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The forecast for  the 1965 Bris tol  Bay red salmon run was prepared 
joint ly  by the Alaska Department of Fish and Game, the Fisheries Research 
Ins t i tu te  of the University of Washington, and the U,  S. Bureau of Commer- 
c i a l  Fisheries. 

The following s c i e ~ t i s t s  participated i n  the analysis of the data: 
M r ,  Wallace H. Noerenberg, M r .  Frank J. Ossiander of the Alaska Department 
of Fish and Game; D r .  Robert L. Burgner, Eir, Allen C. Hartt, M r .  Stephen B, 
Mathews, D r ,  O l e  A. Mathisen and D r .  I J i l l i a m  F. Royce of the Fisheries 
Research Ins t i tu te ;  D r .  C. J, DiCostanzo, Mr, R. A. Fredin, D r .  L. Henrich, 
Mr, H. Jaenicke of the U, S, Bureau of Commercial Fisheries. Many others 
participated i n  the collection of data and contributed t o  the preliminary 
analysis, 

M r .  Fradc J. Ossiander served as editor and assembled the forecast. 

A draf t  of .the 1965  forecast w a s  compiled i n  September, 1964, using 
preliminary data on the 1964 returns, This forecast uses f i n a l  1964 return 
data from a11 r iver  systems i n  Bris tol  Bay, 

METHODS OF FORECAST 

Forecasts are made of the expected return t o  the major r iver  
systems i n  each fishing d i s t r i c t  of Bristol  Bay and of the expected return 
t o  Bristol  Bay as a whole. Data used i n  these forecasts are: the inshore 
abundance and age com2osition of the catch and escapement, smolt abundance 
and purse seine catches of immature red salmon a t  sea, Predictions are 
based on the relationships of returns t o  abundance a t  some preceding stage 
of the l i f e  cycle, 

The equations used for  each of the r iver  system forecasts are: 

b R = a S  , 
R =  a +  b S  and 

R =  a - ;  b E  where, 



R: i s  adult return 
S: i s  smolt index 
E: is  escapement 

a and b: are parameters t o  be determined from the data 

These relationships depend upon the adequacy of the basic data which 
is influenced by sampling errors and the representativeness of the sampling 
plans. Additional inaccuracies a r i se  from not having suff ic ient  data per- 
taining t o  the different l i f e  history stages t o  formulate t ru ly  representative 
re1ationshLp.s. 

ESTIMATES OF TOTAL RUNS TO EACH RIVER SYSTEM 

The t o t a l  returns t o  Bristol  Bay are composed of the inshore catch 
and escapement and f i sh  which would be expected t o  return i f  they were not 
intercepted on the high seas. From tagging and experimental f ishing sturlies 
of the migration and distribution of red szfrnon i n  the ocean it has been 
established tha t  a t  certain times and i n  certain areas the Japanese high 
seas fishery catches red salmon bound f o r  Bristol  Bay. For mature red sal-  
mon these times and areas include the and June 1-10 catches east  of 17CJ0 
E, the June 11-20 catdies east of 175' E, and the June 21-30 catches east  of 
180'. For immature red salmon it includes the July and August catches east  
of 170°, and the June 21-30 catches between 17S0 E and 1 8 0 ~ .  

For estimating the t o t a l  run (inshore returns plus high seas catches) 
t o  each r iver  system -2he yearly Japanese high seas catch i s  apportioned t o  
each r iver  on the basis of each r iver ' s  contribution t o  the yearly Bristol  
Bay return, The age structure i s  also apportioned on the basis of the age 
structure of the return 02 each r iver ,  The Japanese high seas catches of 
mature red salmon were assumed t o  return t o  Briseol Bay i n  the same year as 
-2-ocean and &-ocean age f i sh ,  the catches of immatures were assumed t o  - 
return t o  Bristol  Bay as ,3-ocean age f i s h  i n  2he following year. The fomn- 
ulas used i n  the computations are: 

For &-ocean age returns, 

fo r  &-ocean age returns,,.. &. 

where, 
~i~~ : t o t a l  return t o  Bristol  Bay i n  year i t o  r iver  j of  age 

class k 

Rijk 
: inshore Bristol  Bay return i n  year i t o  r iver  j of age 

class 1c 



'il : Japanese high seas catch of immatures i n  year i 

Ci2 : Japanese high seas catch of matures i n  year i, 

The dot subscript indicates summation over the subscript it replaces. 

This procedure makes no allowance for  age specific se lec t iv i ty  of 
Japanese gear. The age structure is  simply apportioned on the basis of the 
age structure of the return t o  each r iver  i n  Bristol  Bay. No ocean mortality 
i s  considered t o  apply t o  the Japanese catch as would be expected between the 
time they are taken on the  high seas and when they would have returned t o  
Bristol  Bay, Likewise, no drop-out (a drop-out is  considered a f i s h  which 
f a l l s  from the gear as a dead f i sh  or subsequently dies because of i t s  encounter 
with the gear, it is  l o s t  from the fishery) factor is applied t o  the Japanese 
high seas fishery. 

The data used i n  the computations i s  given in Tables 1 and 2; and 
the apportioned t o t a l  Bristol  Bay return i s  given i n  Table 3. 

FORECASTS BY RIVER SYSTE1.I BASED ON TOTAL RETURN 

Nushagak Fishing Distr ic t  

The Nushagak red salmon return t o  three major spawning systems, 
Wood River Lakes, Igushik Lakes, Tilcchik Lakes; and several minor systems 
of which only the Snalce, Nushagak and Plulctl~atna Rivers are included in. t h i s  
report. Since the commercial catch i s  taken i n  Nushagak Bay it cannot be 
separated direct ly  in to  par ts  bound for  the separate rivers.  Therefore, the 
catch has been prorated t o  the  separate r iver  systems on the basis of the 
escapement by age groups t o  each r iver  system. 

Wood River 

Comparable indices of the annual smolt migrations are  used as the 
basis for  forecasting the return t o  the l3Jood River (Table LC). These have 
had a rather variable relat ion with the return because of varying marine 
mortality and variable age of return, but enough data are available t o  permit 
a regression analysis. Original data are transformed logarithmically t o  
simplify presentation and t o  help sa t i s fy  certain requirements for  s t a t i s t i c a l  
analysis. The equation used is:  

Transforming logarithmically t h i s  equation becomes 

log R = log a -+ b l o g  S. 

The solution of t h i s  equation for  the 2-ocean returns i s  

log R = 1.762795 + 0.543059 log S 



TABm 1. BRISTOL BAY INSHORE RETURNS ( I N  THOUSANDS OF FISH) 

Year o f  Togiak & North Side Age Class Yearly 
run r e u s h i k g  s n a k e y  ~ i k c h i k ~  ~ o o d l /  ~ u l o h a t n a u  1 ~ v i c h a . k ~  ~ a l c n e k q  blagnakZ1 ~ g g e g i k d    gas hi kg ~ r i b u t a r i e s l / ~ l a s k a  ~ e n . I /  Total Total  

61 506 
96 358 

432 33 6 
4 163 

9 80 0 
rig 579 

10 223 
261 330 

64 401 

-- - - - - - - - 

* Estimated age composition 
Age composition of Nushagsk runs FRI Circular  No. 219, 1946-1962, and l e t t e r s  dated January 5 and 6, 1965 by Robert L. Burgner. 

1963 data  from Br i s to l  Bay Red Salmon Run I n  1963, 'IIDF&G Informational Leaflet #35. 

1964 da t a  from Br f s to l  Bay Red Salmon Run i n  1964, ADF&G Informational Leaflet #45. 

1957-1962 data from t ab l e s  provided by D r .  Charles MCostanzo, U.S. Bureau of Commercial F isher ies ,  Auke Bay, Alaska. 

1963 da t a  from Br i s to l  Bay Red Salmon Run i n  1963, ADF&G Informational Leaflet  #35. 

1964 da t a  from Br i s to l  Bay Red Salmon Run i n  1964, ADF&G Informational Leaflet  #45. 

Z/ Data campiled from ADF&G area management b io log i s t l s  yearly repor t s  and from ADF&G Informational Leaflets  No. 35 and No. 45. 



TABLE 2 .  JAPANESE HIGH SEAS CATCHES OF F E D  SALMON BOUND FOR 
BRISTOL BAY (In thousands of  f i sh )  

Year Matures- 1/ 2/  Immaturesl- 

1952 367 34 

19 53 4C5 0 

19 54 600 0 

19 55 1,869 6 0 

19 56 2,752 2,075 

19 57 7,660 342 

1955 1,014 151 

19 59 1,070 1,165 

19 60 4,007 967 

19 61  6,421 62  

1962 1,315 270 

1963 1,016 830 

1964 614 1,837 

JJ Includes t he  May and June 1-10 catches ea s t  of 170' E, the  - 
June 11-20 catches eas t  of 17S0 E, and t he  June 21-30 catches 
ea s t  of 180'. 

2 /  Includes red  salmon taken on high seas at: times and i n  a reas  
where immature Br i s t o l  Bay reds are i n  l a rge  majority. These 
a re  mostly 2 age fish t h a t  otherwise would be expected t o  
mature and re tu rn  t o  E r i s t o l  Bay a s  ATs. Inc ludes~Ju ly  and 
August catches ea s t  of 170°, and June 21-30 catches between 
175' E and 180°. 



TABLE 3 .  BRISTOL BAY TOTAL RETURNS. APPORTIONED FOR JAPANESE HIGH SEAS CATCHES 
(rN THOUSANDS OF FISH) 

Year o f  Togiak & North Side Age Class Yearly 
run Igushlk Snake Tlkchik Wood Mulchatna Kvidhak Naknek Alagnak Egegik Ugashik Tr ibutar ies  Alaska Pen. Total  Total  



taking the  antilogarithm t h i s  equation becomes 

R = 57.916 S 0.543059 

and fo r  the  &-ocean re turns  the  solut ion is  

log R = 1.599305 + 0.453233 log  S 

taking the  antilogarithm t h i s  equation becomes 

R = 39.747 S 
0.453233 . 

Using these equations the  expected 2-ocean re turn  from the  1963 smolt out- 
migration is 662,000 f i s h  and the  expected .3-ocean re turn  from the 1962 smolt 
outmigration would be 416,000 f i sh ;  however<djusting t h i s  f igure  f o r  the  
Japanese high seas  catch of red salmon i n  1964 gives an expected re turn  of 
308,000 &-ocean f i sh ,  f o r  a t o t a l  expected re turn  i n  1965 of 970,000 red 
salmon. 

TABLE 4, WOOD RIVE3 - SMOLT IIJDEX AND ADULT RETURN 

Year of Smolt Return i n  Thousands 
Outmigration Index -2-ocean .3  -ocean 

* 1965 forecast  



Igushik Lakes - Tikchik Lakes 

The forecast  f o r  the  Igushik and Tikchik Lakes systems is based 
on escapement-return relat ionships,  Linear regression analysis  was used t o  
formulate an estimate of the  1965 re turn  based on the  re la t ionships  of 
escapement t o  &-year and 5-year returns (Table 5) , I- t  i s  assumed t h a t  the  
highly variable freshwater and ocean mor ta l i t i es  do not mask the  computed 
relat ionships.  The equation used is, 

For the  Igushik L&es the  solution of t h i s  equation f o r  the  4-year re turns  
is : 

and f o r  the  5-year re turns  it i s  

Fcr the  Tikchik Lakes the  solution of t h i s  equation f o r  the  4-year re turns  
is  : 

and f o r  the  5-year r e t ~ l r n s  it is 

Using these equations the ex2eci:ed u-year re turn from the  1961 escapement i s  
125,000 red salmon t o  the Igushik Lakes and 63,000 red  salmon t o  the  Tikchik 
Lakes, The expected 5-,year re turn from the  1960 escapement would be 561,000 
red salmon t o  the  Igushik Lakes  and 307,000 red salmon t o  the  Tikchilc Lakes; 
however, zdjusting these f igures  f o r  the  Japanese high seas catch of red 
salmon i n  1964 gives an expected 5-year re turn of 443,000 red salmon t o  the  
fgushik Lakes and an expected 5-year re turn  of 242,000 red  salmon t o  the 
T i ~ c c h i i c  Lakes, 

Sn& Nushagzk and Mulchatna - --. 

These r i ve r  systems contribute only a small portion of t he  t o t a l  
re tu rn  t o  the  Nushagak Fishing Di s t r i c t ,  and the  available,data does not 
show any s ign i f ican t  re la t ionships  between escapernen-i-s and re turns  (Table 6 ) -  
Tie arithmetic mean was used t o  estimate the  re turns  f o r  1965, 

Naknek-Kvichak Fishing Di s t r i c t  -, - 
This d i s t r i c t  i s  composed of the  Kvichak, Alagnak and Naknek River 

systems, The l a rges t  red sahxon run i n  Alaska enters  t h i s  ' d i s t r i c t .  In  most 
years the  re turns  t o  the d i s t r i c t  are  dominated by -the Kvichak River system, 
Since the  commercial- catch i s  taken i n  Kvichak Bay it cannot be separated 
d i r ec t ly  i n t o  ? a r t s  bouna f o r  the  separate r i ve r s -  Therefore, the  catch has 



TABLE 5. IGUSHIK,  TIKCHIK LAKES - ESCAPEMENTS AND RETURNS, 
I N  THOUSANDS OF F I S H  

IGUSHIK TIKCHIJS 
Brood 4-year 5-year 4-year 5-year 
Year Escapement return return Escapement r e tmn  return 

19  50 4 2 14 10 

19 Sf 3 9 13 63 

19 52 150 16 3. 3 48 38 6 17 2 

19 53 100 101 238 189 5 7 501 

19 54 80 52 49 7 29 56 28 

19 55 500 465 1,055 16 53 22 

19 56 400 16 8 556 30 217 16 8 

19 57 13 0 2 62 67 4 15 

19 58 10 7 15 93 19 6 94 3 49 

19 59 644 99 293 49 11 76 

1960 49 5 64 561* 146 15 8 3070 

1961 29 4 126* 80 63* 

* 1965 forecast 



TABLE 6 .  SNAKE, N U S H A M  AND MULCHATNA RIVERS, RETURNS IN 
THOUSANDS OF FISH 

SNAKE NUSHAGAK and MULCHATNA 

Year of 4-ye ar 5 -year byear 5-year _ run Esca~ement return return Escapement return return 

* 1965 forecast 
J.J No escapement estimate available. 

&. 



been prorated t o  the separate r iver  systems on the basis of the escapement 
by age group t o  each r iver  system. 

Kvichak River 

Comparable inrlices of the smolt migration are used as the basis f o r  
forecasting the return t o  the Kvichak River (Table 7). Linear regression was 
used t o  estimate the 1965 return based on the relationships of smolt migration 
t o  &-ocean and 2-ocean returns. The equation used is, 

The solution of t h i s  equation for  the - -2-ocean returns is 

and f o r  the ,3-ocean returns it i s  

Using these equations the expected 2-ocean return from the 1963 smolt nigra- 
t i on  is 12,650,000 red salmon and the expected .3-ocean return from the 1962 
smolt migration would be 652,000 red salmon; hoGver, adjusting t h i s  f igure 
f o r  the Japanese high seas catch of red salmon i n  1964 gives an expected 
return of 516,000 &-ocean red salmon, for a t o t a l  expected return i n  1965 
of 13,166,000 red salmon. 

TABLE 7. KVICHRK RIVER - SMOLT INDEX AND ADULT RETURN 

Year of Srnolt Return i n  thousands of f i s h  
Outmigration Index - .2-ocean .3 -ocean - 

l/ Based on the enumeration of the  smolt outmigration fo r  the three-hour - 
index period extending from 2200 t o  0100. 

* 1965 forecast 



Alagslak River 

The forecast fo r  the Alagnak River sys-ten i s  based on escapement- 
return relationships. Linear regression analysis was used t o  formulate an 
estimate of the 1965 return based on the relationships of escapement t o  4-year 
and 5-year returns (Table 8) , The equation used i s  

The solution of t h i s  equation fo r  the &-year returns is  

and the solution for  the 5-year returns i s  

Using these equations the expected 4-year returns from the 1961 escapement 
is 407,000 red salmon and the expected 5-year return from the 1960 escapement 
is 688,000 red salmon; however, adjusting t h i s  fi,.gure for  the Japanese high 
seas catch of immature red salmon i n  1964 gives an expected 5-year return of 
550,000 red salmon, for  a t o t a l  expected return i n  1965 of 957,000 red salman, 

TABLE 8, ALAGNAK RIVER - ESCAI?EMENTS AND RETURNS, 
I N  THOUSANDS OF FISH 

Brood 
Year Escapement 

4-ye ar 5-year 
Returns Re  turns 

* 1965 forecast 



Naknek River 

Indices of the  numerical magnitude of the  smolt outmigration a r e  
used a s  the  basis  f o r  forecast ing the  re turn t o  the  Naknek River (Table 9). 
These have had a ra ther  variable r e l a t i on  with the  re turn  and the  geometric 
mean of the re turn per index point  i s  used t o  compute the  forecast.  

Using t h i s  procedure the  expected re turn  of 2-ocean f i s h  from the  
1963 smolt outmigration is  1,239,000 f i s h  and the  expected re turn of - -3-ocean 
f i s h  from the  1962 smolt outmigration would be 2,311,000 f i sh ;  however, 
adjust ing t h i s  f igure  f o r  the  Japanese high seas catch of red salmon i n  1964 
gives an expected re turn  of 1,828,000 &-ocean f i s h ,  f o r  a t o t a l  expected 
return i n  1965 of 3,067,000 f i s h ,  

TABLE 9, NAKNEK RIVER - SMOLT INDICES AND ADULT RETURNS 
I N  TSOUSRMDS OF FISH 

-2-ocean re turn -3-ocean re turn  
Year of Smolt N U T Y I ~ ~  of Return per ~umgr of Return per  

Outmigration Index Fish Index Point Fish Index Point 

* 1965 forecast  

l./ Geometric mean of the re turn  per index point.  - 4 .  

Egegik River 

The forecast  f o r  the  Egegik River system is based on escapement- 
re turn  re la t ionships  (Tables 10 and 11). Linear regression was used t o  
estimate the 1965 re turn by computing the  re la t ionship  of escapement t o  
t o t a l  return from the  data given i n  Table 10 and then t h i s  regression equation 
is used t o  determine the contribution of the brood years 1958, 1959, 1960 and ' 



1961 t o  the  age c lasses  of the  expected 1965 re turn as given i n  Table 11. 
The equation used i s  

The solution of the  regression equation i s  

This equation i s  usec? t o  obtain the estimated re turn  f igures  given in T a b l e  
11. The expected re turn t o  t he  Egegik River system would be 4,665,000 fish; 
however, adjusting t h i s  f igure f o r  the  Japanese high seas catch of red salmon 
i n  1964 gives an expecLed re turn of 4,175,000 f i s h  i n  1965. 

TABLE 10. EGEGIK RIVER - ESCAPEMENT AND RETURN 
IN THOUSANDS OF FISH 

Brood 
Year Escapement Re tu rn  



TABLE ll. EGEGIK RIVER - ESTIMATED RETURNS FROM BROOD 
YEARS 1958, 1959, 1960 AND 1961 I N  THOUSANDS OF FISH 

Estimated return i n  1965 by 

age groups Y 
Brood Estimated 42 52 S3 3 64 74 Total 
Year Escapement Return &! 

l/ Estimated returns obtained from equation, R = -424.148 9 3.599 E, - 
2/ Based on average age composition: - 

Q2, 8 percent; s 2 ,  9 percent; 53, 47 percect; 6 3 ,  28 percent; 

64, 6 percent; 74, 2 percent. 

B a s h i k  River 

Indices of the numerical magnitude of the smolt outmigration are 
used as  the basis for  forecasting the return t o  the Ugashik River (Table 12) .  
These have had a rather variable relat ion with the return and the geometric 
mean of the return per index point i s  used t o  compute the forecast. 

Using t h i s  procedure the expected return of.2-ocean f i s h  f rom the 
1963 smolt outmigration is  3,057,000 f i s h  and the expected ceturn of -3-ocean - 
f i s h  from the 1962 smolt outmigration would be 785,000 f i sh ;  however, adjust- 
h g  t h i s  figure for  the Japanese high seas catch of red salmon i n  1964 gives 
zn expected return of 621,000 .-ocean f i sh ,  for  a t o t a l  expected return i n  
3965 of 3,678,000 fish.  



TABLE 12 .  UGASHIK RIVER - SMOLT INDICES AND ADULT RETURNS 
I N  THOUSANDS OF FISH 

2-ocean Return 3-ocean Return 
Year of Smolt NW& Return per ~umb& Return per  

Outmigration Index of Fish Index Point of Fish Index Point 

f/ Geometric mean of the  re turn  per inde:: point,  - 

Topiak and North Side Alaslca Peninsula Systems 

Formal forecasts  have not been provided f o r  the  Togiak and the  North 
Side Alaska Peninsula River Systems. A n  expected re turn  t o  these systems f o r  
1965 can be estimated by using the  ari thmetic average of the  yearly returns.  
The re turn  data and expected re turns  f o r  1965 are  given i n  Table 13, 

FORECAST OF TOTAL RETURN BASED ON HIGH SEAS 
PURSE SEINE CATCHES 

Forecast Method 

The abundance and age composition of immature red salmon a t  sea as  
indicated by purse seine catches south of Adak Island have been used a s  an 
index t o  the  abundance and age composition of the following*yearrs run t o  
Br i s to l  Bay. Seining has been conducted i n  June, July and August each year 
since 1956. Certain basic assumptions which underlie the  use of t h i s  index 
a re  1.) the  assumption of a representat ive sample from the  flow of immature 
reds through the  index area, and 2.) t h a t  these samples contain a high and 
r e l a t i ve ly  constant proportion of reds of Br i s to l  Bay or ig in  and represent a 
major and r e l a t i ve ly  constant proportion of the  immature Br i s to l  Bay reds 
a t  sea, Extrapolation from the  seine catch data as  t o  t o t a l  numbers of f i s h  
passing Adak Island, and t a g  re turns  and age composition analysis  indicate  
t h a t  assumption 2.) i s  reasonably sa t i s f i ed ;  therefore,  i f  our indexing i s  



TABLE 13. TOGIAX AND NORTH SIDE AIASKA PENINSULA RIVER 
SYSTEM RETURNS I N  THOUSANDS OF FISH 

TOGIAK NORTH SIDE 
Year of ALASKA PENINSULA 

-2-ocean &-ocean run - -2-ocean - - -3-ocean 

Expected 11 Return i n  1965 191- 

Adjusted 2-ocean  
Return 9 3- 2/ 

1/ Arithmetic average of yearly returns. - 
2/  The 2-ocean age f igures  a r e  adjusted f o r  the Japanese high - 

seas catch of immature red salmon i n  1964. Ij. 



t r u l y  representat ive then t h i s  should give a r e l i ab l e  method of forecast ing 
the  run. 

Linear regression analysis  i s  used t o  estimate the  1965 re turn  based 
on the  re la t ionship  of average catches per seine s e t  fo r  a given year t o  the  
run t o  Br i s to l  Bay the  following year. Separate regression equations were 
calculated f o r  forecast ing numbers of . -ocean age and .?-ocean age f i sh .  The 
number of .-ocean age f i s h  i n  the  Br i s to l  Bay run i s  r e l a t ed  t o  the  index catch 
of ,&-ocean age immatures the  previous year, and s imilar ly  the  -3-ocean age 
f i s h  i n  the  Br i s to l  Bay run i s  re la ted  t o  the  index catch of .2-ocean age f i s h  
the  previous year (Table 14). 

The 1965 forecast  f igures ,  together with the 90% s t a t i s t i c a l  confid- 
ence limits f o r  the  predicted values, are  given i n  mill ions of f i s h  as  
follows : 

2-ocean age : 24.2 2 6.3 
0- 

3-ocean age : Y.,l + 3.6 -- - 

The predicted t o t a l  re turn i s  28.3 mill ion red salmon with an 
empirical confidence l i m i t  of +- 7 - 5  mil l ion f i sh .  The 28.3 mil l ion t o t a l  
includes the  Japanese high seas  catch of immature .-ocean age red salmon 
already removed i n  the  summer of 1964, since i n  the  regression analysis  we 
have added i n t o  each years t o t a l  f o r  the  Br i s to l  Bay run of -3-ocean age 
red salmon an estimate of the  preceding year's Japanese catch of inunature 
.z-ocean age f i sh .  The estimated catch of immature -2-ocean age red salmon 
i n  the  summer of 1964 i s  1.8 mill ion (ref .  Table 2). Subtracting t h i s  from 
the  predicted t o t a l  of 28.3 mil l ion gives an expected t o t a l  re tu rn  of 26.5 
mil l ion red salmon i n  1965, 

Oualifying Factors 

There are several  fac tors  t h a t  could grossly a f f ec t  the  1965 fore-  
cast .  These fac tors  have not been used t o  modify the  forecast  because of 
insuf f ic ien t  data t o  evaluate t h e i r  e f fec t .  They are  l i s t e d  below with comments 
on t h e i r  possible influence, 

1.) Fresh water age of the  .&-ocean age immature reds. 

This i s  the  f i r s t  season i n  which we have obtained a high index of 
1-ocean age immature reds (85.1, Table 14) and a t  the S.me time a high 

;&portion of f i s h  t h a t  have spent 2 winters i n  f resh  water. Over 89% 
of the  .& ocean age f i s h  had spent 2 winters rin f resh water, thus making 
them 4 years old  fron t h e i r  year of spawning. In the  only other year 
t h a t  .&-ocean age reds were comparably abundant (1959, index value 126.1, 
Table 14) the  great  majority, (837) had spent only one winter i n  f resh  
water, and were thus 3-year-olds. If the  older age of the  1964 f i s h  causes 
a l a rger  proportion t o  mature a f t e r  2 winters a t  sea (5 years of age i n  
1965), the  r e s u l t  would be a l a rger  run i n  1965 than forecast .  



TABLE 14. AVERAGE CATCH PER INDEX SEINE SET OF IMMATURE 
RED SALMON SOUTH OF ADAK ISLAND COMPARED llJITH 
THE FOLLO\\IING YEAR'S BRISTOL BAY RUN, 

B r i s to l  Bay 
Year of Average Year of Tota l  Returns 

Index Catch/Set E r i s t o l  Bay (Millions) 
Catch - -1-ocean 2-ocean Re tu rn  - -2-ocean &-ocean 

1/ 1965 forecas t  values based on l i nea r  regression equat-ions: - 
R2 = 2.1342 -b 0.2594 Cl 

R3 = 0.9232 -b 0.5073 C2 where, 

R2 : i s  &-ocean age re tu rn  

R3 : i s  &-ocean age retw-a 

Cl : is  2-ocean age index catch 

C2 : i s  &-ocean age index catch 



2 , )  Small s i ze  of .&-ocean age immature reds a t  Adak Island. 

The -1-ocean age immature reds i n  the  index s e t s  a t  Ad& i n  1964 
averaged oGly 33.2- cm long, which i s  the  smallest: s ince sampling began 
i n  1956. The 1956-1964 average i s  35.0 cm. Since most f i s h  i n  1964 had 
spent an extra  year i n  f resh water, we would exgect an average s ize  of a t  
l e a s t  35.0 crn. If the  smaller s i ze  i n  1964 i s  due t o  an inverse re la t ion-  
ship between s i z e  and abundance, the  actual  zbundance may be grea te r  than 
t h a t  indicated by our 1964 seine index. Thus, t h i s  fac tor  suggests the  
poss ib i l i t y  of a l a rger  run i n  1965 than forecast.  On the  other hand, 
t he  small s ize  may mean poor physical  condition, which may cause poor 
future  survival  and thus produce a smaller run than indicated by the  index, 
Whatever i t s  implications as  t o  abundance, the  small s i ze  of f i s h  i n  
1964 may well indicate  small-sized f i s h  i n  the  Br i s to l  Bay run i n  1965; 
probdbly even smaller than i n  1960. 

3 . )  Distribution a t  sea i n  1965, 

It i s  expected tha t  the ocean d i s t r ibu t ion  of maturing Br i s to l  Bay 
red salmon i n  the  spring of  1965 w i l l  be centered fur ther  t o  the  e a s t  
than i n  years when Eish of olde? ocean age predominate, thus making a 
smaller proportion available f o r  in tercept ion by the  Japanese mothership 
f ishery.  In years when .z-ocean age fish have predominated i n  Br i s to l  
Bay, the  mothership f-leet has taken a much smaller proportion of the  run 
than i n  years when ,?-ocean age f i s h  llave predominated as shown i n  Table 15. 

Thus, i n  1965 when -2-ocean age f i s h  w i l l  predominate, the  proportion 
available t o  the  mothership f l e e t  will. probably be l e s s  than i n  1966 when 
3-ocean age Eish are  expected t o  predominate, *- 

FORECAST OF TOTAL .3-OCEPN RETURNS BASED ON .. 

.(?-OCEAN RETURN"SIIN THE PREVIOUS YEAR - 

Bris to l  Bay red salmon commonly spend two years o r  th ree  years i n  
the  ocean and the  r e l a t i on  of the  re turn  a f t e r  three years t o  the  re turn  
a f t e r  two years may be used t o  forecast  the  expected t o t a l  re tu rn  of 2-ocean 
age red salmon. The data i n  Table 16 was used t o  compute a l i nea r  regression 
equation r e l a t i ng  these age classes. The equation used is ,  

where 

R3 : i s  2-ocean  age re turn 

R2 : i s  &-ocean age return. 

Using t h i s  equation the  expected &-ocean re turn i s  5,667,000 red salmon; 
however, adjust ing t h i s  f igure f o r  the  Japanese high seas catch of red salmon 
i n  1964 gives an expected reTurn of 3,867,000 -3-ocean red salmon i n  1965, - 



TABLE 15. HIGH SEAS CATCH OF - .2 OCEAN AGE FISH. 

Run t o  LJ. Percent No, taken by Percent of Catch per t an  
Year Alaska -2-ocean mothership f l e e t  W, Alaska run (shackle by 

1,' - mill ions - a e- 1/ 2/ 

1/ See sources i n  Table 2 and 3 .  - 
2/ In areas E of 175O~ June 1-20, and E of 180' June 21-30, where majority of - 

Br i s to l  Bay f i s h  are taken. (Source, INPFC s t a t i s t i c a l  yearbooks). 

TABLE 16. TOT,% RETIJRNS OF -2-OCEAE AGE AND -3-OCEAN AGE 
RED SALMON IN SUCFESSTVE YEARS, IN-LLIONS OF 

FISH 

-2-ocean age - - -3-ocean age 

Year Return Year Return 

* 1965 forecast 



TABLE 17. SUrclMARY OF FORECASTS OF THE BRISTOL BAY RED SALMON 
RUN IPJ 1965 (IN MILLIONS OF FISH) 

FORECAST BY RIVER SYSTEPI 
1,' - 

-2-ocean - .3 -ocean 
RIVER 

- 
( o r  4-year) (or 5-year) TOTAL 

WOOD .66 .31 -97 

TIKCHIK .06 .24 .30 

IGUSHIK .13 -44 . 57 

SNAKE .03 -02 .05 

MULCI-IATNA and NUSHAGPX -05 .01 -06 

TOTAL NUSHAGRfC 

KVICHAK 12.65 -52 13.17 

ALAGNAK - 4 1  .55 -96 

NAKNEK 1- 24. 1-83 3.07 

TOTAL NAKYJEI(-KVICCHAT, 14.3C 2.90 17-20 

EGEGIK 3.22 .96 4.18 

UGASHIK 3-06 -62 3.68 

TOGIAK -19 .09 -28 

NORTH SIDE ALASKA PENINSULA .81 - - - 3  8 - 1.19 

TOTAL BRISTOL BAY 22.51 

HIGH SEAS PURSE SEINE 24.2 

REGRESSION OF - 3  -OCEAN RETURNS 
ON . 2  -OCEAN RETURNS - 

1/ The .3-ocean (o r  5-year) r e t u r n  f i g u r e s  have been ad jus t ed  by - 
sub t r ac t ing  the Japanese h igh  seas  ca tch  o f  B r i s t o l  Bay immature 
red salmon i n  1964. 
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