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INTRODUCTION 

This i s  the  second annual forecas t  prepared j o in t l y  by the Alaska Department 
of Fish and Game, the Bureau of Commercial Fisher ies ,  and the Fisheries 
Research I n s t i t u t e  of the University of Washington. Sc i en t i s t s  from these 
three agencies have exchanged and studied a l l  per t inent  data and believe 
t h a t  the analys is  presented here i s  the best  t h a t  can be made. 

The s c i e n t i s t s  who have par t ic ipated i n  the f i na l  analys is  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 Sea t t l e  Office 
of the Bureau of Commercial Fisheries;  Dr. Robert L. Burgner, Dr. Ted S.Y. 
Koo, Mr. 0. E .  Kerns, J r .  , Mr. A1 lan C .  Hart t  , and Dr. Wi 11 iam F. Royce of the 
Fisheries Research I n s t i t u t e .  Many others  have joined in the col lec t ion of 
data and preliminary analys is .  

Dr. William F. Royce served as ed i t o r  throughout the e n t i r e  process and 
assembled t h i s  material i n  i t s  present form. 

A summary of t h i s  forecas t  was compiled i n  October, 1961 , using preliminary 
data on the  1961 r u n .  Bet ter  est imates were avai lable  f o r  t h i s  version and 
were used. Some minor corrections have a l so  been made and hence the forecas t  
t o t a l  r u n  i s  changed from 9.3 mil l ion t o  9.7 mil l ion.  

METHODS OF FORECAST 

These a r e  s c i e n t i f i c  forecas ts  based on the best  avai lable  indicators  of 
expected re turn  t o  the  major r i ve r s  i n  each f ishing d i s t r i c t  of Bristol  Bay. 
A va r ie ty  of data i s  avai lable  on these r ive rs  which consis ts  of the following 
kinds : 

1. Cycle analysis  based on the  preceding cycle catch,  escapement, o r  
both. This i s  believed t o  be the l e a s t  r e l i ab l e  i n  Bristol  Bay 
because the  cycles vary from 4 t o  6 years and because of the highly 
f resh  water and s a l t  water mortal i ty.  

2. Smolt outmigration and re turn  re la t ionship .  In the  major r i ve r s  of 
Bristol  Bay, indices of the number of smol t s  migrating t o  sea have 
been obtained f o r  several years.  These data a r e  subject  t o  sampling 
e r ro r s  and the var ia t ions  i n  s a l t  water mortal i ty.  

3. Early re turns  of ce r ta in  year groups. Bristol  Bay salmon commonly 
spend two years or  three  years in the ocean and the re la t ion  of the 
re turn  a f t e r  three years t o  the  return a f t e r  two years may be used 
f o r  forecast ing i n  ce r ta in  s i tua t ions .  

4.  Abundance of immature salmon a t  sea.  Abundance indices of the 
immature red salmon in the v i c i n i t y  of the eastern and central  



Aleutian Islands have been obtained fo r  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 i n  very large numbers during the mid 
summer, and (2 )  by gi 11 net  vessels  operated over a somewhat l a rger  
area of the  Bering Sea and the North Paci f ic  Ocean in  the v i c in i t y  
of the eas tern  and central  Aleutian Islands.  

FORECASTS BY RIVERS 

Our  f i r s t  s tep  in the forecas t  i s  t o  bring together the data from cycle 
analys is  or  outmigration of smolts f o r  each of the major r i ve r s  s t a r t i n g  
w i t h  those flowing i n to  Nushagak Bay and proceeding clockwise around the 
Bay. 

Nus hagak Sys tem 

The Nushagak escapement en te r s  three major spawning areas :  Wood River, Igushik 
River, and the Tikchik Lakes named i n  order of t h e i r  importance. Data on 
escapement t o  each of these areas a re  avai lable  since 1946, but the commercial 
catch from Nushagak Bay cannot be separated d i r ec t l y  in to  pa r t s  bound f o r  the  
separate r i ve r s .  Therefore, the annual percentage of each system's escapement 
has been applied t o  the catch and the  t o t a l  r u n  t o  each spawning system e s t i -  
mated f o r  the l a s t  eleven years (Table 1 ) .  

Indices of the  outmigrations of smolts have been obtained in the  Wood River 
system since 1951. These have had a ra the r  var iable  re la t ion  w i t h  the re turn  
because of marine morta l i ty ,  b u t  enough data a r e  avai lable  t o  permit regression 
analysis  of the logari thmically transformed data as shown in Figures 1 and 2. 
The predict ions may be read d i r ec t l y  from the  graphs by using the smolt indices 
f o r  1959 and 1960. The expected re turn  in 1962 from 1960 seaward migration i s  
a l i t t l e  under 800,000 adu l t  reds; from the 1959 seaward migration (which was 
next t o  the smallest  on record) ,  a l i t t l e  under 400,000. T h u s ,  a t o t a l  re turn  
t o  the Wood River system of 1,200,000 f i s h  i s  expected. 

In the  Igushik system we must r e l y  upon cycle analys is .  The basis  f o r  this 
i s  the  escapement and re turn  4 and 5 years l a t e r  a s  shown i n  Table 2. The 
average indicates  a re turn  of about 400,000 in 1962. 

The expected re turn  t o  the Tikchik system i s  based on s imi lar  cycle analys is  
as  shown i n  Table 3 and the  expected t o t a l  re turn  i s  about 200,000 f i sh .  

Naknek-Kvichak Fishing Area 

The l a rge s t  red salmon r u n  in Alaska en te r s  the Kvichak River system which 
together with the  smaller Naknek and Alagnak systems receives the  runs going 
through t h i s  f i shing area.  
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The 1962 Kvichak r u n  wi 11 come from the  smolt migrations of 1959 and 1960. 
The 1959 smolt migration originated predominately from the 1956 parent escape- 
ment and t he  1960 smolt migration from the 1957 parent escapement. 

Indices of the  outmigrations of smolts have been obtained since 1955. The 
indices and the  re turn  of adu l t s  a f t e r  two and three  years i n  the ocean a r e  
shown in Table 4. The geometric mean of the  re tu rn  per index point times the  
year group index provides a fo recas t  f o r  the  coming year. Thus, the  expected 
return of f i s h  a f t e r  two years in the  ocean from the index of 1960 i s  approxi- 
mately 4,500,000; a f t e r  three  years i n  the  ocean from the index of 1959 i t  i s  
approximately 6,800,000. 

This fo recas t  is  based on average morta l i ty  i n  the  ocean. B u t  two l ines  o f  
evidence i nd i ca t e  unusually severe morta l i ty  f o r  the  smol t s  going t o  sea i n  
1959, t h u s  cas t ing  doubt on the accuracy of the  expected 6.8 mill ion re turn  
of three-years-in-ocean f i s h .  T h i s  evidence is  (1 ) the low abundance of th is  
year group a t  sea i n  1960 and 1961 , and ( 2 )  the  small re turn  i n  1961 t o  t h e  
Kvichak River. T h i s  wi l l  be discussed l a t e r  i n  the  f ina l  evaluation of t he  
forecas t .  

m ~ a b P e  4. Kvichak E v e r  - s m o l t  index 2nd re tu rn  
of adul ts  i~ t1zousznGs 02 Cish 

Return af-ier two years Return a f t e r  three years 
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"Geometric mean 



Alagnak River 

The much smaller runs t o  the Alagnak River must be fo recas t  on the basis  o f  
cycle analys is .  Data a r e  available s ince  1955 (Table 5 ) .  1962 wi l l  be t h e  
low par t  of the Alagnak cycle w i t h  the  returning f i s h  coming from parents of 
1957 and 1958. The principal  parent stock wil l  be 1957, and we may es t imate  
t h a t  the r u n  wil l  be about 300,000 which i s  well below average and about t h e  
s i z e  of the  1957 r u n .  

Naknek River 

Smolt indices a r e  avai lable  f o r  the  Naknek River s ince  1956 (Table 6 ) .  T h e  
r e la t ionsh ip  between the index and actual re turns  a f t e r  two and th ree  years  
i n  the  ocean has been highly variable w i t h  high re turns  from the 1957 out- 
migration and a very low return a f t e r  two years from the  1959 outmigration. 

The averages indicate  a return of about 300,000 small f i s h  a f t e r  two years  i n  
the  ocean and 1,700,000 f i s h  a f t e r  three  years i n  the  ocean. (The l a t t e r  i s  
considered t o  be much too h i g h  f o r  the  reasons previously discussed under the  
Kvi chak re tu rns ) .  

Eyegi k River 

Average escapement-return re la t ionships  f o r  the Egegik (Table 7 ,  Figure 3 )  
indicate  an expected re turn  of about 1,400,000 red salmon a f t e r  th ree  years  
i n  the  ocean and 400,000 a f t e r  two years i n  the ocean (Table 8) .  The re la -  
t ionship  between parent and actual re turns  has been s l i g h t l y  var iable  which 
reduces the  confidence t h a t  can b e  placed i n  the  fo recas t  f o r  t h i s  system. 

Ugas h i  k River 

Smolt indices have been obtained on the Ugashi k River s ince  1956 (Table 9 ) .  
The geometric mean of re turn  per index point indicates  t ha t  about 1,900,000 
a f t e r  two years i n  the  ocean may be expected, about 800,000 a f t e r  t h ~ e e  years 
i n  the  ocean. The l a t t e r  is  thought t o  be much too high because of the  
unusually small re turn  a f t e r  two years i n  the  ocean i n  1961. 

ABUNDANCE OF YOUNG SALMON AT SEA 

Purse Seine Catch Data 

The abundance and age composition of immature red salmon a t  sea as  indicated 
by the  purse se ine  catches south of Adak Island has shown a s t r i k ing  re la t ion-  
s h i p  t o  the  abundance and age composition of the following y e a r ' s  r u n  t o  
Br is to l  Bay (Figure 4 and Table 10).  
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A basic assumption underlying the use of th i s  index i s  t ha t  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 f i sh  passing Adak Island suggests tha t  a large propor- 
tion of the immature Bristol Bay red salmon present in the sea travel past 
Adak during the summer months. Hence i f  an index of the number of salmon i n  
t h i s  flow i s  obtained, i t  should be representative of the numbers in the 
Bristol Bay stock. 

Our sampling off Adak has usually been in an area about 12 miles offshore, 
and i t  appears tha t  t h i s  place i s  in the main path of immature red salmon i n  
most years. B u t  in 1957 the main body of the r u n  was apparently fur ther  off-  
shore, (according to the distribution found by research vessels u s i n g  g i l l  
nets) and thus we obtained an abnormally low index value tha t  year. 

In 1961 we sampled both inshore and offshore to  t e s t  fo r  such bias in sampling, 
and i t  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 
immature reds, while 22 s e t s  (June 18 - August 23) within 15 miles of shore 
averaged only 7.4 reds. Thus, only the fringes of the r u n  passed through the 
usual index area in 1961 as was presumed t o  be the case i n  1957. 

The question t h u s  a r i ses  whether to  use only the offshore samples or b o t h  off- 
shore and inshore samples in  calculating the 1961 average. Since a too low or 
too high index would resu l t  from sampling only the fringe or  only the center 
of abundance respectively, we have decided t o  average catches from the two 
areas. The overall average for  1961 (24.1 ) seems more reasonable until we 
better understand variations in dis t r ibut ion w i t h  distance from shore. 

One of the features about the relationship between the high seas catches and 
the following year ' s  r u n  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 f i sh  per case varies according to  th i s  pro- 
portion and the expected proportion of two winter in the sea f i sh  next year 
in Bristol Bay indicates that  the f i sh  per case will  average between 13 and 
14, assuming tha t  5-1/2 inch mesh g i l l  nets are used. If smaller s ize mesh 
i s  used, f i sh  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 i s  the same as fo r  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 4-112 and 5-114 inch mesh, respectively. 
Assuming tha t  the 1961 returns were 24 million f i sh  with an age composition 
of 32.3 percent .2  and 67.7 percent -3 ,  new equations for  computing the adjusted 



Table 11. Percentage o f  .1 immature r e d  salmon a t  sea south of Adak I s l a n d  compared w i t h  
f o l l o w i n g  year% percentage o f  - .2 reds  i n  B r i s t o l  Bay catch,  1956-1961. (A l so  
f i s h / c a s e )  . 

Pcycen2age -if. 1'2c1~7 t ~ i '  LL:LIJ\  n~~----'-Fkrricl;i-a~e 12i.s1~ 
Cc i.2'1 .1 Reds I 3 i . i ~  i:ol Bay , 2  Recls 

1/ 
Per 

AL s i l ' ~  At- Sea Cal.cll I l ~ ? r s t o l  Uay- C,ise-- 2 /  

19  st; 

. . . . . . - 
1/  From weighted samples o f  B r i s t o l  Bay catches and escapements. - 

2/ F igures  ob ta ined  f rom a smal l  sample of B r i s t o l  Bay canner ies and may n o t  be rep re -  - 
s e n t a t i v e  o f  B r i s t o l  Bay as a whole. 

3/ Est imate f o r  1962 i s  based on t h e  assumption t h a t  5-1/2" mesh w i l l  be used. - 



catch per uni t  of shackle and returns were derived (Table 12) .  T h i s  gave us 
one more point on our curves. In addi t ion,  the 1958 point ,  not previously used 
i n  determining the  return of .I red salmon, was used. The regression l i n e s  f o r  
.1 and . 2  red salmon returns a r e  shown i n  Figures 5 and 6. 

The most probable returns i n  1962 are  4.8 million a f t e r  two years i n  the ocean, 
2.3 million a f t e r  three  years i n  the ocean, or  a t o t a l  of 7.1 mill ion.  

SUMMARY OF BRISTOL BAY FORECAST FOR 1962 

The data from the  preceding smolt indices ,  cycle ana lys i s ,  and high seas oper- 
a t ions  a re  brought together in  Table 13. The smolt indices and cycle analysis  
indicate  an expected return i n  1962 of 8.2 mill ion a f t e r  two years i n  the ocean, 
plus 11.7 mill ion a f t e r  three years i n  the  ocean, o r  a t o t a l  of 19.9 mill ion.  

The independent estimates from high seas operations show t o t a l s  of both age 
groups of 7.1 mill ion from the  g i l l  net t ing and 9.4 mill ion from the  purse 
seining. 

To these two sources of data may be added a t h i r d  method which appl ies  only t o  
t he  return a f t e r  three  years in  the  ocean. T h i s  i s  the  r a t i o  of t he  re turn 
a$+,- I three years t o  the  preceding t:vo year retur:: f o r  Bristo? Bay as  a whele. 
Data a re  avai lable  s ince  1956 (Table 10) .  The r a t i o  has ranged from .72 t o  
.42 and averages .56. With the 1961 return a f t e r  two years i n  t he  ocean, e s t i -  
mated a t  7.8 mil l ion,  t h i s  indicates  an expected 1962 return of about 4.4 
mill ion.  

DISCUSSION AND RECONCILIATION OF BRISTOL BAY FORECAST FOR 1962 

Evaluation of the  ra ther  var iable  data i n  the preceding tab les  i s  guided by 
ce r t a in  assumptions. The f i r s t  i s  t h a t  the  major marine morta l i ty  occurs 
during the  f i r s t  year of l i f e  a t  sea. Hence, i f  we have observations indi-  
ca t ing the  extent  of marine morta l i ty  of a year group, we give these  more 
weight than the  indications from cycle analysis  or  the  abundance of smolts. 

A second assumption i s  t h a t  our estimates of Japanese catches of mature Brisol 
Bay red salmon a r e  reasonably r e l i ab l e .  Information on catches of mature 
Bristol  Bay red salmon from the  Japanese i s  very l imited and i f  our estimates 
have been high then the  forecast  i s  high or  vice versa.  

The th i rd  assumption i s  t h a t  the  Japanese f ishing on immature Bris tol  Bay red 
salmon a t  age - .2  has been a t  a constant in tens i ty  so t h a t  t h e i r  f l e e t s  have 
taken a constant proportion of this age group each year. Immature red salmon 
from Bristol Bay which have spent two winters i n  the  sea a r e  read i ly  avai lable  
t o  the  Japanese f l e e t ,  but t o  date i t  has not been possible t o  est imate the 
Japanese catch of immature red salmon and such catches have been ignored i n  
the  compilations. 
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A fourth assumption i s  t ha t  the marine survival of each successive ocean year 
group i s  qui te  independent, and thus we may break our forecast  down into  two 
par t s ,  the red salmon returning a f t e r  two years in the ocean, and those return- 
ing a f t e r  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 mill ion.  

2. Gill nett ing on the  high seas - 4.8 mill ion.  

3. Purse seining on the  high seas - 7.6 mill ion.  

I f  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 t h a t  the 
return a f t e r  two years i n  the ocean wil l  be 6.9 million red salmon. 

Estimate of Return of Age -.3 

For t h i s  year group we have four independent sources of data as follows: 

1.  Cycle analysis  and smolt data - 11.7 mill ion.  

2. Gill net t ing on t he  high seas - 2.3 mill ion.  

3. Purse seining on the high seas - 1.8 mill ion.  

4 .  Ratio of return of -.3 t o  - . 2  - 4.4 mill ion.  

This i s  the age group which apparently experienced extra-ordinary marine mor- 
t a l i t y .  The evidence fo r  t h i s  i s  from the  indices of abundance a t  sea i n  1960 
and again in 1961 as well as  the  return of the  mature f ract ion t o  Bristol  Bay 
in 1961. All of these have indicated t h a t  the abundance i s  only one-third o r  
l ess  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 mill ion.  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 a s  2.8 mill ion.  

I f  we assume tha t  marine mortal i ty among r i ve r s  has been constant f o r  each 
year group, we may estimate the returns t o  the individual r ive rs  by a l locat ing 
the  t o t a l  estimated from smolt indices and cycle analysis  proportionately. 
This i s  a reduction from 8.2 million t o  6.9 million f o r  the  - . 2  age group 
and from 11.7 million to  2.8 mill ion fo r  the  -.3 age group. Such a l locat ion 
gives us the estimates fo r  each major f ishing area as shown in Table 14. 



Table 14. Est imated f o r e c a s t  by f i s h i n g  area us ing  averages of ages -.2 
and - . 3 .  

Aae G r o u ~  

Area M i l l i o n s o f  F i s h  To ta l  

Nus haga k .8 .2 1 .O 

-Na kne k- Kv i c ha k 4.1 2.1 6.2 

Egegi k .4 .3 - 7  

Ugashi k 1.6 .2 1.8 

To ta l  6.9 2.8 9.7 



Note on Japanese Fishing 

The data uponwhich our r a t i o s  a re  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 a re  uncertain. Hence, i t  i s  important t o  
note t ha t  t h i s  forecast  assumes the same f ishing in tens i ty  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 i n  1962 
i s  included in  the r u n  which i s  forecast  and will  mean a reduction in the 
number reachiag Bristol  Bay. 
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