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INTRODUCTION

This is the second annual forecast prepared jointly by the Alaska Department
of Fish and Game, the Bureau of Commercial Fisheries, and the Fisheries
Research Institute of the University of Washington. Scientists from these
three agencies have exchanged and studied all pertinent data and believe
that the analysis presented here is the best that can be made.

The scientists who have participated in the final analysis of the data include
the following: Mr. Dean Paddock, Mr. Wilbur Church, and Mr. Walter Kirkness
of the Alaska Department of Fish and Game; Mr. Harry Rietze and Dr. C.J.
DiCostanzo of the Juneau Office of the Bureau of Commercial Fisheries; Mr.
Clinton Atkinson, Mr. R.A. Fredin, and Mr. Sueto Murai of the Seattle Office
of the Bureau of Commercial Fisheries; Dr. Robert L. Burgner, Dr. Ted S.Y.
Koo, Mr. O0.E. Kerns, Jr., Mr. Allan C. Hartt, and Dr. Willjam F. Royce of the
Fisheries Research Institute. Many others have joined in the collection of
data and preliminary analysis.

Dr. William F. Royce served as editor throughout the entire process and
assembled this material in its present form.

A summary of this forecast was compiled in October, 1961, using preliminary
data on the 1961 run. Better estimates were available for this version and
were used. Some minor corrections have also been made and hence the forecast
total run is changed from 9.3 million to 9.7 million.

METHODS OF FORECAST

These are scientific forecasts based on the best available indicators of
expected return to the major rivers in each fishing district of Bristol Bay.

A variety of data is available on these rivers which consists of the following
kinds:

1. Cycle analysis based on the preceding cycle catch, escapement, or
both. This is believed to be the least reliable in Bristol Bay
because the cycles vary from 4 to 6 years and because of the highly
fresh water and salt water mortality.

2. Smolt outmigration and return relationship. In the major rivers of
Bristol Bay, indices of the number of smolts migrating to sea have
been obtained for several years. These data are subject to sampling
errors and the variations in salt water mortality.

3. Early returns of certain year groups. Bristol Bay salmon commonly
spend two years or three years in the ocean and the relation of the
return after three years to the return after two years may be used
for forecasting in certain situations.

4. Abundance of immature salmon at sea. Abundance indices of the
immature red salmon in the vicinity of the eastern and central
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Aleutian Islands have been obtained for several years. These data
have been obtained independently from two sources: (1) the catches
of purse seine vessels operating south of the Aleutian Islands where
the immature red salmon pass in very large numbers during the mid
summer, and (2) by gill net vessels operated over a somewhat larger
area of the Bering Sea and the North Pacific Ocean in the vicinity
of the eastern and central Aleutian Islands.

FORECASTS BY RIVERS

Qur first step in the forecast is to bring together the data from cycle
analysis or outmigration of smolts for each of the major rivers starting
with those flowing into Nushagak Bay and proceeding clockwise around the
Bay.

Nushagak System

The Nushagak escapement enters three major spawning areas: Wood River, Iqushik
River, and the Tikchik Lakes named in order of their importance. Data on
escapement to each of these areas are available since 1946, but the commercial
catch from Nushagak Bay cannot be separated directly into parts bound for the
separate rivers. Therefore, the annual percentage of each system's escapement
has been applied to the catch and the total run to each spawning system esti-
mated for the last eleven years (Table 1).

Indices of the outmigrations of smolts have been obtained in the Wood River
system since 1951. These have had a rather variable relation with the return
because of marine mortality, but enough data are available to permit regression
analysis of the logarithmically transformed data as shown in Figures 1 and 2.
The predictions may be read directly from the graphs by using the smolt indices
for 1959 and 1960. The expected return in 1962 from 1960 seaward migration is
a little under 800,000 adult reds; from the 1959 seaward migration (which was
next to the smallest on record), a 1ittle under 400,000. Thus, a total return
to the Wood River system of 1,200,000 fish is expected.

In the Igushik system we must rely upon cycle analysis. The basis for this
is the escapement and return 4 and 5 years later as shown in Table 2. The
average indicates a return of about 400,000 in 1962. *

The expected return to the Tikchik system is based on similar cycle analysis
as shown in Table 3 and the expected total return is about 200,000 fish.

Naknek-Kvichak Fishing Area

The largest red salmon run in Alaska enters the Kvichak River system which
together with the smaller Naknek and Alagnak systems receives the runs going
through this fishing area.



1/

Table 1., Escapements and prorvated total runs of red salmon in the Nushagak district,

Escapement and proratéd run to individual rivers in thousands of fish

Nugggaik. Wood Riven Igushik River Tikchiks Snake River Nnoha;gkwMu?PI tna
run in Ecoape~ Total  Lscape- .Total Escape-~ Total Escape- Total Escape~ Toial
Vear Thousands nent _ un ment run ment run ment run ment B L
1951 873 458 826 40 72 39 70 3 5 -~ -
1952 1,099 227 575 150 380 38 96 Y 10 15 38
1953 1,278 516 795 100 154 189 292 4 6 | 20 31
1954 1,008 571 831 80 117 29 42 L 6 8 12
1955 3,000 1,383 2,145 500 776 16 25 30 46 : 5 38
1956 2,477 773 1,580 400 818 30 61 Y 8 5 10
1957 1,048 289 607 130 273 67 Ul 3 65 10 21
1958 2,364 360 1,787 100 186 196 365 9 17 5 9
1959 b,780 2,209 3,471 644 1,012 19 77 140 220 - -
1960 3,142 1,016 1,909 495 929 146 273 17 31 - -
1961 1,367 461 731 204 b66 30 127 5 8 22 35
Avevage 2,049 306 1,387 267 471 80 143 20 33 11 21

1/Escapement figures were obtained by the following means:

Wood River, 1951-52, by intensive aerial and surface surveys; 1953-61, by tower enumsration,
< River, 1951-573 by aervial suvveys; 1958-61, by tower enumevation,
1951-58, by aerial surveys; 1959-61 by tower enumeration.
=3 A 1953—F0, by aerial surveys; 1960-61, by tower enumevation.
fulchatna, 1952-58 and 1961, by aerial surveys.

e b v
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Escapements and returns In thousands of fish.

L year S vear

Year Escapement refurn refurn
1850 75 30 250

ig5u 80 40 375

1955 500 610 570

1856 4Go 280 427

1857 13 is {300)
1358 100 (100)

Gezometric means of return per spawner afier U years
is ,903 and after 5 years is 2.407. 1862 forecast

is shown in parenthesis and is rcunded to the nearest

100,000,

Table 3. Tikchik Lakes

Escapements and vetuens in thousands of f£ish.

4 year 5 vyear
Year Escapement return return
1950 2 7 1g
1851 39 i3 53
igs52 38 7 97
1853 189 38 312
195 29 45 u7
1855 16 5 63
1856 30 206 122
1957 67 ) (100)
1958 198 {100}

Geometric means of return per spawner aiter U4 years
is .389 and after 5 years is 1,665 1962 forecast

is snown in parventhesis and is rounded to the neavest
100,060640.,



The 1962 Kvichak run will come from the smolt migrations of 1959 and 1960.
The 1959 smolt migration originated predominately from the 1956 parent escape-
ment and the 1960 smolt migration from the 1957 parent escapement.

Indices of the outmigrations of smolts have been obtained since 1955. The
indices and the return of adults after two and three years in the ocean are
shown in Table 4. The geometric mean of the return per index point times the
year group index provides a forecast for the coming year. Thus, the expected
return of fish after two years in the ocean from the index of 1960 is approxi-
mately 4,500,000; after three years in the ocean from the index of 1959 it is
approximately 6,800,000.

This forecast is based on average mortality in the ocean. But two Tines of
evidence indicate unusually severe mortality for the smolts going to sea in
1959, thus casting doubt on the accuracy of the expected 6.8 million return .
of three-years-in-ocean fish. This evidence is (1) the low abundance of this
year group at sea in 1960 and 1961, and (2) the small return in 1961 to the
Kvichak River. This will be discussed later in the final evaluation of the
forecast.

b3
f
£
0]

i, Xvichak River - smoelt index and return
of adults in thousands of fish

Retuvrn after two vears Return after three vears
Smolt Return Return per Return Return per
Year index of -.2%s index poimnt of -.3%s index point
1955 1.2 2,171 193.84% 632 56.43
1856 3.3 138 132.73 88 26.67
1857 1.3 853 556.15 630 484,62
33958  1808.0 22,083 220.83 5,529 55.20
1858 85.9 5,308 61.79 (6.8C0) 275,66
18¢€C 23.8 | {4,500 *187.27

*Ceometric mean

[y}

Estimated return in 1962 is shown in parsnthesis,



Alagnak River

The much smaller runs to the Alagnak River must be forecast on the basis of

cycle analysis. Data are available since 1955 (Table 5). 1962 will be the

Tow part of the Alagnak cycle with the returning fish coming from parents of
1957 and 1958. The principal parent stock will be 1957, and we may estimate
that the run will be about 300,000 which is well below average and about the
size of the 1957 run.

Naknek River

Smolt indices are available for the Naknek River since 1956 (Table 6). The
relationship between the index and actual returns after two and three years
in the ocean has been highly variable with high returns from the 1957 out-

migration and a very low return after two years from the 1959 outmigration.

The averages indicate a return of about 300,000 small fish after two years in
the ocean and 1,700,000 fish after three years in the ocean. (The Tatter is
considered to be much too high for the reasons prev1ous1y discussed under the
Kvichak returns).

Egegik River

Average escapement-return relationships for the Egegik (Table 7, Figure 3)
indicate an expected return of about 1,400,000 red salmon after three years
in the ocean and 400,000 after two years in the ocean (Table 8). The rela-
tionship between parent and actual returns has. been slightly variable which
reduces the confidence that can be placed in the forecast for this system.

Ugashik River

Smolt indices have been obtained on the Ugashik River since 1956 (Table 9).
The geometric mean of return per index point indicates that about 1,900,000
after two years in the ocean may be expected, about 800,000 after three years
in the ocean. The latter is thought to be much too high' because of the
unusually small return after two years in the ocean in 1961.

ABUNDANCE OF YOUNG SALMON AT SEA

Purse Seine Catch Data

The abundance and age composition of immature red salmon at sea as indicated
by the purse seine catches south of Adak Island has shown a striking relation-
ship to the abundance and age composition of the following year's run to
Bristol Bay (Figure 4 and Table 10).



Tazle 5. and escapements
~/

Year fotal run Escaiemenfm

1855 309 166

18586 1,307 785

1657 283 125

1958 187 g1

igss 1,165 820

1980 2,080 1,281

1861 278 18

Meen run and

eseﬂnement 876 474

1/ Esceapements estimated from aerial surveys 1955-

1955 and sample counts Irom towers 1957-31961.

Teble 6, Naknek River - smoli indices and returns
in thousands of fish
‘Return after two vears Return after three yeavs
Smolt Return Return per Return Return per
Year Iindex of -.2°'s index point of -.3°s index peint

1858 163
i8t&8 116
18840 &6

277
2,821

530

4.62
gt.03

5.90

1,357
1,045

(1,700)

6.92
45,23
10.45

148U
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: catch/seine set of immature red salmon south of Adak Island compared with
following veanr's vebturn to Bristol Bay, with 1962 estimate based on 1961 index of

immatures,
s cateh/set Year " Bristol Bayt Red Millions of saleon
: ‘ e points) of: run_ (millions)l/ _per "radax Point!"
catch ALL B.B. All
at sea .1 . 2 ages catch .2 03 Ages 02 ad

2/ 1957 data not used because it was biased by greater offshore distribution of salmon in

3/ Numbers dn

1955 e om " 1956 19.9 7.3 27,2 e

1956 15.7 30,4 6.1 1957 4,3 13.2 17.5 0,27 0,43

20
~

e

1957~ 4.3 2.1 6.4 1958 3.4 3.1 | 6.5 0,792/ iaﬂ
1958 39.2 3.1 2,4 1959 10.7 1.8 12.5 0.27 0,58
1959 123.0 20.0  143,0 1960 38.4 5,1 3.5 0,31 0,26
1960 12,0 30.9 42.9 1961 7.8 16,2 2l 0 0,65 0.52

1961 20,0 4,1 24,1 1962§/ {7,6) (1.8) (9.4) (0,38) (0,45)

1962 1963

sha catches from INPFC Statistical Yeavbooks, plus estimated Japanese high seas

ail veds, Age breakdown based on weighted samples of Bristol Bay commercial
capements wiere available (ADF, FUWS, FRY), Four-winter iwsh includad with

Fish,

1/ Western Alas
UdLCﬂ of !

Andex

brackets ave 1962 estimai=s based on averaus

) ’ of 1956, 1958, 1959, and 1960 iudex
ecates (1957 ereluded).

amna.,



A basic assumption underlying the use of this index is that we are obtaining

a representative sample from the flow of immature reds through the index area.
The evidence from the direction of catch of the purse seines and from the
width of the column of fish passing Adak Island suggests that a large propor-
tion of the immature Bristol Bay red salmon present in the sea travel past
Adak during the summer months. Hence if an index of the number of salmon in
this flow is obtained, it should be representative of the numbers in the
Bristol Bay stock.

Qur sampling off Adak has usually been in an area about 12 miles offshore,
and it appears that this place is in the main path of immature red saimon in
most years. But in 1957 the main body of the run was apparently further off-
shore, (according to the distribution found by research vessels using gill
nets) and thus we obtained an abnormally low index value that year.

In 1961 we sampled both inshore and offshore to test for such bias in sampling,
and it was evident that abundance was considerably greater offshore. The aver-
age of 12 sets (July 3 - Aug. 22) between 15 and 45 miles offshore, was 54.7
jmmature reds, while 22 sets (June 18 - August 23) within 15 miles of shore
averaged only 7.4 reds. Thus, only the fringes of the run passed through the
usual index area in 1961 as was presumed to be the case in 1957.

The question thus arises whether to use only the offshore samples or both off-
shore and inshore sampies in calculating the 1961 average. Since a too Tow or
too high index would result from sampling only the fringe or only the center
of abundance respectively, we have decided to average catches from the two
areas. The overall average for 1961 (24.1) seems more reasonable until we
better understand variations in distribution with distance from shore.

One of the features about the relationship between the high seas catches and
the following year's run to Bristol Bay has been the rather remarkable corres-
pondence in age composition. The percentages of -.1 red salmon (one winter

in the sea) in the catches are shown in Table 11. These percentages have been
followed by similar percentages of -.2 red salmon (two winters in the sea) in
the following year in Bristol Bay even though only part of the age -.2 red
salmon are mature. The number of fish per case varies according to this pro-
portion and the expected proportion of two winter in the sea fish next year

in Bristol Bay indicates that the fish per case will average between 13 and
14, assuming that 5-1/2 inch mesh gill nets are used. If smaller size mesh

is used, fish per case will be greater.

Gill Net Catch Data

Gill net catch data are obtained from the Aleutian Island area by research
vessels.

The method of calculation is the same as for the 1961 forecast. As before,

the abundance of -.1 and -.2 immature red salmon are estimated by the catches

in the 2-1/2 - 3-1/4 inch mesh and 4-1/2 and 5-1/4 inch mesh, respectively.
Assuming that the 1961 returns were 24 million fish with an age composition

of 32.3 percent .2 and 67.7 percent .3, new equations for computing the adjusted

-15-



_91_

Table 11. Percentage of .1 immature red salmon at sea south of Adak Island compared with
following year's percentage of .2 reds in Bristol Bay catch, 1956-1961. (Also
fish/case).

Yoar of Percentage Vear of . Percentage Tish
Cateh .l Reds Bristol Bay » 2 Heds Per

At sea At Sea Cat:ch o Bristol Bayl/ Cased/
18955 o e 1956 72,5 13.6
1956 4.0 1957 2l 3 10.9
1957 66.9 1958 52,8 10.8
1958 92.6 1958 85,9 ’ 13.5
1959 86.0 1960 88,2 1,5
1960 27.9 » 1961 32,3 11.8
1961 83.1 1962 (77.0)3/ (13,5)2/

1/ From weighted samples of Bristol Bay catches and escapements.

2/ Figures obtained from a small sample of Bristol Bay canneries and may not be repre-
sentative of Bristol Bay as a whole.

3/ Estimate for 1962 is based on the assumption that 5-1/2" mesh will be used.



catch per unit of shackle and returns were derived (Table 12). This gave us
one more point on our curves. In addition, the 1958 point, not previously used
in determining the return of .1 red salmon, was used. The regression lines for
.1 and .2 red salmon returns are shown in Figures 5 and 6.

The most probable returns in 1962 are 4.8 milljon after two years in the ocean,
2.3 million after three years in the ocean, or a total of 7.1 million.

SUMMARY OF BRISTOL BAY FORECAST FOR 1962

The data from the preceding smolt indices, cycle analysis, and high seas oper-
ations are brought together in Table 13. The smolt indices and cycle analysis
indicate an expected return in 1962 of 8.2 million after two years in the ocean,
plus 11.7 million after three years in.the ocean, or a total of 19.9 milljon.

The independent estimates from high seas operations show totals of both age
groups of 7.1 million from the gill netting and 9.4 million from the purse
seining.

To these two sources of data may be added a third method which applies only to
the return after three years in the ocean. This is the ratio of the return
after three years to the preceding two year return for Bristol Bay as a whole.
Data are available since 1956 (Table 10). The ratio has ranged from .72 to

.42 and averages .56. With the 1961 return after two years in the ocean, esti-
mated at 7.8 million, this indicates an expected 1962 return of about 4.4
million.

DISCUSSION AND RECONCILIATION OF BRISTOL BAY FORECAST FOR 1962

Evaluation of the rather variable data in the preceding tables is guided by
certain assumptions. The first is that the major marine mortality occurs
during the first year of Tife at sea. Hence, if we have observations indi-
cating the extent of marine mortality of a year group, we give these more
weight than the indications from cycle analysis or the abundance of smolts.

A second assumption is that our estimates of Japanese catches of mature Brisol
Bay red salmon are reasonably reliable. Information on catches of mature
Bristol Bay red salmon from the Japanese is very limited and if our estimates
have been high then the forecast is high or vice versa.

The third assumption is that the Japanese fishing on immature Bristol Bay red
salmon at age -.2 has been at a constant intensity so that their fleets have
taken a constant proportion of this age group each year. Immature red salmon
from Bristol Bay which have spent two winters in the sea are readily available
to the Japanese fleet, but to date it has not been possible to estimate the
Japanese catch of immature red salmon and such catches have been ignored in
the compilations.

-17-
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A fourth assumption is that the marine survival of each successive ocean year
group is quite independent, and thus we may break our forecast down into two
parts, the red salmon returning after two years in the ocean, and those return-
ing after three years in the ocean.

Forecast of Age -.2

From the preceding discussion and the summary in Table 12, we have the follow-
ing estimates:

1. Cycle analysis of smolt data - 8.2 million.
2. Gill netting on the high seas - 4.8 million.
3. Purse seining on the high seas - 7.6 million.
If we accept these as three independent estimates and give the high seas abun-

dance twice as much weight, we may simply average them and estimate that the
return after two years in the ocean will be 6.9 million red salmon.

Estimate of Return of Age -.3

For this year group we have four independent sources of data as follows:
1. Cycle analysis and smolt data - 11.7 million.
2. Gill netting on the high seas - 2.3 million.
3. Purse seining on the high seas - 1.8 million.
4. Ratio of return of -.3 to -.2 - 4.4 million.

This is the age group which apparently experienced extra-ordinary marine mor-
tality. The evidence for this is from the indices of abundance at sea in 1960
and again in 1961 as well as the return of the mature fraction to Bristol Bay
in 1961. A1l of these have indicated that the abundance is only one-third or
less than the abundance expected from the cycle analysis and smolt data.

Hence we discard completely the estimate from cycle analysis and smolt data

of 11.7 million. Instead, (again giving the high seas data twice as much
weight) we merely average the forecasts from the other three sources and
forecast the return of -.3 in 1962 as 2.8 million.

If we assume that marine mortality among rivers has been constant for each
year group, we may estimate the returns to the individual rivers by allocating
the total estimated from smolt indices and cycle analysis proportionately.
This is a reduction from 8.2 million to 6.9 million for the -.2 age group

and from 11.7 million to 2.8 million for the -.3 age group. Such allocation
gives us the estimates for each major fishing area as shown in Table 14.
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Table 14. Estimated forecast by fishing area using averages of ages -.2

and -.3.
Age Group
-.2 -.3

Area Millions of Fish Total
Nushagak .8 .2 1.0
Naknek-Kvichak 4.1 2.1 6.2
Egegik 4 .3 .7
Ugashik 1.6 .2 1.8

Total 6.9 2.8 9.7
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Note on Japanese Fishing

The data upon which our ratios are based have not included the Japanese catch
of immature Bristol Bay red salmon, and our estimates of the Japanese catch
of mature Bristol Bay red salmon are uncertain. Hence, it is important to
note that this forecast assumes the same fishing intensity on the immature
Bristol Bay red salmon of age -.2 in 1961 as the average of the years since
1956. Furthermore, Japanese catch of mature Bristol Bay red salmon in 1962

is included in the run which is forecast and will mean a reduction in the
number reaching Bristol Bay.
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