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Summa~

This report has been divided into two sections: Part I

abstracts some of the most important background and historical infonma

tion concerning fishery and oceanographic investigations previously

undertaken in the Bering Sea; Part II discusses the 1949 exploration
and presents the results obtained from the 51 otter trawl drags made
in northeastern Bering Sea from June 22 to July 5.

Commercial fishing for cod has been carried on in southeastern

Bering Sea for a number of years, and recently several vessels have
been engaged in fishing for king crabs in the waters just north of the

Alaska Peninsula, where large populations of crabs were found by the
Alaskan King Crab Investigation in 1940 and 1941.

Numerous reports from local residents and natives of St.
IAwrence Island and the area around Nome have indicated that several

species' of fish and shellfish, including cod, shrimp, and king crabs,

may exist in the northern Bering Sea in commercial quantities.

Water temperatures and bottom samples were taken in conjunc

tion with each fishing effort. Bottom temperatures ranged from below

zero to over 60 C. (42.80 F.), the colder water generally being found
in the deeper portions of the region. Abundance of fish was found to

be greatly influenced by bottom temperatures, the best catches of cod,
flatfish, and king crabs occurring in the 20 - 40 C. (35.60 - 39.20 F.)

temperature zones, while shrimp were found mostly in waters from 00 
20 C. (32.00 - 35.60 F.). \later temperatures were several degrees

colder than those recorded by the Washington in September 1948.

King crabs were widely scattered and ofa much smaller size

than those found to the south. Both the Alaskan and purple species

were taken, and although no great quantities were found, it is possible
that a more thorough survey might reveal areas of concentration. The
shoal conditions in the northern area make it difficult to predict

crab movements there on the basis of knowledge gained in the southern

regions of deeper waters.

Five species of shrimp were caught, mainly in the waters
around St. Lawrence Island and the approaches to Norton Sound. Con

sidering the large mesh of the trawl net used, the numbers of gray

shrimp taken may be considered sufficient to justify further investiga
tion with gear more suitable for shrimp fishing. Numerous irmnature

flounders were taken in Norton Sound and in the approaches to the

Sound, which was conSidered evidence of the existence of a population
of adult fish in the general area.

The waters to the west and south of Nunivak Island produced

the best cod and flatfish catches, many drags containing several thousand

4



pounds of narketable fish, including prime lemon, yellowf'in, rock and
flathead "soles." Cod were found to be feeding on capelin and tanner
crabs. The occurrence of capelin in the catch northeast of St. Lawrence
Island, although no cod were taken this far north, may be an indica
tion of a cod mi(S1'ation into the waters west of Nomefor feeding pur~
poses at a later date.

It was interred tlE.t the sub-zero bottom temperature zone
extending past St.Jla.tthew Island to the west of St. lawrence possibly
has a "shunting" effect, causing the concentration of fish in the
approaohes to Bristol Bay and to the west of Nunivak Island. The
position oOfthe cold water corridor was found to agree substantially
with the findings of previous investigators, but a more thorough sur
vey outlining the exact extent of the cold water zone would aid greatly
in the future study of problems concerning the migration of fish in
the area.

a>ttom hazards to trawling, resulting in damage to the gear,
were commonaro'lmd St. Lawrence Island and also were encountered in
Norton Sound and west of Nome. These were thought to consist primarily
of shells and large boulders transported and dropped by the moving ice
pack, which covers much of the Bering Sea for several months each
year; howevtSr, the best fishing grounds along the eastern shore were
entirely free from snags.

The plan of the operation was to take a general sample of the
bottom fish life of the region, no attempt being made to concentrate
on any one species. The results of this general survey should furnish
a foundat.ion for more intensive work in the future within certain
specific localities which could be worked thoroughly for an entire
season with various types of gear.

Introduction

The recently created Section of Exploratory Fishing of the
Branch of Commercial Fisheries, Fish and Wildlife Service, has been
assigned the duty of exploring oceanic areas having either actual or
potential interest to American fishermen, with a view to ultimate
utilization of these areas by the American fisheries. The waters of
the northern Bering Sea were selected for the survey covered by the
present report for several reasons: A small beginning has already

been made in this region by previous exploratory surveys ~o,nducted bythe Service, notably, the Alaskan King Crab Investigation!!, and the
voyage of the US~~SWashington§! in 1941 and 1948 respectively; reports
and rumors of potential fishe~ possibilities, both for fish and
1I FI •••• y ~ NEws,1M: ALA8KAN Ie•••• CluB: U.S. F.&4 IHO W.LLIFE SERviCE, !My

SlllPLIDIENT,1M, lMH.fGTON, D. C.

1,/ ELLSGN, J. G• .! KNAKE,BOfIIIS , AlC)OASSOW. JOHN, REPoRT OF AullcA ExPLORATORY Flit ••••ExPIo.TION, I'A.L OF 1ge, TO NoRrHI!:AN Bul •• SUI U. S. FI •• AfI) W.LLIFE SERVICE,
FIIHIRY LrMrLI!T 342, JIoM, 1M, WAIt4INITON, O. c.



shellfish, have been received and continue to persis~; such a resource,
if actually located, would result beneficially to the economyof the
communities and the local inhabitants of the area; the discovery of new
productive grounds would benefit the fisheries by lessening pressure
of fishing on existing grounds; practical and scientific knowledge
gained would prove beneficial in attempting to understand the dearth,
abundance, or migrations of fish in the area; and if or when the need
should arise in the futu~e to regulate the fisheries in the area, this
type of information would prove of value.

Part I: Efickgroundand Historical Information

Description of the area and factors influencing development of a fishery

The ~elationship of the Bering Sea to the Pacific area, the
Arctic Ocean, and the coasts of the continents of Asia and North
America .is shown in Figure 1. Covering a total area of 878,000 square
miles, the Sea extends more than 1,200 miles east and west on its
southern boundary, more than 800 miles north and south, while in the
north only 48 miles separate the tv..o continents at Bering Strait, the
connecting waterway between the Bering Sea and the Arctic Ocean. The
sea is bounded on the south by the Alaska Peninsula, the Aleutian
chain of islands, and the Komandorski Islands.

The eastern and northern areas of the Sea are shallow. The
100 fathom curve trends northwesterly from UnimakPass and south of the
Pribilof Islands to the coast of Siberia near Cape Navarin. Forty-two
percent of the area is less than 100 fathoms in depth; mean depth for
the Sea is '790 fathoms, with the greatest depths in the southwestern
portion, where a constant depth of about 1,900 fathoms is found.

The exploratory work reported in this paper was all accomplished
in the area confined within the waters lying over the shallow continental
shelf (see Fig. 1). The area explored was bounded roughly as follows:
from the vicinity of St. Matthew Island north to the date line west of
St. Lawrence Island, thence east to Nomeand Norton Sound, and south to
Nunivak Island and into the approaches of Bristol Bay on a line with
UnimakPass.

The United States Coast Pilot Vol. 2 (194'7~points out
that present day cmrts of this area cannot be implicitly relied upon,
since the area is incompletely surveyed. Mariners should exercise
caution, particularly near the coast. Dead-reckoning positions can
not be depended upon because currents are influenced by the winds,
are little understood, and are difficult to predict. North and east of

11 _EASON, A. W. /IH) CML.SON, C. B., A PR£LIIIIHMY REPORr ON 1H£ FillHERIES PoIIiBILITIES
OF THE NcM:.RAz U. S. FI~ NtD WII.Il.IP'E SERviCE, SEPrEJaER ISH!5, WAlHINlTON, D. C.

~I U. S. CoAIIT PILOT, ALAII<A, PART II, Y/If(tJrAT BAYTO MeTIC ocaM, U. S. CoAST' AN) GEODETIC
!UwEY, 1047, WAIHI MIlTON, D. C.
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the 100 fathom line the waters shoal gradually to the coast. The

Alaskan mainshore is characterized by extensive shoals leading far
offshore, and generally all shore waters are shallow. Few landmarks

to provide bearings are furnished by the flat coastal landscape,
and the region is noted for its fog and thick weather. The shoals

are formed by the silt from the rivers flowing into the sea. Two

great river systems empty into the sea between Bristol Bay and Norton
Sound, the Kuskokwin and the Yukon, plus many smaller ones. Several
islands of volcanic origin exist in the area.

Other navigational difficulties are the unifonmity of sound

ings in many areas, making it impossible to ascertain position by bot
tom topography, while celestial navigation is difficult because of

exaggerated atmospheric refraction peculiar to large parts of the area,
as well as fog. Few lighthouses, radio beacons, or other aids to
navigation exist in the area. l&lny of these difficulties can be over

come somewhat by larger vessels using the latest electronic aids, such
as loran and radar.

North of the ~leutiansonly a few harbors will be found in

the entire area, and with the exception of Port Clarence, close to
Bering Strait, those found will be inadequate. Repair facilities are

not available in the area, and fishing vessels should plan to carry

plenty of fresh water and fuel since docks for these purposes will not
be found. Shelter is obtained at times by seeking the lee shore of

an island if nearby, but since such shelter cannot be planned on, the

fishing vessel ~~st be prepared to take any kind of weather offered.The Coast Pilot21 states tm t "the weather over the Bering Sea is gen
erally bad and very changeable. Good weather is the exception and does

not last' long when it does occur. Wind shifts are both frequent and

rapid." Experience on both the fall trip with the USFWS Vlashington in
1948 and the present survey bears thi s out. Wind and sea conditions

encountered on the present trip are shown in the table of fishing
observations (Table 5).

Ice, during long periods of the year, is present in the area,
restricting fishing to the open season. The open season varies with

lati tude, being more extended in the southern region than in the north

ern, and varies also from year to year throughout the area because of

the great effect of the winds on the drift and break-up of the ice
(see Fig. 2).

'JJ u. S. CoAST PILOT, ALASKA, PART II t YN<tJrAT BAY TO AAcT IC OcEAN, U. S. COAST AN) GEODETIC
SuRVEY, 1947, WASHIPGTON, D. C.
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Although the ice encountered in the Bering Sea is young ice,
forming afresh each season, the wind and seas often telescope it into
heavy masses. The solid pack ice usually does not extend much south
of St. Matthew Island, but concentrated drifting ice is found as far
as 560 N., about 35 miles to the south of st. George Island. From the
standpoint of fishing, no differentiation is necessary as to types of
ice encountered since fishing is impeded or prevented by any type.
On the average, the Pribilof area can be considered closed to fishing
by ice four months each year, from late Decemberto late April, while
the St. Lawrence Island, Nome, and Norton Sound areas are closed for
about seven months, from October or early Novemberuntil late Mayor
early June,. In the spring break-up, the shores of both Alaska and
Siberia clear of ice before the middle areas; the Siberian side clears
before the Alaskan, and the pack ice north of st. Lawrence Island is
the last ·to go. Aside from limiting fishing operations, ice very pos
sibly plays an important ~rt in the fi sheries as well, because of its
effect on currents, water temperatures, and upon the chemical charac
teristics of the water.

The population of thi s northern area is extremel¥ sp:l.rse.
Therefore, only a small fishing industry could be supported by local
demand. Distances to American markets may be seen from Figure 1.
Unalaska (Dutch Harbor ) is the principal port or community in the
Aleutian area of the Bering Sea, and would offer the most sui table
fresh water and fuel center for operations in most of the area. Dis
tances involved are indicated by the following: Unalaska to Seattle
via the outside, and most direct, passage is 1,707 nautical miles; to
Honolulu, a possible market, 2,040 nautical miles; to Nome661 nautical
miles; and Nometo Seattle is 2,288 nautical miles. The Nomeharbor is
an open roadstead, untenable in some winds, and only small draft vessels
can enter the river to dock. However, Nomeis very well connected with
other important Alaskan communities by air, and very likely this means
of transportation would be feasible in the case of high priced fishery
products such as shrimp and crabmeat. Nomeis 528 air miles from Fair
banks, and 542 air miles from Anchorage. Distance itself is not an
insurmountable handicap in the case of large, well designed fishing
vessels which are equipped with processing and freezing facilities and
have a large cruising range. However, great distances restrict operations
for smaller, less efficient vessels.

Information from various sources has been of value in the work
under consideration. Chief~y, this consists of the results of previous
expeditions conducted by the Fish and Wildlife Service and oceanographic
cruises by the University of Washington. These findings are sunmarized
on the follOWing pages so tmt readers unacquainted with this background
material will have it available. For a more detailed treatment, readers
are referred to the original publications.
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Summary of results of previous Fish and Wildlife Service expeditions in

the area, and information gained from other sources

King Crab Investigation2!

From mid-April to mid-September, 1941, the Service conducted
an exploratory survey in the Bering Sea. While the primary purpose, of

this survey was to gain information concerning king crabs, a record was
also kept of commercially important fish catches. The fishing was done

in two areas: the southeastern part of the Bering Sea, llruffiediately

north of the Alaska peninsula, extending between Unimak Island and
Ugashik Bay and seaward 100 miles; and the area from the vicinity of
the Pribilof Islands to the north shore of St. lawrence Island. (See

Fig. 3.)

By far the most intensive work was done in the southeastern

area, where large populations of both crabs 'and fish were located.

Except for a few small ones of the purple species (Paralithodes platypus)
captured in Herendeen Bay, all king crabs taken were the Alaskan king
crab (Paralithodes camtschatica). Crabs were taken in depths from 5 to

80 fathoms, depending on ~he time of year. Althoup)1 the nets used were
designed for crabs, and therefore were assumed relatively inefficient for

fish, surprisingly large amounts of marketable fish were caught. Flat
fish alone averaged a ton to a drag, and some tows produced 9,000 pounds.

They were quite uniformly distributed from Bristol Bay to the Pribilofs

on gray sand or green mud bottom, but were scarce in areas where starfish,
sponges, or crabs predominated. Good market cod were also widely distri

buted, the largest fish being found in the deeper waters; Alaskan pollock
were also caught in quantity. Halibut were taken on many tows in this
area.

Fishing from the Pribilofs to st. Lawrence was done in late

J'uly and early August. The tows made to the east of st. George Island

produced no crabs, but large catches of pollock and yollowfin "sol&' were

made, plus a good showing of market cod, on a green mud bottom at depths
of 37 to 59 fathoms. Crabs were taken northeast of St. Paul Island and

near Cape Kukuliak on st. Lawrence Island, and large nllinbersof cast
shells were found on the beach on the north side of st. Matthew. All

king crabs (and shells) found were small, and were the purple species.

Flatfish were extremely scarce, although a few good market cod were
caught just north of st. :Matthew Island. The bottom near the islands

was covered largely by heavy shell which was very abrasive to the nets,

while the middle ground was generally green mud. Results were considered

inconclusive in view of the hurried survey, interruptions in the work,
and confusing reports from local inhabitants as to the presence of large
crabs around the islands.

§./ FIIHIRY tUMET NEws, THE ILIII<M KINa CRAB: U. S. FI8H NfJ .IlA-lFE SERvICE, MAy SuPPLE
fIIEN1",1M, WASHINGTON, D. C.
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The Biological ReportZl based on the king crab survey indi
cates that with respect to king crab migrations, the moulting and
ma.ting cycle is the most important ini'luence. The c:ra.bs congregate in
shallow water (in southeastern Bering Sea in 18 - 25 fathoms) to mate,
and after mating migrate to deeper water. Most females in south
eastern Bering Sea have moulted prior to May 15, with the main incidence
prior to May5. Separation of the sexes is pronounced after mating,
with the males found in the deeper water (40-45 fathoms). In south
eastern Bering Sea the migration covers considerable distances, 50 to 60
miles from the ma.ting growds. Onemale traveled 61 miles in 113 days.
Other migrations apparently occur in connection with feeding. In the
southeastern area crabs preferred a sandy bottom, but in the northern
area they were found on broken shell bottom. However, distribution was
not uniform even in productive areas where bottom and depths were sim
ilar, especially in the mating season and late sumner and fall. Im
mature crabs were found to prefer shallower depths (15 to 30 fathoms);
large ones depths of 5 to 100 fathoms, depending on the season; females
were not usually found in the deepest water, while both sexes Were com
mon in mediumdepths much of the time. These crabs are knownto feed
on clams,. sea urchins and probably plankton, salmon also proving to be
excellent crab bait.

The Trawler Alaska's h;ReriJnental F.ishing Tri;p in 1947.§/

FromAugust 1 to September 5, the motor vessel Alaska. canpleted
a series of otter trawl drags in southeastern Bering Sea with the object
of supplementing work done by the Alaskan King Crab Investi~tion and
determining profit potentialities of this type of operation. Most fish
ing was done on the knownproducing ground in an area about 50 miles in
length lying 30 to 60 miles offshore between Port Moller and Black Hills
in the outer portion of Bristol Bly. scattered trial drags made outside
this area in the Bering Sea and on the south side of the Peninsula were
unprofitable.

Tagging of halibut caught incidently was undertaken, but they
were fowd to be disappointingly scarce and small in size. The catch of
king crabs averaged over 50 per hour of trawling in the Bristol Bly
approaches, but only slightly over two per hour of trawling on the south
side of the peninsula. Cod, pollock, and flowders were also caught.

E:xJ:>lora tory Survey. Fall of 19482/

In mid-September, 1948, a total of eight drags was made between
Nomeand Northeast Cape, St. lawrence Island by the USFWSWashington
(see Fig. 3). The work was interrupted considerably by stormy weather.

VWAU.ACE, II. IIMYIN, PlRTuIT, C.IL£ J., AK) HvATUIII ~ R., CONTRIBUT.IONTO THE BIOLOIY OIF

THE KING CRAB (PARALI'THOOESCAMTSCltATICATlL£sIUSJ: u. s. FIIH 1M) WIL.lX.IIIE SERviCE, Flap
EAT l£NrLET 340, APRIL 1949, WA8HlNaTCJII,D. C.

§/ KiNa, JoEPH E., ExP!RUENTAL. FISHIPG TRIP TO 8£RltG SEA: U. S. FIIH ANDWILDLIFE SERviCE,
FIStER\' LEAnET 330, IIMC:H Ig.4g, WA&4INGT~, D. C.

2/ Eu.9ON, J. G., KNAKE, BORIS, AN) DASSOW, JoHN, REPORT (F ~A ExPLORATORYFIIHltG ~EDI
TION, FALL OIF 1948, TO NORTHERNBERINQ SEA: U. S. FISH M#J WllOLI!"E SERviCE, FISt£Ry LEAF
LET 342, JuNE 1940, WASHItGTON, D. C.
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Scattered fish were caught, including small halibut, L~~1on'''sole,''

starry and rock flounder, true cod and tom cod, pollock, herring, smelt,
and many sculpin. Shellfish catches, in small qUflntity, included small

purple king crabs, all female. and gray and pink shrimp.

The best signs of crabs and shrimp i'lorefound in the area

near Nome, while best indications of fishvJer8 .l~o'undap1)~oxi11ately 25
to 45 miles northeast from Northeast cap), St. lavlrencc Island. In•...

cluded in the catches were small quantities of prrlo cod and flounders.

Although the bottom was abrasive, no trouble frmn snaGs ViaS encountered,

except for one bad snag ver"J close to-Nome. 130ttOI1water te:'1llJeratures
ranged from 4.90 to 5.60 C. (40.80 to 42.10 F.) near NO:ilG and were
6.30 C. (43.30 F.) to the northeast of st. Lawrence Island.

Operations of Pacific ~~lorer, 1948

T'ne P!3-cific?:xplorer, v.Jithobservers from th9 Fish and Wild-
life Service aboard, conducted rather extensive fishing operations in

the Bering Sea from April 18 to July 5, 1948, VJith a fleet of 10 fishing
vessels.1Q! Trawling for king crab· and bOttOTIlfish was carried out

principally in the A.mak Island and Black Hills area. Inshore areas mostly
were fished during the month of ~ay and the first part of June. King crab

catches improved daily during this period, with the center of fishing

operations moving in a north-northeasterly di rection to a point about 25

miles from Amak Island. Durirt~ "the second week in June a storm seemed to

have dispersed the crabs, and crab fishing beca..rneless productive. At the

same time, however, catches of fish increased on th'9 same grounds where
crabs had been taken in abundance before thA StOTI1. About the middle of

June several vessels explored the "gulley" area in depths..-ofaround 35

fathoms, about 65 miles N half W of Black Hill. It was' found that, although
the king crabs were numerous in this area, they were recently moulted and

very light. Activity was then resumed on the former grounds in the vicinity
of Amak Island where crab catches became progressively Smaller until the

close of operations on July 5.

Reports from Local Residents

In September 1945, the Service publi~~~d APrelll1inary Report£!!. the Fishery Possibi 11ties of the ~ Area •.b!:I fused mainly on inter
views with local inhabitants of the Nome area, the -report ,points out the

advantages to the local and native economy if a fishing industry could
be established. Remoteness from markets is considered (also see Fig. 1),

as is the shortness of the open fiShing season. For example, the well

known run of herring in Golovnin Bay comes so late in the year that utili
zation is retarded because of difficulty in putting up the pack before
the close of navigation.

~I WIGl1TOFF, ~ B•• AM) CARLSON, CARL B., S.S. PACIFIC EXPLOR£R, PART V, 1948 OPERATIONS IN
THE I'bRrH PACIFIC Aft() BERtNG SEA: U. S. FtSH /IK) WILDLIFE SERVICE, FIm£RY LEAFLET 361,

FEBRUARY 1950, WASHI"GTON, D. C•

.ill ANDERSON, A. W., A~ CARLSON, C. B., A PRELIMI~RY REPORT ON THE FISHERIES POSSIS tLiTIES OF
Tt£ NoME AREA: U. S. FISH ,llNO WILI1..IFE SERVICE, SEPTEteER 1945, WASHI~TON, D. C.
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In the winter, king crabs are fished through the ice with
baited lines at King ISland, Nome, and st. Lawrence Island. At King
Island, the crabs are reported to be both brown and white, while at
Nomethey are purple.

Cod are found trapped in slush ice at the start of the freeze
at King Island, but the number is not large. Godalso are reported
found on the north side of St. Lawrence Island 1 to 20 miles offshore,
mostly in July and August. These fish are usually well off the bottom
and are sometimes seen from the surface. Cod also were reported caught
on grassy bottom 30 to 35 miles southwest of Nomein 13 fathoms. At
Nunivak, steamer passengers have been reported catching cod while the
ship is anchored. A few halibut are caught off King Island in September
and October and ~ell offshore near st. Lawrence Island, while the natives
of Nunivak Island spear them in shoal water in June. Indications of
shrimp have been seen near King Island, St. Lawrence Island, and Nome.
Clams are a prin.c ipal food of the walrus near King Island and st. Lawrence
Island, and shells wash ashore at Nome.

Herring are observed close to the beach near Nomein June and in
September and October, and school in Golovnin Bay, where they are caught
in gill nets. The fall herring from Golovnin Bay are fat and of good
quality. Herring are also found in Port Clarence. Other interviews
with local inhabitants by Service representatives were very similar to
those reported above.

As a result of the king crab survey, several commercial ventures
in this fishery have been launched. Each season three or four trawlers
are engaged in the fishery. Fishing so far is confined to the area in
the southeastern portion of Bering Sea, within the limits found to be most
productive in the king crab exploration (see Fig. 3). Also, each year
one cOdfishing schooner, and at times more, operates within the same gen
eral area. A good tonnage of salt cod is produced by means of hook and
line fishing from dories in relatively shallow waters.

Oceanographic Information for the Area from Other Investigations

Clifford A. Barnes and ThomasG. 'l'hompsotS published in
December 1938, the results of an oceanographic survey made in the Bering
Sea and parts of the north Pacific Ocean. This investigation was made
in 1933 and 1934, but the material applying to the area under considera
tion was obtained during the period July 26 - August 24, 1934.

The general flow of the water in the Bering Sea is from the
Bacific, north through the Bering Sea, into the Arctic Ocean (see Fig. 4).
Water in the Bering Sea moves fast at all depths, but the flow is usually

JlI eARNES, CLlfIIF'8tII)A..IHJ THoMPsoN, r..AI G., PHYsiCAl.. AN> CHeMICAL. INYESTIIATIONS IN BERINQ
SEA IHJ PoRTIONS OF THE ~RT'H PACIFIC OcEAN: UNIVERSITY OF WASHINGTON PuBLICATIONS IN

0CIAN0IRAJIH'r, VCL. 3, ~. 2, PP. ~79, DECEMBER 1938, SEATTLE, WASHltGTON.
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greatest at the surface, with currents up to 1.5 knots observed. The
Gulf of Anadir on the Siberian Coast is the source of cold water in

that portion of northern Bering Sea. Low values of chlorinity and

salinity are found along the Alaskan shore because of dilution from

the Yukon and KUskokwim rivers. North of the Pribilofs, stratifica

tion of the waters was. observed, with the warmer water of low chlor

inity resting on the colder water of high chlorinity. Although the
Alaskan side md warmer and more dilute water, this was usually well

stratified except where homogeneity was induced by local turbulence,
as in the Nunivak Island area. The currents on this side generally

set northward.

During 1932 and 1933 Russian sponsored oceanographic investi

gations were conducted in parts of the area, with two ve~~e;ls employed.The report of this work was published by G. E. Ratmanoff~ in 1937 in
the Russian ~nguage. The following abstract is based on an English

summary contained in a report by Goodman, Lincoln, Thompson and
Zeusle~. According to Ratmanoff, Pacific waters enter between the

Komandorski Islands and the Near Islands; they flow northeast in the

Bering Sea, partially back eddying along Kamchatka in a great counter

clockwise eddy. The main flow, nevertheless, continues northeastward

passing to the east of st. Lawrence Island. An eddy in the Gulf of
Anadir prObably is the beginning of the northern flow to the west of
St. Lawrence. The currents flOWing to the north on the east and west
sides of st. Lawrence Island join to the north of the island, continu

ing the constant flow to the north through Bering Strait, with a
counter-clockwise eddy at East Cape.

The two low-temperature areas found at 25 meters in the Gulf

of Anadir and near Cape Oliutorsk were designated as "cold spots," and
were considered the residue from winter cold temperatures and ice.
The Anadir cold water flows northward on the west side of st. Lawrence

Island. Salinity is effected by the influx of Pacific water,land

drainage in the Gulf of Anadir, and dilution along the Alaskan coast.
The eastern waters of Bering Strait are found more dilute than the

western, and the correlation between temperature and salinity was
noted. Poor water transparency was attributed to plankton and to mate

rials from land pollution. Villeresupersaturation of oxygen was noted,
it was found correlated with a decrease in phosphate and an increase

in plankton activity. The depth of the oxygen maximum was much greater
in the lower latitudes •

.-,-.------.-------- ..

RATMAHOFfI',G. I.,' ~ORATI0N8 ~ THE SEAs t7 RuSSIA: P\a.ICATI0N8 OF 'tHE HYoRCl.QQI~
INSTITl1I'1E, No. 25, PP. 1-17!5, 1937, LENINIRAD, RuSSIA.

GOODIIAN,JoE R., LlNCOLNt JotIrf H., THOUPSeJI, THOMASG., N«) ZEusLIR, FREDERICKA.,PHnICAl. AN) CHEIII~ N'tESTICIATIONS: BERING SEA, BERING STRAIT, CHuKCHI SEA DURIN;
THE SlMEA OF 1937 AI'D 1938: UNIVERSITY OF WASHINGTONPullL.ICATIONS IN OCEANOQRAFHY,
VOL. 3, No.4, PP. 1~169, MARcH 1942, SEATT1.E, WA!HINllTeJI.
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In March 1942, a report by Goodman, Lincoln, Thonpson and

Zeusler12/ was published concerning findings of an oceanographic in
vestigation carried on in 1937 and 1938. Work was accomplished from

the Pribilofs to Nunivak Island and Norton Sound on the east, to St.

Matthew Island and the Strait of Anadir on the west, and northward
through the'Bering Strait and into the Chukchi Sea. In 1937 there were

few storms, and ice .ms present longer than in 1938, when there were
many storms. In 1937 surface temperatures were generally lower than

in 1938, and surface waters near the Alaskan coast were warner than

towards the Siberian coast. In many areas stratification gave .my to
thermal homogeneity as SQmffierprogressed. Between the Pribilofs and
St. Lawrence Island sub-zero water v~s found at 20 - 40 meters. Salin

ity was noted to decrease with latitude. OrJgen values were generally

high in areas covered. Currents in the northern Bering Sea were

observed to flow northward to Bering Strait, but eddies were found
near st. Matthew, st. Lawrence and King Islands. The continuous move
ment of the waters from the Bering Sea to the Chukchi Sea is affected

by meteorological conditions and the locations of ice.

Bart II~ Results and Discussion of 1949 Operation

Method of presentation

There has been presented thus far in abstract form most of

the material available at the commencement of the subject survey, vlhich
represents both the results of other investigations by the Service and
the results from outside investigations and sources. Figure 3 shows

in graphic form all locations fished in the area by the Service includ

ing the present survey.

Fishing operations on the present survey were conducted dur

ing the period June 24 to July 5, and consisted of 51 otter trawl drags

made in various locations. In addition, miscellaneous data were col

lected at each location where a drag was made. The itinerary of the

exploratory fishing vessel and locations fished are shown in Figure 5.

For convenience in discussion and ease of presentation, the area has
been divided into 5 sub-areas. These are shown in Figure 6. At every

fishing station occupied, certain fishing, oceanographic, and meteoro
logical data were collected. This material is abstracted in the tables

of fishing observations (Table 5).

Certain matters of special importance have been illustrated

by means of charts. For example, the trend of the bottom topography
of the area explored is shown in Figure 8. Figure 10 shows the trend

of surface water temperatures, while Figure 11 indicates the trend of
bottom water temperatures. The charts mentioned incorporate the

~ GooDMAN, JoE R., LlICOL", JoHN H., 'T...-sON, THOMAS G., ~ ZEua.1R, FREDERICK A.,
PHYSICAl.. AN:) CHEMICAL INVESTIGATIONS: BERING SEA, BERING STRAIT, CHl.J(CHI SEA DIJtINQ
'n4E SUIMR r:F '937 ANJ 1938: UNIVERSITY OF WASHINIIT'ON PusLICATIONS IN 0cEANDQRAPHY,

VOL. 3, No.4, PP. 105-169, MARai 1942, SEATTLE, 'fA9HIIGTON.
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original data secured frmn the present investigation. Curr3nts in the

area are illustrated in Figure 4. The expedition had no suitable

means of working with currents; therefore, the,Q1}.I'rentchart shovmis based largely on the work of Goodman, et al1:2J. However, in sev
eral instances when the currents were clearly apparent, they were

found to agree with the chart shown. Figures 19, 20, 21 and 22 portray

the incidence of cod, flatfish, king crabs, and shrimp in the area, as
revealed by the exploratory work.

Vessel and equipment used

sxperience gained frorn lLmited work previously carried out

in the area revealed that to accomplish successfully a sustained sur

vey, a vessel able to fish under unusually rough sea conditions would

be desirable. ~1e Deep Sea was therefore particularly suitable for

this operation, since even though sea conditions were rou~l for much
of the trip, no loss of fishing time was experienced because of this.

Commissioned in 1947, the Deep Sea was espeCially designed
for king crab fishing and processing. The vessel is 140' long, and has

the general external appearance and rig of a conventional east-coast

trawler. It is powered by a 1,200 hp diesel main engine. The winch
is powered by a 100 hp diesel, which operates through a hydraulic

torque converter. TIle fishing gear is set from the side in accord with
established eastern trawler practice.

FIG. 7 - THE DEEP SEA AT ANCHOR IN 'n£ NoME ROADSTEAD

GOODMAN~-JOE "R:-;LINC'Ci.N, Ja:iNtf.-;-'f~~Ai~ AKJ ZEUSLER, FREDERIa< A~;-
PHYSICAL. N«} CHEMICAL INlfESTIGATIONS: BERING SEA, BERING STRAIT, CJ.u<CHI SEA DURINQ
THE SlA\W::R OF 1937 AKJ 1938: UNIVERSITY ar WA!liINGTON P\a.ICATlONS IN OCEANOGRAPHY,

VOL. 3, No.4, PP•. 105-169, MARCH 1942, SEATTLE, WA9tINilTON.
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The vessel is equipped with loran, radio direction firider,
a 350 w radio transmitter, and a 1,000 fathom sonic sounding ma.chine.
All sections of the vessel' are connected with an inter-communiCation
system.

The trawl net used was an "Iceland" trawl IIi. The entire
net was made of No'. 1000 manila twine.

Dimensions of the trawl:

Lower wings

Top wings
Square

Top and bottom}

Bellies )
Bag specially lined

wi th 3" mesh for

this survey

Head rope

Foot rope

Doors

Ground wire

Upper leg
Lower leg

Towing warps

30 x 55 x 125 meshes

10 x 110 x 85 meshes
260 x 200 x 46 meshes

200 x 60 x 90 meshes

24 x 24 x 10" meshes

78' x 5/8"

116' 'x 5/8"

1500#

7/8" x 60' long
5/8" X 38' long

7/8" x 30' long

1" wire rope, galvanized

6" stretch mesh
6" stretch mesh

6" stretch mesh

5!14i13i stretch mesh

Wire served with manila

to 1" dia.

Served with burlap and

2i" soft laid manila.

4i' x 9'

To obtain bottom samples, an amed 14 lb. lead hauled with

a manually operated windlass on the forecastle head was used.

Deep sea reversing thermometers, protected type, graduated to

0.10 C. and messenger tripped, were used to obtain bottom water tempera
tures. Surface temperatures were obtain~ by immersion in a drawn

sample of surface sea-water using a protected mercury thermometer.

Sonic depth readings, uncorrected for water densi~ or temperature, but
corrected for ship'S draft, were basis of soundings. With a few minor

exceptions, each fishing effort consisted of a drag for 60 minutes with
the trawl net described.

Discussion of data

Bottom Topography

A reference to the ,chart of the bottom contours (Fig. 8)

will show the general shallowness of a great part of the Bering Sea.

The contour lines roughly parallel the 100 fathom curve, which trends. '.' }.

in a northwesterly direction from Unimak Bass past the Pribilof Islands,
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T.-aLE 2 - DEPTHS AT WHICH SHEU.FISH WERE TAKEN

and depths show a gradual decrease as progress is made to the north

and east. Norton Sound, Yukon Flats, and Etolin Strait are for the
most part less than ten fathoms in depth. South and west from the

100 fathom curve the bottom falls off steeply to depths of over 2,000
fathoms. All fishing on this exploration was done on the shallow

shelf in waters varying from 8 fathoms deep in Norton Sound to 54 fathoms
south of St. Matthew Island.

In general, there was shown a correlation between depth and
bottom temperatures, the shallow waters of the Norton Sound and Nunivak

Island areas being much warmer than the deeper waters offshore; a
notable exception was the zone of sUD-zero water between St. Matthew

and St. Lawrence Islands at moderate depths. Tables No. 1 and 2

indicate the depths at which fish were taken in the 51 drags made.

'-'- UC.r"'I~ -, wn.~ .-, •• ~ I~

DEPTH
DRABsPQRT.ON OF COD F LATF'SH

F •.e
MADETOTAL DRMSF.SH

PoRT 'ONAVERAIIEF.SHPoRT 'ONAveutlE.
CAUCIHT

OF TOT"-PER DRMCAUGHTOF TOTALPut DRAQ
FATHOIIS

~PERcENTtb1BERPERCENT~!:!.!!HBPERcENT~

0-20

254t9765.5 3.,.(]511.244
2O-~

.63.~53.9 474,888"'9.73Q5~-..o 6.2936.6 .5!5265.48B
..0-60

48478~-O .203 3.933 7~
TOTAL •••••

5••00• ,..a5.00.0279,838.00.0.93

--.-
DEPTH

DRABSPORTION CF
K.NQ

CRAB SHR'MP
CRABS

PoRT 'ONAVERAQEStiR 'MPPORT' ONAVEFUQ£F.SHED MADETOTAL. DRAaS
CAIJQHT

OF TOTAlPER [)RAaCAOOHTOF TOTAI..PER DRAa
FA1HOMS ~PERCENTrtM£RPERCENTHi MIER~PERCENT~
0-20

254t9 8575.43853~.234
20-~

.63.2824.6244726.328
~-040

6.2 00 0-tOO23.5&5
040-60

48 00 000 0
TOTAL

5.100114'00 021.700100 0~

It is realized that many other factors are important as

concerns the incidence of fish and shellfish in the area, aside from

depths and bottom conditions. As shown from the above tabulation,
49 percent of the fishing was done in depths not exceeding 20 fathoms.

This effort produced only 5.5 percent of the cod and 11.2 percent of
the. flatfish caught, but in the case of king crabs it produced 75.4

percent, and for shrimp 50.2 percent. The plan of exploratory fishing
called for testing as many varied depth conditions as possible. How

ever, due to the uniformity of depths in most of the area, little

variation was possible. In the area fished, most of the king crabs
were caught in depths under 20 fathoms and none were taken in waters

exceed ing 30 fathoms.·
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Figure 8 clearly shows the shoal condition of the waters

in the northern Bering Sea. The area under 20 fathoms comprises

Norton Sound, and circumscribes st. Lawrence Island, and. extends well

seaward from the mainland to the west of Nunivak, and into Bristol Bay.
The deepening is so gradual that the 40-fathom curve is found south of

St. Matthew and St. Paul Islands. Thus, the depths at which the king
crabs are found in the northern area are much shallower than those in

vihich they are found in the southern area, being about the same as the

shallow waters used for rooting in the southern area. While the south

ern Bering Sea king crabs are knoWll to migrate as much as 60 miles to

deeper water after mating, a migration of this distance would have
little effect on water depth in most of the northern area. In the
southern area it was found that the small immature crabs prefer shal

lower depths (15 to 30 fathoms); however, while the crabs found in the

northern area. were mature, they were in size comparable to a southern
Bering Sea immature king crab.

st. Matthew Island is surrounded by deeper water than other

parts of the northern area. From this district were captured the

largest purple king crabs taken on the trip. Purple king crabs in
the st. Lawrence Island to Norton Sound area were smaller. However,

the Alaskan king crabs taken in Norton Sound were nearly as' large as

the purple king crabs from st. Matthew, and were larger than the purple

crabs from the same region. It is difficult to apply any knowledge

concerning migrations of king crabs learned from the southern region,

except to suggest the possibility that minor differences within a

relatively shallow area might possibly correspond to much more radical

differences in the southern area. For example, a change from 15 to 20
fathoms in the north might correspond to a change of from 15 to 45

fathoms in the south. Much more info mat ion, such as the effect of

changes in salinity, temperature, etc., is needed before any attempt
can be made to understand these problems.

The character of the bottom deposits was found to agree quite

well with that shown on the navigational charts of the area, gray sand

and gravel, green mud, and gray clay predrnninating over the fishing
area. Green mud was quite common in the area from st. Matthew to st.

Lawrence Island where fishing was poor and the catch consisted mostly

of tanner crabs, starfish, and other bottom trash. Drag NO.3, adjacent
to St. 1~tthew Island,resulted in a bad snag.

Gray sand, gravel, and clam shells formed the principal

deposits north of St. Lawrence Island, with snags and severe chafing
of the net being encountered on drags NO.8, 9, 11, and 12. The bottom

of Norton Sound was mostly gray sand and mud deposited by the Yukon and

other streams emptying close by. A bad snag was encountered on drag

No. 21, suspected to De due to ice-borne boulders off Golovnin Bay.
The net was torn almost beyond repair on drag No. 23 close to Nome,

the bottom sample yielding gray mud and sand.
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Flli. 9 - TMCIPG BOTTOM SMFLEs AN) TE~Tl.RE8

No rocks are shown on the charts of these waters, and it

Is believed that the snags encountered on t~ris trip were large bould

ers carried from shore ~y the mOving ice pack and dlli~pedat the points
where the ice melted sufficiently to release them. TIlere is a pos

sibility that these boulders, due to a gradual sinking i~to the mud
and sand bottor~ would not be a menace to the nets later in the season.

They might also be encountered at different places each year due to

the movements of the ice pack.

Areas No. IV and V, along the east coast, were completely
free from snags. The best catches of cod and fJatfish were made west

and south of Nunivak Island on gray sand bottom. Drag ~o. 51, yield

ing one of the best catches, was made on a bottom of sand and black
mud.

Water Temperatures

Bottom water temperatures, probably more than any other one

factor, were found to be positively correlated with the abundance of
fish taken over the entire a~ea. Sufficient temperatures were taken
to indicate certain trends in both surface and bottom water tempera

tures. Obviously many more stations should be occupied to clearly

define the various zones, and it is fortunate that temperatures re

corded by the Dee~ Sea can be supplemented by the work of the University

of ~ashington Oceanographic Department and other data from the western

Berin8 Sea. Temperatures obtained are recorded in the table of fish

ing observations (Table 5), and charts outlining the general areas of
prevailing temperatures are included as Figures 10 and 11. In refer

ring to these charts, it must be kept in mind that the readings prevail
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for only thp. limited period from June 24 to July 5 and that no attempt has

been Inade to estimate extensions of the various zones beyond the fringes
of the area actUally surveyed.

In gene~l, the bottom temperature isotherms tend to follow the
bottom topography, whi 1e surface temperatures show a gradual decrease from
east to west and south to north. In only one spot (drag No.9) was a

surface temperature below 00 C. (32.00 F.) encountered. Norton

Sound and Nunivak Island areas were much warmer than water tg the westward,
the warmest surface water of the voyage (60 - 9.40 C.) (42.8 - 48.90 F. )

being found below Nunivak Island. It is interesting to note tbat at sev
eral stations in Norton Sound the bottom waters were warmer than those at

the surface, which was also the case at drag NO. 3 at st. 11atthew Island
and at drag No. 33 off Cape Romanzof.

The current along the Alaskan shelf is northward, and in the

s~~er, when the influence of warm water entering from the Pacific through
the Aleutian Passes is greatest, it causes a large increase in tempera

ture. Temperatures at both the surface and bottom recorded on the present

trip were several degrees colder than those reported in September 1948 by

the Washington and those reported by other investigators ,~rking later in
the summer. Goodman, et al (1942), reports warmer waters in 1938 than in

1937, due to the earlier breakup of the ice pack caused by severe storms
in 1938. He also points out the gradual decrease in the temperature

gradient from the surface to the depths as the summer progresses, regions
of thermal uniformity existing in the Nunivak Island area later in the
season.

This summer warming of the water influences the northward migra

tion of w~ny fish in the Bering Sea. It can be expected that higher tem

peratures than those found on this voyage ,'Jillbe encountered later in

the summer, and that from year to year, due to meteorological disturbances
affecting the break-up of the ice pack, temperatures at both the surface

and bottom will vary to a considerable degree.

A glance at Figure 11 will reveal the presence of the corridor
of sub-zero bottom water extending past St. I-.BtthewIsland to the south

western portion of St. Lawrence Island, obviously existing quite indepen
dent of the bottom topography. It 'would seem probable tr..at this is the

outer fringe of the well-known Gulf of Anadir "cold spot," described by

Goodman, et al, as the possible result of the accumulation of cold, con-
,centrated sea water released by the formation of ice on the more shallow

portions of the Alaskan shelf. The boundaries of this area are not defin

'itely'knovm, but it effectively acts as a faunistic barrier to the moveInent

of many species throY~4 the strait between Siberia and St. Lawrence Islandas Andriashev (1939)~ has pointed out. In this area of negative

temperatures, the ~12.~ found the bottom fauna to consist nainly of

llI-iKJ-R-IA-SHEV--, A. P., ESSAY ON rHE-'looQEOGRAPHY JHJ ORIQ-I-N-OF-lH-E-F-ISH---FAUNA--'OF--THE'--BERi;G'SEA
JHJ NEIQHBORIIG WATERS (RussiAN LAllQuME, ElGLI!!IH SUMMARY): 185 PP., I~, LENIPGRAD.
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TA!ILE 3 - TOIPERATlRES AT WHICH prlSH WERE TAKEN

TABLE 4 - TEMPERATURES AT VttiICH &lELLFI&I WERE TAKEN

eelpouts, liparids, soulpins, and tanner crabs. Similar sub-zero bottom
terrQeratures, yielding poor catches, were observed south of Nunivak

Island near the intersection of 580 N. latitude and 1660 w. lon~itude
(see Fig. 11). There exists a possible connection between this zone and

the cold water corridor in the St. 1~tthew Island area. This may also

be a portion of the tongue of cold water reported to extend along the

bottom from the Pribilof Islands into southeastern Bering Sea. Probably
the chief effect of this barrier is to caUSe a shunting of the species
entering the Bering Sea through the Aleutian passes to the eastward before

continuing ~~~thward. This is supported by the cod fishil~ industry
(Cobb 1917)~ which started first on Slime Bank in the spring and then
progressed to Baird Bank. This cold water zone undoubtedly influences
the king crab migration to same degree.

A brsakdown of fishing efforts into the various temperature
zones is shown in Tables 3 and 4.

.
BOTTOM

DRAGSPORTION 01'"
COo FLATFISH

TEMPERATURE

M~E
TOTAt.FISHPORTIONAVERAGEFI&IPoRT IONAVERAaE

DRJlBS
cAi.GHrOF TOTALPER DRAaCAUaHTOF TOTAL~R DRAa

DEGREES
~ERPERCENT!!'-"8ERPERCENT~~PERCENTtbeER

BELOW OOC.(32.O'F.)

6
12 13.922822.847

oOc. - 20 C. (32.00 - 35.6OJ:.)

20395e2«>282,44924.9122

20C. _ 40C.

\(35.60 - 39.2OF.)
18357f1555.9446,65467.7:f7O

4OC. - 7OC.
(39.20 - 44.6OJ:.)

714 453264534.665
TOTAL •••••••••••••

511001,4a5100.0I27 9,838100.0193

•..
BOTTOM

DRAtisPORTION OFKIN GC R A B S H RIM P
TEMPERAT~E

MADETOTALCRABSPORTIONAVERABESHR IMPPORTIONAVERABE
DRAGS

CAUGHTOF TOTALPER DRAGCAuraHTOF' TOT.4IPER DRM
DEGREES

I'UIB£RPERCENTru.BERPERCENT~~PERCENT~.

BELOW rPc. (32.001='.)

612 000201.23

rPC. - 2~C.
(32.0 - 35.60,:-.)

20392219.3I1,35079.466

2°C. - 4~.
(35.6 - 39.2~.)

,835 7868.44~1~.2,4

4°C. - ~C. (39.2° - 44.6~.)

714 141232724210

TOTAl. ••••••••••••

51100114100.021,700100.033

J!J.7 COBB, JOHN N., THE PACI ••.•CCOO FISHERIES: REPORT U. S. CCMiI. OF FISH,IIPP. IV, III PP.,
1917, WASHI!\GTON.



It appears that the 2P- 40 C. (35.60_ 39.20 F.) temperature

zone is the most favorable to the occurrence of cod, flatfish and
king crab, while shrimp were found in largest concentrations in water
of 00 - 20 C. (32.00 - 35.60 F.). Cod and flatfish also were in00'
numbers at temperatures fram 00 - 20 C. (32.0 - 35.6 F.) in certain

areas. These fish might conceivably tend to "lead" along the edges of
the cold water barrier, which would explain the concentrations of these

species found in the approaches to Bristol Bay and northward along the

warm v~ater channel adjacent to the mainshore. Admittedly much more

work needs to be done to substantiate this hypothesis; but the fact

remains that fish were not found abundant in sub-zero water, and were
in the adjacent warmer waters, which at least justifies posing this
possibility as a suggested explanation.

The waters in Norton Sound and between Nome and St. Lawrence

Island, even though possessing bottom water temperat'lres which would,

not appear unfavorable, produced no cod and only L~ture flatfish.
Possibly the northward migration of the cod does not progress this far

at this time of year. Still, reports from the natives, which appear

well founded, place the cod in the st. Lawrence Island .are~ at later
seasons of the year. Cod would not be expected in any abundance in

Norton Sound proper because of the great inflow of fresh water into

the shallow sound; hence, absence of cod from this region was not

surprising.

The warm waters of Norton Sound produced the only Alaskan

king crabs taken in the northern area, none being taken in waters less

than 20 C. (55.60 F.), and the majority were found 'in the range from

30_ 6.80 C. (37.4 - 44.20 F.). Purple king crabs, on the other hand,
were found almost exclusively in waters from 00 to 2.60 C. (32.00 

36.70 F.), onlg two small specimens being taken in warmer water
(4.90C.) (40.8 F.). It is not inferred that these figures are critical

temperatures for these species, as their occurrence is undoubtedly
influenced by other environmental factors.

Nearly 80 percent of the shrimp caught were taken at bottom

temperatures between 00 and 20 C. (32.00 and-35.6° F.), mainly in the

area adjacent to St. Lawrence Island and the approaches to Norton

Sound. Grab shrimp were found to inhabit areas of a wide temperature
range (-1.4 to 6.80 C.) (29.50 to 44.20 F.).

The corridor of bottom water between 20 and 40 C. (35.60 and

39.20 F.), extending from Norton Sound to south of Nunivak Island

produced the best fishing of the voyage, good catches of cod and flat
fish were common. Fair catches were also made in slightly colder

adjacent waters. The pattern of fishing, plus the time element in

volved in completing such a cruise in less than tw:>'Weeks tiine, did not
allow for a complete set of bottom temperatures sufficient to establish

definite isotherms. This fact, coupled with the knowledge that higher
temperatures are known to exist in this same area later in the summer,
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of necessity makes the teflperature data of this report valid only for

this limited period of the season and indicative of only the trends

and general boundaries of temperature zones. It is ~ossible tl~t

ranges of ta~perature for the various species will be ereatly altered
late~ in the summer and lnay vary from year to year.

FIG. 12 - A CATCH OF FLATFISH FROMTt£ """'VN< 1SlAN) AREA

·,'leathe r condi tions varied wide ly from smooth to very rOUf')l

seas, with sudden changes occurring from day to day. TIind shifts

were frequent and un~redictable, "with southerly and southwesterly
blows prevailing slightly more often than from any other direction.
Rain and fog were encoQ~tered on several days, making the loran equip

ment a necessity in the calculation of position, which was extremely

important in this work.

Fourteen days elapsed from the time of leaving Dutch Harbor

to the completion of the last .drag. For' sL\:days the seas were rough,

five days produced caba waters, and moderate seas prevailed three days.

Fog ranging from scattered patches to thick layers was encollilteredon

five of the fourteen days, usually acconpanying the ca]m seas with very
li ttle wind.
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FIG. 14 - YELLONF"IN "SOLE" (LIMAIIDA~)

FIG. 15 - FLATHEAD "SOLE" (HIPPOGLOSSOIDES ROBUSTUS)
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Air temperatures varied from 340 F. on the 28th, at the entrance- 0
of Norton Sound to 52 F. south of Nunivak Island on the 5th. No freez-

ing conditions were encountered; a hail squall occurred on the 27th on
the north shore of st. Lawrence Island.

Discussion of fishing results

Area I. St. Matthew Island

Since the only fishing gear used in this exploration was the

otter trawl, results of fishing efforts include only the marine life

which lives either on or near the bottom, other types being caught only
rarely.

The first 5 drags were made in an approximate north and south
,line from 65 miles south of st. Matthew to 40 miles north of the island

on June 24 and 25. Fishing on the 24th was done in a very rough sea with

a strong southeast wind which moderated on the 25th. Because of reports
of many king crab shells having been observed on the beaches of the

island, it was felt desirable to explore the region.

As regards cod, flatfish, and pollock, drag No. 1 was the best

in the area, producing 25 excellent cod, 2 halibut, rock "sole", arrow
toothed flounder, and flathead "sole" in prime condition and nearly all
of marketable size. Total catch of flatfish in this drag was estimated

at 150 pounds. Five hundred pounds of pollock were landeQ in this first

drag, the best catch of pollock made on the trip. These fish varied from
12 to 18 inches in length.

Drag No. 2 was made in below zero water, am the catch was

qui te poor, yielding only 3 cod and about 25 pounds of flatfish. How

ever, several lemon, flathead and yellowfin "sole" were large, prime
fish. Also 14 pollock were taken. Two small arrow-toothed flounder were

lamed, and this species was not caught again until drag No. 50 at

latitude 560 47' N. Therefore, the position of drag No.2, 590 48' N.
represents the farthest north point at which the arrow-toothed flounder

was found on this survey. It is interesting to observe that both drag
No. 2 and No. 50 were practically on the 40-fathom. depth curve.

Severa 1 snags were encount ered on drag No. 3 in the bight to

the north of st. Matthew Island, tearing the forward wing of the net.

Results were very poor, only 14 cod and very few f1atfish, all below

marketable size being taken. In addition, 23 male and 9 female purple
king crabs were caught averaging 6 to 7 inches in carapace width.

This is the most southern point at which purple king crabs were taken.

Two drags were made north of the island, with poor results, no cod and

only 2 flathead "sole" being present in drag No. 5 with a bottom tem

perature of _1.40 C. (29.50 F.). Drag No.4 produced 23 more purple

king crabs, 1 cod, and several small flatfish. The 6 pollock in this
catch represented the last time these fish were caught until drag No. 41

was made west of Nunivak Island; thus, 600 44' N. latitude represents
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the northern limit of pollock for this investigation. One herring was

taken in drag No.5. A very few gray shrimp of 2 species, Argis lar

(Owen) and Schlerocrangon boreas, were caught in drags No. 3 and 4.

Small tanner crabs WE3re abundant, several thousand occurring

in the drags north of St. IlIatthew. Also liparids, eelpouts, sculpin,

starfish, snails, clam shells, tunicates, and skates were common. No

doubt, the sub-zero bottom temperatures encountered on several of the

hauls were responsible, at least in part, for the generally poor results
obtained. Possibly also the green mud bottom which prevails in this

region is significant.

Area II. St. lawrence Island

The outstanding characteristic of the area around st. lawrence

Island, where drags No. 6 to 12 were made, was the foul bottoM, which
resulted in considerable damage to the net on drags No.8, 9, 11, and

12. Catches of commercial species were rare, with the predominant con

tents of the hauls being small tanner crabs south of the island, in

below zero water, and sculpin •. Several marketable size 10mon "sol&'
and a few small flathead were taken on drags No. 6 and 7; with these

exceptions, flatfish were entirely absent from the catches in this area.

No cod were taken in this series of drags; however, both

capelin and sand lances (upon which cod are known to feed) were caught,
evidence to indicate that cod might have been present at depths not

fished by the otter trawl. Natives of st. lawrence have reported catch

ing cod offshore with hand lines later in the surrnneraround the month of

August. For these reasons, the chances of producing cod around st.
I.a.wrence Island with types of gear other than the otter trawl and at a

later time of the season do not seem out of the question.

Purple king crabs, predominantly males, were caught in small

quantities on drags No.8, 9, 10, and 11. These were quite small,
approximately half bein~ under 6 inches in carapace width, although
several females were found to be ripe with eggs.

Interesting catches of shrimp were made both north and south

of the island, but no great quanti ties were taken because of the large

mesh net useg. Drag No. 6 produced 20 gray shr:imp at a bottom tempera
ture of -1.4 C. (29.50 F.), and drag No. 7 yielded 400 of gray and a

few pink or humpy shrimp, Pandalus goniurus. Drags No. 8 and 10 proo uced
small numbers of gray shrimp and drag Ho. 12 approx:imately 400 or 3
species, pred<ninantly gray, plus the less common Sclerocrangon boreas,

and Spirontocaris of groenlandica.

Although it is readily understood that the type of gear used

did not furnish a legitL~ate test for the presence of shrimp, still the

quantities of gray shrimp which were taken may indicate the presence of
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FIG. 16 - HAtLlNG IN THE TRML t£r

a sizeable population of this s~ecies in the vicinity and the possibility

of locating larr.;cconcentrations by syst0;rJaticfishing ','Jithshrimp gear

both north and south of st. la:wr~mce. Local knowledse of the bottom

~'Iouldhave to be gained to reduce th'3 dar~ge to gear which was experienced

on the present trip and which accounted for trE sparseness of drags r.~de

along the north coastline of the island by the DeeJ2..._$~.

Small numbers of arctic cod were taken on dra~s No.6, 7, 8,

and 12, together nith several northern "toT:1cocl."T:i1.egreater part of
these catches were considered as "trash," consisting mainly of tanner

crabs, sculpin, starfish, snails, clam shells, toad or spider crabs, sea

urchins, liparids, lwnpsuckers and tunicates.

Seventeen drags (No. 13 to 29) were rEde in Norton Sound and
waters off Nome. ~ottom teBDeratures varied several'degrees from sli~htly

above 10 C. (33.80 F.) at the entrance to 6.80 C. (44.20 F.) near the

head of the sound at a deDth of 8 fathoms, and considerable variety
existed in the catch.

36



A noticeable characteristic of the hauls in this area was U1C

abundance of immature fJatfish tabm, including rock" sole," lemon

"sole," yellowfin "sole," and long-nosed dabs, vdth yellovlfin and lemon
predominating. Several large starry flounders and occasional ycllowfin
and lemon "sole" of marketable size were caught.

Drag No. 29 proftuced 100 yellov~in all under 6 inches in lenEth.

Cons idering the large size of the mesh used, the number of small floun

ders VJhich Were caught is Vlorthy of notice, and indicates that a popula
tion of adult flatfish must exist in the general area, possibly in close
to shore at this time of tr..eyear. Unconfirmed reports were received

from natives in the vicinity of Nome that large starry flounder and

other flatfish were being caught in quantity in salmon gill nets near

the beaches. Because of the impossibility of taking the Deep Se~ into
the shoal water, these reports could not be followed up; but it is
reasonable to believe that small craft equipped with suitable gear, such

as beam trawls, might find sood fishing in the shallower waters near
shore.

Shrimp were taken in small quantities in nearly all drags in

this area, including the 4 species encountered in areas I and II,plus

the coon stripe (Pandalus hypsin<?t~J, a few of which were caught in
drag No. 22 near Nome, the only time this shrimp was taken on the trip.
As was the case on the previous drags, the gray shrimp \~S found to be

most common, occurring in greatest numbers in drags No. 16, 26, 28, and
29 at the approaches to Norton Sound.

Both the Alaskan king crab and the purple species were taken

at various points in the Sound and near Nome, but never in any sizeable
quantities. Most were small,below six inches in carapace width. This
occurrence of P. camtschatica may constitute a new northern recoro for

the species. Further investisation might reveal migration patterns for

the crabs in this northern region, possibly leading to the discovery of
concentrations of mature adults.

No cod were caught in Norton Sound or the l~ome region until

drag No. 29 (40 miles east of st. Lqwrence Island) was made on the way

south. One l2-pound cod was taken in this catch, which represents the
northern limit -of this fish for the trip. The fact that capelin and

sand lances, staple items of cod food, .were taken on several drags fur
ther north in the entrance to Norton Sound, together with the lcnowledge
that cod were caught by the ~1ashington in Sept~~ber 1948 northeast of

St. Lawrence, suggests the probability of a northward migration of cod
past the eastern end of St. Lawrence Island into the waters west and north

of Nome. As no cod are kno,~ to spawn in the northern Bering Sea, this
migration would apparently be for feeding purposes, the capelin and sand
lances probably preceding the appearance of the cod. Fishing VJith various

types of gear in this area at a later date would undoubtedly throw much
more light on the presence ~nd movements of the Bering Sea cod.
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Rainbow smolt, in Vel? ffi1allquantities, were taken at sev
eral stations in Norton Sound. Northern to~cod were found Quite

frequently and in considerable nwnbers; also arctic cod were taken in
several hauls. Several of the catches were predominantly starfish,

ascidi~ns, and other bottom "trash," including tanner crabs, spider
crabs, tunicates, sea poachers, sculpin, sailor fisll, liparids, blen

nies, vJOlf fish, clams, gr.eenlings, sea anemones, hen-flitcrabs, and
snails.

Are~ IV. Norton Sound to Nuni vak Island------
.Drags No. 30 to 37 Wel'e l'1adein the waters between 630 II.

latitude and 610 N. latitude from the southwestern approach to Norton

Sound to a position approxL~tely 100 miles northwest of Nunivak

Island. No king crabs of either species were taken in this' series of
haulS. A very few gray shrimp '\Nerefound in drags No. 30 and 35, this

marking the southern limit of shrimp occurrence in the catch for the

renBinder of the exploration.

FIG. 17 - A MIXED CATCH NEAR JltJNIVN< ISl.AI\D
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Cod were taken in every drag except No. 31, being accompanied
by good showings of capelin in the catches. These were prime fish,
ranging from 12 to 17 pounds and. showing no signs of infestation.
Experienced fishermen aboard the Deep Sea expressed the opinion these
were very good cod. Stomach analysis revealed capelin, tanner crabs
and shr:imp, bearing out the probability toot schools of cod feeding
entirely on capelin pelagically were not being taken by the otter trawl,
which was catching almost exclusively those cod which were feeding on
or near the bottom. Other gear would possibly be muchmore effective
for this reason.

Encouraging catches of flounders were made, with the percent
age of smll, innnature ~ish much less than farther north. starry flounder,
yellowfin, rock, and lemon "sole" were common,with lemon and yellowfin
predominating. Many flatfish were small, but a good percentage were
large, prime fish in excellent condition. Drag No. 32 produced 100

lemon "sole" of which 75 percent ·were prime fish of marketable size,
and 200 yellowfin of which only 5 percent were marketable. Several

.rock "sole" were of extremely large size and in excellent condition.
Drag No. 37 produced over ,100 large prime lemon "sole," with the per
centage of marketable size yellowfin also increasing. Several halibut
were caught, mostly very small, only 1 being of marketable size.

Drag No. 33, made within 40 miles of Cape Romanzof in 14
fathoms, yielded very few cod and an abundance of immature yellowfin
and lemon "sole." The bottom temperature (3.50 C.) (38.30 F. ) was above
that of the previous drags, and the catch was predominantly starfish,
similar to conditions encountered farther north at the entrance to
Norton Sound. Onmoving offshore on the fOllowing drags, fishing im
proved considerably.

Area V. Nuniyak Island and South

The waters'west and south of Nunivak Island, in which drags
No. 38 to 51 were located, proved to be .the most productive grounds
fished on this trip,' many catches containing several thousand pounds of
cod and flatfish. No shr:imp were caught in this area; however, consider
able numbers were taken from the stomachs of cod on drag No. 38. One
Alaskan king crab was taken in each of drags No. 42 and 43, 1 female being
ripe with eggs. The complete absence of crabs from the remaining catches
was surprising, especially in the southernmost hauls. The fact that the
only 2 crabs taken were in the catches made nearest to Nunivak Island may
be evidence that the crabs, if in the area, are closer to shore at this
time.

Somegood catches of cod, up to 350 per drag (see Fig. 19),
and ranging in size up to 16 pounds, were made in this series of hauls.
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They were found to be feeding on tanner crabs and capelin, ,nth shrimp

and clam meat appearing in the stomach contents on drag No. 38. Much
variation in size of the cod was noted as the work ~rogressed southward.

Drags No. 38, 39, and 40 produced only large, prime fish from 10 to 16

pound~; somewhat smaller fish were taken in No. 41, and only 1 cod was
caught in drag No. 42 near Nunival( Island. However, on the next 2
hauls good catches of prnle fish were again made, but more small sizes

again appeared in the following 2 drags (No. 45 and 46) and the cod were

very few and small at No. 47 and 48 where s~b-zero bottom temperatures

were again encountered. Although a favorable temperature (1.80 C.)
(35.20 F.) existed~on No. 49, the 70 cod taken were all of a size too
small fo~ marketing. The last 2 catches contained several hundred cod,

ranging from very small to large prime fish, over 200 being of marketable

quality in drag No. 50. ~ne abundance of capelin taken from cod stomachs

(drag No. 41 contained a number of cod which had been feeding excDlsively

on capelin) further indicates that a large number of cod were feeding
above the bottom.

FIG. 18 - A CATCH OF COD /H) FLOUIIDER ABOUi TO

BE DUMPED ON DECK.



This series of fishing efforts also produced excellent catches

of flatfish, up to 5,000 pounds per haul, including rock, yellowfin, and
flathead "sole;" and arrow-toothed flounder, most of which were large

fish in prime condition, plus a few halibut. Drag No. 44 yielded 2,000
yellowfin, 80 percent marketable; 500 rock, 70 percent marketable; and

200 lemon "sole," 60 percent r:1arketable. Drag No. 51 produced 450 rock,
80 percent marketable; 45 lemon, 100 percent marketable;. 250 arrow-toothed

flounder, 100 percent marketable; and 1,200 flathead "sole," 95 percent

marketable. Yellowfin were notably absent from this haul, and there was
evidence that definite areas of abundance for each s:pecies exists. For

instance, large lemon" sole" were predominant in drags No. 37 and 38
further north, while yellowfin and rock" so Ie" increased in perc8ntage
in subsequent catches; and in drag No. 51, flathead "sole" were in the

majority, with a good showing of arrow-toothed flounder.

Halibut were found to be thinly scattered Over the area, an
occasional one appearing in most of the catches. Sizes were generally

small, drag No. 44 producing the largest catch of halibut, including 7
mediums and 8 small. L~ no case was evidence of any large population

of halibut found in the waters fisheq, but the effectiveness of the
otter trawl as a test for halibut is questionable. Pollock were taken

at various stations in assorted numbers, catches of over 200 occurring

in drags No. 50 and 51. The quality and size were excellent, many
measuring well over 2 feet in length. One herring was taken in drag

No. 38. Varying amounts of sculpin, snails, starfish, ascidians, spider
crabs, sea poachers, liparids, eelpouts, and skates were commonly mixed
in with the catch. Drags No. 47 and 48 produced several thousand small

tanner crabs, which appear to 'be a characteristic of the sub-zero water
and a poor catch.

List of common and scientific names used in this report

Pacific herring
Capelin
Rainbow smelt

Arctic cod, polar cod
Alaska pollock

Wachna cod,northern "tomcod"

Pacific cod, gray cod

Arrow-toothed flounder, turbot
Pacific halibut

Flathead "sole," flathead flounder
Rock" sole, It rock flounder

Yellowfin "sole," Alaska dab
IDng-nosed dab

Lemon "sole," Alaska plaice
Starry flounder

Sculpins

Sea snails, liparids
Sand lance

Blennies

Eelpouts
Wolf fish
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Clupea pallasii
Mallotus catervarius

Osmerus dentex

Boreogadus saida

Thera~ra chalcogramma
Eleginus gracilis

Gadus macrocephalus
Atherestes stomias

Hippoglossus stenolepis

Hippoglossoides robustus and elassodon

Lepidopsetta bilineata
Limanda aspera

Limanda proboscidea

Pleuronectes quadrituberculatus

Platichthys stellatus
Family Cottidae (sensu lato)

Family Liparidae

~odytes perso~~~

Family Lumpenidae & Stichaeidae

Family Zoarcidae (Lycodinae)

Anarhichas orien~



Shellfish

Shrimp:

HUlIlpy
Coons tripe
No common name

Gray
No common name

Crabs:

Alaska king crab

Purple king orab
Tanner orab

Toad orab

Korean horse erab

Mollusca:

Whelks

Pandalus ~oniurus

Pandalus hyvsinotus

Spirontocaris of groe~andica

Argis ~ (Owen)

Sclerocr~ngon bo~

Paralithodes oamtschatica

Paralithodes platypus

Chionoeoetes opili~

~ coarctatus
~imacrus isenbeckii

Bucc inUlll~. & Chrysodomus ~.

Weights and measurements of food fishes from the Northern Bering Sea

Cod (Gadus ~erooephal~

In Area I the cod ranged in size from 40 to 82.2 em. (15.7 to

32.4 in.) with an over-all average of 66.6 em. (26.2 in.). In Area IV

the ood ranged in size from 60 to 89 em. (23.6 to 35.0 in.) with an

over-all average of 73.8 em. (29.1 in.). ~¥enty-seven cod weighed

ranged from 5 lb. 6 oz. to 17 lb. 4 oz. with an average of 8 lb. 4 oz.

In Area V, marketable cod ranging from 55 to 88 em. (21.7 to 34.6 in.)
averaged 68.2 em. (26.9 in.). Nineteen specimens weighed from Area V

ranged in weight from 4 lb. 7 oz. to 15 lb. 12 oz. with an over-all

average of 7 lb. 14 oz. For a composition of the population of the cod

of the Bering Sea,see accompanying graph.

Herring (Clupea palasii)

Four specimens taken ranged from 14.6 to 18.7 em. (5.7 to 7.4

in.), with an average of 16.6 om. (6.5 in.) in length.

Capelin(Mallotus catervarius)

Ripe females. ranged in length from 12.5 to 15 em. (4.9 to

5.9 in.).

Rainbow Smelt (Osmerus dentex)

Tvlospeeimens 18.2 and 19.6 om. (7.2 and 7.7 in.) respectively
were obtained in the Norton Sound area.
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Arctic Cod (Boreogadus saida)

Adult specimens ranged in length from 16.8 to 29 em.

(6.6 to 11.4 in.)

Alaska Pollock (Thera~ra chalcogramma~

In Area V, 27 adult specllrrensmeasured 48 to 70 cm. (18.9 to
27.6 in.) with an average of 58.8 cm. (23.2 in.).

Northern ~'Tome.od~" Waehna Cod (Eleginus gracilis)

Adults ranged from 20 to 32 em. (7.9 to 12.6 in.) in

length.

Arrow-toothed Flounder (Atherestes stomias)

In Area I, 30 marketable specimens ranged from 44 to 67 em.
(17.3 to 26.4 in.) in length. Average length was 59.65 em. (23.5 in.)

and average weight 4.9 Ibs. L~ Area V, 255 marketable specimens (over
40 em. (15.7 in.) in length) were examined with an estimated mean length
of 60 em. (23.6 in.).

Pacific Halibut (Hippoglossus stenolepis)

Area I:

No. of

drag1
3
4

Area V:

No. of Range of LeI!gthAverage Length
hali but

~.in.~~
-2-

77 - 9030.3 - 35.483.532.9
1

43 16.94316.9
1

56.522.256.522.2

41
43
44
50

3
8
15
1

33.6 - 66
35 - 80.7
43 - 124.5
104

13.2 - 26
13.8 - 31.8
16.9 - 49.0
40.9

51.9
55.1
62

104

20.4
21.7
24.4
40.9

Flathead "Sole" (Hippoglossoides robustus and elassodon)

In Area I, mrketable size specimens ranged from 33.6 em. to

48.4 em. '(13.2to 19.1 in.) with an average of 40.3 em. (15.9 in.). In

Area V, adults ranged in size from 37 to 48 em. (14.6 to 18.9 in.) aver

aging 42.7 em. (16.8 in.), with an average weight of 1 lb. 12 oz.

43



Rock "Sole" (Lepidopsetta bilineata)

In Area I, 5 marketable specimens ranged in size from 30 to
42.6 em. (11.8 to 16.8 in.),with an average of 37 em. (14.6 in.). In

Area IV rock "sole" ranged in size from 33.3 to 55 em. (13.1 to 21.'7

in.) in length,with an over-all average of 43.1 Cill. (1'7.0 in.), and an

average weight of 2 lb. 4 oz. In Area V, the range of sizes was 34 to

40 em. (13.4 to 15.'7 in.), with an average of 38.4 em. (15.1 in.).

Yellowfin "Sole" (Limanda asvera)

In Area I, the average length of commercial size specimens was

30.5 em. (12.0 in.), the range 29.5 to 31.2 em. (11.6 to 12.3 in.). In

A~ea IV, the range in length was from 30 to 44 em. (11.8 to 1'7.3 in.),

with an average of 38.3 Cill. (15.1 in.) and an average of 1 lb. 11 oz.

in weight. In Area V, the range was from 30 to 44.6 em. (11.8 to 1'7.6
in.) with an average of 39.2 em. (15.4 in.) and 1 lb. 8 oz. in weight.

Lemon "Sole" (Pleuronectes quadrituberculatus)

In Area I, the range in size was from 31.1 to 45.2 Cill. (12.2

to 1'7.8 in.), with an average of 39.3 em. (15.5 in.). In Area IV, the

range was from 31.1 to 52.9 em. (12.2 to 20.8 in.), with an average
of 39.4 em. (15.5 in.) and an average weight of 1 lb. 15 oz.

Starry Flounder (Platichthys stellatus)

In Area III, the range was from 34.6 to 50 em. (13.6 to 19.'7

in.) with an over-all average of 42.6 em. (16.8 in.).

In all species of fish described except the halibut these

weights and measurements are representative of the class of fish marked
marketable in the trip log. All lengths are fork lengths. Weights

were taken in the Seattle laboratory after return from the trip. As

the fish were wall glazed, it is believed that the weight loss was not

significant.

Notes on the stomach content analysis of the principal food fishes taken

by the Deep Sea

Pacific Cod

Area I.--Drags No.1, 2, 3, and 4 were examined. In drags No.1,

2,and 4 the food was 90 percent fish, chiefly small pollock, and the
.remainder was tanner crabs, with a few euphasids in several stomachs.

In drag No.3, in the shoal water of st. 1retthew Island bight, the rood

was predominantly toad and tanner crabs; the remainder was miscellaneous
invertebrates and unidentified fish fragments.

Area IV.--Drags No. 30, 32, 35, 36, and 3'7were examined. A vari

ety of forms were taken from cod stomachs in this area. The two principal
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food items were tanner crabs and capeline Other food items taken from

the stomachs were echiuroid worms, shrimp, snails, euphasids, hermit
crabs and fish (yellowfin "so;Le"and sculpins). 'rhe relative abundance

of crabs and capelin taken from the stomachs varied from drag to drag.

Rarely were these two for.mspresent in a single stomach. Drag No. 37

brought up cod which had been feeding exclusively on capeline

Area V.--Drags No. 38, 39,,40, 41, and 51 were examined. The food

contents resembled the previous area, except toot capelin became less
abundant and none were taken in drag 51. Noteworthy were the large

numbers of shrimp (Hippolytidae) obtained from cod taken in drag NO. 38,
where shr:iJnpcomprised one-third of the stomach contents. Also present

in drag No. 38 were two cod with only clam meats in the stor.lachs.

Drag No. 41 contained a number of cod which had been feeding exclusively

on capeline Tnis was interpreted to mean that the cod were feeding
above the bottom.

Alaska Pollock------
Area V.--Four pollock taken in drag No. 49 were found to be feed

ing on young cod and crustacea (amphipods and euphasids).

Pacific Halibut

Area I.--Chiefly fish remains (small Alaska pollock), with a lesser
amount of tanner crabs, were taken from halibut in this area.

Area V.--Stomach contents \~ere primarily fish (small cod, pollock,
flatfish and capelin). Invertebrates noted were chiefly tanner crabs,
and one octopus was taken from a large specimen.

Flathead "Sole"----,---
Area V.--Fifty stouachs examined from drag No. 50 contained only

brittle starfish, except for t,ro small cockles (Cardium sp.) taken from
one stomach. Four flatheads examined from drag No. 51 had been eating
nothinf, but brittle starfish.

Rock "Sole"

~rea IV.-_Food contents were primarily polychaete worms, other large

annelids, small clams, shrimp, echiuroids, amphipods and a single ascidian
in 15 stomachs examined.

Yellowfin "Sole"

Area IV.--Ten stomachs examined from drag No. 33 contained predom

inantly clam meats with lesser amounts of snails, liparids, holothurians
and echiuroids.
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Lemon"Sole"

A.rea I.--Food contents were primarily amphipods and tube worms.

Area IV..L.--Foodcont ants were ~)redomina.ntlypolychaete wormswith
lesser amounts of other annelids, amphipods and small clams.

Area V.--Drag No. 38 was examined. Stomach contents consisted
primarily or amphipods, polychaete vI0rms, other large annelid woms and
a few small clams.

~ea III.--Stomach contents were polychaete wormsand unidentified
clam fragments.

Area IV.--Only small sand dollars were taken from the stomachs.
One stoma~taken from drag No. 33 contained six l-inch sand dollars.
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tABU! 5 -.\BSTRACTSOF lISIIING OBSIRVATlONS-BERINGSEA. 1949

Area I.

St. Matthew I.land Area II.st. Lawnaoe IalaD4

Drag \10.

12S4S 6789101112

Dah

JUDe 24J"UIW24J"uno 24J"UIW251un. 25J"UIW25J"UIW25JUDe 26~26J"UIW27~27J"UIW27
La,. \I.

590ll'59C!~'WU.5'600"",61°15' 62051 t63°06'SS"lO'64004'64000'63°.,,·63°58'

1.oag. w.

172°50'1'71°,",172°39 •172°34'1'72°40'171°18'171°33'112~'1'1°42'l?O"116'171°04.'169005 t

Sh~

043Sl2202=00500550 16452S5007152220020505401210
SW 1

05:5:113202215Ol5O0650 1145005008152:120030506401515

Elapsed t1ae in all1Ute.
6060606060 60606060606065

Speed, }{Dot.

3.53.63.53.54.0 3.5/4.53.53.54.03.53.63.5

Course, lIagneUo
SKxSKxSSKxS!lX1I!lX1I lIX1I1I3W!:SI!inSSW!I:!I:

Wlnd and (TOlOcit)')Y

SI" (7)IJW (8)IJW (4)1l1li' (3)NIl (2) 9S1I (4)S1I (3)S (7)D (3)NIl (2)If (5)II (4)
S••.

V. roughHishS11sh'S11sh'lIoderateS11ghtS11sh'RoughS11ghtS11sh'SUgh'Koderate

BoUOIII
gn. II.gn. II.gr. S. G.gn. II.81. Cl.81. S. Cl.gn. II.O.O.1fT. S. SII.G. gf. S.1fT. S.

Dop~. S~

56
42192940 26502629111222

Depth, SW 3
564220SO39 26312427191321

Air Temp. ,"1.
43'46373642 45393S36363640

SUrface aM: temp. '7. (DC.)
39 (3.9)3S (3.3)36 (2.2)36 (1.7)37 (2.8)38 (3.3)36 (2.2)37 (2.8)

Sl.5 !-.3!
36 (2.2)36 (17)36 (2.2)

BottOlll •••. t8llp. "1. (OC.)

34.9 (1.6)SO.6 (-.8)36.7 (2.6)35.8 (2.1)29.6 (-1.4)29.5 (-1.4)32.2 (0.1)32.4 (0.2)31.8 -.136.8 (2.1)S4.9, 11.6)36.4 (1.9)

C.tch. (1nd1Ylduals)

SII.1Ulsh •King crabs,' P.o. males
00000 0000000

" " P. '0. temales
00000 0000000

!.i. males

0023200 00215100

E.•.2.' tomale.

00930 0000540

Tanner crabs, 8at.

5040010050002000 30020000010100

Korean horse crabs

000150 0000000

Shrimp

002100 2040012010400

'"

llstti.h (~ •••.rk.hhls)

2 (1~)
1 (~)1 (~) 0000000

'"
Hell but 00

Rock "SOle"
4 (1~)1 (~)02 (~)0 000,0000

Lemon "Sole"

07 (1~)3 (~)2 (~)0 6 (lGO.')000000

starry Flounder

00000 0000000

:rlathea4 "Sol."

23 (~)2 (1~)2 (~)6 (~)2 (5~) 7 (~)10 (1~)00000

Yellowf'in "Sole" ,

09 (~)1 (~)1 (~)0 0000000

Arrow-toothed flounder
42 (7~)2 (~)000 0000000

E.t. Gro•• lit. (lb •• )

15025552 15500000

Other fIsh
P&cIT1c Cod (~ IlArkehblo)

25 (9~)3(~)14 (1~)1 (lGO.')0 0000000

Northern toacod

00000 0200000

Ar1;lc God

00006 2051000' 6

Herriag

00001 0000000

Pollock

30014060 0000000

CspoUn

000$eTeral.0 12100000

Eat. Gross wt. (lbs.)

70050120102 10410002

Trawling Bottom

ClearClearSnagClearClear ClaarAbra81TeSnagSnagAbn8i T.snagSnag

Y. T1IIo 10 160 lIerldlsu.

"!lOTI::
Bad tear in net make8 results ot tow In81gn1tlcan't.

'"if J'igu.N in parentheses indicates Beaufort 8cale or wind. y SOnlo dapth _asuraments.



TABLE5 -ABSTRACTSOF FISHINGOB8EHVATIO~_BERINGSEA, 1949 (Continuod)

~

Home - Norton Sound

Drag Ro,

1~1415161716192021222~242S
Dato

Juno 27Juno 27Juno 26Juno 26Juno 26June 28Juno 26Juno 26Juno 29Juno 29Juno ~~1July 1Lat. W,
6~~'~~7'

~oa1'6~0~,
~O'
63Oa~'6~0~,64°~'
64°11'64°23•3'6402~'
64;&6'
64°~'Long. w.

16 56'16 26'16628'165 55'1 02'16408'16~ 2S'162 04'16~0~,164°55,6'165°54'16 !,a'166;2'

S~

165020~0120OS3S0950141016~2~o~~l10S200002350700St 175021~002200640lOS0ISIS19~024000430l20S21000320ceoo
ElApsed time in m1mrtea

60606065606560606060601660
Speed. Knot.

3.63053.53053.8~.S305~.S~.S4003.5~.S;.7Courle. Magnetio
SBESESEESEliEEESENW8Ib:S1ISWESEE

Wind and (.•OlooityjY'
" (6)NW(8)NW(6)IIW(6)W (6)NW(3)1/1'1' (5)IIW(5)WI/I'I',(7)S1I (7)S1I (~)1111(1)W (2)Soa RoughRoughV. RoughV. RoughRoughModerateRoughIIodorateIIodorateIIodera~S..,othS..,oth_oth

Bottom;f O'. s.a. s.gy. S. II.
ff·1I.
O'. II. Bh.O'. s. II.O'. s. II.gr. s.0'.11.O'. bk. 110O'. II. s.gy. s.a. S.Depth. S 191817 111010121719162119

Depth, 19171714101110121420162018
Air Temp••

~35~~
~ (4.4)
444137
~ (5.6)
4341~.41

Surfaoe lea temp. Opo. 1°c.)
35 (1.7)36 (2.2)35 (1.7)37 (2.8) 4305 (6.4)Ii(6,1)EX (2.6)

42 (5.6)
~ (3.~
~ (30;)40 (4.4)

Bottom .oa temp. OF. ( C.) ~~ (1,3)~O (1.1)~s.4 (lo9)35.8 (2.1)~.9 (4.4)43.2 (6.2)2 (6,8).6 (4.9)37.6 (~.l)40.8 (4.9)~.4 ( 2)~3 (2,4)~7.9 (3.~)

~t~~ (1ndividusls)

o sh~ •• p.o. nal.s
0001125110000" It 'P'.'0. f'ema.lea 000000~000000

n " 1'.R:. mal •• 0010000000000
" • !'.2,- femalel 0000000002030Tanner orab•• ost. SOO100100101060000200Korean horse orabs 00000220110000

'"
Bhr1mp

100126200120~610SO1024
<A Flst1'ish (,c marketable)i!8.TIbUr""

0000000000000Rook "Sole" 1 ( oJC)000000000J00Lemon "Sol.n 001 (1()()jC)4 (oJC)2 ( oJC)10 (10%)20 (oJC)02 (oJC)000
210%)starry Flouuder

01 (1()()jC)0002 (100%)0001 (oJC)00~ 1()()jC)Flathead ItSol." 0000000000000Tellowi'm "Solen 0005 (oJC)2S (0%)SO (2;C)12 (oJC)7 (oJC)3 (oJC)5 (oJC)01 (0%)12 (0%)A.rraw-toothod flounder 0000000000000
Est. Oro•• wt. (lb.,) 022~41531110012

Other fish 1'&oI1iO'1!Od (,c marketable)
00000000000001I0rtbern _od 0006200~SO4010200

02Artio Cod 15003000000003!!erring 0000000100000Po11ook 0000000000000Capolin 620600000020010
Est. Gro•• wt. (lb •• ) 10213SO102020510005

Trawling Bottom

ClearClearClearClearClearClearClearClearSnagClearBad SnagClearClear

~ Time 1. 160 Ilerid1sn,

~ Figure in parenthe8e8 indicate. Beautort aoal. ot wind..

""orE.Bad tear in net -.kea results ot "tow1nalg:n1tloa:xt.Sonio dspth _sur_ ••



TABL1!~ -J.BSUACTS OF l'ISIIDIG OBSERVJ:TIOII5-BBIIIIIG_. 1916 (Coat1mae4)

Area III (Coatimled)

Area IV.]lortaG Scnm4 to 1IuDbali: bland

Drq ]10.

26272629 3031~"34»3637

Date ~~~1~l~2 ~~,~~~2~2
~~~}~~~O~Laioo ••

6'61 '61 ,
~I.

1 %,166~'
16 2~'
16;R5J.'

16 50'
168 06'167~.
168 ,
168 %'169 ~1'/0 26'

::f
1030

1l,2o00"~
00001020

~161,0'2210~~0030
1130

1!;2001" 09001120 1711023100120~0930
BlapMd t!..- in _.

60606060 6060606060$6060
Speed. _.

3.53.53.5~.5 ~.~~.83.5J,.OJ,.2!,o2J,.2!,o2
Coune. JlacDet1e

SSBSI'ESES 51SSSISSBSSIbIlESE

I1Dd aDd (Tel001'-7-P
.. (~)S (~)S (4)S (6) S (6)•.SI' (6) SSIr (5)S (5)SI' (5)ssw (4)SW(2)SW(1)

Sea
SliptSlight_rateRouch_rateRouchRoupRoupRouchRouchSlightbooth

Bottoa~

~. S.
&7. S. II.&Dell.&7. S.&7. S.r;r. S.&7. S.·g. S.r::r. S.&7. S.0'- 8.&Dell.

Depth.
151919 17171816202~~30

Depth.
14151820 1518181~202~~

~AirT_. 0
113/j43737 YJ1,04141414016

Surt&oe _ ~'oo,. 1c.)
40 (J,.4)~7 (2.8)~ (~.~)~ (3.3)36 (2.2)~7 (2.8)37 (2.8)~ (3.3)~ (3.3)~ (3.3)1,0 (4.4)!,o (J,.4)

Bottoa .ea~. F. ( C.)
".6 (2.0)36.~ (2.4)~~.~ (0.7)~5 (O.~)37.2 (2.9)".0 (1.7)36.3 (2.4)~.3 (3.5)~2 (1.2)36.3 (2.4)~9 (1.6)".4 (1.9)

:1f'lfi (1Dd1T1chal.)

e oil~" p.o. ale. ~~00 00000000
• • 1".'0. t.-le. 0000 00000000
• • ".:2:.-.1••

0000 00000000
• • !.E,- t_le.

0000 00000000
Tazmer crab., elft.

~102020 2000~30~4012

~
Korean horlle orab. 0000 00000000

Shrblp
200~100 60000500

l'latfioh (,c ••••keteble) (, !o%)

1I".ii!l'6iiE"
0000 00002 (0%)

3'f',c)

0
Rook • Sol.-

0000
9(1~13 !100%)10(1~

00
41=
10 80%)1 (0%)

Lesm. ·Sol.-
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Btarr7 l'lcnm4er
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0000 00000000

Yel1owf'in ·Sol.-
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ArroIo-toothed tloUDder
0000 00000000

Eot. Gro•• ft. (lbo.)
15151020 5016150100150200150~

Other fioh
'I'iCI1101!0d (,c ••••ketoble)

0001 (100%)6 (100%)014 (100%)4 (100%)37 (100%)24 (100%)20 (100%)10 (100%)
Borthern t_od

2000 00000000
Art10 Cod

0040~ 03050000
HerrlDg

0000 00000000
Po11oak

0000 00000000
CapeliD

1212410 S_~~SomeS_SomeS_~
Eot. Gro•• ft. (lb •• )

2120~ $220050600~~O130
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TABLE5 ~BSTRACTS OF FISHINCOBSERVATIONS_BERINGSEA, 1949 (Continued)

Area V.

Nun1.u: bland and South

DraG No.

3839J.,o41l,24344454647J,8495051

Date

July 3July 3July 3

~~
July 4July 4July 4July 4July 4July 4July 5July 5
Jul~ 5
July 5

Lat. N. 600~,
00018'

59°~5'
59~'

~09'r~~~,50"28'r~~~,58°08'5~52'
~7'
56° 7'56°17'

1.0"1\. w.
16958'1690Z7'170 04'1 08'16 56'16~56' 16~09'16~08'1660r4 '1 34'1~05'164°53'

Sta&

1135
16152020000004550755120516302000232004050745
~~
1735

Sto
121",17152120010005550855130517302100002005050845 1835

Ebpsed time in minutes
6560606060606060606060606060

Speod, Knots
4.25.0305f.;.03.5f.;.030515.0305f.;.03. 5f.;. 0305f.;.03. 5f.;. 0305f.;.0305/5.0305/5.03.5305

Course, Mae;netio
ESESSW!:xiiESSESSSESESWxBS1rxSSSESESESSE

Wind and (vsllJcit:r>Y
S (2)S (2)S (3)S (3)0E (2)E (2)liE (1)1M (1)00S1I'(2)If (1)0

Soa
SmoothSr.IOothSmoothSmoothCalmSmoothCalmSmoothCalmCalmCalmSmoothSmoothCalm

Botto", t I'J. s.I'J. S.I'J. S.I'J. S.I'J. S.I'J. S.I'J. S.gy. S.I'J. S.I'J. S./!Y. S./!Y. S.
~. S.
bk, s. I!,

Depth, Sta
282735272323272728373536 51

Depth. Sto
2727342724233027273736364351

Air T81!1p. F.
464341414144SO53474747J,85249

Surra.ce aea temp. or. (Oc.)
J.,o (4.4)J.,o.5 (4.7)41 (5.0)41 (5.0)41 (5.0)

J.,o'G (4.7)
46 (7.8)49 (9.4)46 (7.8)4B (8.9)4B (8.9)47 (8.3) J,8 (8.9)

Bottom 800. temp. or. (Oc.)
33.3 (.7)34.9 (1.6)32.9 (.5)36.7 (2.6)38.1 (3.4)37. (3.0)36.5 (2.5)J.,o.8 (4.9)36.7 (2.6)31.1 (-.5)30.6 (-.8)35.2 (1.8)35.0 (1.7)3709 (3.3)

~t~~. (individuala)

e riahK~ Cr:ba, P.o •• lee
00000100000000

P.o. females
00001000000000

p.p. _le8
00000000000000

p.p. r_l•• 00000000000000
Tanner crab., eat.

SO2050J.,o245005001006000700010012100
Korean horae crab.

200136101500000
Shrimp

00000000000000
0

Flatrioh (% I1I&rketabla)c'
1TiiTI'bUt

02 (0%)03 (65%)1 (100%)9 (30%)15 (45%>00001 (0%)1 (100%)1 (0%)
Rook "Sole" 10 ~100%)

5 (100%)00100 (40%)200 (80%)500 (70'%)20 (60%)50 (50%)06 (50%)100 (80%)550 (90%)450 (80%)
Lemon "Sale"

6090%)50 (50%)30 (60%)12 (60%)10 (60%)Ih (60%)200 (60%)20(60%)25 (50%)6O(75%)6O(75%>75 (100%)80 (90%)45 (100%)
Stp\rry FIOwtder

00000000000000
nathea.d "Sale-

000000000002 (100%)250 (100%)1200 (95%>
Yellowfin "Sale"

20(40%)100 (25%)10 (50%)100 (70%)60(90%)300 (50%)2000 (80%)300 (60%)250 (50%)3O(75%)90(60%)SO (40%)400 (70%)0
Arrow-toothed floW'lder

0000000000005 (0%)250 (100%)
Eat. Grou Nt. (lb •• )

150100SO200300600J.,ooo50050012520030020005000

other rish
1'aCt?iCCod (% I1I&rketable)

16 (100%)120 (100%)13 (100%)90(60%)1 (100%)41 (100%)350 (100%)45 (60%)40 (20%)5 (40%)5 (0%)70 (0%)250 (60%)200 (40%)
~orthern •."'ImOod

00000000000000
Artio ~od

00000000000000
Berring

10000000000000
Pollock

0002 106235504200250
Capel in

S_s_F_0t_O0t_O00000
Est. Grose:\"It. (lbe. \

250150015070015600J.,ooo600300501525020003000

T••••••.l1n& Bottom

ClearCl••.•.ClearClearClearCle&rClearClearClearClearClearClearClearCl••.•.

~ Time 10 160 IIBridian,

~ Flr;ure in partlJJtheees indicate.\.: ·•• utort scale of wind.
Sonio depth mea.urement.••
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