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MONITORING MIGRATIONS AND ABUNDANCE OF SAlMON AT SEA
by Allan C. Hartt, Gary E. Lord, and Donald E. Rogers
Introduction
The title of the high seas salmon research by the Fisheries Research
Institute, which for many years was "Tagging and Sampling," has been changed
this- Year--to - "Moni"toriiJ.€CMrgrations -aner-Abundance of Saimon-at-SeaP--in--eree-p--- -- - to more accurately reflect the present nature of the work.

In 1973, and for

the past several years, the basic objectives of the studies by the Fisheries
Research Institute (Colle09of Fisheries, University of Washington) have been
to assess the abundance, size and age composition, distribution, and timing
of the migration of salmon (primarily immature sockeye and chum salmon) in a
key area of concentration south of the central Aleutian Islands.

A major

application of the study is to forecast, 1 year in advance, the abundance and
ocean age composition of the run of sockeye salmon to Bristol Bay, Alaska.
The forecasts have proved very valuable to the Alaska Department of Fish and
Game and to the salmon industry in planning the regulation and harvesting of
this important resource.

Although substantial numbers of the salmon caught in

1973 were tagged, this phase of the work is secondary at present and serves
mainly'to indicate the proportions of non-Bristol Bay sockeye salmon among
stocks being monitored.
O~

major activities in 1973 were:

(1) issuing a published forecast of

the 1973 sockeye salmon run to Bristol Bay based upon our sampling in 1972,

(2) sampling salmon south of Adak Island in the summer of 1973 as a basis
for forecasting the 1974 run to Bristol Bay; (3) studying the abundance and
distribution of species other than sockeye salmon south of Adak; (4) utilizing
for the first time, on a season-long basis, acoustic means to supplement and
expand the abundance estimates based upon pUTse seine gear; and (5) analyzing
and writing reports on data collected in previous years.
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1973 Field operations
TWo chartered research vessels were operated in 1913--the Commander, 81
feet long, using a purse sein 400 fathoms

l~ng

and 20 fathoms deep, and the

CommanQ2, 65 feet long, using 4 sonar buoys similar to those tested in 1972.
___ Both vessels
operated south
of Adak Island from
July 1 through August
10.
-- - -- -- ------- --- - -- -.-.

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

- ~~-

Due

to weather limitations, purse seine sampling vas confined to the period
July 4-Aug. 8.

Both vessels operated at five stations spaced at about la-mile

intervala between 5 and 50 miles .s outh of Adak Island following the same station
pattern used since 1968.

Our goal was to obtain at least two seine sets per

station during each of six weekly time periods and similar synoptic data from
Gonar instruments.

Vessel schedules were coordinated to obtain data for

correlating ab1.Dldance as !ihovn by purse seine catches with the abundnnce as
shown by acoustic monitoring.
Forec~st

of 1973 Bristol B!J sockeye salmon run

On the basis of our sampling south of Adak Island over the years 1956-72,

we forecast an inshore run to Bristol Bay in 1973 of 5.8 million sockeye salmon
with an approximate 80% confidence interval of 0.7-11.0 million salmon.

An

alternate method, based upon data for 1962-72 when sampling was more comprehensive,
provided a 1973 forecast of ~.8 million sockeye with an approximate_80% confidence
interval of - 0.3-5.9 million salmon (Rogers, 1973).

Preliminary figures from

the Alaska Department of Fish and Game indicated that the actual inshore run was
about 2.4 million sockeye salmon.
The fact that the age .1 sockeye sampled off Adak in 1972 were of record
small size (Rogers, 1973) probably had an adverse effect on their survival and thus
vas a probable. factor in the extremely low abundance of this age group in Bristol
Bay in 1973 (0.5 million of age .2 fish).

The primary factor causing the
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low run in 1973, however, was apparently poor

mar~ne

survival of Juveniles

during their first year in the ocean (less than 1/10 of normal).

This ob-

servation is based. upon the fact that a run of about 10 million age .2 fish
would have been expected in 1973, if only inshore index data were available
(numbers of spawn.ers. in 1969, abundance indices of fry in 1970, and smolt
indices in 1971) . - Thus tnepiifse- sei"ne-samp"iing- ort-Adax--m-l912-served---- - - - not only to provide a mere accurate forecast but to pinpoint the life stage
at which the major mortality must have occurred.

The low abundance of age

.1 sockeye of Bristol Bay origin was also reflected in catches by U.S. and
Japanese research vessels fishing gillnets in the summer of 1972.
Purse seine catches off Adak Island in 1973
The purse seine was fished in the standard manner using 30-minute tow-hauls
and with the net open to the east to ta'ie advantage of the strong westerly
of migration ·of salmon in the study area.

direcJ~ion

Rough weather prevented us from

obtaining the desired minimum of 10 sets (2/station) during periods 1,2, and

4 of the six weekly time periods, but the minimum or core were obtained in the
remaining three periods.

Catch and effort data in 1973 are summarized in Table 1

by station and by species.
A total of 1690 sockeye salmon were caught in 55 sets.

Abundance vas

apparently less at station 1 (10.5/set) then at the other stations (21.9-42.1/set).
Individual catches ranged from 0-300/set.

Further details of sockeye catches

including timing and age composition will be discussed in the next section.
Chwn salmon as usual were the most abundant species in the catches.
of 3309 were caught (60.2/set).

A total

Individual catches ranged from 0-722/set.

The

largest catches occurred at station 1 and abundance generally diminished with
the distance from shore, which is typical for this species.

Nearly all

chu~

were immature J although a scattering of mature specimens between 50 and 72 em
long occurred throughout the season at all stations.
follows:

Age composition was as

age ,1, 62.4%; age .2, 31.5%; age .3, 6.0%; age

.4, 0.1%.
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Table 1.

Total and (in parentheses) average (arithmetic mean) catch per
pUl'se seine set of salmon and steelhead trout at five stations
south of Adak Island in 1973 (July 4-August 8)

Station no .7-and distance
offshore
(naut. mi.)

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

---- ------------ -

No. of
sets

Sockeye

Catch by species
Chum Pink Coho Chinook

1/
5-10

10

105
(10.5)

1773
2
11
(177.3) (1.1) (0.2)

2/
15-20

11

463
(42.1)

865
0
(78.6) (0)

3/
25-30

12

4/
35-40
5/
45-50
Total

Sthd.

Total
catch

2
(0.2)

0
(0)

1893
(189.3)

5
(0.5)

0
(0 )

0
(0)

1333
(1?1.2)

467
(38.9)

14
383
1
(31. 9) (0.1) (1. 2)

0
(0)

0
(0)

865
(72.1)

11

414
(37.6)

129
0
(11. 7) (0)

3(0.3)

(0)

D

0
(0)

546
(49.6)

11

241
(21. 9)

159
0
(14.5) (0)

6
(0.5)

1
(0 .. 1)

0
(0)

407
(37.0)

55

1690
(30.7)

3309
12
30
(60.2) (0.2) (0.5)

3
(0.1)

(0)

0

5044
(91. 7)
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Few pink salmon were caught_.. primarily because our operations began after
the main run of this species had passed through the area. In odd-numbered
the
years, the pink salmon occurring south ofAcentral Aleutian Islands are destined
mainly for East Kamchatka.

In addition, local stocks of Aleutian Island pink

salmon which run later in the season are scarce in . .odd-numbered years.

Of

- - - - - - - - - - - ---- ----------------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

the 12 pink salmon caught, 11 were caught at station 1 near shore \-lhich is

typical for this species.
The 30 coho salmon oc'c urred rather randomly with respect to stations and
distribution from shore, which is typical for this species.
fish.

three
Only / chinook salmon were

caught~-all

All were maturing

immature, and no steelhead trout

were caught this year.

Abundance of socke¥e salmon due to return to Bristol Bay in 1974
The purse seine catches of sockeye salmon south of Adak Island in 1973
are shown in Table 2 according to station and by ocean age and maturity.

Of

~690

sockeye caught, 19 were judged to be mature, and the immatures included

~438

age .1, 232 age .2 and one age .3.

abundant at station 1 close

The age .1 immature fish were least

to shore (10.3/set)

abundance at stations 2, 3, and

t~,

but ,.ere rather uniform in

(3l.0-39.7/set) and were again less abundant

at station 5 farthest from shore (15.4/set).

Age.2 immature fish 1rlere ral'e

(1 fish in 10 sets) at station 1, somewhat more common at station 2 (2.3/set)
and about equally abundant at stations 3, 4, and 5 (5.8-6.S/set).

The season's

average catch per set was 26.1/set for age .1 fish and 4.2 for age .2 fish.
These figures compare with average catches in 1972 as folioHs:
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Table 2.-- Total and (in parentheses) average (arithmetic mean) catch per
purse seine set of sockeye salmon at five stations south of Adak
Island in 1973 (July 4-August 8).

--_._---...

-

Station no./
and distance
offshore
(naut. mi.)

~-

.- -- ---. --------

-----.~----.

Catch of sockeye by
ocean age
Mature
' f·_Immature
-. 1
.2, .•.3 . .2,.3

Number
of
sets

Total
catch

1/
5-10

10

103
(10.3)

1
(0.1)

1
(0.1)

105
(l0. 5)

2/

11

437
(39.7)

25
(2.3)

1
(0.1)

463
(42.1)

3/
25-30

12

388
(32.3)

72
(6.0)

7
(0.6)

(38. ~J)

4/
35-40

11

341
(31.0 )

(6.5)

71~"

2
(0.2)

414
(37.6)

5/
45-50

11

169
(15.4)

64
(5.8)

8
(0.7)

241
(21. 9)

55

1438
(26.1)

15-20

Total

;':one age • 3 fish-all others age .2

233;':
(4.2)

19
(0.3)

467

1690
(30.7)
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Average catch (per purse seine set)
of immature sockeye
Ap'e .2
Age .1

Year

Dates

1972

7/4-8/13

8.5

6.7

1973

7/4-8/8

26.1

4.2

salmon to Bristol Bay in 1974 to include more age .2 fish than in 1973, but
fewer age .3 fish.

A published forecast vIill be issued as in previous years

when full data on the 1973 run are available.

There were two additional factors relative to sampling off Adak Island in 1973
that could have a bearing on the resultant runs to Bristol Bay in 1974.

First,

the timing of the passage of immature sockeye salmon past Adak was later than
ever observed previously.
l~elatively

During the first 3 weeks of sampling (7/1-21)

few sockeye salmon vIere

cau.~ht,

but

dUl.,:il1g

the fourth ","eek the

average catch suddenly increased by a factor of about 10 and abundance continued
at this high level until the termination of sampling on August 8.

Average catch/

set for the two halves of the sampling season are sho...m below:

Period

Average catch (per set) of immature sockeye
Age .1
Age .2+
Total

7/4-20
7/26-8/8

4.6
46.8

2.0
6.6

6.6
53.4

Total season

26.1

4.2

30.3

In previous years catches in the second half of the season have increased or
decreased by a maximum factor of about 2, but a lO-fold increase as seen in the
case of age .1 fish this year is unprecedented.

This suggests that the timing

of the run was late in 1973,and if so, our index may not have emb~aced the same
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segment of the timing curve as in previous years, in which case our forecast
for 1974 Hould tend to be low.
are unknOi-Tn.

The cause and significance of the late timing

Since the timing of the migration of the immature chum salmon

was normal in 1973, it appears that the unusual late timing of the sockeye
run was not due to pervasive environmental factorq

th~t affect~d

both species.

- - - - - - - - - - - - - - - - - - - - - - - - - - : - - - : : - - - - - : : - - - - : : - c : - - - - - - - - - -.: - - - - - - - - - - - - - -

A total of 2,303 chum salmon were caught in the first _ 3
in the last· 3

weeks.

weeks, and 1,007

Such a seasonal decline in catch is typical for this

species.

A second factor pertinent to the runs to Bristol Bay in 1974 is the length
composition of the immature sockeye sampled at Adak in 1973.

The mean lengths

of age .1 and .2 fish are shown below tcgether with pertinent comparative data:

Hean fork lengths of immature sockeye(in
(unweig~ted total season's samples)
Age .1
Age .2

Years
1973
1972
(1956-1971 avg.)

35.2

31. 8

34-.9

49.2
48.9
4·6.7

The age .1 fish (35.2 em) Here slightly larger than average (34.9 cm), but
substantially larger than the record small size of this age group in 1972
(31.8 cm).
(l~6.

7 em)

The age .2

fis~

(4-9.2 cm) were substantially larger than average

bu·t only slightly larger than in 1972 (48.9 cm).

The large size

of both age groups in 1973 should enhance survival and possibly result in fish of
larger .than average size in the 1974 run.
Improved Abundance Estimates by l·leans of Acoustic Buoys
Acoustic buoys, Hhich we have been developing and testing for 3
years, were operated sucessfully this year during the full

samplin~

season.
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The objectives are to provide a more accurate index of abundance by expanding
the sampling in space and time , and to provide additional information on the
migrations and behavior of salmon in the index area not available from purse
seine gear (depth stratification, dispersion or schooling, and variations in
these according to day and night, t i me of-season, or weather conditions).
The research vessel Cowmando was equipped with four free-floating acoustic
fish-sensing buoys. When~ver feasible the buoys were operated in proximity
vessel
to the purse-seine lin order to obtain comparable data for use in evaluating
the buoy performance.

At times the buoys were operated independently, i.e.,

at night, and when weather was too rough for seining.
The acoustic sens-ing buoys operate on the same general principles as those
which were tested in 1972.

However, extensive modifications of the elcctro-

acoustic system were made during the winter of 1972-73.
ft

ft

The transducer depth

was increased from 100 "/to 150/, the neam..lidth increased from 18° to 26°, and
the acoustic frequency lowered from 265 kHz to 120 kHz.

The data telemetry,

receiving and recording" system ..las left virtually unchanged since it had performed very well in the past.
In general the instruments ,,,ere much more reliable than in the past although
there were still

occasion~l

to buoy malfunction.

difficulties.

Relatively little time ,"as lost due

Field calibration studies, "'hich were possible this yeal',

indicated that the system could perform with adequate sensitivity and signalto-noise ratio in the high seas environment.

Occasional noise problems ,,,ere

encountered but it is believed that these were due to grounding problems in
two of the instruments and that they car. be eliminated.

The remaining two

buoys operated in a noise-free manner for the entire field season.
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The reduction of the data on the magnetic tapes has only recently corrunenced..
This ,\-1ill be delayed sOllc1,That this year because changes in the CDc-6hoo computing
system of the University of HashinGton have introduced tape compatibility problems
which 1,1ill require some preprocessing prior to data reduction.
tape printout 1,ras obtained in the field.

A

real-ti~e

paper

Visual inspection of this record during

operation indicates not only buoy behavior, e.g., the presence of noise, but also

permits r r coarse population estimates.

"
In general, the population values

obtained acoustically correlated reasonably well with the purse seine catches.
A more detailed comparison must await further reduction of the data.

In addition,

the real-time records indicated a possible source of the considerable set-to-set
variation in the purse seine catches.

On several occasions it was observed that

no fish were present for long periods of time but that occasional small groups
would pass by.

These data indicate that the fish are not randomly distributed as

individuals but occur in small clumps or patches.

This patchiness ot occurrence

would explain some of the large variations in the purse seine catches.
The total data acquired vrere approximately 14,636 records of 600 bits each.
This represents a total time on station of approximately 116 hours.
were

obt~ined

heavily.

These data

at all stations although the inshore stations were sampled more

Hhen reduced, this quantity of data should be adequate to provide a

base value from which relative population values may be inferred in future field
seasons.

Tag Releases in 1973
A total of 1,188 salmen were tagged in 1973, all in area 8050 within 50 miles
south of Adak Island.

A primarY' objective of the tagging was to measure the

proportion of non-Bristol Bay sockeye salmon.

Standard 3/4-inch dianeter disk tags
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were used.

The numbers tagged by species are shown in Table 3.

Table 3.--Numbers of salmon tagged south of Adak Island in 1973 (July
Sockeye

Chum

Pink

Coho

4~August

8)

Total

1 1l
~7
r------U4~4----~'TI------~2m
O'-----IrIn8~8r------------ -------------------

As most of the sockeye and chum salmon
species are not

~xpected

~Tere

immature, coastal returns of these

until 1974 or later.
Tag Returns

At the time of writing, tag returns had been received only from areas
in which the runs were relatively early.

Tag returns are still expected from

coastal areas in which the runs are late and from the Japanese high seas fishery.
Ten sockeye salmon which had been tagged as immature fish south of Adak
Island in 1972 have been returned to date in 1973--nine from Bristol Bay or its
one
approaches and / from the Kamchatka River estuary of the USSR. The release and
l~ecovery

actual

points are illustrated in Fig. 1.

migratio~s

Arrows are not intended to show

during the year at liberty.

The arrow depicting the recovery

at False Pass, hm"ever, is' drawn as shmm because of the typical
migration of maturing salmon in this area during

r~ay

west~lard

and June each year.

All

of those recovered were age .2 at release when their lengths ranged from 48
to 53

em.

The rate of r'eturn was 2.4!'(i (10 returns from 420 released).

returns were received from the 96 age .1 fish released.

No

The specimen recovered

in the Kamchatka River is the second Asian coastal return from immature sockeye
tagged south of Adak.

The other fish was tagged July 9, 1960, and recovered

July 25, 1961, also in the Kamchatka River estuary.

tr "
\~,

f~~f--,-+-s()b:\~v'J.•
Rec.

I

---1--_ 6/30-7 /~g-~I~
r

- Release location

-+- - Recovery locatioh

All age .2 at release 48-53 cm long.
Rel. Dates 7/11-8/6
"Bristol Bay" Rec. - 3 Nushagak
3 Nak.-Kvi.
1 Egegik
1 Port Moller
1 Fe.lse Pass

Fig.

1. Release and recovery locations for 10 sockeye salmon recovered in 1973 from releases in 1972.
I
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Table 4.

Distribution of coastal returns of sockeye salmon tagged as immature
fish south of Adak Island in 1956-71 •.

-----------Number and (in parentheses) percentage
of returns 'f rom three areas
Release years

(1956,-71) '1 6 years
(1956-59-60-64-65-69-70)
7 yea~s preceding dominant or subdominant cycle runs to Bristol Bay
(1957-58-01-62-63-66-67-68-71)
9 years preceding non-cycle years
in Bl"istol Bay.

Bristol Bay
(False Pass
to Kusk. R.)

Gulf of Alaska
(Alaska Pen.
to B.C.)

Asian

Total

1
(0.5)

190

173
(91.1)

16
(8.4)

125
(96.2)

(3.1)

(0.8)

1

130

12
(20.0)

0
(0)

60

48

(ao.o)
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To exanine the proportions of non-Bristol Bay sockeye anong the immature
sockeye salmon migrating past the south side of Adak Island, the coastal tag
returns from releases bet"Teen 1956 and 1971 were plotted as in Table 4.

The

10 : 1 ratio between tag returns from Bristol Bay and from non-Bristol Bay coastal
ar€as raises the question as to the actual proportions of non-Bristol Bay sockeye
---~s-Aca3:fJlen

a.aong-the

immature---S.QckeY-~JllJ12Le~

other years as vell.

south of

AdEl,l~ ]:E;),.an ~~~i~ _ l~~ ~Ed.

in

As mentioned earlier, a major assumption in our forecast

is that Bristol Bay sockeye salmon form a large proportion of the immature
sockeye sampled south of Adak Island each year.

Tag returns in a single year

have not been adequate to measure the true proportion, but when data from all
years are considered for which returns are co~plete (Table 4), the data become
meaningful.

From releases in the 16 years 1956-71, 190 returns have been received

of ..Thi ch 173 ,Tere from Bristol Bay or 91.1%.
tota.led 16 or 8.1l% and from Asia 1 or 0.5%.

Returns from the Gulf of Alaska
In the years ..Then abundance of

:Bristol Bay fish ,oms high, the distribution of returns -wa.s 96.2% Bristol Bay,

3.1% Gulf of Alaska and 0.8% Asian.

In the noncycle years, the distribution yas

80% Bristol Bay and 20% Gulf of Alaska.

These results indicate that the assumption

that Bristol Bay sockeye salL10n form a large proportion of the immature sockeye
sampled south of Adak Island is reasonable.

The data do suggest, however, that

the proportion is less in years when Bristol Bay salmon are few but that the
proportion is still high, i.e., 80%.

This factor undoubtedly causes some variation

in the precision of the forecast.
The above conclusions should be qualified by three additional considerations-tag returns from the Japanese high seas fishery, efficiency of returns from
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various coastal areas, and the effect of the size of the run on efficiency
of return from Bristol Bay.

With respect to tag returns from the high seas

fishery, the data in Table 4 do not include 118 returns from the Japanese high
seas fleet, which by date and location of capture were probably mainly of
Bristol Bay origin (Hartt, 1966).

Since all high seas returns cannot be
-

- - - - - - - - -- -

allotted to coastal area of origin with certainty, these were not included
in Table 4.

Also approximately 200 of the .i.mmature sockeye were recovered by

the high seas fleet in the year of tagging, and these could not
be included for the same reason.
With respect to tag return efficiency from
beu~een

coastal areas and

var~ous

years in a single coastal area, data are not available for correcting

TobIe 4 in an objective way, but tag reporting efficiency from U.S. and
Canadian coastal areas is probably relatively uniform.

Advertising for tags

has been widewpread in both countries, and fishery agencies and salmon fishermen
and processors forward tags systematically each year.

In years when Canada

and the United States were tagging intensively in the Gulf of Alaska, tag
returns were generally representative of the major sockeye production areas,
and no bias toward a particular district was obvious (INPFC Annual Reports,
1962-67) •

Efficiency of return of tags from Asia (particularly the Kamchatka

Peninsula in the case of sockeye) is unknown, but

our experience \·rith returns

of tagged chum and pink salmon indicate that tag returns should be forthcoming
from Asia if the tagged fish contained an appreciable proportion of Asian sockeye.
Mature and immature chum salmon tagged at a series of locations along the south
side of the Aleutian Islands and the Alaska

Peninsula in 1956-60

consistently yielded returns from both Asia (including the Kamchatka Peninsula)
and western Alaska, and the r-elative proportions of Asian
returns increased tOHards the more v1ester'ly

vs

western Alaska

release locations (Hartt, 1962a, Table 9,
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and Figs. 46-69; and 1966, Figs. 31-39).

A few Asian returns were detected

even in the

easterr~ost

release areas where western Alaska returns greatly

dominated.

In area 8050, Asian returns (including the Kamchatka Peninsula)

greatly dominated, and west of 180 0 returns were 100% from Asia. _.,Tag returns of
pink , salmon have been almost 100% from Asia (E. Kamchatka) in some odd-numbered -.
years, but, when abundance of Asian pink salmon was low, as in most even-numbered
years, the propoT'tion of Asian vs

western Alaskan tag returns diminished

accordingly (Hartt, 1962b). ' Thus, assuming that the efficiency of return of
sockeye tags from Asia is similar to that of chum and pink salmon tags, the
extreme rarity of Asian sockeye tag returns must indicate a very low proportion
of Asian SLocks in the area south of Adak Island as indicated by the 0.5% in
Table 4.

It follo\<18 that even if tag return efficiency from Asia were only half

or one-fourth that from N. America, the error in estimating proportions

0:(

Eristol

Bay fish based upon tag returns would not be large.
Finally, tag return efficiency in general, and particularly from Bristol
Bay, is also 4ependent upon the proportion of the run taken by the commercial
fishery, since tag return efficiency from the catch is generally much higher
than from the spa\<TDing escapement.

In the case of Bristol Bay, there is the

further complication that the proportion of the run caught by the fishery in
a given river is not necessarily related to the size of the run, because when
the run is small, fishing effort is restricted to allow a high proportion of
escapement, and

occasionall~

when the run is very large, and fishing effort is

unrestricted, the proportion of escapement may also be high because of limited
processing capacity.

Thus tag return efficiency is not necessarily greater in

years of high abundance, even though it is subject to variability according to
the proportion of the run that is caught in each of the individual rivers.
"
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It is doubtful that anv." of the a bove f actors would negate the assumption
of a high proportion of Bristol Bay sockeye in the index area, but they do
suggest that the proportion probably varies at least as much as indicated in
Table 4 (80%-96%).

- - -- - - - -

----

Literature cited
Hartt, Allan C. 1962a. Hovements of salmon in the Horth Pacific Ocean and
Bering Sea as deternined by tagging, 1956-1958. Int. H. Pac. Fish.
CO~. Bull. 6, 141 p.
Hartt, Allan C. 1962b. Observations on p~.nk salmon in the Aleutian Island
area 1956-1960. In N.J. \-lilimovsky (editor), Symposium on Pink Salmon,
1). 123-133. H. I/! .IiacHillan Lectures in Fisheries, Univ. British
Columbia, Vancouver, B.C.
Hartt, Allan C. 1966. Higrations of sE .lmon in the U.rth Pacific Ocean and
Bering Sea as determined by seining and tagging, 1959-1960. Int. U.
Pac. Fish. Comm. Dull. 19. 143 p.
Rogers, Don~ld E. 1973. Forecast of the sockeye salmon run to Bristol Bay
in 1973. Univ. '·lash., Seattle, Fish. Res. Inst. Circ. 73-1. 33 p.
(Processed) •

