and western arctic coast.

A few tagged very near the shelf edge in the southeastern Bering

Sea (between 54-56°N and, 1700 W) were recovered on HO,kkaido and

Sakhalin Islands and in the eastern Kamchatka area, which indicated

westerly movement for these fish. Chum salmon captured in research
, , ,

gillnets in the western shelf area were moving northward in Anadyr

Bay (Yonemori 1967) and were most 1i kely bound for the rivers en

tering this bay.

Spawning Migration, Pink Salmon Pink salmon ~ave been cap-

J tured, throughout the offshore areas of the shelf during spawning

migration (Fig. 4) As with sockeye and chum salmon, the heav-

i,est concentrations of pink salmon on the shelf appear to be re

lated to the size of the population migrating to specific stream or

river systems and the geographic location of these systems.

The Nushagak River system, the single most important pink,

salmon-producing river system in Bristol Bay, drains into the north

side of the bay. Between 80% and 90% of the total Bristol Bay

catch of pink salmon is taken in the Nushagak fishing district

(ADF&G 1974). The other major pink salmon-producing river systems
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in Bristol Bay include the Togiak River system, which also enters

the bay on the north side, and the Naknek and Kvichak River sys

tems, which enter at the head of the bay. Reatively few pink sal

mon are produced in the streams along the north side of the Alaska

Peninsula as indicated by the commercial catch in the north side

peninsula commercial fishing districts (see Table I). Like chum

salmon, which are also produced in greater abundance in river sys

tems entering on the north side than in river systems entering the

south si de of Bri sto1 Bay, pi nk salmon are more abundant farther

offshore in the northward approaches to the bay than sockeye salmon

(see Figs. 2 and 4).

Some pink salmon of Bristol Bay origin apparently migrate a

consi derab1e di stance north in the central shelf area and then

southeast to Bristol Bay. For example, a single pink salmon tagged

at 62°N, 1700 Win the summer of 1966 was recaptured in the Nushagak

area of Bristol Bay (Yonemori 1967). This fish had actually by

passed the latitude of its home-river system by more than 200 km

and migrated more than 800 km in a southeast directon from point of

tagging to point of recapture. What proportion of the pink salmon

of Bristol Bay origin undergo this rather extensive migration

across the shelf is unknown.

Many of the streams and river systems enteri ng Norton Sound

produce pink salmon. The distribution and abundance of pink salmon

noted in the central Bering Sea shelf area suggest that they are

probably bound for streams and rivers entering Norton and probably·

Kotzebue Sounds. Pi nk salmon captured in research gi 11 nets south
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of St. Lawrence Island were moving eastward (Yonemori 1967) and

probably destined for the streams of Norton and Kotzebue Sounds.

The few pink salmon captured in research gillnets west and north

west of St. Lawrence Island (Hokkaido University, Faculty of Fish

eries 1965 and 1968) were probably moving north and northeastward,

also destined for Kotzebue and Norton Sounds. Pink salmon captured

in the Gulf of Anadyr were moving northward (Yonemori 1967) and

most probably destined for the Anadyr. River.

Spawning Migration, Chinook Salmon -- Maturing chinook salmon

have been captured throughout the Bering Sea shelf during spawning

migr.ation, but little information is available to verify their

direction of migration at this time. Information on the distribu

tion and direction of migration for sockeye, chum, and pink salmon

in. the central, western, and southeastern shelf areas, respec

tively, suggests they are primarily bound for rivers and streams of

the Alaska Peninsula, Bristol Bay, the Gulf of Anadyr, and Norton

and Kotze.bueSounds (see Figs. 2, 3 and 4). If chinook salmon

are responding similarly to the same environmental cues as sockeye,

chum, and pink salmon to guide them during spawning migration, they

should follow migration routes similar to these species. Based on

this assumption, the probable directions of migration for chinook

salmon captured in various areas of the Bering Sea shelf are shown

in Figure 5.

Chinook salmon were captured most frequently in Bristol Bay

where research fishing concentrated on the sockeye salmon runs to

358.



this area and were generally captured in greater abundance and far

ther north offshore than sockeye salmon (see Figs. 2 and 5).

This distribution is probably related to the size of the chinook

salmon population migrating to specific river systems in Bristol

Bay because they are produced in far greater abundance in streams

entering the north side of Bristol Bay. Catches in fishing dis

tricts located on the north side of Bristol Bay (i.e., Nushagak and

Togiak Bays) have composed over 80% of the total Bristol Bay catch

of this species. Chinook salmon are also abundant in the Kuskokwim

River, north of Bristol Bay.

Spawning Migration, Coho Salmon -- Coho salmon have only been

captured at a few locations on the Bering Sea shelf (Fig. 6)

primarily because of the lack of exploratory fishing from late July

to late August when they would be most abundant on the shelf (see

Table III).· Coho salmon have been captured most frequently in

the southeastern Bering Sea shelf area. In this area, research

fishing has concentrated on the sockeye salmon migration bound for

the river and stream systems tributary to the Alaska Peninsula and

Bri sto1 Bay.

The same rat i ona1e used to show the probable mi grati on route

for chinook salmon in the shelf area is used to show the migration

routes for coho salmon. There is little direct evidence, however,

to verify these migration routes.

General Seaward Migration -- The seaward migration of Pacific

salmon begi ns in spri ng when the juveni 1es enter the shelf area
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from. their rivers or streams of origin. The seasonal timing of

this migration is species and stock specific and variable due to

annual differences in environmental conditions, e.g., time of ice

breakup on lakes, streams, and rivers and the warming of these

waters. Exploratory fishing for juvenile salmon (NMFS, ABL 1966

and 1967 data) and casual observations by biologists (Mike Nelson,

ADF&G personal communication) in Bristol Bay indicate that chinook

salmon are the first juvenile salmon to enter the bay in mid-to

late May followed in order by sockeye, chum, pink, and coho salmon

from late May to late July.

After entry into the Bering Sea, juvenile salmon remain in the

nearshore waters for varying lengths of time during the initial few

months of seaward migration (Hartt et al. 1967b, Straty 1974, and

Barton 1979). Coastal movement during the initial few months of

seaward migration appears to be typical behavior for Pacific salmon

throughout :their range based on observations in the Gulf of Alaska

(Hartt et al.1967a; Hartt and Dell 1976), along the south side of

the Alaska Peninsula and eastern Aleutian Islands (Hartt and Dell

1976), and in the western North Pacific Ocean and Okhotsk Sea

(French et al. 1976).

As the seaward migration of salmon progresses from early sum

mer to late fall, the fish rapidly increase in size and ultimately

vacate the. nearshore waters and move offshore to more pel agi c

regions (Straty 1974 and Barton 1979). The seasonal timing of this

offshore movement of juvenile salmon is species specific and var

iable due to annual differences in their time of entry into the
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Bering Sea. For example, in years when environmental conditions

(i.e., ice breakup and warming of water), favor the early seaward

migration of juvenile salmon, offshore movement would be expected

to occur earl ier in the season and vi ce versa. The 1ocati on and

timing of offshore movement in a given year is probably a function

of time of entry into the gering Sea and growing conditions; The

more rapidly juvenile salmon increase their size, the sooner off

shore movement may be expected. Information is only fragmentary on

the shelf distribution of Juvenile salmon after they vacate the

coastal waters.

Of.the five species of juvenile Pacific salmon inhabiting the

shelf, only the sockeye salmon of Bristol Bay has been studied suf

ficiently to describe in some detail characteristics of the seaward

migration through the southern shelf area. Information on the sea

ward migration of the other species of salmon across the shelf is

fragmentary and largely the result of the sockeye salmon studies of

Hartt et al. (1964, 1967a and b), Straty (1974). and Straty and

Jaenicke (In press) and of finfish surveys conducted in Norton and

Kotzebue Sounds (Barton 1979). Much of what was learned about the

behavior of juvenile sockeye salmon during seaward migration

through Bristol Bay probably applies, in varying degree, to the

other species of juveni.l e salmon.

Seaward Migration, Juvenile Sockeye Salmon ~- What is known of

the distribution migration routes and ecology of juvenile sockeye

salmon in the southeastern shelf area of Bristol Bay has been des

cribed in some detail by Straty (1974) and Straty and Jaenicke (In
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press). Only the major points with respect to the juvenile sockeye.

salmon distribution and migration routes across the shelf area be-

tween late May and late September are summarized here.

Juvenile sockeye salmon from all river systems entering Bristol

Bay, including those along the north side of the Alaska Peninsula,

apparently follow the same seaward migration route regardless of

the specific geographic location of their river systems of origin

(i. e., whether the river enters on the north or south side of

Bristol Bay - Straty 1974). This route is coastal along t~e north

side of the Alaska Peninsula (Fig. 7). From 1ate May to 1ate

September, juvenile sockeye salmon are most abundant between the

coast and 48 km offshore. The fact that all stocks of juvenile

sockeye salmon and apparently other species of juvenile salmon fol

low thi s seaward route suggests they are respondi ng to the same

environmental factor(s) 'that function to guide them seaward across

the shelf and along this side of Bristol Bay.

Virtually nothing is known of the distribution and seaward

migration routes of juvenile sockeye salmon originating in rivers

north and northwest of Bristol Bay (i.e., those entering Kuskokwin

Bay, Norton and Kotzebue Sounds, and the Gulf of Anadyr). Based on

the apparent typical coastal movement of juvenile salmon throughout

their range during the initial period of seaward migration, the

probable seaward migration routes for juvenile sockeye salmon from

these river systems is illustrated in Figure 7. As with Bristol

I:)

Bay sockeye salmon, these fish probably would also vacate the near

shore waters and move offshore after an undetermined period of time.
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FIG. 7 Distribution of sockeye salmon during seaward migration,
mid-May through September. (Adapted from Straty 1974;
Straty and Haight 1979.)
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Juvenile sockeye salmon originating in the various rive1'5 of

Bristol Bay, and most probably rivers in other areas as well, enter

the sea at different times during late spring and early summer

(Straty 1974; Rogers 1977). Sockeye salmon migrating from Bristol

Bay lake systems with only one or two lakes enter earlier and over

a shorter period of time than those migrating from multi-lake sys

tems. In addition, the travel distances of juvenile sockeye salmon

from lake outlet to Bristol Bay are different for each of the river

systems. As a result, the individual major river stocks are some

what separated from one another duri ng the i ni t i a1 few weeks of

seaward migration. Also contributing to this initial separation

are the differences in their age and size at the time of entry into

Bristol Bay. As mentioned earlier, Age 2.0 sockeye salmon precede

Age 1.0 sockeye salmon in order of seaward migration. Since Age

2.0 fi sh from a gi ven ri ver system are 1arger than Age 1. 0 fi sh,

they may be expected to migrate seaward at a faster rate than Age

1.0 fish. The overall result of the difference in time of entry

into Bristol Bay and fish size is that juvenile sockeye salmon are

distributed throughout most of the area encompassing the seaward

migration route from late May through late July.

Although the major stocks of Bristol Bay 'sockeye salmon may be

segregated during the initial period of seaward migration, mixing

of stocks takes place after the fish have been at sea a few months

(Straty 1974). This most likely results from a decrease in the sea

ward migration rate of those fish that have entered the more seaward
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areas of Bristol Bay where food is apparently more abundant than

initially encountered in the inner bay.

From 1ate May and early June through early August in years

when more normal environmental conditions prevail, (e.g., mainly

sea temperature), the greatest biomass of juvenile sockeye salmon

will be present along the coast of inner Bristol Bay (northeast of

159°W) (Straty 1974). Early seaward-migrating sockeye salmon will

be more abundant farther seaward in this area than later entrants

into the bay. After early August, the greatest biomass of juvenile

sockeye salmon apparently occurs in the outer bay or seaward of

159°W. Little is known about the distribution and migration route

of juvenile sockeye salmon in Bristol Bay after late September when

most studies were terminated.

The seasonal di stributi on and abundance of juveni 1e sockeye

salmon in the shelf area of 'Bristol Bay may show considerable

annual variation. For example, in 1971, which was characterized by

anomalously cold sea temperatures from spring through fall (Straty

and Jaenicke, In press), juvenile sockeye salmon were virtually

absent in outer Bristol Bay in early July whereas they were abun

dant in this area in 1967 (a year with warm sea temperatures) in

early to mid-June. Such,annual variations in the seasonal distri

bution of juvenile salmon can probably be expected to occur in

other areas of the shelf as well, resulting in annual variations in

the time juvenile salmon are residents of the shelf and their time

of entry into the North Pacific Ocean.
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A final point which should be mentioned about the behavior of

juveni 1e sockeye salmon duri ng seaward mi grati on concerns their

vertical distribution. Juvenile sockeye salmon were found to be

schooled and most abundant in the upper 5 m of water (Straty 1974).

They displayed diurnal· changes in depth, being most abundant at

night in the upper 1 mof water and during daylight hours at a

depth of 2 m.

Seaward Migration, Juvenile Chum .Salmon and Pink Salmon -

Except in Bristol Bay and Norton Sound, there is little known about

the shelf distribution of juvenile chum and pink salmon. In

Bristol Bay, both species have been captured during research fish

ing at various times from early summer to early fall in the area

encompassing the seaward migration route of the juvenile sockeye

salmon (see Fig.

7) (NMFS, ABl 1966 and 1969-72 data). There have been few

juveni 1e chum and pi nk salmon captured outsi de thi s area. In

Norton Sound (primarily Golovin Bay), juvenile chum and pink salmon

were captured by beach seines in the nearshore littoral areas be-

tween the onset of ice breakup on June 9 and July 9, 1977 (Barton

1979).

In Bristol Bay, small numbers of chum salmon were captured by

purse seine in the coastal waters as early as m~d-June 1967. How

ever, they did not become abundant in these waters until after mid-

July. in 1967 and 1969. Juvenile chum salmon remained abundant

along the southeastern coast of Bristol Bay seaward of 159°W

through August and until at least mid-September in 1969 and 1970
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(NMFS, ABL 1969 and 1970 data). Juvenile pink salmon have not been

captured in Bristol Bay in the area encompassing the seaward mig

ration route of the juvenile sockeye salmon until after late June

(NMFS, ABL 1966 data). They have been captured primarily in the

coastal areas of inner Bristol Bay northeast of 159°W. Their abun

dance in this area increased from late June through mid-August of

1969. Presumably, they di d not reach the coastal areas of the

outer bay seaward of 159°W until late August and September. A few

juvenile pink salmon were captured near Port Moller in outer

Bristol Bay (at 56°12'N, 161°00'W) on August 25, 1969. These were

the only juvenile pink salmon captured seaward of 159°W during the

vari ous years of i ntens ive research fi shi ng in the area by ABL.

In Norton Sound, juvenile chum and pink salmon captured in the

nearshore littoral areas during June and early July were less than

half the size (32-59 mm mean fork length) of those captured between

late June and mid-September in Bristol Bay. No juvenile chum or

pink salmon of the larger size captured in Bristol Bay were taken

in the littoral or offshore area of Norton Sound after early July

1977. Barton (1979) concluded that juvenile chum and pink salmon

vacated the nearshore littoral areas of Norton Sound and moved off

shore to more pelagic areas; however, gillnets and tow nets were

used to sample juvenile salmon in these areas. The author has

found this type of gear to be much less efficient than round haul

or purse seines for sampling juvenile salmonids in Bristol Bay. It

is very 1i ke ly that the small juveni 1e chum and pi nk salmon that

had been present in the littoral areas of Norton Sound during June
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and early July were missed by or avoided the fishing gear which was

used to sample them offshore. After their movement offshore, they

would have been larger in size and more dispersed, making them more

difficult to sample. It seems likely that juvenile salmon of the

small si ze reported by Barton (1979) woul d have mi grated into

di stant deep offshore waters. Thi s behavi or is i nconsi stent with

that observed for juvenile Pacific salmon throughout their range in

North Ameri ca.

In Bristol Bay just the opposite situation occurred. No

juvenile chum or pink salmon of the small size sampled in Norton

Sound were captured duri ng research fi shi ng by ABL. However, in

Bristol Bay the littoral areas less than 16-18 m deep were not

sampled for juvenile salmon. The mesh size of the purse seine used

to sample juvenile salmon was capable of retaining fish as small as

60~70 mm. Therefore, it is likely that the -smaller-sized juvenile

chum and pink salmon were present in the littoral water of Bristol

Bay during early June but were not sampled. After increasing in

size and moving progressively offshore, they would have become

available to the fishing gear used.

Both chum and pink salmon enter the estuaries shortly after

emerging from the gravel (see Table II) and at a size consider-

ably smaller (25-30 mm) than juvenile sockeye, chinook, and coho

salmon. However, as indicated above, few of this size have been

captured in Bristol Bay, which seems attributable to lack of sam

pling the areas where they most likely occur. Lending support to

thei r probable res i dence in 1i ttora1 areas are observations of
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juvenile pink salmon in this size range milling around cannery

docks in Bristol Bay in early June noted earlier. The implied

behavior of juvenile chum and pink salmon during seaward migration

in the shelf area would seem to be one of progressive offshore

movement with increasing size.

Seaward Migration, Juvenile Chinook Salmon and Coho Salmon -

Juvenile chinook and coho salmon have been captured along with

juvenile sockeye salmon during research fishing in the shelf area

of Bristol Bay. Similar in distribution to juvenile sockeye, chum,

and pink salmon, they were found to be most abundant along the

southeastern coast of Bristol Bay (see Fig. 7). A few juvenile

coho salmon were captured during finfish surveys of Golovin Bay in

Norton Sound (Barton 1979), but no mention is made concerning their

distribution or movements.

In Bristol Bay, only small numbers of juvenile chinook salmon

have been captured during research fishing conducted by the ABL in

1966, 1967, 1969, and 1970. These fi sh were caught in the inner

bay northeast of 159°W in early June 1966. No juveni 1e chi nook

salmon have been captured in the shelf area of the bay beyond June.

A few juvenile chinook salmon were reported taken during research

fishing farther seaward in the eastern Bering Sea between June and

August (Hartt and Dell 1976).

The lack of juvenile chinook salmon in the shelf areas of

Bri sto1 Bay after early June i ndi cates that the majority of the

chinook salmon had either entered the bay earlier before intensive

fishing began or, for some unexplained reason, were missed by the

369.

o

o



J

.)

()

fishing gear. In the Salcha River drainage of the Yukon River, the

peak downstream migration of chinook salmon occurred between the

latter half of May and early June (Trilsky 1974). The seaward

migration of chinook salmon from Bristol Bay river systems probably

also occurs during May and early June. The lack of juvenile chin

ook salmon in the shelf area of Bristol Bay beyond June also im

p1i es that these fi sh mi grate seaward at a much faster rate than

juvenile sockeye, chum, pink, and coho salmon. These species enter

the bay later in the spring and summer than the juvenile chinook

salmon and are present in the shelf area at least through mid

September; juvenile pink salmon are probably present in the shelf

ilrea into October.

Based on their time of appearance and magnitude of abundance

indicated by fish catches made in the coastal waters of Bristol

Bay, juvenile coho .salmon are the latest species of Pacific salmon

to enter the shelf. A1though they have been captured along the

southeastern coast of Bristol Bay as early as mi.d-June, research

fishing indicates they do not occur in any abundance until late

June or early July (NMFS, ABL 1966, 1967, 1969, and 1970 data).

They appear to remain abundant in this area of the shelf throughout

July and August and were still present in mid-September of 1970,

Synopsis: Timing of Migration and Distribution -- Exploratory

and research fi shi ng and taggi ngexperiments have shown that sock

eye, chum, pink, chinook, ·and coho salmon are widely distributed

throughout the Bering Sea shelf during spawning migration. They

are more abundant in offshore waters than in coastal waters until
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they reach the vicinity of their home-river/stream systems. Adult

sa1mon are most abundant in the shelf area between mi d-May and

early September with the peak of abundance somewhat different for

each species (see Table III).

Adult sockeye, chum, and pink salmon, and probably chinook and

coho salmon, appear segregated to a varying degree according to the

general geographic location of their home-river/stream systems at

the time they enter the Bering Sea shelf. Salmon bound for the

Yukon River, Norton and Kotzebue Sounds, and the arctic coast ap

pear to be more prevalent in the central shelf area. Those bound

for the rivers of the Gulf of Anadyr appear more prevalent in the

western shelf area and in the case of chum salmon, in the western

and central shelf areas. Salmon bound for rivers and streams in

Bristol and Kuskokwin Bays and along the Alaska Peninsula appear

more abundant in the eastern shelf area. The general similarities

in the shelf distributions of sockeye, chum, and pink salmon bound

for streams or rivers located in specific geographic areas, e.g.,

Bristol Bay, suggest that these species, and most probaby chinook

and coho salmon as well, are responding inherently to the same

environmental cues to guide them across the shelf to their rivers

or streams of origin. Acceptance of this hypothesis implies that

the spawning migration of salmon in the shelf area is directed

along broad but specific routes which must be similar for all

species.

As the spawning migration of salmon proceeds across the shelf

in the general direction of their rivers of origin, salmon stocks
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progressively segregate according to the specific location of their

home-river/stream systems, such as the Nushagak River in Bristol

Bay. This segregation of sockeye salmon stocks of Bristol Bay ori

gi n begi ns when the fi sh are sti 11 in the offshore waters and as

much as 200 km from the mouths of home-river systems (Straty 1975).

. The timing of the seaward migration of juvenile Pacific salmon

across the shelf is similar to that of the adult spawning migra

tion, (i.e., juvenile salmon are most abundant on the shelf between

early to mid-May and late September). Although both juvenile and

adult salmon are present on the shelf at the same time, their dis

tributions and migration routes are quite different. As indicated

a~()ve, adult salmon appear to remain in the offshore waters of the

shelf until within the vicinity of the coastal area or the estuary

containing their home river or stream. Juvenile sockeye, chum,

pink, and coho salmon, however, appear to migrate seaward along the

coast during the initial two months or. so of seaward migration.

Therefore, although the shelf is occupi ed by both juveni 1e and

adult salmon, at the same time of the year, they remain separated

from one another except, perhaps, in the vicinity of the mouths of

their home rivers or streams. Little information is available on

the distribution in the shelf area. The small number of juvenile

chinook salmon caught in inner Bristol Bay suggest the seaward

migration route of this species is also along the coast.

The principal factor insuring that juvenile salmon remain lar

gely separated from the adults during seaward migration is the dif

ference in their migration rates. For example, the majority of the
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adult sockeye salmon bound for Bristol Bay river systems, cross the

shelf in about 15 days (see Table III). Juvenile sockeye sal-

mon, and most probably juvenile chum, pink, and coho salmon, how

ever, appear to be confined to the coastal waters for at least 60

days during seaward migration. As a result, adult salmon have

crossed the shelf offshore well before the juvenile salmon begin to

move into that area.

Observations in Bristol Bay, Norton Sound, and the Gulf of

Alaska indicate that juvenile salmon eventually move from the coas-

tal waters farther offshore to more pelagic waters as their size

:)

increases. In Bristol Bay, the larger-sized juvenile sockeye o

salmon seem to be the first to move offshore (Ogi 1973; NMFS, ABL

1967, 1969 and 1970 data): If offshore movement of juvenile salmon

is size dependent, its timing can be expected to display annual and

seasonal variations. These variations would result from annual

vari ati ons in envi ronmental factors such as sea temperature and

food" abundance, which influence growth.

ENVIRONMENTAL FACTORS INFLUENCING THE MOVEMENTS AND
DYNAMICS OF PACIFIC SALMON ON THE BERING SEA

Fishery scientists generally agree that environmental factors

such as water temperature, food abundance, salinity, currents,

etc., i nfl uence the di stri but ion, movements, growth, and survival

of salmon." To make a comprehensive synopsis of the movements and

dynamics of Pacific salmon, one must understand how environmental

factors and thei r vari abi 1ity affect the behavi or of salmon re

siding on the shelf.
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Considerable experimental research has been conducted in the

laboratory on the influence of environmental factors on the physi

ology and behavior of salmon, but application of results to explain

occurrences at sea has been 1imited. The pub1i shed resul ts of

numerous studies conducted in Bristol Bay have foc.used on the ap-

parent responses of sockeye salmon to certain environmental factors

and their. variability (Ogi 1973; Straty 1974; Nishiyama 1974; Fujii

et al. 1974; Fujii 1975; Straty and Haight 1979; and Straty and

Jaenicke, In press). Below is a summary of the results of these

studies and the inferences made therefrom concerning probable move-

ments and dynamics of Pacific salmon of the shelf.

Probable Influence of Temperature on the Distribution,
Growth, and Survival of Pacific Salmon

Because of its influence on metabolism, environmental tempera-

ture has profound effects on the life processes of fish. Tempera

ture sets limits to their metabolic rate within which the fish are

free to perform, regulates their rate of growth and development,

and acts as a directive factor resulting in the aggregation of fish

within thermal ranges or movement to new environmental conditions

(Brett 1956).

The studies of Manzer et al. (1965) have illustrated the re-

lationship between the distribution of salmon and sea-surface tem

perature in the Bering Sea and North· Pacific Ocean. These studies

have shown that the range of tolerable and preferred sea surface

temperature is di fferent for each speci es and that these ranges

change from spring through fall. The salmon species, in order of

preferred sea temperatures (from colder to warmer), are sockeye,
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chum, pink, chinook, and coho salmon (Table IV). Sockeye and

chum salmon preferred the lowest temperature range; pink salmon,

the intermediate range; and chinook and coho salmon, the highest

range. ,From May through July and August, all salmon species pre-

ferred increasingly higher temperatures. In September, salmon

again preferred colder waters. In spring and early summer, matur

ing salmon were associated with sl ightly colder sea temperatures

than immature salmon. In late summer .and fall, maturing salmon

tended to be associ ated wi th hi gher temperatures. These seasonal

changes in sea surface temperature preferences corresponded to the

seasonal warming of surface waters.

TABLE IV

Probable Tolerable and Preferred Sea-Surface Temperatures
for Pacific Salmon (From Manzer et al. 1965)

Species
of Tolerable Preferred Reference months

Salmon range (C) range (C) for Preferred range

Sockeye 1-15 2,3-9 May, September
Chum 1-15 2,3-11 May, September
Pink 3-15 4-11 May, June
Coho 5-15 7-12 May, June, July
Chinook 2-13 7-'10 July, August, September

The studies of Manzer et al. (1965) lend credence to the hypo

thesis, first advanced by Kaganovsky (1949) with respect to pink

salmon, that in general, salmon avoid waters of near-freezing sur-

face temperatures and vacate the Bering Sea and northwestern Pacific
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Ocean in winter and move southward and eastward where water tem-

peratures are more favorable. Winter temperatures of less than 3 C

prevail over much of the Bering Sea and northwestern Pacific Ocean

as indicated by long-term mean conditions (Laviolette and Seim

) 1969) . Fujii (1975) concluded that sockeye salmon of western

)

)

)

)

)

J

Alaska ori gi n are prevented from enteri ng the Beri ng Sea through

passes in the Aleutian Islands until low temperatures and high

salinities of surface water in the passes disappears. Manzer et

al. (1965) speculated that in years when water temperatures are

relatively high, sockeye and chum salmon may be present in the

southern Bering Sea throughout the winter months because of their

lower preferred temperature range. Sockeye salmon were, in fact,

capt~red by gillnetting in January in the central Bering Sea along

1800 and 175°E (Hunter and Larkins 1963).

If sea temperature is a dominant environmental factor regula-

ting .the seasonal distribution of Pacific salmon, the proportion of

juvenile and immature salmon overwintering in the Bering Sea should

be correlated with the extent to which winter sea temperatures ex

ceed the species' minimum preferred temperatures.

Little information is available on the winter distribution of

juvenile and maturing salmon on the shelf. Since salmon are pre

sent in. the Beri ng Sea in wi nter , they mi ght also be expected to

enter the shelf, particularly in years characterized by anomalously

warm winter sea temperatures. As mentioned earlier, juvenile

chinook salmon were taken in bottom trawls in mid-winter near the

shelf edge. The temperature at their depth of capture must have
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exceeded the minimum tolerable temperature of 2 C for this species

(see Table IV).

There is some evi dence that the depth di stributi on of some

species of Pacific salmon is restricted by sea temperature (INPFC

1963; Manzer 1964). Japanese investigators reported that in the

early part of the season when a thermocline had not developed, sal

mon were scattered vertically whereas after establ i shment of a

thermocl ine, salmon tended to concentrate in the surface layer

(INPFC 1963). Manzer (1964) reported that sockeye and chum salmon

differ in behavior toward the thermocline. A well-produced ther

mocline appears to present a physical barrier through which sockeye

salmon do not migrate. Chum salmon, however, reacted this way to

the thermocline only during hours of darkness. We do not know to

what extent vertical movements of salmon are restricted by devel

opment of a thermoc1ine on the shelf during summer.

In addition to its restrictive influence on the seasonal and

vertical movements of immature and maturing salmon, sea temperature

may also influence the width of the seaward migration route of sal

mon across the shelf (Straty 1974). Sea temperatures of coastal

waters on the southeastern side of Bristol Bay are generally a few

degrees warmer than adjacent waters offshore (i.e., isotherms

parallel the coast). As a result, during seaward migration through

this area, juvenile salmon are afforded a range of temperatures

which may include those best suited to their thermal requirements

at the time. Evidence offered by Straty (1974) suggests that ju

venile sockeye salmon avoid the colder offshore waters during
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seaward migration, particularly in years (e.g., 1971) when anomal

ously cold sea temperatures prevail. In 1971, juvenile sockeye

salmon were captured during research fishing byABL only at loca

tions nearest the coast and in the shallowest water that could be

fished.

Sea temperature not only restricts the seasonal movements of

salmon on the shelf but also modifies their movements through its

influence on growth and swimming speed (Straty 1974, Straty, and

Hai ght 1979; Straty and Jaeni cke, In press). Year-to-year sea

temperature differences of 6 C between May and December have occur-

red .in Bristol Bay (Fig. 8).

Laboratory experiments have shown that changes in sea tempera~

ture i of this magnitude profoundly affect the swimming speed of

young sockeye and coho salmon (Brett et al. 1958). As temperature

increased from 2-10 C, swimming speed of juvenile sockeye salmon

increased over 80%. Juvenile coho salmon showed a similar increase

in swimming speed between 4 C and about 12 C. Annual variations in

sea temperature of the magnitude shown in Figure 8 should result

in significant annual differences .in swimniing speed and, in turn,

the seaward migration rate of juvenile salmon across the shelf. As

a result, annual differences can be expected in the shelf distribu-.

tion of juvenile salmon and in their time of entry into the off~

shelf regions of the Bering Sea and the North Pacific Ocean.

Annual differences in the seasonal distribution of juvenile sockeye

salmon have been observed in Bristol Bay and attributed, in part,

to these extreme variations in sea temperature (Straty 1974; Straty

and Haight 1979).
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FIG. 8 Average monthly sea surface temperatures at 57°N
163°W in Bristol Bay during May-December 1967 and 1971.
Vertical line represents time of peak migration of
sockeye salmon from Bristol Bay rivers. (From Straty
and Jaenicke, In press.)
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Sea temperature may also influence the rate of seaward migra

tion 1l, and possibly survival, through its influence on growth

(Straty 1974, Straty and Haight 1979 and Straty and Jaenicke, In

press). Donaldson and Foster (1940) found that young sockeye sal-

mon did not grow at temperatures below 4 C. Low temperatures ap

parently reduce the rate of digestion which, in turn, reduces con-

)

sumption and growth (Brett and Higgs 1970). Growth and food utili

zation were highest at approximately 10 C. It is apparent (see

Fig. 8) that

Bay experi enced

juvenile salmon migrating seaward through Bristol

significantly different growing seasons~/ in 1967

and 1971. . The growth pattern of scales of sockeye salmon from sev

eral river stocks of Bristol Bay which migrated seawards in 1967

al)d 1971.were found. to be significantly different, reflecting the

effects of sea .temperature in these two years (Straty and Jaenicke,

In press). As a result of annual variations in sea temperature,

the size of juvenile salmon crossing the shelf and at completion of

their first summer growing season can.also be expected to display

annual variation.

Annual variations in the size of seaward migrating salmon may

be. of significance in terms of their survival. For example, a

number of studies have shown that the survival rate of juvenile

salmon increases with increased size (Ricker 1962; Foerster 1954;

o

11
~/

Swimini ng speed is a functi on of water temperature and fi sh
length.
Growing season, which has been defined as the degree and dur
ation of sea temperatures exceeding 4 C, influences the amount
of growth a juvenile salmon attains during the first year of
ocean life (Straty and Jaenicke, In press).
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Manzer 1972; Pella and Jaenicke 1978). This concept of an in

creased survival with increased size suggests that environmental

factors such as high sea temperature and abundant food, which

result in rapid growth, are conducive to high early marine survival

of juvenile salmon. Straty and Jaenicke (In press) have discussed

in some detai 1 the probable survi val advantages and di sadvantages

of annual variations in the size of juvenile sockeye salmon during

seaward, migration across the shelf. These include, for example:

1) the advantage of a rapid increase in size in reducing the period

during which juvenile salmon are subjected to size-dependent pre

dation by fish and marine birds and mammals, 2) the probable in

creased rate of seaward migration resulting from increased size and

earlier entrance into the North Pacific Ocean, and 3) changes in

the food habits of juvenile salmon accompanying changes in fish

size ,whi ch wi 11 i nfl uence the extent of competiti on for simi 1ar

food items exploited by other fish and marine birds.

Juvenile salmon reside a considerably longer period of time on

the shelf than maturing salmon. As a result, annual variations in

sea temperature may be expected to have more pronounced and measur

able effects on the distribution, growth, and abundance of juvenile

salmon while they cross the shelf than on maturing salmon. Data

presented by Nishiyama (1974), however, illustrate the apparent in

fluence differences in sea temperature have on the growth rate of

maturing Bristol Bay sockeye salmon during the peak period (June

18-July 2) of their migration across the shelf (Table V). The

rate of growth per day (%) and increment of growth in 1967, a year
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when high sea temperatures occurred (Fig. 8) was 60% greater

than in 1971 when cold sea temperatures prevailed.

TABLE V

Rate of Growth per Day and Increment of Growth of Age 2.2 Yr
Bristol Bay Sockeye Salmon in 1967 and 1971

(Data from Nishiyama 1974)

Year

Sea surface
temperature

(DC) Sex Initial End

Body weight
Rate of
growth
per day

Mean (%)

(g)

Increment
of growth

1967

1971

8.5+1. 02

4.6+0.74

Female 2106
Male 2426

Female 2086
Male 2343

2412 2259 0.753
2750 2588 0.696

2156 2121 0.471
2413 2378 0.438

17.00
18.00

9.98
10.41

,)

IJ

In conclusion, it seems obvious that annual variations in sea

temperature of the magnitude occurring in Bristol Bay will have

significant effects on the distribution and growth of maturing and

juvenile Pacific salmon while they are residents of the shelf.

Annual variations in sea temperature may also indirectly influence

the survival rate of juvenile salmon through its influence on

growth rate.

Influence of Abundance and Type of Food on Growth
and Distribution

In addition to being a function of environmental temperature,

growth in salmon is a function of the amount and type of food con

sumed. The potential energy available to salmon for maintenance

and growth is quite different for each type of food organism eaten
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(Nishiyama 1974). Annual, seasonal, and areal variations in abun

dance and type of food eaten by salmon residing on the shelf have

been reported by Dell (1963); Nishiyama (1974); Straty (1974);

Carlson (1976); Straty and Jaenicke (In press). Studies of juven

ile sockeye salmon in Bristol Bay suggest that variations in food

type and abundance may result in corresponding variations in the

distribution, growth, and, therefore, survival of juvenile salmon.

In the shelf area of Bristol Bay, zooplankton (the food of

juvenile salmon) were found to be considerably more abundant along

the migration route of juvenile sockeye salmon (see Fig. 7) sea

ward of 159°W (Straty and Jaenicke, In press). This difference was

maintained from June through August. In addition, the coastal

water of the bay (less than 37 m deep) contained a significantly

lower abundance of zooplankton than the offshore waters (deeper

than 37 m). A compari son of the full ness of the stomachs of ju

venile sockeye salmon sampled in these areas reflected these

differences in zooplankton abundance. The volume of their stomach

contents showed that juvenile sockeye salmon generally consumed

more food farther seaward and farther offshore.

The response of juvenile sockeye salmon to greater food abun

dance in the more seaward portion of the Bristol Bay shelf area was

clearly evident in the size of the fish and growth patterns of

their scales. Generally, fish sampled seaward of 159°W were larger

than those in the inner bay northeast of 159°W. The appearance of

widely-spaced marine-type circuli on the scales of these fish also

showed that initial marine growth did not occur or accelerate until
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7, the seaward migration route of ju-
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the juvenile sockeye salmon had entered outer Bristol Bay seaward

of 159°W (Straty 1974). Juvenile sockeye salmon usually take from

4-6 weeks to reach the outer bay although this may vary annually.

After these fish enter the outer bay, where food is more abundant,

they apparently spend more time feeding and move seaward at a more

leisurely pace than through the inner bay.

Not only was the food of juvenile sockeye salmon more abundant

in outer Bri sto1 Bay, but 1arger forms of food items occurred

there. Straty and Jaenicke (In press) offer evidence that suggests

the increased growth rate of juvenile sockeye salmon observed in

outer Bristol Bay may also be due to the increased size of food

items occurring there.

Variations in food type and abundance must also influence the...;.

distribution and/or growth of maturing salmon crossing. the shelf

but.such relationships have not been described. The annual differM

~nces in the rate of growth per day shown for maturing Bristol Bay

sockeye salmon during late June and early July of 1967 and 1971

(see Table V) (Nishiyama 1974) are probably due to the combined

effects of. annual vari at ions in sea temperature and the type and

abundance of food consumed.

Influence of Salinity

As shown in Figure

venile sockeye salmon from major Bristol Bay river systems is from

the river mouths to the southeastern side of inner Bristol Bay.

This movement is through the area of the most pronounced salinity
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gradients (Straty 1974; Straty and Jaenicke, In press) and it sup

ports the experimental conclusions of McInerney (1964) whose ex

periments showed that the juveniles of the five species of Pacific

salmon occurring in the shelf area were able to use estuarial

salinity gradients as one of the directive cues in their seaward

migration. Juvenile salmon displayed a temporal progression of

sal i nity preference changes whi ch parall el the sal i nity gradi ents

typical of river outflows experienced by young salmon on their way

to the ocean. The terminal salinity preference shown by young

salmon was for water of open-ocean concentration.

The apparent response of juvenile sockeye salmon to salinity

gradients in Bristol Bay was best exemplified by the direction of

movement of fish migrating seaward from the Wood River system.

These fish left the Wood River on the northern side of inner

Bri sto1 Bay and mi grated across the bay to the southeastern si de

(Straty and Jaenicke, In press) experiencing a horizontal change in

salinity of 30%0 in a distance of 120 km. This route is their

most direct route through the turbid water of the inner bay to the

clearer waters of higher salinity in the outer bay. If salinity

gradients are the principal environmental factors directing the

initial movement of juvenile salmon after they enter the shelf,

environmental events, such as prolonged periods of higher wind

which cause shifts in the position of river outflows, may result in

short-term changes in distributions.

The distribution of maturing Bristol Bay sockeye salmon during

migration across the shelf (see Fig. 2) may also be influenced

385.

o

o

o

o

o

o



J

J

J

,)

J

by the distribution of salinity. Fujii (1975) has implied that the

spawning migration route of sockeye salmon in this area is related

to the position of water of high salinity flowing eastward into

Bristol Bay. This water appears as a wedge of high salinity water

which extends well into inner Bristol Bay northeast of 58°N, 158°W

(Straty 1974) and is distinguished from coastal water in the outer

bay by the 32.0%0 isohaline (Fujii 1975). The position of this

water mass occurs between 56-57°N latitude in outer Bristol Bay but

was found to vary in position from year to year. Assuming maturing

sockeye salmon prefer or are confined to this water mass, the posi

tion of their main migration route may also be expected to display

annual ,variations.

SYNOPSIS: INADEQUACY OF EXISTING KNOWLEDGE ON
PACIFIC SALMON OF THE BERING SEA SHELF

Deficiencies in our knowledge of the distribution, movements

and abundance of Pacific salmon while residents of the shelf are

apparent in the foregoing discussion. The intensive investigations

carried out in the southeastern shelf area and adjacent river sys

tem have permitted a more complete description of salmon distribu-

tion, movements, and abundance here than for the central, western,

and northern shelf areas. These investigations have focused mainly

on sockeye salmon of Bristol Bay. As a byproduct of these investi-

gations, some information has also been obtained on the timing of

migrations and distribution of maturing and juvenile chum, pink,

chinook, and coho salmon in the southeastern shelf area. Investi-

gations of salmon in the central, western, and northern shelf areas
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have been minimal. As a result, the timing of migrations and dis

tribution and movements of salmon in these areas are based on few

studies or have been inferred from the results of salmon investiga

tions in the southeastern shelf area. Most investigations of sal

mon that have been conducted on the shelf occurred between May and

September. Therefore, our knowl edge of the occurrence and move

ments of salmon on the shelf before and after this period is

grossly deficient. Major gaps existing in our knowledge of Pacific

salmon of the shelf are summarized below.

Fall-Spring Occurrence of Salmon

The speci es composition, di stributi on, abundance, and move

ments of salmon on the shelf between November and April is largely

. unknown. The occurrence of juvenile chinook salmon in bottom

trawls near the shelf edge in mid-winter suggests the possibility

that other salmon speci es may also occur here duri ng the wi nter.

Thi s may occur in years when wi nter sea temperature exceeds the

minimum preferred temperatures of the species.

In Bristol Bay, where the only intensive studies on juvenile

salmon have been conducted, virtually nothing is. k,nown of their

distribution and movements after late September. They are probably

present on the shelf we.ll after this date, particularly the smaller

pink salmon and the later seaward migrating coho salmon. Juvenile

sa1mon mi grati ng from ri vers and streams located in the northern

shelf area, e.g., Kotzebue and Norton Sounds, may be present in the

coastal and offshore areas of the shelf even later than those mig

rating seaward from Bristol Bay rivers.
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Distribution of Maturing Salmon

The timing of migration, general distribution, and movements

of maturing sockeye salmon and, to a lesser extent chum salmon, of

Bristol Bay origin have been well defined. This is because re

search fishing and tagging studies have taken place largely between

mid-June and July when these species are most abundant. Signifi

cantly less is known of the distribution and movements of maturing

pink,. chinook and coho salmon in the southeastern shelf area.

Even less is known about the distribution and movements of

ma~u~ing salmon of all species in the central, western, and north

ern shelf areas. Few tagging experiments have been conducted on

the shelf west of 168°W and north of 59°N. As a result, the dir

ecti on of movement of a salmon speci es ina gi ven area in some

cases is based on the recapture of a s i ngl e tagged fi sh. Addi

tional systematic research fishing and salmon tagging are required

in the central, western, and northern shelf areas between early May

and early October to more precisely define the distribution,

movements, and geographic area of origin of maturing Pacific salmon

occurring there. To derive the greatest benefit from such investi

gations, they should be conducted west of 168°W between the shelf

edge north of 56°N and 66°N.

Distribution of Juvenile Salmon

The only salmon species of Bristol Bay origin whose juveniles

have been investigated to any' extent is the sockeye salmon, for

which there have been studies on timing of migration, distribution

and abundance. As a result of these studies, some information has
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been obtained on the distribution of juvenile chum, pink and coho

salmon in the southeastern shelf area. Because these investiga

tions were conducted between early June and late September, little

has been learned of the distribution and movements of juvenile

chinook salmon in this area. Chinook salmon apparently enter the

shelf earlier than early June and few have been captured in Bristol

Bay. Li tt1e is known also of the di stri buti on and movements of

juvenile pink salmon seaward of 1590 W in Bristol Bay and' after

early August. Because of their smaller size during the initial

period of seaward migration, juvenile pink salmon apparently mi

grate seaward at a slower rate than the other salmon species, and

few were captured before investigations were terminated in late

September. The distribution and movements of all species of ju

venile salmon in the southeastern shelf area beyond late September

remain open to speculation.

Virtually nothing is known about the time of migration and

shelf distribution of juvenile salmon originating in rivers and

streams north and west of Bri sto1 Bay. Based on the observed

distribution of juvenile salmon in Bristol Bay and throughout their

range in the North Pacific Ocean, it seems safe to assume that fish

from these areas will initially migrate. seaward along the coast.

They would al so be expected to move offshore as their size i n

creases. Thi s offshore movement may occur we 11 before they cross

the shelf, resulting in a significant population of Age .0 salmon

in the offshore waters of the shelf in late summer and fall.

Verification of such an occurrence awaits the results of additional

research.
389.

o

o

o

()

o



J

r~

)

One final point concerning the seaward movements of juvenile

salmon is the direction of movement of those fish originating in

rivers north of Bering Strait (e.g., in Kotzebue Sound and along

the Siberian and North American arctic coasts. Do they migrate

seaward initially along the coast on the east or west side of the

shelf or through the offshore waters? The answer to this question

is open to conjecture.

Estimates of the Abundance

Estimates of the annual abundance of maturing sockeye, chum,

pink, chinook, and coho salmon returning to Bristol Bay between

1951 and 1976 inclusive have been made by Rogers (1977). Estimates

of the average total abundance of each species returning to rivers

and streams in Bristol Bay and along the northern side of the

Alaska Peninsula have also been made by Stern et al. (1976). Sim

ilar estimates have not been made for maturing salmon returning to

other western Alaska rivers and streams entering the shelf north of

Bristol Bay. In addition, estimates are not available for the

total abundance of each species of salmon returning to rivers and

streams entering the Gulf of Anadyr and along the Siberian and

North American arctic coasts. Assuming the catch statistics in

Table I indicate the relative contribution of each area to the

total population of maturing salmon entering the shelf each year,

the areas north and west of Bristol Bay contribute 14.2% of this

population. The reliability of this figure, however, can only be

determined through improved estimates of the commercial and sub

sistence catches and escapement of maturing salmon in these areas.
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On the basis of available data and several assumptions listed

below, the possible range in the total number and biomass (weight)

of maturing salmon entering the shelf each year is between 5.5-65.9

million fish or 15,125-181,225 mt. The assumptions in making thi~

estimate are:

1. The catch statistics gi ven in Table I i ndi cate the

contribution of each area of the shelf to the total shelf

population of maturing salmon.

2. Annual fluctuations in the abundance of salmon produced

in all rivers and streams entering the shelf follow those

for Bri sto1 Bay between 1951 and 1976 inc1us i ve (Rogers

1977).

3. 2.75 kg per fish (Table II) is assumed to be the mean

weight of all salmon species combined.

The estimate is derived by multiplying the low and peak esti

mates (4.5 and 54 million fish) of the numbers of maturing salmon

returning to Bristol Bay between 1951 and 1976 inclusive by the

mean proportion of salmon (0.82) Bristol Bay contributes to total

shelf population of salmon each year (see Table I).

Estimates have also been made of the numbers of juvenile sock

eye, chum and pink salmon entering Bristol Bay each year between

1950-1974 inclusive (Rogers 1977). In addition, the average and

peak estimates of all species of juvenile salmon entering the shelf

from Bristol Bay and streams along the northern side of the Alaska

Peninsula for 1955-1975 inclusive have been made by Sterri et al.

(1976). Estimates of juvenile salmon entering the shelf from areas
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north and west of Bristol Bay have not been made. The average and

peak estimate of juvenile salmon migrating seaward from Bristol Bay

for 1955-1975 numbered 461.6 and 1,374.5 million fish, respec

tively. If the same rationale used above to calculate the abun

dance of maturihg salmon is applied to these figures, the annual

probable mean and peak number of juvenile salmon entering the shelf

are 566 and 1,676 million, respectively.

Variability in Environmental Factors

Additional research to better define the distribution and

movements of salmon on the shelf must also aim at providing a

better understanding of salmon distribution in relation to varia

tions in the physical and biological features of this area. ·Some

subjects that should receive attention include: 1) the relation

ship between salmon distribution and growth and annual fluctuations

in the abundance and di stributi on of preferred food types, e. g. ,

euphausiids, fish larvae; 2) identification of the sources and

magnitude of food competition occurring between juvenile salmon and

other pelagic components of the shelf and possible effects on their

growth; 3) the impact on zooplankton abundance in the offshore

waters of the shelf caused by the passage of a large population of

maturing salmon and possible influence on juvenile salmon growth;

4) the impact on the available food supply and growth of late

migrating juvenile salmon resulting from the passage. of an abundant

stock of early-migrating juvenile salmon; and 5) the effect of

annual variations in sea temperature on the distribution and growth

of salmon should continue to be monitored.
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FINFISH AND THE ENVIRONMENT

Felix Favorite
and

Taivo Laevastu

Northwest and Alaska Fisheries Center
2725 Montlake Blvd. E

Seattle, Washington 98112

ABSTRACT

Characteristic features of the eastern Bering Sea shelf eco
system are summarized and an annual chronology of monthly mean
environmental conditions and events as well as distributions and
spawning areas of halibut, pollock, herring and yellowfin sole is
presented for the purpose of providing a synthesis of the foregoing
Chapters of this Section and indicating some aspects of the eco
system dynamics of the area. The inadequacies of existing informa
tion on species behavior, multi species interactions and environ
mental relations are discussed and a number of specific fisheries
oceanography studies are recommended. It is suggested that a more
comp1ete 1i sti ng of sequences of resource-envi ronment events be
attempted and more multidi scipl inary studi es be conducted. When
condi t ions, processes and interactions are understood, the area
should be considered as a potential site for shelf-ranching, i.e.
selective protection, development and harvesting of specific re
sources.
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INTRODUCTION

The general gui de1i nes for the previ ous papers on hal i but,

herring, pollock, yellowfin sole and salmon were to present a brief

review of the biology of the individual fish, discuss real or ap

parent environmental relations and list future research require

ments. As i ndi cated earl i er (see Overvi ew) thi s i nformati on was

largely derived from studies designed to assess specific. commercial

stocks for management purposes. The original purpose of this

Chapter was merely to summarize the fish distributions in order to

place them in clearer focus, and by permitting inspection of tem

poral and spatial separations and overlaps, to show the potential

value of multi species and ecosystem studies over present approaches

to fisheries management and oil pollution studies. However, it

became apparent that although annual NWAFC and other research

cruises, usually in late spring and early summer may provide ad

equate data for resource management and even inferences pertaining

to warm and cold years, they afforded few specific environmental

indices, and information on fish distributions during other parts

of the year was fragmentary. Because assessments of potential

dangers from oil spills require knowledge of year-round distribu

tions and activities of living marine resources, we have con

structed an annual chronology of monthly conditions and events that

not only reflects the paucity of knowledge in respect to the ef

fects of the environment on fish but also gives additional insight

into potential relations. And, in this vein, we have also posed six

teen questions that could provide the basis for various fisheries
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oceanography studies. It should be pointed out again that unlike

some other Sections of this Volume in which investigators are re

porting results of specific studies planned, approved and funded by

OCSEAP (i. e. physical oceanography and fisheri·es biology which have,
been conducted independently), here we have attempted to synthesize

fragmentary pieces together into an overall dynamic system. The

information available and space permitted has been inadequate for

such,a task and clearly demonstrates the reason why most investiga

tors wisely limit their focus to one idea or concept. But the

eastern Bering Sea shelf should be viewed as a system and all

studies should be considered as merely components of the whole if

we are to advance our understanding of the area.

MONTHLY MEAN CONDITIONS AND EVENTS

There are a number of characteri sti c features of the. eastern

Bering Sea ecosystem that make it quite different from most other

important fisheries areas (Table 0, but discussions will be
J

J

limited to monthly mean environmental conditions and movements of

hal ibut, herri ng, pollock, yell owfi n sol e and salmon with the i n

tent of supplementing information already presented.

Ice information presented stems largely from Potocsky (1975)

and NESS sate11 ite imagery. Oceanographi c conditions are derived

from monthly summaries compiled at NWAFC from acquired and extant

NODC geofile data (see Shelf Environment) in which data from

October to March are extremely 1imited. Fisheries information in

the form of schematic diagrams has been extracted from the fore

going Chapters and discussions with authors.
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TAllLE I

Characteristic Features of the Eastern Bering Sea Shelf Ecosystem

o

o
Characteristic Features

Physical Features
Large continental shelf

High latitude area

Large occasional changes

Ice

Cold bottom water

High runoff

Sluggish circulation

Biological Features
High production and slov

turnover
Fewer species (than In lower

latitudes)
High amounts of marine. mammals

and birds
Pronounced seasonal migrations

Fisheries Resource Features
Pollock dominant semidemersal .

species
Yellowfin sole dominant

demersal species
Herring and capello dominant

pelagic species
Abundant crab resources

Abundant marine mammals

Man-related Features
Fisheries development rather

recent

Little inhabited coasts

Conseguences

High standing stocks of biota
High fish production
Large food resour.es for mammals
Nutrient replenishment with

seasonal turnover
Environmental distribution limits

for many species
Large seasonal changes
Seasonal presence of ice
Accumulation· of generations
Seasonally changing growth
Seasonal migrations
Possibility of large anomalies
Presence of ice-related mammals
Migration of biota (in and out)

caused by ice
Limited production in winter
Outmigration of biota
Higher mortalities and lower growth

of benthic and demersal biota
Accumulation of generations
Low salinities (near coasts)
High turbidities
Presence of eurohaline fauna
Local biological production
Local pelagic spawning

High standing stocks

Few species quantitatively very
dominant

High predation by apex predators

Great local space and time changes
of abundance

Flexible feeding and breeding habits,
especially environmental adaption

Abundant benthos food supply

Important forage species in the
ecosysl!em

Large, relatively shallow shelf
Few predators on adults, especially

environmental adaption
Abundant food supply, no enemies

insignificant hunting. Competes
with man on fishery resources

Ecosystem in near-natural state,
not yet fully adjusted to
effects of extensive fishery

Ample space for breeding colonies
for mammals and birds

Very limited local fisheries, no
pollution
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January

Air temperatures range from near 0 C near the Alaska Peninsula

to lower than -15 C near Bering Strait. The leading edge of drift

ice extends over 300 km seaward trending NW/SE from the mid-Alaska

Peninsula to Cape Navarin, passing between St. Matthew and the

Pribilof Islands; driven by mean northerly winds, it advances 3-5

km/d. Water temperatures near -1.8 C (minimum temperature possible

at existing salinities) extend from inside the ice edge shoreward

and isothermal and isohaline conditions occur under the ice; within

100 km seaward of the ice edge bottom temperatures may be several

degrees higher because complete overturn usually occurs only under

the ice. Bottom temperatures at the shelf edge and upper slope,

and particularly southward of the ice edge in the southern part of

the shelf, are 3-4 C, thus 5-6 C higher than in the vast area under

the ice.

At this time most fish have retreated seaward and southward

aggregating over the outer shelf and upper slope between the

Pribilof Islands and Alaska Peninsula: herring largely northward

of. the islands (but also to the northwest and southeast) over the

outer shelf (100-200 m); pollock and ye110wfin sole at similar

depths south of the is1ands but pollock also extend out over the

slope and basin; and halibut seaward of the shelf edge and down the

slope (Fig. 1). An important event is halibut spawning, eggs

are released at depths of 300-500 m and rise slowly in the water

column, larval stages eventually seeking the shallow shelf areas

required for survival. The conditions, behavior and migrations of

herri ng, yell owfi n sole and other fi sh that may overwi nter in

coastal areas is unknown.
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February

Environmental conditions are largely similar to January except

for slightly lower air temperatures. The seaward advance of the

ice edge continues, except in the area northward of the Alaska

Peninsula where the northeastward onshelf movement of warm water

retards ice formation; however, northwestward of this area an ad

vance of 1-3 km/d occurs and ice extends seaward of the Pribilof

Islands. Under appropriate air, sea and wind conditions the ice

edge may advance rapidly--the formation of thin surface ice may

spread 50-100, or more kilometers in a day and thicken, or break up

and melt, depending on subsequent weather conditions.

Ha1i but spawni ng is 1argely completed and eggs are di spersed

by existing currents which are poorly defined and seemingly var

iable and complex (Hanson 1978). The existence of large and small

eddies in this area may serve to retain eggs and larvae in the

southwestern part of the shelf, but may also make them vulnerable

longer to predation by the massive fish biomass in this area. As a

result of a special study aboard the Miller Freeman in 1978,

Waldron (1978) indicated that pollock spawning may commence in this

area in late February; in contrast to halibut eggs, pollock eggs

are concentrated in the surface layer. Apparently there is little

change in the distribution of herring and of pollock and yellowfin

sole as well, except perhaps a slight southward movement in the

northern slope areas as water temperatures progressively decrease

below 3 C.
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March--
Air temperatures begin to increase and ice extent approaches a

maximum except for unusually cold years (e. g. 1956, 1971, 1976)

when it occurs in April. Although sea surface temperatures show

little change, the water column under the ice is isothermal at -1.8

C down to depths exceeding 100 m and greater depths (200 m) at the

northwest extremity of the shelf edge where ice cover has existed

since December. Cold water (0 to -1.8 C) in the midshelf area has

nearly reached a maximum southward extent just northward of the

central Alaska Peninsula, but the warm water tv3 C) area northward

of the western edge of the Alaska Peninsula remains.

It is not known whether the progressive cooling of shelf edge

and upper slope water (which continues until the ice edge retreats)

or spawni ng behavi or tri ggers a southward movement of vari ous

stocks, but increases are apparent in numbers of pollock southward

of the Pribilof Islands and spawning continues in the area from the

o

o

o

100. m isobath seaward (Fi g. 2). Why spawning does not occur

farther inshore is not known. Halibut and yellowfin sole, present

in the spawning area, are about to commence shoreward migrations.

Herring north of the Pribilof· Islands commence shoreward migrations

to coastal spawning sites and to what extent the ice cover effects

these mi grations is not known, except that herri ng have over

wintered northward of Norton Sound under the ice (as in Gulf of

Bothnia and Gulf of Finland).
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April

Air temperatures begin to rise above 0 C immediately northward

of the Alaska Peninsula but are below freezing throughout the rest

of the area. Although in cold years the ice edge may still be ad

vancing slowly southwestward and sections of it may be driven to

the coast of the Alaska Peninsula as far west as Unimak Pass (e.g.

1956), usually a corridor remains ice free north of the western

half of the peninsula. Ice over the southern half of the shelf

reaches maximum thi ckness--N90 cm inshore near Nuni vak and 45 cm

near the Pribilof Islands. Isothermal conditions through the water

column occur over most of the area as surface temperatures north of

the peninsula rise above 3 C. In Bristol Bay where air tempera

tures over land have increased to 5 C, some runoff occurs and bot

tom temperatures rise from -1.8 to 0 C. However, northward along

the coast winter water temperatures of -1.8 C prevail.

Pollock spawning continues seaward to the 100 m isobath with

maximum concentrations of fish still north of Unimak Island (Fig.

3); though concentrations exist seaward of the shelf the abun

dance is not known. Herring are proceeding shoreward and the ef

fect of the ice cover and the -1. 8 C i sotherma1 condi t ion in the

water column at midshelf is not known. In 1976, a cold year,

spawning activity along the peninsula appeared to increase, but a

maximum survey effort occurred; and in 1979, a warm year, early and

extensive spawning occurred in the Togiak area. Yellowfin sole

a1so begi n easterly shoreward mi grations from north and south of

the Pribilof Islands, apparently in advance of halibut.
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Air temperatures rise rapidly, only generally northward of St.

Lawrence Island do below 0 C conditions occur. Retreat of the ice

edge is equally dramatic, reaching nearly 10 km/d in the central

shelf area. There is little evidence yet of a surface layer, but

surface temperatures above 4 C occur northward of Unimak Island,

about 2 C in inner Bristol Bay and above 0 C northward along the

coast to Norton Sound; but runoff is still limited and coastal

salinities generally remain above 30%0.

Pollock spawning has reached a peak and adult concentrations

shift northward along the outer shelf and slope; planktonic eggs

and larvae largely concentrated near the surface are dispersed by

currents off and across the shelf but primarily in a northwesterly

direction along the shelf edge. Halibut extend into the midshelf

area southeast of the Pribilof Islands, their northeasterly advance

hindered or at least affected by the midshelf cold zone. Yellowfin

sole commence easterly migrations along two paths, one north and

the other south of the Pribilof Islands, (altho~gh in May 1978 and

1979 warm years, yell owfi n sole were observed feedi ng on herri ng

spawn in northern Bristol Bay). Herring reach the coast from the

Alaska Peninsula to Nuilivak Island and spawning occurs in these

areas (Fig. 4). Juvenile salmon appear along the coast and

maturing salmon occur at the outer shelf. It is interesting to

note that at this time the male fur seals, heavy predators, partic

ularly on pollock and salmon have arrived at the Pribilof Islands.
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Air temperatures (offshore) range from 3-8 C and the ice edge

retreats rapidly ( 30 km/day) into the Chuckchi Sea, except at the

western side of the Bering Strait and northern Gulf of Anadyr.

Surface water temperatures throughout the area are above 0 C; 14 C

in Norton Sound, 6 C north of the peninsula and in Bristol Bay; and

0-2 C in the midshelf area, between the 40 and 150 m isobaths north

of the Pribilof Islands to the Gulf of Anadyr. Surface and inshore

dilution from ice melt and runoff is first evident; coastal surface

salinities reach a minimum in Norton Sound (16%0), which enhances

surface warming.
.

Herring spawning occurs along the coast northward of Nunivak

Island to Norton Sound; to the southward spawning is complete and

-:J .

herring disperse along the coast (Fig. 5). Pollock move shore-

ward to the 60-70 m isobaths east of the Pribilof Islands and

northward to 600 N along the outer edge of the self; spawning has

largely ceased, larvae have been transported northward along the

shelf edge and juveniles extend inshore along the coast. Halibut

extend into inshore areas as they conduct feeding migrations

throughout the shelf area. Yellowfin sole continue to have two

thrusts shoreward, one north of the Pribilof Islands and the other

along the north side of the peninsula and northward in outer Bris

tol Bay where overwintering juveniles have an opportunity to accom

pany adults enroute to spawning grounds. Salmon occur throughout

the southern part of the shelf area, ki ng salmon reach the Yukon

River mouth and the extensive sockeye salmon runs reach Bristol Bay

prior to the end of the month.
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July

Air temperatures approach 10 C and sea surface temperatures of

10-12 C occur in the Gulf of Anadyr, 3-5 C at the west side and 5-7

C at the east side of Bering Strait, 14-16 C in inner Norton Sound,

10-12 C southward along the coast to Unimak Pass and 5-7 C in mid

shelf areas seaward over the basin. Bottom temperatures in the

midshelf area from the Gulf of Anadyr to the Alaska Peninsula range

from -1 to 1 C; in Bering Strait, 1-2 C; in inner Norton Sound, 5-9

C; along the coast from Norton Sound to Unimak Pass, 7-10 C; and

along the shelf edge, 2-4 C. Offshore dilution due to river dis

charges along the Alaskan coast continues and minimum sal inity

values occur in outer Bristol Bay (28%0).

Herri ng spawni ng occurs along the coast northward of Norton

Sound to Kotzebue Sound; no information is available on the Gulf of

Anadyr stocks (Fig. 6). Yellowfin sole spawning commences

northwest and southeast of Nunivak Island, the two stocks appear to

remain separated; however, both spawning areas remain inshore of

the mid-shelf cold front in an area of generally northerly flow.

Pollock distributiori remains the same as the previous month with

adults generally seaward of the 50 m isobath but juvenile pollock

and herring remain in inshore areas. Halibut continue to expand

their range northward over the shelf. Salmon are generally ubiq

uitous, adults entering coastal areas and rivers from Cape Navarin

to the Alaska Peninsula to spawn, and smolts becoming acclimated to

the oceanic salinities and moving seaward across the shelf begin

ning the oceanic phase of their life cycle.
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August

Air temperatures over the shelf have reached a maximum in July

and commence to decline. but are still 5-10 C. However. along the

coast sea surface temperatures continue to increase; maximum values

(15 C) occur in Norton Sound but temperatures in excess of 10 C

occur along the coast from the Alaska Peninsula to Bering Strait

and even in Kotzebue Sound. On the western side of Bering Stait

va1ues of 2-4 C occur along the coast but these ri se to 7 Cal ong

the eastern side of the Gulf of Anadyr and 13 C along the west.

Mid-shelf values range from 7-9 C, but at the shelf edge they are

9-10 C•. There is a marked difference in bottom temperatures which

range from 9 C to -1 C northward to Bering Strait; whereas 10 C

values generally occur along the coast from Bering Strait southward

to the Alaska Peninsula. Values in mid-shelf range from -1 C in

the north to 1 C in the south. and values of 3 C persist along the

shelf edge. Maximum stability in the surface layer and maximum

thermocline occurs in the mid-shelf area. Surface salinities in

east Norton Sound have increased to 20%0. whereas dilution in

inner Bristol Bay is still evident (26%0).

Yellowfin sole spawning is completed and these stocks disperse

over the shelf (Fig. 7). Herring commence seaward.migrations off

Nunivak and Unimak Islands to wintering grounds, whereas the dis

tribution of halibut and pollock remain largely unchanged. Most of

the maturing salmon have reached spawning sites but smolts and ju

veniles continue moving seaward in undefined paths.
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September

Air temperatures drop to 3-8 C and although maximum inshore

sea surface temperatures of 10 C prevail from the Alaska Peninsula

to Norton Sound, values of 6-8 C occur in the Gulf of Anadyr and

5-8 C in,the mid-shelf area. Bottom temperatures remain relatively

unchanged from August, the previous month, as do general salinity

conditions.

Of particular interest at this time is the apparent seaward

intrusion of warm, dilute, obviously coastal water, southwest of

Nunivak Island (see Shelf Environment). If not an artifact caused

by the averaging of data, this intrusion could have a pronounced

effect on the return seaward of herri ng and ye11 owfi n sole, pos

sibly other stocks.

The offshore migrations of herring west of Nunivak Island and

northwest of Unimak Island continue, and the dispersion of yellow

fin sole from the spawning area off Nunivak Island commences

(Fig. 8). Although it is apparent that yellowfin sole subse

quently range over a large portion of the shelf, it is believed

that the major concentrations remain west of Nunivak Island and it

is from thi s 1ocati on that the two major stocks commence seaward

migrations to wintering grounds at the outer shelf. The timing of

separation of juveniles that will overwinter in coastal areas is

not clear. Halibut and pollock distributions are apparently un

changed. And, salmon stocks, both adult and juvenile, have largely

cleared the shelf area by the end of the month, but stragglers may

be present.
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October

There is a marked further lowering of air temperatures and

values below zero occur over the northern half of the shelf; ice

begi ns to form in the Gul f of .Anadyr. the west side of Beri ng

Strait and east Norton Sound. Oceanographic data are too fragment

ary to indicate mean conditions over the shelf but some features

are apparent. Surface and bottom temperatures of 6-8 C occur along

the coast from the Alaska Peninsula to Norton Sound. Mid-shelf

surface temperatures of 5-7 C occur and bottom temperatures remain

largely unchanged with only minor increases due to downward dif

fusion oJ heat but marked changes where seaward advection may

occur. Coastal sal i niti es increase above 30% 0 except in Norton

Sound where values of 27-28%0 occur.

Herring off Cape· Navarin and Unimak Island have essentially

reached wi nteri ng grounds and the mai n stock northwest of the

Pribilof Islands occurs between the 50 and 100 m isobaths southward

of St. Matthew Island (Fig. 9). Some juvenile yellowfin sole

enter Bristol Bay where they will overwinter, but the two main

adul t stocks move southwestward and southward returni ng to wi nter

grounds. Halibut and pollock stocks have begun, retreating to the

shelf edge. Why this occurs while even inshore coastal tempera

tures, particularly bottom temperatures are still in excess of

those they will overwinter at (3-4 C), and no extensive offshore

ice occurs is unknown. By the end of the month most of the fur

seals will have left the Pribilof Islands and moved southward out

of the Bering Sea.
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November-December

Although essentially only air temperature (-10 to 3 C in

November, and -15 to 0 C in December) and ice cover data are avail

able, one can presume that the effects of the wind mixing and sub

sequent ice cover will quickly dominate any downward diffusion of

residual heat'in,the water column. Both cooling effects will reach

depths exceeding 100 m; the former taking place within a day or so,

the amount of cooling depending on water temperatures in the sur

face layer; and, the latter requiring one to several weeks. How

ever, it is prolonged ice cover that gradually results in bottom

temperatures on the shelf lowering to -1.8 C and the freezing-out

of fresh water results in higher salinities. Nevertheless, tem

peratures of 3-4 C occur at the bottom at the shelf edge and upper

slope. The ice edge in November generally extends from Bristol Bay

seaward of Nunivak and St. Lawrence Islands into the western Gulf

of Anadyr. By December it extends from outer Bristol Bay, passing

St. Matthew Island to Cape Navarin.

Herri ng an'd yell owfin sole are bel i eved to reach offshore wi n

tering grounds in November (Fig. 10). Herring overwintering in

the Norton Sound area under the ice may experience temperatures

higher than -1.8 C in the deeper areas if wind mixing did not

establish neutral stability in the water column before ice cover

was formed. Pollock retreat to the 100 m isobath by the end of

December and at this time halibut have largely retreated seaward of

the 200 m isobath.
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RESOURCE ENVIRONMENT RELATIONS

Before di scussi ng fi sheries oceanography studi es that have

been or should be conducted, it is useful to provide additional in

formation on movements of the fish indicated. The life histories

of these dominant (except for halibut) fish selected for discussion

in thi s Section are qui te di verse. Harden Jones (1977) suggests

that fi sh movements can be summari zed in the form of tri angul ar

patterns in which adult fish move between their spawning, feeding

and wi nteri ng areas ina sequence whi ch depends on the season in

which they spawn: spring spawners (in our case, pollock and her

ri ng) foll ow a cl ockwi se sequence of feedi ng-wi nteri ng-spawni ng,

and autumn spawners (no representati ves in thi s 1imited case) a

countercl ockwi se sequence of feedi ng-spawni ng-wi nteri ng. Such a

scheme does not provi de for hal i but whi ch in our case spawn in

winter in the wintering area, and yellowfin sole that spawn in the

summer distant from the wintering area.

Plausible ranges and time scales of advection (passive trans

port) and migrations are shown schematically (Fig. 11). The

average advection (N1 km/hr) and average migration tv3 km/hr) are

indicated relating time to distance and periodic migrations such as

semidiurnal and seasonal migration are also shown. The expected

relative magnitudes of changes of biomass of a given species as a

result of different periodic migrations as well as possible 10ng

period "drift" within the system (which could result in long-period

changes in abundance depending on transgressions of pelagic fish on

and off the shelf and demersal fish into and out of the areas along
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the shelf (Fig. 12)). Migrations speeds are not known, except

perhaps for Bristol Bay sockeye salmon, but some estimates of

magnitudes of shelf distances traversed and required speeds for the

D

eastern Beri ng sea have been compil ed (Table II). Data for

similar species in the North Sea indicate these estimated speeds

are considerably lower than might be expected and Bering sea stocks

may have considerably more mobility over the shelf than heretofore

considered.

TABLE II

Speeds of Migrating Fish

o

o

Species

SoleI

Plaice1

Herring1

Salmon (sockeye)2
Salmon (chum) 2

Halibut3
. 4

Herring

Yellowfin Sole4

Speed (km/d)

7-16
1-7
4-30

54
48

6

25
3-7

o

o

IHarden Jones (1977) - North Sea area
~Kondo et al. (1965) - E. Bering Sea shelf

Novikov (1970) -E. Bering Sea shelf
4Estimated from spawning migration - E. Bering Sea shelf

Another point that has been established here is that although

environmental conditions are variable and stock distributions fluc-

tuate, there are apparently no environmentally related indices,

other than generally defined warm or cold years, that could be or
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are used to forecast successful or unsuccessful spawning or year

class strengths, anomalous distributions or migration paths, and

fluctuations in annual abundances. Even though in the foregoing

summaries of monthly events only mean conditions w~re considered,

and events coul d be advanced or delayed as much as a month as a

result of warm or cold conditions, the initial primary considera

tions for determining distributions were largely depth and season;

for example, halibut occur in winter seaward of the 200 m isobath;

adult pollock are generally seaward of 100 m in winter regardless

of the position of the ice edge and seaward of 50 m in summer; ju

venile pollock in summer are found shoreward of the 100 m isobath;

the yell owfi n sole wi nteri ng area is 1argely between the 100 to 200

m isobath but juveniles overwinter in inner Bristol Bay under the

ice where the shallow depths assure that the water temperature,will

be -1.8 C; herring overwinter largely between 100-200 isobaths

again apparently without any regard to the ice edge and some in

shore stocks overwinter in ice-covered coastal regime. In only a

few instances are there specific evidences of environmental influ

ences. Yet if one approaches these conditions or events from a

fishery oceanographer's or environmentalist's viewpoint rather than

from that of a management biologist's, another perspective is ev

ident and a number of instances 'are discussed.

Winter

Most di scuss ions of producti vi ty deal wi th aspects of the

rough ly mi 11 i on square ki lometers of shelf yet it is obvi ous that

in winter most of the biomass (excluding mammals) is restricted to
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a small fraction (less than a fifth) of the total shelf area for

nearly half of the year, November to Apri 1. A1though one mi ght

argue that feeding in winter is usually drastically reduced, it

should be obvious that bottom temperatures at the shelf edge (3-4

C) during this period are several degrees higher than in the mid

shelf area throughout the summer (-1 to 2 C), even though inshore

temperatures may reach 10-15 C. Predator and prey are crowded

together and there is evidence at other times and places that hal

ibut consume yellowfin sole; and pollock are primarily cannibal

istic (Takahashi and Yamaguchi 1972). (1) What effects do changes

"in the continuity and extent of the anomalous 3-4 C bottom tempera-

tures on the outer shelf and upper slope have on species.and bio

mass di stri butions, and to what extent does predation and growth

"occur during winter in this narrow zone?

Halibut spawn in January at depth and environmental conditions

in the southeastern corner of the Bering Sea basin can be con

sidered relatively constant. The prolonged period from egg release

to when food is no longer provided by the yolk sac eliminates the

availability of forage as a critical factor until early spring.

(2) Does the success of a halibut year-class in this area depend on

a predominance of onshelf flow along the shelf edge, possibly en

trainment of larvae in local eddies, or is this stock maintained by

transport of eggs and larvae from the North Pacific Ocean through

Aleutian Island passes and spawning in this area provides the basis

for stocks on the Asian (Cape Navarin-CapeOlyutorski) coast? Of

course for management purposes one can wait until individual year-
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classes are recruited into the fishery, but unless this question is

resolved one will not be able to assess the effect of oil or oil

spills on halibut (and other groundfish with similar behavior) re

cruitment in specific areas.

Herring are shown to have possibly 3 offshore wintering

grounds 1argely associ ated with equival ent bottom topographi es,

however these represent 3 areas with distinct environmental condi

tions. The stock indicated for the area south of Cape Navarin

spends a large part if not the entire winter under the ice at -1.8

C; the major wintering ground north of the Pribilof Islands may

have ice cover only in March or April, this is not sufficient time

to establish -1.8 C conditions and'temperatures of 0-2 C prevail;

the possible winter concentration between Unimak Island and the

Pri bi 1of Is 1ands wi 11 encounter temperatures of 2-4 C and exper

ience ice cover and colder conditions only in extremely cold years.

(3) Are the 3 different winter temperature regimes critical to the

isolation of these 3 stocks and if so, do the stocks have broader

distributions than i,ndicated and do the locations of the stocks

change with environmental conditions? It should -be pointed out

thatiittempts by NWAFC to sample herring in the major wintering

ground in February 1978 failed, (winter 1978 can be classified as

warmer than normal).

Spri ng

The herring are the first to leave the area of concentrated

biomass in winter, and spawning migrations commence in March. This
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may be an instinctive movement because ice cover is relatively con-

stant, at depths in excess of 100 m temperature regimes do not

change (-1. 8 C, 0-2 C and 2-4 C) and re1ati ve darkness at depth

does not provide any signal or impetus. The primary factors here

must be increasing light evident in upper layers and the presence

or absence of ice. (4) Since the extent of mean ice cover usually

reaches a maximum in April, are shoreward migrations from wintering

grounds near the shelf edge that commence in March conducted under

the ice, or do herring migrate southward (or await retreat of the

ice edge) and proceed to the coast in open water? If the former is

true, herring would arrive in spawning areas on schedule but in

cold years they would have to wait until the coast was free of ice

to spawn. Although rafting can occur the ice edge is usually com

posed of soft ice (vessels have easily penetrated 50-100 km) and

such observati ons coul d be made and i ndi ces estab1i shed because

spri ng di stri buti ons and shoreward mi grati on routes coul d then be

ascertained by analyses of satellite imagery of ice cover.

Certainly pollock spawning in spring is a dominant event, al-

though at this time it is difficult to compare this to the effects

of sculpin spawning. The abundance of adults increases in spring

north of Unimak Island (Low and Akada 1978). (5) Does the pro-

gressive cooling of shelf edge and upper slope water north of the

Pribilof Islands into April as a result of prolonged ice cover,

cause a southward retreat of adul t po11 ock or is thi s a spawni ng

migration?
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As might be expected of a successful species, spawning is pro

tracted. Waldron (1978) found that pollock larvae were present

near the shelf edge northward of Unimak Island in March and if

development occurred locally, spawning woul dhave commenced in

February. However, the larvae were found in a northward protruding

tongue of temperature maxima (4 C) and it's possible that they were

advectedinto the area from south of the Alaska Peninsula where

conditions can be much warmer at this time of the year. Unlike

halibut, pollock eggs and larvae occur'in the surface layer and are

exposed to the vi ci ss itudes of weather from March to July. In

spring 1976 eggs were found within the ice edge when an unusual

southward thrust of ice occurred, and violent spring storms are the

general rule rather than the exception. (6) What are the effects

of stormy vs calm weather, ice vs no ice, and early (February

March) vs late (May-June) spawning on pollock year classes? A

simple device that would not only assist in determining answers but

also permit prompt verification and evaluation of conditions would

be a moored biological buoy that would sample organisms _in the

water column (5 m to bottom) at weekly (or shorter) time intervals

from February to late spring when the data would be recovered and

evaluated.

Further, pollock spawning apears to be largely restricted to

the area seaward of the 100 m isobath, thus in close proximity of

the Pribilof Islands and the million or so fur seal predators. (7)

What are factors environmental or otherwise that appear to confine

adult pollock seaward of the 100 m isobath before, during and after

spawning?
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It is not clear whether halibut or yellowfin sole are first to

commence shoreward migrations, but the latter have a spawning in

centive. (8) Do halibut follow yellowfin sole shoreward to assure

a source of food or is thei r shoreward mi grati on and subsequent

consumption of benthic organisms simply the result of a seasonal

feeding behavior pattern?

In respect to both inshore mi grati ons Hardi n Jones I (1977)

selective tidal transport hypothesis may be quite applicable. His

studies indicate that plaice in European waters move into midwater

to take advantage of tidal flow in the direction of overall pur

poseful movement, but return to the bottom at the turn of the tide.

This. movement is aided by a gliding (or sail-planing) afforded by

lift forces provided by their shape and permits spending half their

time in midwater. Such a behavior in the stock between the Unimak

~nd Pribilof Islands would permit considerable enhancement of mi

~rati(;>ns because current data (Dodimead et al. 1963) and tidal

model studies at NWAFC (Hastings 1975) indicate a general NE/SW

oscillation northward of the Alaska Peninsula particularly in

Bristol Bay. that would aid migrations from the shelf edge into

Bristol Bay and a change in oscillation that would aid a subsequent

general northward movement over the shelf, the benefit from such

tidal sequences also aiding return movement to the southwestern

part of the shelf in fall. (9) Does selective tidal transport give

halibut, yellowfin sole and other flatfish considerably more mobil

ity and migration speed than currently envisioned (1V 3-6 km/d)?

433.

---------



When one seeks resource-environment relations, the onshore

de1ay or aggregation of hal i but and yell owfi n sole at the co1d

front north of the Alaska Peninsula (see Halibut Ecology and

Population Characteristics and Ecology of Yellowfin Sole) is a

convincing example. But the northerly movement of halibut proposed

by Natarov and Novi kof (1970) and the eastward movement of the

yellowfin sole stock north of the Pribilof Islands indicated here

rai ses some doubts as to the absolute val i di ty of thi s phenomenon;

although U.S.S.R. studies in the Grand Banks off the east coast

have indicated that hunger transcends discomfort and fish will at

times intrude into areas having environmental conditions normally

avoided. (10) What is the role of selective tidal transport and

the ability of halibut and yellowfin sole not only to move quickly

but to ri se eas i ly into the ,water co1umn in thei r penetration of

the cold, midshelf zone? Studies of benthos and possible relations

to fi sh in thi s area are the subject of another Secti on of thi s

Volume.

In regard to salmon movements, over 40 years ago Moulton

(1939), in a foreword of a symposium concerning the migrations of

salmon, noted that in the problem of accounting for the migration

of salmon one enters a field in which science and romanr;e appear to

meet. This was because in spite of' environmental and tagging

studies the story of what takes place in the apparently super

natural migrations, wherein mature fish return after several years

at sea to precisely the stream of their birth, was far from being

complete and explanations of such migrations were equally open to
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question. Although considerable information on oceanic distribu

tions and migrations has been forthcoming from studies conducted

since 1953 under the aegis of the INPFC, how salmon find their way

in the ocean remains a major and interesting fisheries oceanography

problem. Coastal migrations and their explanations are subject to

the same inadequacies as ocean migrations. Less than a decade ago

at another salmon symposium Larkin (1975), after reviewing informa

tion on how salmon. navigate, postulated that they might have a

system of collectivizing judgment that could provide a school .with

remarkab1e navigati ana1 accuracy, and if school i ng was due to an

ability to detect their conferees by scent this would permit effec~

ti ve school i ng of adul ts in the ocean as well as the detection by

adul~s .of coastal regimes carrying the scent of juveniles that had

commenced seaward migrations. Although such ideas are perhaps more

intuitive than scientific, there are numerous examples of extra

ordinary salmon behavior other than the fact that mature individ

uals return to natal streams annually and arrive at the coast with

consistent and appropriate timing. Such punctuality might be con

sidered supernatural if it were not for their mobility; for ex

amp1e, ki ng salmon mi grate over 2400 km up the Yukon Ri ver in 3.5

weeks advancing at an average speed of 110 em/sec or about 85 km/d

without consideration of opposing river flow (Gilbert and O'Malley

1922), and disregarding any potential to swim shorter distances at

higher speeds they could transit the shelf area in much less than a

week although shelf migration speeds of only 50 km/d are reported

(see Table II). Although there is scant knowledge as to the
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nature of such movements, there is an apparent order to the se

quences of arrivals at river mouths of all species.

Large incidences of king salmon in trawl catches in winter

1979 near Zemchug Canyon came as a surprise to biologists who have

studied salmon migrations for decades. Since this canyon is be

l ieved to have been cut across the shelf during periods of lower

sea level (land bridge) by the Yukon River, if these salmon can be

shown to be of Yukon River origin one is inclined to believe that

salmon homing instincts have strong environmental imprints. But it

is apparent (see Trans-shelf Movements of Pacific Salmon) that

movement of Yukon River, Norton Sound, and Gulf of Anadyr salmon,

and those that eventually pass through Bering Strait are largely

unknown. Questions concerning the movement of salmon in the east

ern Bering Sea in relation to environmental factors are too numer

ous to list only one or two but obviously little is known about

movements northward of the Pribilof Islands. (11) What are the

migration routes over the shelf of adult and juvenile salmon from

Gulf of Anadyr, Arctic Ocean, Norton Sound and Yukon River areas?

Obvi ously extensive envi rorimental studi es must accompany any di s

tributional or tagging problems.

There are numerous evidences that Pacific salmon respond to

environmental factors (Favorite et al. 1978) and it is apparent

that migrations of various species and stocks through the various

1ease areas (e. g. St. George Bas in, Navri n Bas in, Norton Sound)

cannot be ascertained or predicted until more information is ob

tained on relations of environmental factors on shoreward migrating
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adults and seaward migrating smolts (juveniles) in this area. The

effects of oil contamination of river mouths could affect upstream

migrations of sockeye, coho and king salmon and coastal spawning of

chum and pink salmon; and spills at offshore sites could greatly

affect migrations of salmon of U. S. and U.S.S.R. origin (spills in

spri ng and summer would al so be di sastrous to herri ng because

spawning beds are intertidal).

Summer

It has been pointed out that adult pollock are cannibalistic,

preying extensively on juveniles and, in summer, juveniles occur

largely within the area between the 100 m isobath and the coast;

whereas the adul ts are 1arge ly confi ned seaward of 100 m. (12) Is

the presence of juveniles in inshore areas where warm conditions

occur a response to environmental factors including forage or are

they found there because it is the only area where predation by

adults does not occur, and what factors confine adult pollock sea-

ward of the mid-shelf area?

Herri ng spawni ng occurs in northernmost areas in summer re-

fleeting a northerly sequence with time and perhaps a direct rela

tion to temperature and ice, also possibly to the effects of coast

al dilution which is also delayed from that in more southerly

areas. (13) Can the time of herring spawning at various areas

along the coast, which can vary from a week to a month, be defined

by temperature or salinity conditions, and does advanced or delayed

spawning periods affect the success of year classes, or contribute

to reduced or excessive predation on spawners?
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One of the dominant summer events is the spawning of yellowfin

sole in the area off Nunivak Island. This occurs inside one of the

sharpest frontal zones on the shelf, between the mid-shelf and

coastal sub-domains. Temperatures in the frontal zone at this time

increase sharply shoreward, from -1 to 10 C. Thus, spawning occurs

in the warmest area of the eastern part of the shelf that does not

have excessive dilution and high turbidity due to local rivers

(such as inner Bri sto1 Bay and Norton Sound) and in an area that

has a broad extent of shallow depths (unli ke the northern coast of

the Alaska Peninsula). The length of time required for larvae to

obtai n mobil i ty or drop to the sea floor is not known but a nor

therly flow in this area of 25 em/sec €v0.5 kt) would transport

them through Bering Strait in about 20 days unless caught in eddies

in Norton Sound. (14) What mechani sm prevents the di spersal of

'yellowfin sole larvae into the Arctic Ocean?

It is apparent in the monthly mean distributions of properties

for September that there is a marked seaward intrusion of coastal

water in the Nunivak Island area that could have a major effect not

only on circulation, but on movements of larvae of yellowfin sole,

and juvenile pollock and herring. (15) Is this trans-shelf intru~

sion real or an artifact of averaging data and what is its effect

on conditions and events in this area?

Fall

Although little is known concerning precise fall distributions

of fi shes, it is generally believed that most commence a retreat

southward and seaward to the shelf edge by October. Although air
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temperatures have lowered, mean sea surface temperatures have not

decreased substantially. Water temperatures in coastal areas have

lowered a few degrees but are sti 11 hi gh 0'8 C); and ice appears

only in eastern Norton Sound and along the shore. Thus there is

1i ttl e evi dence of drasti c envi ronmental changes other than 1i ght

durati on and i ntens ity, until November. (16) What factors tri gger

fa11 seaward movements of fi sh to the shelf edge and what is the

nature and relative timing of movements of individual stocks?

CONCLUSIONS

The eastern Bering Sea ecosystem encompasses a vast renewable

resource of great potential and value that should be carefully pro

tected and developed but one about which we have very little basic

understanding. Although the NWAFC in conjuncti on with the North

Pacifi c Fi sheries Counci 1 are expendi ng great efforts to estimate

the vari ous i ndi vi dual resources for management purposes, there

should be an equal thrust to understand conditions and processes as

well as periodic and aperiodic events and their causes and effects.

This can come about only through cooperative, interdisciplinary

research. Basic research and resource assessment should continue

but fi sheri es oceanography studi es combi ne both of these aspects

and provide an integrative focus that is badly needed as exploita

tion of individual resources of commercial value accelerates.

Nearly a decade ago when congressi onal support for fi sheri es

studies was wanting, one argument put forth justifying limited sup

port for mari ne research was that mari ne fi sheri es were a common
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property resource, couldn't be protected and posed real problems in

regard to development. The ideal example given was a plot of trees

that could be clearly defined spatially, containing a crop that

could be protected (from man and diseases), selectively harvested

on demand, and selectively reseeded to provi de a conti nui ng re

source. The eastern Bering Sea shelf, relatively isolated from the

broad sweep of ocean currents, is a unique place to consider devel

opment of a major marine habitat that can be protected and devel

oped when we have a basic understanding of requirements of indivi

dual species and stocks, interactions among them and their place in

the ecosystem. The economic justification is obvious, the value of

fi sheri es, products extracted in 1978 was roughly half a bi 11 ion

do 11 ars and the prob1em of protection is answered by the recent

FCMA.

We hope that it is apparent from the limited discussion pre

sented that the merit in multispecies and ecosystem approaches to

investigating and understanding conditions and processes is readily

apparent and such a focus will be considered in all future studies.

Because thi s requi res extensive accountabil i fy of speci es i nter

actions and environmental effects one is at a loss to handle the

multiplicity of factors involved without formulation of some sort

of modeling or simulation techniques. A great deal of preliminary

work has been accomplished along these lines at NWAFCand a summary

of an existing simulation model (DYNUMES) that presents the quanti

fications of biomasses omitted in this Chapter is presented in the·

following, and concluding, one. Such studies also permit independent
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assessments of movements in relation to environmental factors such

as temperature and forage requirements.
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ABSTRACT
The spatial and temporal dynamic aspects of the marine eco

system in the eastern Bering Sea were investigated with the eco
system model DYNUMES III. Equil i bri um bi omasses of major speci es
and ecological groups are presented together with their annual
consumption. The latter represents a major portion of the "natural
mortal ity" which removes a major part of the annual production of
biomass, especially of forage species and faster growing juveniles
of other (1 arger) speci es. Examples of the dynami cs of the bi 0

masses of some speci es, with certai n restrai nts on recruitment
variations, over a four-year period are also given.

Marine mammals, as apex predators, remove a considerable part
of the fish production and the effect of their predation on the
marine ecosystem is in many respects similar to that of the fishery.

Some validation of the results of simulation model computa
tions is provided by comparisons with survey results, adjusted by
catchability factors.
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INTRODUCTION

In the past it has been customary to consider the marine

ecosystem and the 1iving resources in it as a quasi-steady state

system. This has been effected mainly by averaging the quantity of

resources over large regions, such as the eastern Bering Sea, and

over long time units, such as a year or more. However, conditions

in mari ne ecosystems are not stable in space and time, but are

subject to various seasonal changes (e.g. feeding and spawning

migrations, etc.) and by environmental anomalies (e.g. varying

extent of ice cover) ; all of whi ch are rather pronounced in the

Bering_Sea.

The objectives of thi's study were to investigate the effects,

and spatial and temporal magnitudes, of the dynamics of the Bering

Sea ecosystem, including the source and sink areas of biomasses of

various species and the seasonal changes of these sources and sinks

as well as the changing predator-prey relations .

.The eastern Bering Sea contains large numbers of marine mam

mals as apex predators whose numbers vary seasonally. Their ef

fects on the ecosystem were also investigated and are briefly

reported.

The predetermi ned 1ength of thi s paper does not permi t the

presentation of all supporting data and details, which have been

and are continuingly being reported in various NWAFC Processed

Reports. Furthermore, as instructed, only key references have been

cited.
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MAJOR PROCESSES IN THE MARINE ECOSYSTEM AND A REVIEW OF THE
ECOSYSTEM SIMULATION· MODEL DYNUMES III.

The major dynami c processes in any mari ne ecosystem whi ch

affect the abundance and distribution of species are listed (Fig.

1) together with the major factors affecting these processes

and their results:

The most difficult to reproduce quantitatively are the results

from the spawning process (i. e., the larval recruitment and the

early mortalities of larvae). After many decades of intensive re

search on stock-recruitment problems, we now know that no simple

relation exists between the spawning stock size and the recruitment

size to an exploitable stock. It can only be stated in general

terms that proportionally larger recruitment can result from small

spawning stock and proportionally smaller recruitment can result

from a 1arge spawni ng stock. The numerous hypotheses on proper

food availabi 1ity to 1arvae and subsequent effects on recruitment

size have not been proven either. Many fisheries scientists are

inclined to believe now that factors affecting recruitment sizes to

exploitable stocks seem to be controlled mostly by predation in

1arva1 and juvenil e stages (Hempel 1978; Rothschi 1d and Forney

1979) and that recruitment might be largely influenced by environ

mental anomalies (Garrod and Colebrook 1978).

The factors affecti ng growth and reduct ion of speci es bi 0-

masses are generally known, although refinement of knowledge on the

small variations in the growth of individual species is continuing.

Predation has been included traditionally in an all-encompas

sing term "natural mortal ity", of whi ch predation constitutes the
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A. Biomass abundance affecting processes

Main process Major affecting factors

SPAWNING
(reproduction, larval

Spawning biomass size

~
(including fecundity)

Predation on eggs and larvae
Availability of food

recruitment) (including starvation)
Environmental factors

(including advection)
o

GROWTH
Age
Temperature (anomalies)
Food availability

B. Biomass distribution affecting processes

Growth
SOURCE-SINK AREAS ~:====:::======: Predation

(Differences in abundance affecting .::: Other mortalities
factors in space and time)

PREDATION
(mortality)

MORTALITIES

L (SPAWNING)

MIGRATIONS

Seasonal

Life cycle dependent

Environment dependent

Vulnerability (sp. size)
Predator abundance

Senescent mortality
~~=~=::::====-== Spawning ·stress mortality

=== Disease mortality

Feeding migration
Search for optimum

environment

Spawning migrations__~~~::::===== Predation avoidance migrations
== Feeding migrations

Search for optimum environment
Advection by currents

o

o

o

:)

(APEX PREDATORS AND FISHERY)

FIG. 1 Major dynamic processes in the marine ecosystem.
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major portion in most species. In order to remedy this shortcoming

the predation mortality is computed within ecosystem models in

great detail, using data on food requirements for growth and main

tenance and space and time variable food composition. Very few

fish stomach analysis studies have been accomplished on Bering Sea

stocks. Those available largely list only the frequency of occur

rences of food items in the stomach, maki ng these studi es abso1

utely usel ess exerci ses. Fortunately recent European studi es of

fish feeding habits (e.g., Daan 1973) have established that feeding

in the marine environment is largely both food size/fish size, and

food availability dependent; and this knowledge has been incorpor

ated in our DYNUMES (Dynami ca1 Numeri cal Mari ne Ecosystem) model.

In addition, 'special studies at NWAFC have quantitatively ascer

tained the age-dependent spawning stress and senescent mortalities

(Granfeldt 1979a), and these also have been included in the DYNUMES

model.

Due to spatial changes in factors affecting growth and in

predator and prey distributions, considerable spatial and temporal

differences in the growth and decline'of biomasses occur (these are

descri bed 1ater). A11 of these interactions are ,non1i near and

therefore can be eval uated quantitatively only with three or four

dimensional ecosystem models such as DYNUMES. Few epibenthic

organisms are sessile during most of their lives. Most species

undertake mi grati ons for vari ous reasons, seasonal mi grations are

connected most often with seasonal changes in the environment, both
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in relation to the availability'of food and to the search for op

timum environmental conditions (e.g., temperature). In addition,

pel agi c organi sms are advected with seasonally changi ng currents.

Life-cycle dependent migrations are for spawning, feeding, and/or

predation avoi dance. Very 1i tt1e is known on the mi grations of

fish and especially of the distribution of juveniles in the eastern

Beri ng Sea. . In thi s respect the fi sheri es research in the Beri ng

Sea and .. i n the Gulf of Alaska is at 1east many years behi nd fi sher

ies research .in the North Atlantic. Only the seasonal migrations

of some flatfishes are approximately known in the North Pacific

(Alverson 1960), however, North Atlantic studies have a longer

history and more intensive research efforts.

The static conditions usually implied in past studies· of eco

system productivity as well as in respect to the effects of fishing

will not give quantitative' answers when prey is quasi-stationary

and predators migrate or vice versa. Some of these migration ef

fects are shown schematically (Fig. 2). Consider that there is

a given benthos biomass as a fish food resource at the section a-b.

Under stationary conditions this benthos biomass is grazed by the

stationary predator biomass (a-b) at this location. However, if

the predator moves with a speed C through this section, the "up

migration" of biomass A can prey on the same standing stock of

benthos at the section a-b during migration. If the speed is

doubled, the biomass A+B can prey on the same benthos biomass (time

factor must also be considered above). This applies also to fish

ing: in the stationary case, the fish is caught (and sampled) as
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FIG. 2

Predator

Schematic presentation of two effects of migration.

I. With a given migration speed c the biomass A passes
through the section a-b. Doubling either the speed
or time, biomasses A+B pass through the same section.

II. Schematic example of the migration of predator into
the region of a given prey.
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representing the biomass present at all times. However, with

varying migration speeds and quantities of biomass passing through

the section, the effect of a constant fishery for different seg

ments of the population would be different. This difference be-

comes more complex if the biomass age composition also varies with

time as the fish biomass moves through section a-b. The second

part of the Figure shows the self-explanatory effect of predation

caused by separation and/or overlap of predator and prey. These

concepts are simulated numerically in the model.

The extensive and relatively complex ecosystem simulation

model DYNUMES has been described el sewhere (Laevastu and Favorite

1978a, In· Press). All necessary species-specific data, such as

growth rate, temperature preference, food item preference, etc.,

are obtained from available empirical data and introduced into the

model. The initial distributions of species (groups of species)

are prescribed at each grid point in a geographically oriented grid

(Fig. 3A), together with other necessary space and time depend-

ent data such as. depth, monthly surface and bottom temperatures,

ice cover, migration speed (u and v components), etc.

The numerous computations are accomplished at each grid point·

at each time step (e.g., monthly). There are four basic formulas

o

')

o

and a great number of auxiliary computations. The first basic for-

mula is the biomass balance formula: 'J

-g
B' t =B. t 1 (2 -e i,t,n,m) e-m - C. t 1 (1)
1, ,n,m 1, - ,n,m 1, - ,n,m

where: B. t-1 is the biomass of species i in previous time
1, ,n,m
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FIG. 3 ·Computation grid of DYNUMES for the eastern
Bering Sea (A) and the fisheries management
and statistical areas (B).
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step (t-1) at the location n,m; g is the growth coefficient which

is a function of temperature, season, and availability of food; m

o

is a mortality coefficient (senescent mortality and spawning

stress mortality), and C is predation (mortality) as computed in

previous time step:

C. =~C.. andl,t,n,m J 1,J,n,m

C.. =R· t rr:"t1,J J, ,n,m J,l, ,n,m

(2)

(3)

o

o
where'R' t is the total food requirement of species j andJ, ,n,m

llr is the fraction of food of species j which consists of, j,i,t,n,m
species i. This fraction varies in space and time (t,n,m) depend-

ing on the availability of suitable food items.

The migrations are computed with an "upmigration" interpola

tion finite difference formula:

o

o
B = B ' -t,n,m t-1,n,m

where: t d is the length

(tdIUt,n,mIUTn,m) - (tdIVt,n,mIVTn,m) (4)

of time step, U and V are migration speed

components, and UT and VT are migration gradients of. biomass.

EQUILIBRIUM BIOMASSES IN THE EASTERN BERING SEA AND THEIR
LONG-TERM DYNAMICS

If the growth of all individual biomasses in a given ecosystem

equals the removal of them by predation, mortalities, and fishery,

we can talk about equilibrium biomasses which can be sustained in

thi s given ecosystem. These equil ibri um biomasses can be deter

mined under certain conditions: by ignoring,migration effects and

using the Bulk Biomass Model for given areas (Laevastu and Favorite

1978b), and by finding a unique solution for equations (1) to (3),

provided part of the consumption (C) is predetermined.
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The predetermi ned consumption for the eastern Beri ng Sea has

been obtained by computing the consumption by marine mammals as the

first step in the computations, using predescribed monthly numbers

of mammals and keeping their food requirements and food consumption

constant. Despite a number of other minor limitations of the Bulk

Biomass model (e.g. the food composition can vary only to a limited

extent), the error of the results of thi s model does not exceed +

30% of the given value of the biomass. The equilibrium biomasses

in NWAFC Statistical and Management Areas 1, 2, and 3 (Fig. 3B)

are given in Table I. These biomasses are the "minimum sustain-

able equilibrium biomasses" (Laevastu and Favorite 1978a) obtained

by using the highest plausible growth rates and the lowest plaus-

ible food requirements. The equilibrium biomasses (Fig. 4) are

)

)

grouped by three different regimes (pelagic, semidemersal, and

demersal). The semi demersal species dominate all other ecological

groups (12 million mt), mainly due to their more flexible feeding

habits. The biomasses of pelagic and demersal species are about

equa1 (ca 7.5 mi 11 ion mt each). The most abundant speci es is

pollock (ca 9 million mt), followed by cottids and other smaller,

noncommercial demersal species (4 mIllion mt), and capelin, other

smelts, and sand lance (3.5 million mt). Salmon, which occur

seasonally are not included in Table I and Figure 4.

The bi omasses of demersal stocks decrease more than one order

of magnitude from Area 1 to the deep ocean regime, Area 3, whereas

there is little relative change in the biomasses in the pelagic

species between the continental shelf and deep ocean regimes. The
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TABLE t.
Equ11Ibrium Biomallea and Ecosyltem Intorna1 Con.u~ptlon of .o~~ Spccics/Croups of Species in the E4stern BerIng Se3 (in 1,00a ton~

Totl\1 bioll'.llu . .in 1,DOO tons % Total Cor.surnntion. in 1,000 tons AnnU3:-f
Spec!u or E01,tcrn Ixplolta,ble Exploitable E.:stern Turnover
Croups of Spe~les Aren. 1 Aras 2 Arf:t.l 3 B.kInc Sea Rlor.101llll Biom=r.ss ArcA 1 Ar"ll 2 Area 3 nct':Ins Sea R,lte

Hal1hut, turbot 260.5 '142.1 8.8 411.. 3 54 222.1 66.9 31.7 2.8 101.4 0.25
f14thc~d sole. arrovtooth

flo~lo:r ~ 945.1 236.4 17,0 698.4 54 371.1 147.7 69.6 7.0 224.3 0.32
Y~llowfln lole. rock 101e ,661.8 4'-4.7 24.0 '1,130.5 45 508.7 174,1 87.6 9.2 270,9 0.24
Other flatfish 492.3 363.5 26.5 882.3 28 247,1 220,2 111.2 14.3 3!tS.7 0.39

.j>
Cottida 2,478.1 1:450.0 189.5 4.117.6 1,347,2 664.7 115.8 2,127.' 0.52U1

.j> Coda 593.9 391.5 50.6 1,036.0 72 745.9 301. 2 168.6 31. 5 501',3 0.48
SOIblefiah 71.3 37.7 18.0 127.0 40 50,8 18.6 10.2 1.4 30.2 0.24
Pollock 5,513.4 2.997.·3 702.5 9,213.2 70 6,449.2 2,390,9 1,135.2 464.2 3,990.3 0.43
Rock£i&hes 1.009.9 471.3 139.0 1.626.3 30 487.9 445,2 210.9 65.8 721.9 0.:'4

H.erell',g 1.219.1 578.5 171.4 1,968.9 30 590.7 832.9 399,1 125.6 1,357.6 0.69
Capk!in. aand lance 2.165.8 1,047.8 292.3 3,505.8, 1,550.7 749.5 219,2 '2.519.4 0.72
Mackerel 701.3 330.4 131.9 1,163.6 45 523.6 387.9 183.0 76.3 649.2 0.56
Sc:uid 523.3 248.4 498.3 1,270.1 621.5 307.5 666.1 1,S9~.1 1.26

Crob 522.2 309.9 14.3 646.4 40 338.6 180.0 93.1 5.9 279.0 0.33
Shrimp 427.3 479.9 24.3 931.5 .5 605,5 350.0 187.8 14.2 552.0 0.59

Prcd3cory benthos 466.6 378.0 41.7 B86.3 198,0 138.4 ~0.8 357.2 0.40
lnfauna 13.401.3 10.517.4 443.3" 2',~b2.0 13,813,0 9,085.9 546.' 23,4'5.3 0.96
E?1COIUn3 10,4:n.3 7,006.9 452.0. 17.89.2 6,471,8 3,845.4 305.0 10,622.2 0.59

u (; (; o (; () iJ u (; u Q
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FIG. 4 'Equilibrium biomasses of three different regimes
in the eastern Bering Sea.
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biomasses of semi demersal stocks also decrease from the continental

shelf regime to the deep ocean regime. mainly due to the disappear

ance of the benthic food resource. The semi demersal species live a

pelagic life and consume pelagic food over the deep water.

Very little is known about the benthos. The total equilibrium

biomasses require about 50 g/m2 standing stock of benthos. The ex-

istence of this standing stock is entirely possible if we compare

the eastern Bering Sea with the well investigated Barents Sea.

Quanti tati ve zooplankton data from the eastern Beri ng Sea is

also nearly absent. Soviet studies in the early 1960's were quan

titatively deficient. giving only the minimum standing stocks of

copepods and no quantitative data on abundant euphausids (Laevastu.

Favorite and Dunn 1976). The total equilibrium biomasses consume

about 50 g/m2 of zoop1ankton. thus the annual production of zoo

plankton must be at least this amount.

o

o

The annual turnover rate (last column in Table 1) (turnover

rate =annual consumption/mean standing stock) provides information

on the predation and other mortalities of the species or groups of

species. Due to prevailing size-dependent predation in the marine

ecosystem. the younger. smaller organisms are most vulnerable to

predation. The growth rate of the biomass is highest at the

younger ages. Thus the growth rates determine the length of the

period during which a given species is most vulnerable to preda-

tion. The distribution of biomass with age and the predation-

\)

vul nerabil ity (Fi g. 5) is shown for two species as an example.

456.

--------------------- ------ ---



Annual growth of biomass

~i~~__~,_Age/siZe at which highly
_ vulnerable to predation

20

50 I WALLEYE POLLOCK,
'_Numbers
\
\
\
\

10

40

30
J

...,
c:
Q)

"~Q)

.3
on
on

'"(j
~

'"Q)

>-

FIG. 5 Mean biomass and its annual production distribution
with age in pollock and yellowfin sole. The portion
of biomass highly vulnerable is indicated.
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The long-term dynami cs of the bi omasses in the mari ne eco

system can be studied with the DYNUMES and BBM models after deter

mi nati on of the equil i bri urn bi omasses by i ntroduci ng a cause for

change in behavior or abundance of any species in the ecosystem.

The results of such studies have limited reliability beyond a few

years because of the uncertai nty in predi cti ng the recrui tment

(spawning success). An example of the change in biomasses of a few

species in Area 1 (see Fig. 3B) over four years assuming that

larval recruitment was made directly proportional to the spawning

biomass present, rather than a function of the relation between

equil ibrium biomass and actual biomass (i. e. as conventionally

assumed that large spawning biomasses produce proportionally

smaller recruitment and vice versa) is shown in Figure 6. The

i nteracti ons of the bi omass fl uctuati ons are rather complex and

would take too much space to analyze here, but computer printouts

are available for this study. It should, however, be .pointed out

that there are "natural", quasiperiodic fluctuations of biomasses

in the marine ecosystem which have considerable magnitudes. The

peri ods can be from a few years to more than a few decades and the

magnitudes can be of a considerable extent (e.g. the biomass can be

a fracti on of a few tenths to several times its longterm mean

value). The causes for these fluctuations can be manifold and not

necessarily caused by man (fishing). These fluctuations can, to a

certain extent, be studied with ecosystem models.
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fisheries management Area 1 in the eastern
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SEASONAL DYNAMICS OF THE BERING SEA ECOSYSTEM

There are two basically different causes for seasonal spatial

and temporal changes in the biomasses. The changes in abundance

are caused by seasonally changing growth, predation (and other

morta1iti es) , and production and re1ease of eggs and mi It; the

changes in distribution are caused by seasonal migrations of spe

cies and environmental interactions. The results of both major

causes of seasonal dynamics must be viewed spatially. Unfortun

ately little consideration has been given to the spatial aspects of

biomass (and ecosystem) dynamics in the past, mainly due to diffi

culties in its empirical study by nonsynoptic resource surveys.

However, the gridded ecosystem models with spatial resolution such

as DYNUM~S make such studies possible.

Examp1es of spatial and temporal aspects of bi omass dynami cs

(Figs. 7 and 8) depict the biomass sources and sinks in February

and August of two different-si zed groups of poll ock (juveni les,

<22 cm, and maturing pollock 22 and 45 cm) -- source refers to the

area where biomass growth in a given time interval (month) exceeds

its losses by predation, fishery, and other mortalities; sink re

fers to the opposite condition, i.e. losses· exceed growth. The

sources and sinks of older pollock ( 45 cm) are not shown because

this size group has only sinks (large senescence and spawning mor

tality, fishery, and small growth rate) which are roughly propor

tional to biomass present.

The sources and sinks of all species change due to spatial and

temporal changes of the processes which cause them. There is usually
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Sources and sinks of juvenile pollock «22 cm long) in
February and in August in the eastern Bering Sea (in
100 kg/km2).

Sources and sinks of maturing pollock (22 to 45 cm long)
in FebruaIY and in August in the eastern Bering Sea (in
100 kg/km2).
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a sink at the periphery of the distribution of the biomass. This

sink is usually compensated by outmigration from the center of main

di stri buti on (spreadi ng). There is a quasi conti nuous source of

pollock off the continental slope over the deep water and during

winter this source area is displaced southwest where the tempera-

o

()

o

ture of the water is higher, allowing higher growth rates.

The distribution of the three different age groups of pollock

in August is shown (Figs. 9, 10 and 11). A partial separation o

of juvenile and old pollock is brought about by cannibalistic pre

dation of older pollock on its own juveniles. The highest concen,..

tration of biomass of older pollock is found off the continental

slope, whereas the juveniles are found mainly on the continental

shelf.

The effects of seasonal depth-migrations of yellowfin sole on

o

its' distribution changes are shown (Figs. 12, 13 and 14). The
,

seasonal depth migrations of flatfish were investigated by Alverson

(1960) and on the basis of his work it was assumed that yellowf'in

sole migrate-from deep water into shallow water during May and June

(fig. 12) and back into deep water in October and November (Fig.

13). A migration speed of 3 km/day was assumed in the model. It

is not always possible to determine a single cause for seasonal

migrations, which can be spawning migration, search for food, or

search for acceptable or optimum environmental conditions, etc.

This resulting monthly change of biomass can be considerable

in an area where active and extensive migrations occur (see Figs.

12 and 13). These seasonal migrations have profound effects on
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FIG. 12 Change of yellowfin sole biomass distribution due to
migration in May and June in the eastern Bering Sea
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other biota as well as on the evaluation of fishery resources with

trawl ing surveys. For example, flatfish are dependent on benthos

as a food source and migrations cause heavy grazing of benthos in

some areas during some seasons, allowing a "recovery period" during

other seasons. A proper trawl i ng survey eval uati on must account

for seasonal migration to avoid erroneous results.

Seasonal migrations are affected by various environmental

anomalies and, especially at high latitudes such as in the Bering

Sea, water temperature anomal ies are usually the most pronounced

and the easiest to observe. Furthermore, more is known of the

effects of temperature on the species than of the effects of other

envi ronmenta1 vari ab1es. Two dynami c effects of temperature ano

malies are included in the DYNUMES model: the "forced" migration

of most species out of areas with subzero bottom temperatures (in

cluding a slightly increased mortality), and the effect of tempera

ture on food uptake and growth.

An example of the effect of water temperature anomalies on the

growth of the herring biomass is given in Figure 15, showing the

sources and sinks of the biomass for a February with average or

normal water temperature, and for a February with 1.5 C positive

temperature anomaly. The growth of biomass is considerably en

hanced in the latter case, especially in the southern, warmer part

of the area. It should be noted that the effects of cold anomalies

on growth are less than the effects of warm anomalies, as growth is

nearly arrested at low temperatures. However, temperature ano

rnali es of co1d bottom water have cons i derab1e effect on seasonal
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FIG. 15
B

Effect of temperature anomaly on the
source and sink of herring in February
in the eastern Bering Sea (A-"normal"
February, B-February with a +l.SoC
temperature anomaly).
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migrations of flatfishes to feeding and spawning grounds in shal-

lower water. In years with extensive cold bottom water formation

on the shelf in the winter, the spring migrations of flatfishes to

shallower water can be considerably delayed (Best 1979).

EFFECTS OF SPACE-TIME VARIATIONS IN THE DISTRIBUTION OF
PREDATOR AND PREY

Predation in any. marine ecosystem is largely contrplled by

predator-prey size relations and the availability and suitability

of prey. Thus if some "normal" and/or preferred prey items are not

available, substitution with other, comparably sized food items is

made. Thi s process is included in the DYNUMES mode1. There can

also be areas and times when not enough food is available, thus

starvation with several of its consequences will occur, the first

of which is usually a delay of sex products development.

Some of the dynami c aspects of predator-prey "overlap", per-

o

o

o

taining especially to benthos .and to seasonal migrations of flat-

fish, have been presented (see Fig. 2). The effects of spatial o

distribution of different prey items on the composition of food of

vertical section with predator-prey distribution. Not only does

the food composition of the predator vary in space, but the pre-

a predator are schematically'shown in Figure 16, which depicts a
o

dation pressure on the prey varies as well.

The various possible types of responses of predator and prey.

biomasses are shown (Fig. 17) and although these responses can

be classified into some defined types, there is considerable over

lap of these responses in the real nature due to various predator-
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prey dynamic processes (i.e. changes in space and time). Some of

the response types are as follows: when the predator biomass de

creases (e. g. because of outmi grati on), local prey abundance i n

creases (type A), and when predator bi omass increases, prey de

creases (type B). In the case when the secondary prey is predator

to primary prey (i.e. secondary prey is competitor to primary pre

dator), the predator biomass decreases (types C and F). If the

prey is mobile and decreases (e.g. by outmigration), the predator

biomass might decrease as well (e.g. forced outmigration in search

of food and/ or because of starvation) (type D) and vice versa

(type E).

The percent of mean monthly zooplankton standi ng stock con

sumed per month in the eastern Bering Sea is given (Fig. 18).

Zooplankton and benthos are the main food resource buffers in the

mari ne ecosystem. The monthly mean zoopl ankton standi ng crop was

simulated in the model using past quantitative knowledge on its

abundance and seasonal changes. The simulated zooplankton standing

stock was made to vary spatially and temporally between 400 and 800

mg/m3. The areas of hi gh zooplankton consumpti on changed from

month to month as affected by the distribution of consumers. This

spatial and temporal change of high consumption would allow replen

i shment by growth and advecti.on in previ ous ly heavily grazed areas.

It can be assumed that fi sh eggs and 1arvae are consumed at the

same rate as zooplankton. Thus, if a high zooplankton consumption

area coincides with high abundance of pelagic eggs and larvae, low

larval survival and low recruitment can be expected of the given
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species. The zooplankton consumption in the northern part of the

area is low, thus a great part of the deceased zooplankton can

settle to the bottom providing food (detritus) for the abundant

benthos. The consumption of benthos is also low in the northern

part of the area although its standing crop is high ("accumulation

"of generations" in the sense of Spark). Thus the benthic biomass

(or zooplankton biomass) cannot be proportional to the production

of fish in all areas .

. The consumption of zooplankton near the shelf edge is quite

high (see Fig. 18) and this. raises several questions about the

)

,)

CJ

{)

)

possible source of zooplankton there. First, the zooplankton sim-

ulation in the model for this area might be too low despite the

fact that considerably higher quantities were simulated than in-

dicated in the literature, because present quantitative zooplankton

catchi ng methods are obvi ously defi ci ent (Laevastu, Favorite and

Dunn 1976). Second, the zooplankton, especially euphausiids, might

be transported by currents to the convergence at the continental

slope.

EFFECTS OF MAMMALS AS APEX PREDATORS ON THE ECOSYSTEM

During summer the Bering Sea contains more mammals per unit

area than any other ocean area. Furthermore, duri ng summer the

numbers of mari ne bi rds in the regi on (over 40 mi 11 i on) exceed

those in the rest of the northern hemi sphere. Both mammal sand

birds are apex predators, their effect on the ecosystem being sim-

ilar to the effect of fishing by man.

475.

--------



The occurrence of mammals is seasonal and thei r di stri bution

uneven, in addi t ion, thei r mobil i ty creates vari ous temporal and

spatial dynamic effects on the rest of the ecosystem. Estimates of

numbers of mari ne mammals present vari es cons i derab ly from one

source to another. It is apparent that some of the estimates have

little to do with reality.

There are three types of seasonal occurrence of mammals -- the

winter visitors (e.g. "ice" seal and bowhead whale), summer visi

tors (e.g. fur seal, sea lion, shearwaters, and sperm whale), and
"

year around residents (e.g. belukha whale).

The estimates of daily food requirements by marine mammals are

also quite variable in the literature. The more conservative esti-

mates are between 4-8 percent body weight daily, depending on the

species, and these 'estimates were used in the model. A feeling for

the mass i ve consumption by mammals can be obtained when one con-

siders that values for the month of September indicate that fur

seals alone are responsible for one-third of the total consumption.

Seasonal changes of some marine mammals and birds are shown

(Fig. 19) and these estimates are believed to be the best and

most realistic estimates, found from various, more reliable sources

in the literature.

The consumption of fish by marine mammals and birds in the

area is about 3 mi 11 ion mt, whi ch is about twi ce the total area

catch by the fishery of all nations. The effect on the ecosystem

of consumption by marine mammals is similar to the effect of the

fishery -- continual removal of biomass without providing much of a
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return in the form of food for other bi ota in the ecosystem.

Considering the magnitude of consumption by mammals in relation to

harvest by the regulated fishery, it becomes obvious that fisheries

management measures will have a limited effect on fishery resources

without simultaneous management of marine mammals as well. Further

more, the seasonal and selective predation by many mammal species

wi," have cons i derab1e adverse effects on several fi shery ,resources

important for man (e.g. the predation on returning salmon by the

belukha whale, fur,seal and sea lion).

VERIFICATION AND VALIDATION OF ECOSYSTEM MODEL RESULTS

Verification of the ecosystem simulation model (DYNUMES III)

has been done by insuring that the formulas used in the mO.del re

produce known effects and behaviors. Furthermore, verification has

been done by simulating events which are known to produce given

changes in the ecosystem. Thus the evaluation of sensitivity in

large ecosystem models becomes a continuing study of the response

of the ecosystem to changes in various rate and state parameters.

Although the dynamic aspects of the Bering Sea ecosystem are

difficult to validate empirically due to the absence of data, par

ticularly from extensive time-series and behavioral studies, the

val i dat i on of general abundance and di stributi on resul ts is pos

sible by comparing the computed abundance and distribution of bio

masses with independently obtained empirical data such as those

obtained from fisheries surveys. This comparison is rewarding only

provided the latter are properly converted using catchability co

efficients (Granfeldt 197Gb). Examples of this validation are
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given in Table II for the species which are more reliably re-

)

J

)

)

)

)

')

)

)

ported quantitatively in the resource surveys. In general, re

source surveys are considered accurate only to about! 50% (Gross

lein 1976), whereas the error in the model computation results does

not exceed + 30% of the reported value.

Qualitative validation of the simulation models can be pro

vided by occasional special fisheries surveys. The following

serves as an example. In the early stage of the Bering Sea eco-

system modeling, it became obvious that there must be a consider-

able amount of pollock (and some other fish species) over the deep

water in the Bering Sea. However, pollock were never caught over

deep water and the model results were severely criticized until a

TABLE II

Comparison of Exploitable Biomasses of some Species in the Eastern
Bering Sea as Obtained by Surveys and as Computed with PROBUB
Model (in 1,000 mt)

Species/Groups of Species Mean 1975, 1976 Equilibrium Catch
Surveys (Con- Exploitable 1975
verted) from Biomass from
Bakkala and PROBUB Model
Smith (1978)

Greenland turbot, halibut 176 222 65

Flathead sole, arrowtooth
flounder 206 377 26

Yellowfin and rock sole,
Alaska plaice 2,716 509 74

Pollock 3,698 6,449 1,285

Cod 233 746 57
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recent Japanese survey showed considerable amounts of older (lar

ger) pollock over deep water. Furthermore, the deep water areas

turned out to be source areas of bi omass for many pel agi c and

semipelagic species at least part of the year. The abundant eu-

phausids in this area provide an ample food source. However, no

extensive schooling occurs over deep water, making the fishery less

profitable there than over the continental shelf.

A multitude of processes can be quantitatively studied with

ecosystem simulation models. The above paper provides only a

general review of some of the major dynamic processes and their

results in the marine ecosystem in the eastern Bering Sea.
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