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ABSTRACT 

Th is  r e p o r t  rev iews fo recas ts  made by  t h e  Alaska Department o f  F i s h  and 
Game (ADF&G) o f  t h e  r e t u r n  o f  sockeye salmon (Oncorhynchus nerka) t o  
B r i s t o l  Bay, Alaska, i n  1985. Forecasts f o r  i n d i v i d u a l  r i v e r  systems by 
ma jo r  age c lasses  based upon spawner-recrui  t r e l a t i o n s h i p s  (1  979, 1980, 
and 1981 spawning escapements), r e t u r n  o f  s i b l i n g  age c lasses i n  1984, and 
es t imates  o f  smol t p roduc t i on  and s u r v i v a l  (1982 and 1983 smol t seaward 
m i g r a t i o n s )  were combined w i t h  f o r e c a s t s  f o r  a l l  o f  B r i s t o l  Bay by  ocean 
age group, based upon i n f o r m a t i o n  c o l l e c t e d  by Japanese research  vessels ,  
t o  y i e l d  a 1985 t o t a l  r e t u r n  es t ima te  o f  35.0 m i l l i o n  sockeye salmon. The 
f i n a l  pooled fo recas t  weighted r e s u l t s  o f  t h e  Standard ADF&G and Japanese 
Research Catches methods e q u a l l y  s i n c e  t h e i r  pas t  performance has been 
s i m i l a r .  However, t h e  Japanese Research Catches method produced a  h i g h e r  
p r e d i c t i o n  o f  two-ocean sockeye salmon r e t u r n s  (4, and 5, age c lasses,  
34.1 m i l l i o n )  and a  lower  p r e d i c t i o n  o f  three-ocean r e t u r n s  (5, and 6, age 
c lasses,  7.8 m i l l i o n )  than t h e  Standard ADF&G method (12.4 m i l l i o n  two- 
ocean; 12.9 m i l l i o n  three-ocean r e t u r n s ) .  A g r e a t  deal  o f  u n c e r t a i n t y  was 
assoc ia ted  w i t h  p r e d i c t i n g  r e t u r n s  t o  t h e  Kvichak R i v e r  system, which gen- 
e r a l  l y  accounts f o r  about 30% o r  more o f  t h e  t o t a l  r e t u r n  t o  B r i s t o l  Bay. 
W i  t h i  n  t h e  Standard ADF&G method, t h e  spawner-recrui  t es t ima te  f o r  t h e  
dominant age c l ass  r e t u r n i n g  t o  t h e  Kvichak system (5, sockeye salmon, 
18.1 m i l l i o n )  was e i g h t  t imes g r e a t e r  than  t he  s i b l i n g  r e t u r n s  es t ima te  
(2.3 m i l l i o n )  and t h r e e  t imes g r e a t e r  than  t h e  smo l t  p roduc t i on -su rv i va l  
es t ima te  (5.7 m i l l i o n ) .  S ince smol t and s i b l i n g  es t imates  were based on 
more r e c e n t  i n f o r m a t i o n  than  was t h e  spawner - rec ru i t  est imate,  t h e  spawner- 
r e c r u i t  es t ima te  f o r  5-year-o ld  sockeye salmon r e t u r n i n g  t o  t h e  Kvichak 
system was n o t  used i n  c a l c u l a t i n g  t h e  f i n a l  Standard ADF&G p r e d i c t i o n .  
I f  t h e  Japanese Research Catches two-ocean es t ima te  f o r  1985 i s  more accur-  
a t e  t han  t h e  Standard ADF&G est imate,  ac tua l  r e t u r n s  t o  t h e  Kvichak R i v e r  
cou ld  be t w i c e  as g r e a t  as t h a t  i n d i c a t e d  i n  t h e  pooled f o recas t .  Fu r t he r -  
more, a c t u a l  r e t u r n s  t o  o t h e r  systems would a l s o  be a l t e r e d  from those 
w i t h i n  t h e  pooled f o recas t ,  p robab ly  r e s u l t i n g  i n  lower  than  p r e d i c t e d  
r e t u r n s  t o  west  s i d e  systems (Nushagak and Togiak D i s t r i c t s )  and h ighe r  
than  p r e d i c t e d  r e t u r n s  t o  eas t  s i d e  systems (Egegik and Ugashik D i s t r i c t s ,  
as w e l l  as Naknek-Kvichak D i s t r i c t ) .  

KEY WORDS: sockeye salmon, salmon fo recas t i ng ,  p o p u l a t i o n  dynamics, B r i s t o l  
Bay. 



INTRODUCTION 

The purpose of th is  report i s  to  provide i s  to  provide a final pre-season 
forecast for  sockeye salmon (Oncorhynchus nerka) returns to  Bristol Bay, 
Alaska, in 1985. Specific objectives are  as  follows: ( 1  ) t o  present 
resul ts  of the various methods used to forecast sockeye salmon returns to  
Bristol Bay in 1985, ( 2 )  to  document the performance of these various 
methods, and (3)  to indicate where actual returns are  most l ike ly  to  
depart from pre-season expectations. 

Until 1983, the annual pre-season forecast used by the Alaska Department 
of Fish and Game (ADF&G) was calculated as the unweighted average of e s t i -  
mates obtained from spawner-recrui t relationships,  s i  bl i ng age class 
returns, and smolt production-survival estimates for  individual age classes 
and river-lake systems. Forecasts obtained from th i s  method, referred to  
as the Standard ADF&G method, have usually been within 47% of actual total  
run size.  Other forecast methods have also been developed by ADF&G,  b u t ,  
while average performance of some of these has been better than the Stand- 
ard ADF&G method, year t o  year r e l i a b i l i t y  has been inconsistent. Begin- 
ning in 1983, attempts were made t o  improve forecast re1 iabi 1 i t y  by pool i n g  
resul ts  from the Standard ADF&G method with resul ts  from some of the other 
available forecast methods. Although only 2 years of data are  available 
for  comparison, resul ts  of these attempts were promising since forecasts 
for  both years were within about 25% of actual total  r u n  s ize .  The 1985 
pre-season forecast i s  for a total  return of 35.3 million sockeye salmon, 
based upon the weighted mean of the resul ts  of two methods: (1 ) Standard 
ADF&G and ( 2 )  Japanese Research Catches. 

METHODS 

Standard ADF&G 

The Standard ADF&G method provided forecasts for  individual river-la ke 
systems and major age classes. Ages were expressed according to  Gilbert 
and Rich (1927) designations, where total  age i n  years i s  indicated as we1 1 
as total  time in years spent within freshwater (subscript) :  4,, 5,, 5,, 
and 6, (4-, 5-, and 6-year-old sockeye salmon which spent e i ther  2 or  3 
years within freshwater). Three components were included within the Stand- 
ard ADF&G method: (1 ) spawner-recrui t relationships, (2)  si  bl i n g  age class  
returns,  and (3)  smol t production-survival estimates. If more than one 
estimate was avai lable wi t h i  n a component, these results were weighted 
equally and averaged t o  produce a single resul t  fo r  each component. Results 
of each of these three components, i f  available,  were weighted equal ly and 
averaged f o r  each system and age class.  In some cases a resul t  within or 
from a component was excluded from f inal  calculations. The rationale for  
each exclusion can be found within the appropriate portion of the Results 
and Discussion section. 



Spawner-Recrui t: 

Predicted returns from spawner-recrui t relationships were based upon dome- 
shaped, Ri cker (1  954) type curves having the general equation: 

R = a€ewbE , where 

R = total  number of recrui ts  returning in years n+4, n+5, and 
n+6 ( i  . e . ,  returns four, f ive,  and six years a f t e r  spawning), 

E = number of spawners in brood year n ,  

a  and b = parameters which determine curve shape. 

Predicted returns (number of recru i t s )  fo r  1985 were based upon parental 
escapements (number of spawners) for 1979 (for  6, re turns) ,  1980 ( fo r  5, 
and 5, re turns) ,  and 1981 (for  4, returns).  Predictions for each age 
class were calculated using the fol1 owing general relationship: 

R .  = M .  R = , where 
1 1 

R .  = return of age class i  ( i  .e . ,  n+i years a f t e r  spawning), and 
1 

M i  = mean proportion of age class i  within past returns based 
upon e i ther  a l l  years or only comparable cycle years ( fo r  
Kvichak or Wood systems). 

For example, the number of 5, sockeye salmon expected to return to  a sys- 
tem in 1985 was based upon the spawning escapement to that  system in 1980 
multiplied by the mean proportion of the total  return from past escapements 
which returned as age 5,. 

In cases where actual returns to  date for  a brood year were already greater 
than tha t  expected from the spawner-recruit relationship, predictions for 
the 5, and 5, age classes were calculated using the following equation: 

R = A / M 4  , where 

A = actual returns of 4, age class ,  and 

M 4  = mean proportion of 4, age class wi thin past returns ; 

while predictions for the 6, age class were calculated using the following 
equation: 

R = A / (1-M6) , where 



A = actual returns of 4,, 5,, and 5, age c lasses ,  and 

M6 = mean proportion of 6, age c lass  within past returns.  

Si bl i ng Age Classes : 

Predicted returns from s ib l ing  age c lasses  (younger age c lasses  from the 
same brood year)  were based upon two methods. The f i r s t  was a l inear  
regression model w i  t h  the  general equati on: 

In [Ri ] = a + b In [ R  
Y ( i-1 )y 

] , where 

I n  [Ri 1 = natural logarithm of return of age c lass  i from brood 
y e a r y ,  

I n  LR(i-1 ly ] = natural logarithm of return of age c lass  ( i - 1 )  from 
brood year y ,  

a and b = in te rcep t  and slope of l i n e ,  respectively.  

The second was a r a t i o  estimator with the  general form: 

n = f i r s t  year of avai lable  data ,  

y-1 = year pr ior  to forecasted re turn,  and 

[(y-1)-n] = t o t a l  number of years of data avai lable .  

For example, the  number of 5, salmon expected t o  return to  a system i n  1985 
was based upon the number of 4, sockeye salmon t h a t  returned to  t ha t  system 
in  1984. In the regression model, the natural logarithm of the  number of 4, 
sockeye salmon tha t  returned in 1984 was entered in to  an equation to predict  
the number of 5, salmon expected to  return in  1985. In the r a t i o  est imator,  
the number of 4, sockeye salmon t h a t  returned i n  1984 was mu1 t i p l i ed  by the  
average r a t i o  of 5, t o  4, sockeye salmon recorded for  past brood years. 

Smolt Production-Survival: 

Predi cted returns from smol t s tudies  were calculated only f o r  Kvi chak, Woody 
and Nuyakuk River systems. Both Kvichak and Wood systems have a r e l a t i ve ly  
extensive data base re la t ing  numbers of seaward migrating smolt t o  corres- 
pondi ng adul t  returns.  Enumeration programs using sonar were i n i t i a t ed  f o r  
these systems in  1971 and 1975, respectively.  The Nuyakuk system program 
i s  r e l a t i ve ly  new; i t  has only been operated since 1983. However, attempts 



were made t o  use Nuyakuk smol t information f o r  a 1985 forecast  since spawner- 
r ec ru i t  est imates,  based on record escapements, were considered unreliable,  
and data f o r  s ib l ing  age c lasses  was not available fo r  two major age classes.  
A1 though smol t programs have been operated fo r  Naknek and Egegi k systems s ince  
1982, and fo r  Ugashik system since 1983, predictions of 1985 adu l t  returns 
were not made s ince  both spawner-recruit and s ib l ing  age c lasses  estimates 
coul d be made. 

Two methods were used to  predict  adul t  returns using smol t data.  The f i r s t  
method was based upon estimates of mean survival and age of maturity and had 
the general equation: 

Ri = Sk x P k  x Q k i  , where 
(y+i 1 

R i  = returns of age c lass  i in year ( y + i ) ,  

Y = brood year (year of parental spawning), 

Sk = number of age k smolt from brood year y (where k = age I o r  11, 
corresponding t o  smolt spending e i t h e r  two o r  three years in  
freshwater, respect ively) ,  

P = proportion of age k smol t which survive t o  maturity, and k 

Q k i  = proportion of age k smolt which return as  age c lass  i adul ts .  

For example, the  number of 5, sockeye salmon expected t o  return to  a system 
in 1985 was based upon the number of age I1 smolt which migrated from t h a t  
system in 1983 ( i  . e .  , progeny of 1980 spawning escapement) mu1 t i  pl ied by 
the mean proportion of age I1 smolt which survive t o  maturity and the  mean 
proportion of surviving age I1 smolt which mature a t  age 5,. 

The second method, used only f o r  the Kvichak River system, included environ- 
mental e f f ec t s  upon smolt survival and maturity and had the  general equation: 

Ri = Sk x Z x H , where 

Z = proportion of smolt surviving and maturing to  age i ,  and 
H = a + bT, where T = mean June a i r  temperature ( " C )  a t  Port Heiden during 
year of smolt migration, a and b = parameters which determine in tercept  ( a )  
and slope (b )  of l i ne ,  respectively.  For example, the number of 5, sockeye 
salmon expected t o  return t o  the Kvichak River system in 1985 was based upon 
the number of age I1 smol t which migrated from t h a t  system i n  1983 ( i  . e . ,  
produced by the 1980 escapement) multiplied by the mean proportion of age I1 
smolt which survive and mature a t  age 5, (estimated from the 1983 mean June 
a i r  temperature a t  Port Hei den). 



Japanese Research Catches 

The Japanese Research Catches method provided a forecast of total  sockeye 
salmon returns to  Bristol Bay by two- (4,  and 5,) and three-ocean (5, and 
6,) age groups. Predictions were made using data on catch per unit  of 
e f for t  ( C P U E )  and mean length of immature sockeye salmon captured by Japan- 
ese research vessels fishing south of the Aleutian Islands during July 1984 
(Takagi and I to  1984) along with environmental effects  within a multiple 
l inear regression model: 

Rm = a + b G + b L + b3 C k  , where 1 k-1 2 k  

Rm = returns of ocean age group m ,  

Gm- 1 = geometric mean CPUE of ocean age group m-1, 

Lm- 1 = mean fork length ( m m )  of ocean age group m-1, and 

cm = mean June Cold Bay a i r  temperature(s) ( O F )  during year(s)  
of sockeye salmon ocean residence. 

For example, the number of three-ocean (5, and 6,) sockeye salmon expected 
to  return to Bristol Bay in 1985 was based upon geometric mean CPUE and fork 
length of two-ocean immature sockeye salmon captured by Japanese research 
vessels fishing south of the Aleutian Islands during July 1984 and the sum 
of mean June Cold Bay a i r  temperatures for  1983 and 1984. 

In past years, th i s  data was used to  produce two separate forecasts,  one 
based only upon geometric mean CPUE (Japanese High Seas Sampling method) 
and the other based upon both mean fork length and mean June Cold Bay a i r  
temperatures (Temperature-Length Model method) (Eggers, Meacham, and Yuen 
1983 a and b ) .  Combining a l l  data into a single equation simplified the 
final pool i ng procedure and should not affect  forecast accuracy. 

Other Forecasting Techniques 

Three other techniques have been used in past years to predict total  returns 
of sockeye salmon to Bristol Bay (Eggers, Meacham, and Yuen 1983a and b ) :  
(1)  Adak Purse Seine Catches, (2)  Escapement-Temperature Model, and (3 )  
Bay-Wide Sibling Returns methods. The f i r s t  was based upon resul ts  of a 
University of Washington , Fisheries Research Ins t i tu te ,  t e s t  fishing pro- 
gram in the Aleutians. However, th i s  program has been discontinued. The 
second and third methods were not independent of resul ts  produced by the 
Standard ADF&G method, since predictions of total  returns to  Bristol Bay 
were made using combined spawning escapements, total  returns, and sibling 
age class  returns for  each brood year fo r  a l l  of Bristol Bay. Since pool- 
ing resu l t s  of these two methods with resul ts  of the Standard ADF&G method 
simply serves to  give more weight to predictions based upon the spawner- 
recrui t  relationship and sibling age class returns, these two methods were 
not used in producing the 1985 forecast. 



Pool i  ng Forecast Resul t s  

Results of the  Standard ADF&G and Japanese Research Catches methods were 
pooled based upon the past  performance of each method i n  forecast ing sock- 
eye salmon re turns  to  Bristol  Bay (Tables 1 and 2 ) .  Past performance was 
estimated by f i t t i n g  a l i nea r  regression model t o  observed and forecasted 
re turns  f o r  each method and calcula t ing standard e r ro r s  (Table 3 ) .  A 
pooled fo recas t  f o r  each ocean age c lass  was calculated from r e su l t s  of the  
Standard ADF&G and Japanese Research Catches methods using the inverse of 
t h e i r  variances as  weighting fac to rs  (Snedecor and Cochran 1969) : 

[ F ~ ~ ~ a ~ k  ( l / v ~ ~ ~ & ~ k  11 + C F ~ ~ ~ ~  x (1 /vJRCk)l  
F = , where 

Fk  = weighted mean forecas t  of re turns  f o r  ocean age group k ,  

F ~ ~ ~ & ~ k  = Standard ADF&G forecas t  f o r  re turns  of ocean age group k ,  

= varance (standard e r ro r  squared) of Standard ADF&G fo recas t  
VADF&Gk of ocean age group k ,  

F ~ ~ ~ k  = Japanese Research Catches fo recas t  f o r  re turns  of ocean age 
group k ,  and 

V ~ ~ ~ k  = variance of Japanese Research Catches forecas t  of ocean age 
group k .  

Variance est imates f o r  each pooled ocean age forecas t  were calculated u s i n g  
the following formula f o r  samples of equal s i z e s  (Snedecor and Cochran 1969) : 

V k  = variance fo r  pooled forecas t  of ocean age group k .  

The standard e r ro r  of the  pooled t o t a l  forecas t  was calculated as:  

SEt = sqrt[(V2 + V3) / 21 , where 

SEt = standard e r ro r  f o r  pooled fo recas t  of t o t a l  re turns .  

Finally,  the 80% confidence interval  f o r  the pooled forecas t  of t o t a l  
returns was estimated u s i n g  the following re la t ionship:  

80% C.I. = t0.20CN-21 x SEt] , where 

= Student ' s  t value w i t h  a probabi l i ty  of type I e r ro r  of 
CN-21 0.20 and (N-2) degrees of freedom ( a  two-tailed t e s t )  = 

20[18] = 1.33. 

- 6- 



Table 1 .  Cornpa-risons of forecasts of total  sockeye salmon returns to  Bristol 
Bay, 1961-1984, made using three methods. 

Actual Return (millions) 
Forecast (millions) ---- -- Total 

Japanese 
Standard Research Weighted Alll!ge ClnlyMajor 

Year Catches2 Mean3 Inshore Classes Age Classes 

Published Standard ADF&G forecasts for past years. 

2 Hindcasted Japanese Research Catches forecast estimates (using data 
from a l l  years except the year fo r  which estimate was made). 

3 Forecast calculated as mean, weighted by inverse of variance, of sev- 
eral  methods (1983: Standard ADF&G, Japanese Gill Net CPUE,  and Escape- 
ment-Temperature Model ; 1984: Standard ADF&G, Japanese Gi 11 Net CPUE,  
Temperature-Length Model , Escapement-Temperature Model , and Bay-wide 
Sibling Returns; 1985: Standard ADF&G and Japanese Research Catches). 
Included high seas catch estimates. 
Major age classes refer only t o  4,, 5,, 5,, and 6,. 

NO estimate made since research vessels fished in different  area. 



Table 2 .  Comparisons of forecasts of one- and two-ocean sockeye salmon 
returns to  Bristol Bay, 1973-1 984, made using two methods. 

Forecast (millions) - -- -- 
Japanese Psearch Actual Return 

Standard ADF&G Catches (millions) 

Three- Tho- Three- ma- Three- 
Year ocean ocean ~ c e a n  ocean ocean ocean 

Published Standard ADF&G forecasts for  past years. 
2 Hindcasted Japanese Research Catches forecast estimates (using data from 

a1 1 years except the year for  which estimate was made). 
3 Included high seas catch estimates. 

Major age classes refer  only to  4,, 5,, 5,, and 63. 

NO estimate made since research vessels fished in different  area. 



Table 3 .  Accuracy of forecasts of sockeye salmon returns t o  Bristol Bay, 
1961-1984, based upon l inear  regressions forecasted against actual 
returns. 

- - - - 

Age Classes Examined Standard Error 
Time --- - of Regression 
Period Forecast vs k t u d l  (millions) - -- 

Standard ADF&G - 
1961-84 Major : All 11.36 
1973-84 Ma jor All 9.30 
1973-84 Major two-& three-ocean 9.25 

1973-1 984 tw-an tweocean 
1973-1984 threeocean4 three-ocean 

Japanese Research Catches - - 
1973-83 two-&three-ocean All 9.22 
1 973- 83 twe&three-ocean two-&three-ocean 9.23 

1973-83 two-ocean two-ocean 8.48 
1973-83 three-ocean three-ocean 3 -85 -- - ------------- 
I Includes returns of only 4,, 5,, 5,, and 6, age classes. 

2 Includes returns of a l l  age classes. 

3 Two-ocean returns are only for 4, and 5, age classes. 

Three-ocean returns are only for  5, and 6, age classes. 



The pooled forecast of total  run size was apportioned among individual river- 
lake systems by major age classes based upon proportions within the original 
Standard ADF&G forecast. 

RESULTS A N D  DISCUSSION 

Total Bristol Bay Forecast 

The Standard ADF&G and Japanese Research Catches methods produced total  
Bristol Bay forecasts of 25.3 and 41.9 million sockeye salmon, respectively 
(Table 1 ) .  The Japanese Research Catches method produced a higher two- 
ocean age group prediction (34.1 mill ion) and a lower three-ocean age group 
prediction (7.8 mill ion) than the Standard ADF&G method (12.4 and 12.9 mil- 
l ion two- and three-ocean returns, respectively) (Tab1 e 2 ) .  Large d i f fe r -  
ences in total  and ocean age group predictions between the Standard ADF&G 
and Japanese Research Catches methods were d i f f i c u l t  to  reconcile since the 
past performance of both methods, indicated by t h e i r  standard errors ,  was 
similar (Table 3) .  The final weighted pooled forecast of total  returns was 
35.0 mil 1 ion sockeye salmon (Table 4 ) ,  with an 80% confidence interval of 
26.0 to  44.0 million (standard error of forecast,  6.76). Total projected 
harvest was 20.3 mi 11 ion sockeye salmon (Table 4 ) ,  with an 80% confidence 
interval of 12.5 to  29.3 million (assuming the proportion of the total  run 
returning to  individual systems remained constant for  total  Bristol Bay runs 
ranging from 26.0 to 44.0 mill ion).  

Final forecasts for  each system and major age class (Table 4) were based 
upon the distribution of returns within the Standard ADF&G forecast (Table 
5 ) .  The Standard ADF&G forecast fo r  each system and major age class was 
calculated as the unweighted mean of resul ts  from three components: spawner- 
recrui t  (used for a l l  systems and age classes except Kvichak River system 5, 
sockeye salmon), sib1 ing age classes (used for  a l l  systems and age c lasses) ,  
and smolt production-survival (used for  Kvichak, Wood, and Nuyakuk River 
systems only). Cases in which resul ts  of a component were excluded from 
final cal cul a t i  ons , as we1 1 as problem areas where inconsistencies in resul t s  
among components were encountered, are  identified and discussed under the 
appropriate sections. If  more than one estimate was available within a 
single component, the unweighted mean was used as the component resul t .  

Kv i chak River 

A total  of 1 2 . 2  million sockeye salmon was forecasted to return to  th i s  
system based upon the pooled resul ts  of the Standard ADF&G and Japanese 
Research Catches methods (Table 4 ) .  There was a great deal of uncertainty 
in calculating the Standard ADF&G method prediction for  th i s  system since 
spawner-recrui t component resul ts  for  5-year-01 d sockeye salmon (primari ly 
the 5, age class from the 1980 brood year spawni ng escapement) were much 
higher than resul ts  from e i ther  the sibling age classes or smolt production- 
survival components (Table 6) .  The Standard ADF&G method prediction for  
total  returns to  this  system was 8.6 million sockeye salmon (Table 5 ) .  
However, there was a large difference in estimated two-ocean returns to 
Bristol Bay between the Standard ADF&G and Japanese Research Catches methods. 



Table 4. Forecasted returns of major age classes of sockeye salmon to Bristol 
Bay river-1 ake systems and commercial f ishing d i s t r i c t s  in 1985 
based upon pooled resul ts  of Standard ADF&G and Japanese Research 
Catches methods. Spawning escapement goals and resulting projected 
harvests are  indicated. 

Forecasted Return by Age Class 
spawnins 

District : 4 5 5 6 Escapnent Projected 
system 2 3 2 3 Total Goal Harvest 

Naknek-Kvichak : 
Kvichak 
Branch 
Naknek 

Total 

Ugashi k 

Nushag*: 
wood 
Igushi k 
Nuy*uk 

Total 

Total 
Bristol Bay 

Sockeye salmon of minor age classes and systems not considered within 
forecast calculations may increase the total  return by 1 to 2%. 



Table 5. Summary of resul ts  of Standard ADF&G method, showing estimated 
returns of sockeye salmon t o  Bristol Bay river-lake systems 
and commercial fishing d i s t r i c t s  in 1985. (See Table 4 for  
actual pre-season forecast based upon  pooled resul ts  of Standard 
ADF&G and Japanese Research Catches methods.) 

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

Nmbrs of sockeye salmon by age class 
(thousands) 

District: 
sys- 

4 5 5 6 
2 3 2 3 Total 

Naknek-Kvichak District: 
Kvichak 481 4,021 1,521 2,552 8,575 
Branch 70 89 140 52 3 51 
Naknek 561 1,011 1,223 93 4 3,729 - - - - -  -- 
Total 1,112 5,121 2,884 3,538 12,655 

Egegik District 147 2,122 842 1,749 4,860 

Ugashik District 452 1,739 986 628 3,805 

Nushagak District: 
Wood River 4 87 243 999 90 1,819 
Igushik River % 8 74 50 22 8 
Nuyakuk River 57 4 29 5 95 40 1,238 - -- -- --- -- 
TotaJ. 1,157 28) 1,668 180 3,285 

Togiak District 204 110 365 3 6 7 15 

-- - - -  --- 
-- -- P - 

Total B r i s t o l  Bay1 3,072 9,372 6,745 6,132 25,321 ---------- 
I Sockeye salmon of minor age classes and systems not considered within 

forecast calculations may increase the total  return 1 to  2%. 



Table 6. Forecasted returns of major age classes of sockeye salmon to 
Kvichak River system, Bristol Bay, in 1985 based upon spawner- 
recru i t  , s i  bl i ng  returns, and smol t components of the Standard 
ADF&G method. 

Parental 
spawnins 

e Escapement 
C l a s s  (thousands) - 
42 1,754 
53 17 ,50S1 
52 17 ,50S1 
63 11 ,218 

Estimated 
Return 

Per 
Spawner 

Mean 
Proportion Predicted 
of Age Class Return 

i n  Past Returns (thousands) 

0 -2320 6 45 
0 -5404 18,101 
0.1114 3,731 
0 .lo41 4 , 265 

Re- CQp[epnenf 

Predicted Return (thousands) 

Sibling Based on Based on Ratio 
Age Return i n  1984 Linear for Conparable 
Class (thousands) Regression3 Cycle Years - 



Table 6. Forecasted returns of major age classes of sockeye salmon to  
Kvichak River system, Bristol Bay, in 1985 based upon spawner- 
recru i t ,  s ib l ing  returns, and smolt components of the Standard 
ADF&G method (continued). 

Tgchnique A (based upon ~llean survival and maturity: 

Smolt 
Pge P r a c t i c n  

C l a s s  (thousands) -- 
42 6,549 
53 76,245 
52 122,928 
63 81,113 

Estimated 
Survival 
of Age I or  
I1 Smelt 

Estimated 
Praportion 
Maturing a t  Predicted 
Ocean Age Return 
of In teres t  (thousands) 

0.6359 354 
0.9422 7,630 
0.1875 1,960 
0.1267 1,091 

Technique B (based upon environmental effects upon survival):  

Mean January 
Air Temp. 

in Year mlt Swlt 
Pge Enter Sea P r d c t i o n  

C l a s s  (OF) ( thousands ) - 
42 24.6 6,549 
53 24.6 76,245 
52 29.8 122,928 
63 29.8 81tlJ.3 

Estimated 
S U M V ~ ~  
of Age Predicted 

C l a s s  of Return 
In te res t  (thousands) 

Actual 1980 escapement was 22.505 m i  11 ion, however, f ive mi 11 ion 
sockeye salmon were assumed to have died before spawning due t o  
a velocity barrier on the Newhalen River. 

* Actual return to  date greater than that  based upon Ricker rela- 
tionship. Return-per-spawner calculated as:  

R/S = A/(l-M , where 
R/S = return-per-spawner, A = actual return to  date,  and 
M = mean proportion of age c lass (es)  in past returns. 
Coefficient of determination ( R 2 )  shown in parentheses. 
Mean January a i r  temperatures a t  Cold Bay, Alaska. 



If total  two-ocean returns exceed those predicted by the pooled forecast,  a 
large proportion of these sockeye salmon could return t o  the Kvichak system. 
This would resu l t  in an actual return to the Kvichak system that  could be 
twice as high as that  indicated by the pooled forecast. A discussion of 
resul ts  for  each major age class follov~s. 

A prediction based upon sibling age classes could not be made since no 3, 
sockeye salmon were obtained from samples collected in 1984. Therefore, 
the 4, age class forecast for th is  system was based upon resul ts  from 
spawner-recruit and mean smolt components which produced estimates of 0.6 
to 0.3 million, respectively. This resulted in a Standard ADF&G predicted 
return of 0.5 million 4, sockeye salmon and a f inal  pooled predicted return 
of 0.9 million. 

The 1980 escapement was the second largest  ever recorded (1 980, 22.5 mill ion; 
1965, 24.3 mil l ion) .  However, about 5.0 million sockeye salmon within the 
escapement probably died prior to  spawning because of a velocity barr ier  on 
the Newhalen River caused by extremely high water conditions (Poe and Mathisen 
1980). Even when th is  loss was accounted for ,  an escapement of 17.5 million 
was estimated to  produce a return of 18.1 million 5, sockeye salmon, based 
upon Ricker type spawner-recruit model using data from 1956-1978. This e s t i -  
mate was about eight times greater than the 2.3 million estimate based upon 
sibling age classes,  and about three times greater than the 5.7 mill ion e s t i -  
mate based upon the mean of the two smolt production-survival resul ts .  The 
spawner-recruit estimate was omitted from the final ADF&G method forecast for  
th is  system, resulting in a Standard ADF&G predicted return of 4.0 million 5, 
sockeye salmon and a f inal  pooled predicted return of 7.9 million. 

The spawner-recruit component resu l t  of 3.7 million 5, sockeye salmon returns 
was about five times greater than the sibling age classes estimate of 0.8 
million and about three times greater than the mean smolt production-survival 
estimate of 2.3 million. A1 though these d ispar i t ies  were not as great as 
those noted for  5, age class returns, the spawner-recruit estimate was 
omitted from the final ADF&G method forecast for  th i s  system to maintain 
consistency within th is  brood year. This resulted in a Standard ADF&G pre- 
dicted return of 1.5 million 5, sockeye salmon and a final pooled predicted 
return of 1.3 million. 

Spawner-recrui t ,  mean s i  bl i ng age classes,  and mean smol t-production survival 
components produced return estimates of 4.3, 1.9, and 1.5 million sockeye 
salmon, respectively. This resulted in a Standard ADF&G predicted return 
of 2.6 million 6, sockeye salmon and a final pooled predicted return of 2.1 
million. This would be the second largest  return ever recorded for  th i s  age 
class. The largest  6, return was observed in 1966 (progeny of the 1960 



spawning escapement of 14.G mi l l ion)  when 6.3 mil l ion sockeye salmon were 
recorded. Only two other years have had 6, returns exceeding 1.0 mill ion:  
1962 (1956 brood year escapement of 14.6 mill ion which produced 1 .3  mill ion 
6, r e tu rns )  and 1976 (1 970 brood year escapement of 13.9 mill ion which pro- 
duced 1.2 mill ion 6, r e tu rns ) .  

Branch River 

A to ta l  of 0.5 mil l ion sockeye salmon was forecasted t o  re turn  to  t h i s  sys- 
tem based upon the pooled r e su l t s  of the Standard ADF&G and Japanese Research 
Catches methods (Table 4 ) .  The Standard ADF&G method prediction f o r  t o t a l  
re turns  t o  t h i s  system was 0.4 mil l ion sockeye salmon (Table 5 ) .  Only 
spawner-recrui t and si bl ing age cl asses information were avai 1 able f o r  t h i s  
system (Table 7 ) .  The range of spawning escapements which wil l  produce 1985 
re turns  t o  t h i s  system (1979-81 brood year escapements range from 82 thou- 
sand t o  0.3 mi 11 ion)  were we1 1 within the  h i s to r ica l  range of escapements 
used wi thi  n the spawner-recrui t model (1 956-78 brood year escapements range 
from 36 thousand t o  1.2 mi l l ion) .  A discussion of r e su l t s  f o r  each major 
age c lass  follows. 

No. 3, sockeye salmon were obtained from samples collected in 1984. There- 
fore ,  the 4, age c lass  fo recas t  f o r  t h i s  system was based only upon r e su l t s  
from the spawner-recruit component. This resulted in a Standard ADF&G pre- 
dicted re turn  of 70 thousand 4, sockeye salmon and a f i na l  pooled predicted 
return of 0.1 mil l ion.  

No 4, sockeye salmon were obtained from samples collected in 1984. There- 
fore ,  the 5, age c lass  fo recas t  f o r  t h i s  system was based only upon r e su l t s  
f r m  the spawner-recruit component. This resul ted  in a Standard ADF&G pre- 
dicted re turn  of 0.1 mi l l ion and a f ina l  pooled predicted return of 0.2 
mi 11 ion. 

Spawner-recrui t and mean s i  bl ing age c lasses  components both produced re turn  
est imates of about 0.1 mil l ion.  This resulted in a Standard ADF&G predicted 
return of 0.1 mil l ion 5, sockeye salmon and a f i na l  pooled predicted return 
of 0.1 mi l l ion.  

Spawner-recruit and mean s ib l ing  age c lasses  components produced re turn  
est imates of 73 and 31 thousand sockeye salmon, respectively.  This resul ted  
in a Standard ADF&G predicted re turn  of 52 thousand 6, sockeye salmon and a 
f ina l  pooled predicted re turn  of 43 thousand. 

Naknek River 

A t o t a l  of 4.8 mi l l ion sockeye salmon was forecasted t o  re turn  t o  this 



Table 7. Forecasted returns of major age classes of sockeye salmon to  
Branch River system, Bristol Bay, in 1985 based upon spawner- 
recrui t  and sibling returns components of the Standard ADF&G 
method. 

Parental EstimaW Mean 
spawning Return Proportion Predicted 

e Escapement Per of Age Class Return 
Class (thousands) Spawner in Past Returns (thousands) 

Predicted Return (thousands) - 
Sibling Based on 

Age Return in 1984 Linear Based on Ratio 
Class (thousands) Regression for All Years - 

52 98 (42) 88 (0.40) 17 2 

63 3 1  (53) 18 (0.22) 44 

Actual return to  date greater than that  based upon Ricker 
re1 ationshi p.  Return-per-spawner calculated as: 

R/S = A/(1-M) , where 
R/S = return-per-spawner, A = actual return to date, and 
M = mean proportion o f  age c lass (es)  in past returns. 

Coefficient of determination (R* ) shown in parentheses. 



system based upon the pooled r e su l t s  of the Standard ADF&G and Japanese 
Research Catches methods (Table 4 ) .  The Standard ADF&G method predict ion 
f o r  t o t a l  re turns  t o  t h i s  system was 3.7 mill ion sockeye salmon (Table 5 ) .  
Only spawner-recrui t and s ib l ing  age c lasses  information were used t o  ca l -  
cu la te  the Standard ADF&G prediction f o r  t h i s  system, although smolt 
information was examined t o  determine whether s imi la r  trends i n  re turns  
were indicated (Table 8 ) .  A discussion of r e su l t s  f o r  each major age c lass  
f o l l  ows. 

Spawner-recruit and s ib l ing  age c lasses  components produced re turn  est imates 
of 0.5 and 0.6 mill ion sockeye salmon, respectively.  Smolt data indicated 
possible re turns  of 0.7 t o  1.1 mil l ion,  which were s imi lar  t o  o ther  estimates 
The mean of spawner-recrui t and s ib l ing  est imates resul ted  in  a Standard 
ADF&G predicted re turn  of 0.6 mi l l ion 4, sockeye salmon and a f i na l  pooled 
predicted return of 1.1 mil l ion.  

The 1980 spawning escapement of 2.6 mil l ion sockeye salmon was the l a rge s t  
ever recorded (pa s t  range, 1956-78, 0.3 to  2.2 mil 1 ion) .  Results of the 
spawner-recruit component f o r  t h i s  age c lass ,  as well as the  5, age c lass  
( see  below), were s imi la r  t o  r e su l t s  of the s ib l ing  age c lasses  component; 
both produced 5, return estimates of 1.0 mil l ion.  Smolt data indicated 
possible re turns  of 0.4 t o  0.8 mil l ion,  which were s imi lar  t o  o ther  e s t i -  
mates. The mean of spawner-recruit and s ib l ing  estimates resulted in a 
Standard ADF&G predicted return of 1 .0 mi 11 ion and a f ina l  pooled predicted 
return of 2.0 mil l ion.  

Spawner-recruit and mean s ib l ing  age c lasses  components produced re turn  
estimates of 1.1 and 1.3 mil l ion ,  respectively.  Smolt data indicated possible 
re turns  of 4.0 t o  8.1 mil l ion,  which were much la rger  than the  other  est imates.  
A return of t h i s  s i z e  was considered t o  be very unlikely,  even though the 1980 
spawni ng escapement was the 1 a rges t  ever recorded ( see  previous section con- 
cerning 5, r e tu rns ) .  The l a rge s t  pas t  re turn  of 5, sockeye salmon was 3.9 
mil l ion i n  1981, and was produced by a spawning escapement of 1 .3  mil l ion i n  
1976. Past escapements of 2.2 mill ion (1959) and 2.0 mill ion (1975) produced 
5, returns of 0.3 and 1.7 mil l ion,  respectively.  The mean of spawner-recruit 
and s i b l i ng  estimates resulted in a Standard ADF&G predicted re turn  of 1 .2  
mi l l ion 5, sockeye salmon and a f i na l  pooled predicted re turn  of 1 .0  mil l ion.  

Actual re turns  have already exceeded re turns  projected from a Ricker type 
spawner-recruit re la t ionship .  Past escapements of about 0.9 mil l ion sockeye 
salmon have produced returns-per-spawner ranging from only 2.0 t o  4.5. There- 
fore ,  t o  predic t  6, re turns  in 1985, estimated number of returns-per-spawner 
was increased from 4.3 ( t he  actual number of returns-per-spawner t o  da te )  
to  4.5 ( t he  upper end of the  range observed f o r  past  escapements). This 



Tabbe 8. Forecasted returns of major age classes of sockeye salmon to  Naknek 
River system, Bristol Bay, i n  1985 based upon spawner-recruit and 
sibling returns components of the Standard ADF&G method. 

Parental 
Spawning 

Age - w t  
Class (thousands) - 

2 1,796 
2,645 

52 2,645 
63 925 

Estimated 
Return 
per 

Spawner 

Mean 
Propor t ion Predicted 
of Age Class Return 

in  Past Returns (thousands) 

0.1423 473 
0.2 855 1,041 
0 -3033 1,106 
0.2570 1,070 

Re- C m  

Predicted Return ( thousands) 

sibling 
Age Return in 1984 

Class (thousands) - 

- - - - - - - - - - - 

Based on 
Linear Based on Ratio 

Regression2 for A l l  Years 

Estimated 
Estimated Proportion 

Smolt Survival Maturing a t  Predicted 
Age Production of Age I or Ocean Age Return 

Class (thousands) I1 Smolt of Interest (thousands) 

Actual return t o  date greater than that  based u p o n  Ricker 
relationship. Return-per-spawner calculated as: 

R/S = A / ( 1 - M )  , where 
R/S = return-per-spawner, A = actual return to  date, and 
M = mean proportion of age c lass (es)  in past returns. 
Coefficient of determination ( R 2 )  shown in parentheses. 

3 Predictions not used in final forecast. 



produced a spawner-recruit re turn  est imate of 1.1 mi l l ion sockeye salmon, 
which was only s l i g h t l y  g rea te r  than the mean s ib l ing  age c lasses  return 
est imate of 0.8 mil l ion.  Smolt data indicated possible re turns  of 0.3 t o  
0.7 mi l l ion ,  which were s imi lar  t o  other est imates.  The mean of the spawner- 
recrui  t and s i  bl i ng est imates resul ted in  a Standard ADF&G predicted return 
of 0.9 mi l l ion 6, sockeye salmon and a f i na l  pooled predicted re turn  of 0 .8  
mil l ion.  

Egegik River 

A t o t a l  of 6.6 mil l ion sockeye salmon was forecasted t o  re turn  t o  t h i s  sys- 
tem based upon the pooled r e su l t s  of the Standard ADF&G and Japanese Research 
Catches methods (Table 4 ) .  The Standard ADF&G method predict ion f o r  t o t a l  
re turns  t o  t h i s  system was 4.9 mil l ion sockeye salmon (Table 5 ) .  Only 
spawner-recrui t and s i  bl i ng age c lasses  information were used t o  ca lcu la te  
the  Standard ADF&G predict ion f o r  thi  s system, a1 though smol t information 
was examined t o  determine whether s imi lar  trends in re turns  were indicated 
(Table 9 ) .  A discussion of r e su l t s  f o r  each major age c lass  follows. 

No 3, sockeye salmon were obtained from samples col lected in  1984. There- 
fore ,  the 4, age c lass  forecas t  f o r  t h i s  system was based only upon the  
spawner-recruit component est imate of 0.1 mil l ion sockeye salmon. Smolt 
data indicated possible re turns  of 45 to  90 thousand, which were l e s s  than 
the spawner-recruit est imate.  The spawner-recruit estimate resul ted  in a 
Standard ADF&G predicted re turn  of 0.1 mil l ion 4, sockeye salmon and a f i na l  
pooled predicted return of 0 .3  mil l ion.  

Spawner-recruit and s ib l ing  age c lasses  components produced 5, re turn  e s t i -  
mates of 1 .5  and 2.8 mill ion sockeye salmon, respectively.  Smolt data 
indicated possible returns of 0.6 t o  1.2 mil l ion,  which were more s imi la r  
t o  the spawner-recruit estimate. The mean of the  spawner-recruit and s ib -  
l ing  estimates resul ted  in a Standard ADF&G predicted re turn  of 2.1 mil l ion 
and a f i na l  pooled predicted return of 4.1 mil l ion.  Only two past  re turns  
exceeding 4.0 mill ion 5, sockeye salmon have been recorded: 4.4 mil l ion in  
1965 and 5.7 mil l ion in 1983, from escapements of 1.8 (1960) and 0.9 (1978) 
mi 11 ion,  respective1 y. 

Spawner-recruit and mean s ib l ing  age c lasses  components produced return 
est imates of 0.4 and 1 .3  mil l ion,  respectively.  Smolt data indicated pos- 
s i b l e  returns of 1.5 t o  3.0 mil l ion,  which were greater  than e i t h e r  of the 
other  estimates b u t  more s imi lar  t o  the s ib l ing  estimates. A re turn  of 
t h i s  s i z e  was considered t o  be possible. The l a rge s t  past  re turn  of 5, 
sockeye salmon was 3.2 mill ion in 1961, and was produced by a spawning 
escapement equal in  s i z e  t o  the 1980 brood year (1.1 mi 11 ion,  1956 brood 
year ) .  The mean of the spawner-recrui t and s ib l ing  estimates resul ted  in  
a Standard ADF&G predicted re turn  of 0.8 mi l l ion 5, sockeye salmon and a 



Table 9. Forecasted returns of major age classes of sockeye salmon to 
Egegi k River system, Bristol Bay, in 1985 based upon spawner- 
recrui t  and sibling returns components of the Standard ADF&G 
method. 

Parental 
Spawning 

Pqe -P==t 
Class (thousands) 

Estimated 
Return 
per 

Spawner 

Mean 
Proportion Predicted 
of we Class Return 

in  Past Returns (thousands) 

0.0693 1 47 
0.4772 1,478 
0.1130 3 50 
0 -2992 1,786 

- - - 

Predicted Return (thousands) 

Sibling Based on 
w e  Return i n  1984 Linear Based on Ratio 
Class (thousands) Regression for All Years - 

Smol t 
Age Production 
Class (thousands) - 
2 2,242 

16,524 
52 49,457 
63 14,281 

Estimated 
Estimated Proportion 
Survival Maturing a t  

of Age I or Ocean Aqe 
I1 Smolt of Interest 

Predicted 
Return 

(thousands) 

Actual return to  date greater than that  based upon  Ri cker 
relationship. Return-per-spawner cal cul ated as : 

R/S = A / ( 1 - M )  , where 
R/S = return-per-spawner, A = actual return t o  date, a n d  
M = mean proportion of age c lass (es)  in past returns. 

2 Coefficient of determination ( R 2 )  shown in parentheses. 

3 Predictions not used in final forecast.  



final pooled predicted return of 0.7 mi 11 ion. The actual return in 1985 
may be greater. 

Actual returns have already exceeded returns projected from a Ricker type 
spawner-recruit relationship. Past escapements of about 1.0 million sock- 
eye salmon have produced returns-per-spawner ranging from 1.6 to 6.3. 
Therefore, t o  predict 6, returns in 1985, estimated number of returns-per- 
spawner was increased from 2.8 ( the actual number of returns-per-spawner to  
date) t o  5.8 (based upon the mean production of 6 ,  sockeye salmon produced 
by past escapements). This produced a spawner-recruit return estimate of 
1.8 million sockeye salmon, which was similar t o  the mean sibling age classes 
return estimate of 1 .7  million. Smolt data indicated possible returns of 0.2 
t o  0.4 million, which were less  than the other estimates. The mean of the 
spawner-recruit and sibling estimates produced a Standard ADF&G predicted 
return of 1.7 million 6, sockeye salmon and a final pooled predicted return 
of 1.4 million. 

Ugashi k River 

A total  of 5.6 million sockeye salmon was forecasted to  return to  th is  system 
based upon the pooled resul ts  of the Standard ADF&G and Japanese Research 
Catches methods (Table 4) .  The Standard ADF&G method prediction for  total  
returns to th i s  system was 3.8 million sockeye salmon (Table 5). Only 
spawner-recrui t and s i  bl i ng age classes information was used to  calculate 
the Standard ADF&G prediction for  th is  system, although smolt information 
was examined to determine whether similar trends in returns were indicated 
(Table 10).  A discussion of resul ts  for  each major age class follows. 

The 1981 spawning escapement of 1.3 million sockeye salmon was the fourth 
largest ever recorded. The 1979 and  1980 brood years were two of the three 
brood years with escapements larger than 1.3 million. Spawner-recruit and 
sibling age classes components produced 4, return estimates of 0.3 and 0.6 
million sockeye salmon, respectively. Smolt data indicated possible returns 
of 0.8 to  1.6 million, which were greater than the other estimates. The mean 
of the spawner-recruit and sibling estimates resulted in a Standard ADF&G 
predicted return of 0.5 million 4, sockeye salmon and a final pooled pre- 
dicted return of 0.9 million. The actual return in 1985 may be greater. 

The 1980 spawning escapement of 3.3 million sockeye salmon was the largest  
ever recorded. Only three previous spawning escapements have exceeded 1.0 
million sockeye salmon: 1981 (1.3 mil l ion) ,  1979 (1.7 million) and 1960 
(2.3 mil 1 ion).  Actual returns have already exceeded returns projected from 
a Ricker type spawner-recruit relationship. Therefore, to  predict 5,, as 
well as 5, returns in 1985, estimated number of returns-per-spawner was 
increased from 0.3 ( the actual number of returns-per-spawner to  date) to  1 . 2  
(based upon the mean proportion of 4, sockeye salmon produced by past escape- 



Table 10. Forecasted returns of major age classes of sockeye salmon to 
Ugashi k River system, Bristol Bay, i n  1985 based upon spawner- 
recru i t  and s ibl ing returns components of the Standard ADF&G 
met hod . 

Parental 
Spwning 

w e  Escapement 
Clann (thousands) - 

Estimated Mean 
Return Proporticrr Predicted 
Per of Age Class Return 

Spawner in  Ebst Returns (thousands) 

1.2274 0.1989 324 
1.2039 0.4431 1,772 
1.2039 0.2033 813 
3,5497 0,1430 86 3 

- - ---- - 

Re- 
Predicted Return (thousands) 

Sibling Based on 
Age Return in 1984 Linear Based on Ratio 
Class (thousands) Regression2 for A l l  Years 

Estimated 
Estimated Proportion 

Smolt Survival b t u r i n g  at  Predicted 
Age Production of Age I or Ocean Age Return 
Class (thoussnds) I1 Smolt of Interest  (thousands) - 0 

42 31 , 297 0.05-0 -10 0 .SO 7 8291,564 
53 12 736 0.05-0 -10 0 -60 382- 764 
52 not available 
63 not available 

Actual return to  date greater than that  based upon Ricker 
relationship. Return-per-spawner calculated as: 

R/S = A/(1-M) , where 
R/S = return-per-spawner, A = actual return to  date, and 
M = mean proportion of age c lass (es)  in past returns. 
Coefficient of determination ( R 2 )  shown in parentheses. 

3 Data for  1973 excluded. 

Predictions not used in final forecast. 



ments). This produced a spawner-recruit re turn  est imate of 1.8 mil l ion 
sockeye salmon, which was s imi lar  t o  the s ib l ing  age c lasses  return est imate 
of 1.7 mi l l ion.  Smolt data indicated possible re turns  of 0.4 t o  0.8 mil l ion,  
which were lower than the  other est imates.  The mean of the spawner-recruit 
and s ib l ing  estimates produced a Standard ADF&G predicted return of 1.7 mil- 
l ion 5, sockeye salmon and a f ina l  pooled predicted return of 3.4 mil l ion.  
Past re turns  of 5, sockeye salmon have never exceeded 1.6 mil l ion.  However, 
re turns  of t h i s  magnitude have been produced by spawning escapements ranging 
from 0.4 t o  2.3 mill ion.  Therefore, a re turn  of 3.4 mil l ion would not be 
be unlikely. 

Spawner-recruit and mean s ib l ing  age c lasses  components produced re turn  e s t i -  
mates of 0.8 and 1.2 mil l ion,  respectively.  This resulted in a Standard 
ADF&G predicted re turn  of 1.0 mil l ion 5, sockeye salmon and a f ina l  pooled 
predicted return of 0.8 mi 11 ion. 

The 1979 spawning escapement of 1.7 mi l l ion sockeye salmon was the t h i rd  
l a rge s t  ever recorded f o r  t h i s  system (see  previous sect ion concerning 5, 
r e tu rns ) .  Actual re turns  have already exceeded re turns  projected from a 
Ricker type spawner-recrui t re la t ionship .  Great variabi 1 i t y  in  pas t  re turns  
per spawner have occurred: the two l a rge s t  past  escapements f o r  which com- 
pl e t e  re turns  have been documented produced returns-per-spawner of 0.5 (1 965 
spawni ng escapement, 1 .0  mi 11 ion sockeye salmon) and 1 .3  (1 960, 2.3 mi 17 ion) .  
To predic t  6, re turns  in  1985, estimated number of returns-per-spawner was 
increased from 3.0 ( t he  actual number of returns-per-spawner t o  da te )  t o  3.5 
(based upon the mean proportion of 6, sockeye salmon produced by pas t  escape- 
ments). This produced a spawner-recrui t est imate of 0.9 mi 11 ion sockeye salmon, 
which was about twice as  great  as the mean s ib l ing  age c lasses  re turn  est imate 
of 0.4 mil l ion.  The mean of the r e su l t s  of both components produced a Standard 
ADF&G predicted re turn  of 0.6 mi l l ion 6, sockeye salmon and a f ina l  pooled pre- 
dicted re turn  of 0.5 mi l l ion.  

Wood River 

A to ta l  of 2.3 mil l ion sockeye salmon was forecasted t o  re turn  t o  this system 
based upon the pooled r e su l t s  of the Standard ADF&G and Japanese Research 
Catches methods (Table 4 ) .  The Standard ADF& method predict ion f o r  t o t a l  
re turns  t o  t h i s  system was 1.8 mil l ion sockeye salmon (Table 5 ) .  Results of 
a l l  three  components were used whenever possible (Table 11 ) .  A discussion 
of r e su l t s  f o r  each major age c lass  follows. 

A predict ion based upon s ib l ing  age c lasses  could not be made s ince  no 3, 
sockeye salmon were obtained from samples collected in 1984. Therefore, the 
4, age c lass  forecas t  f o r  t h i s  system was based upon r e su l t s  from spawner- 
r e c r u i t  and smolt components which produced estimates of 0.6 and 0.4 mil l ion,  
respectively.  This resul ted  i n  a Standard ADF&G predicted return of 0.5 mil l ion 
4, sockeye salmon and a f i na l  pooled predicted return of 1.0 mil l ion.  



Table 11. Forecasted returns of major age classes of sockeye salmon to Wood 
River system, Bri st01 Bay, in 1985 based u p o n  spawner-recrui t ,  
si  bl i ng returns, and smol t components of the Standard ADF&G method. 

Parental 
Spawning 

Pqe 
Class (thousands) 
P 

42 1,233 
53 2, % 9 
52 2,969 
63 1,706 

Estimated Mean 
fieturn Proportion Predicted 
per of Age Class Return 

Spawner i n  Past Returns (thousands) 

1.9449 0 -2373 56 9 
1.3123 0.0692 270 
1.3123 0.4167 1,624 
2.7198 0.0493 22 9 

Predicted Return (thousands) 
- - - - - - - - - - - - 

Sibling Based on Based on Ratio 
Age Return in1984 Linear for Conparable 

Class (thousands) Regression Cycle Years - 

Estimated 
flnolt Survival 

Age Production of Age I or 
Class ( thousands) 11 flnolt - 
42 19,590 0 -0594 
53 4,130 0.0576 
52 32,350 0 -0594 
63 4,710 0.0576 

Estimated 
Propor ti on 
Maturing a t  Predicted 
Ocean Age Return 

of Interest (thousands) - 
0.3480 405 
0.9080 21 6 
0 -4504 865 
0.0783 2 l  

Actual return to date greater than t h a t  based upon Ricker relation- 
ship. Return-per-spawner cal cul ated as: 

R/S = A / ( 1 - M )  , where 
R/S = return-per-spawner, A = actual return t o  date, and 
M = mean proportion of  age c lass (es)  in past returns. 
Coefficient of determination ( R 2 )  shown in parentheses. 



A predict ion based upon s ib l ing  age c lasses  could not be made s ince  no 4, 
sockeye salmon were obtained from samples collected in 1984. Therefore, 
the 5, age c lass  forecas t  f o r  t h i s  system was based upon r e su l t s  from the 
spawner-recrui t and smol t components. The 1980 escapement of 3.0 mi 11 ion 
sockeye salmon was the  l a rge s t  ever recorded. Only two other escapements 
have ever exceeded 2.0 mill ion:  1959 (2.2 mi l l ion)  and 1978 (2.3 mi l l ion) .  
These escapements produced returns-per-spawner of 0.8 and 1 .3, respectively.  
Returns-per-spawner f o r  the 1980 escapement, based upon a Ricker-type re la -  
t ionship,  a r e  predicted t o  be 1.3; actual  returns-per-spawner t o  date have 
not exceeded t h i s  value. The forecas t  based upon the spawner-recruit com- 
ponent was 0.3 mil l ion sockeye salmon, which was s imi lar  t o  the srnolt 
production-survival est imate of 0.2 mi l l ion.  This resulted in  a Standard 
ADF&G predicted return of 0.2 mi l l ion 5, sockeye salmon and a f i na l  pooled 
predicted re turn  of 0.5 mi l l ion.  

Spawner-recrui t, mean s i  bl i ng age c lasses ,  and smol ti  production-survival 
components produced re turn  estimates of 1.6, 0.5, and 0.9 mil l ion sockeye 
salmon, respectively.  This resulted in a Standard ADF&G predicted return 
of 1.0 mil l ion 5, sockeye salmon and a f i na l  pooled predicted re turn  of 0.8 
mi 1 1 ion. 

Actual returns have already exceeded re turns  projected from a Ricker type 
spawner-recruit re la t ionship .  An escapement of 1.7 mil l ion sockeye salmon 
in  1974 produced returns-per-spawner of 2.9. To predic t  6, re turns  in  1985, 
estimated number of returns-per-spawner was increased from 2.6 ( t h e  actual 
number of returns-per-spawner t o  da te )  t o  2.7 (based upon the mean propor- 
t ion of 6, sockeye salmon produced by pas t  escapements). This produced a 
spawner-recrui t return est imate of 0.2 m i  11 ion sockeye salmon, which was 
much grea te r  than e i t he r  the mean s i b l i ng  age c lasses  return est imate of 
19 thousand or the  smolt-production survival est imate of 21 thousand. T h i s  
resulted in  a Standard ADF&G predicted re turn  of 90 thousand 6, sockeye 
salmon and a f ina l  pooled predicted re turn  of 75 thousand. However, s ince  
r e su l t s  of the s i b l i ng  and smolt components were so much lower than t h a t  of 
the  spawner-recruit component, actual re turns  of t h i s  age c lass  may be lower 
than t h a t  in  the f ina l  forecas t .  

Igushik River 

A to ta l  of 0.3 mi l l ion sockeye salmon was forecasted t o  re turn  t o  t h i s  sys- 
tem based upon the pooled r e su l t s  of the Standard ADF&G and Japanese Research 
Catches methods (Tab1 e 4 ) .  The Standard ADF&G method predict ion f o r  t o t a l  
re turns  t o  t h i s  system was 0.2 mill ion sockeye salmon (Table 5 ) .  Only 
spawner-recruit and s ib l ing  age c lasses  information were avai lable  f o r  t h i s  
system (Table 12 ) .  A discussion of r e su l t s  f o r  each major age c lass  follows. 



Table 12.  Forecasted returns of major age classes of sockeye salmon to 
Igushik River system, Bristol Bay, in 1985 based upon spawner- 
recru i t  and s ibl ing returns components of the Standard ADF&G 
method. 

Parental 
Spawning 

Age Escapement 
Class (thousands) - 

2 591 
1 988 

52 1,988 
63 860 

Estimated Mean 
Return Propor t ion Predicted 

P r  of Age Class Return 
Spawner i n  Past Returns ( thousands) 

0.7637 0.2136 % 
0.0342 0 -1232 8 
0.0342 0.5576 38 
0.9465 0.0970 79 

Predicted Return (thousands) 

Sibling Based on 
Age Return i n  1984 Linear Based on Ratio 
Class (thousands) R.egressim2 for All Years - 

Actual return to date greater than that  based upon Ricker 
relationship. Return-per-spawner cal cul ated as: 

R/S = A/(1-M) , where 
R/S = return-per-spawner, A = actual return to date, and 
M = mean proportion of age c lass (es)  in past returns. 
Coefficient of determination ( R 2 )  shown in parentheses. 
Data for  1969 excluded. 



A p r e d i c t i o n  based upon s i b l i n g  age c lasses  cou ld  n o t  be made s i nce  no 3, 
sockeye salmon were o b t a i  ned from sampl es c o l  1 ec ted  i n  1984. Therefore,  
t h e  4, age c l ass  f o r e c a s t  f o r  t h i s  system was o n l y  based upon r e s u l t s  from 
spawner - rec ru i t  component which produced an es t ima te  o f  96 thousand sockeye 
salmon and a f i n a l  pooled p r e d i c t e d  r e t u r n  o f  0.2 m i l l i o n .  

A p r e d i c t i o n  based upon s i b l i n g  age c lasses  cou ld  n o t  be made s i nce  no 4, 
sockeye salmon were o b t a i  ned f rom samples c o l l  ec ted  i n  1984. Therefore, 
t h e  5,, as w e l l  as t h e  5, age c l a s s  f o r e c a s t  f o r  t h i s  system was o n l y  based 
upon r e s u l t s  f rom spawner-recrui  t component. The 1980 spawning escapement 
o f  2.0 m i l l i o n  sockeye salmon was t h e  l a r g e s t  ever  recorded f o r  t h i s  system. 
Except f o r  t h e  1979 escapement o f  0.9 m i l l i o n ,  no o t h e r  escapement o f  about  
1.0 m i l l i o n  o r  g rea te r  have been recorded.  Prev ious escapements of  0.5 t o  
0.6 m i l l i o n  have produced returns-per-spawner r ang ing  f rom 0.6 t o  1.0. 
Since ac tua l  r e t u r n s  from the  1980 escapement have a l r eady  exceeded r e t u r n s  
p r o j e c t e d  f rom a R i cke r  t ype  spawner - rec ru i t  r e l a t i o n s h i p ,  t o  p r e d i c t  5,, as 
w e l l  as 5,, r e t u r n s  i n  1985, es t imated  number o f  returns-per-spawner was 
inc reased  from 0.01 (based upon a R icker  t ype  spawner-recrui  t r e l a t i o n s h i p )  
t o  0.03 (based upon t he  mean p r o p o r t i o n  o f  4, sockeye salmon produced by 
p a s t  escapements). Th i  s produced a spawner-recrui  t r e t u r n  est imate,  as we1 1 
as Standard ADF&G p r e d i c t e d  r e t u r n ,  o f  8 thousand sockeye salmon, and a f i n a l  
pooled p r e d i c t e d  r e t u r n  o f  16 thousand. 

Spawner- recru i t  and mean s i b l i n g  age c lasses  components produced r e t u r n  
es t imates  o f  38 thousand and 0.1 m i l l i o n ,  r e s p e c t i v e l y .  Th is  r e s u l t e d  i n  
a Standard ADF&G p r e d i c t e d  r e t u r n  o f  74 thousand 5, sockeye salmon and a 
f i n a l  pooled p r e d i c t e d  r e t u r n  o f  61 thousand. 

The 1979 spawning escapement o f  0.9 m i l l i o n  sockeye salmon was t h e  second 
l a r g e s t  ever  recorded f o r  t h i s  system (see p rev ious  s e c t i o n  concern ing 5, 
r e t u r n s ) .  Ac tua l  r e t u r n s  have a l r eady  exceeded r e t u r n s  p r o j e c t e d  from a 
R icker  t ype  spawner-recrui  t r e l a t i o n s h i p .  To p r e d i c t  6, r e t u r n s  i n  1985, 
es t imated  number o f  returns-per-spawner was increased f rom 0.2 ( t h e  a c t u a l  
number o f  returns-per-spawner t o  da te )  t o  0.9 (based upon t h e  mean propor-  
t i o n  o f  6, sockeye salmon produced by p a s t  escapements). Th i s  produced a 
spawner - rec ru i t  r e t u r n  es t ima te  o f  79 thousand sockeye salmon, which was 
about  f o u r  t imes l a r g e r  than  t h e  mean s i b l i n g  age c lasses r e t u r n  es t imate  
o f  21 thousand. The mean o f  t h e  r e s u l t s  o f  bo th  components produced a 
Standard ADF&G p r e d i c t e d  r e t u r n  o f  50 thousand 6, sockeye salmon and a 
f i n a l  pooled p r e d i c t e d  r e t u r n  o f  42 thousand. 

Nuyakuk R i v e r  

A t o t a l  o f  1.7 m i l l i o n  sockeye salmon was f o recas ted  t o  r e t u r n  t o  t h i s  sys- 
tem based upon t h e  pooled r e s u l t s  o f  t h e  Standard ADF&G and Japanese Research 



Catches methods (Table 4) .  The Standard ADF&G method prediction for  total  
returns to  th i s  system was 1 . 2  mi 11 ion sockeye salmon (Table 5 ) .  The fore- 
cast  of 5, returns was of particular concern, since a sibling age classes 
estimate could not be made, and the spawner-recruit estimate was based on 
a spawning escapement about three times greater than any previously docu- 
mented escapement (Table 13).  Therefore, smolt data were used to  estimate 
returns, although no actual estimates of survival were available for  Nuyakuk 
smol t. (This will be the f i r s t  year smol t numbers can be compared with 
adult returns.)  To produce a forecast using smolt data, i t  was assumed 
that survival of Nuyakuk smolt, which have the smallest s i ze  a t  the time 
of seaward migration, would be somewhat less than tha t  for  Wood River smol t. 
A discussion of resul ts  for  each major age class follows. 

A prediction based upon sibling age classes could not be made since 3, 
sockeye salmon were obtained from samples coll ected in 1984. Therefore, 
the 4, age class forecast fo r  th i s  system was based upon resul ts  from the 
spawner-recruit and smolt components. The 1981 spawning escapement of 0.8 
million sockeye salmon was the second highest ever recorded, only exceeded 
by the 1980 escapement of 3.0 million. An escapement of 0.7 mill ion in 
1975 produced 7.8 returns-per-spawner. Returns-per-spawner fo r  the 1980 
escapement, based upon a Ricker-type relationship, are  predicted to  be 5.9. 
This produced a spawner-recruit estimate of 0.9 million 4, sockeye salmon, 
which was about four times greater than the smolt production-survival e s t i -  
mate of 0.2 million. This resulted in a Standard ADF&G predicted return of 
0.6 mi 11 ion 4, sockeye salmon and a final pooled predicted return of 1 .1  
million. A return of th i s  s ize would be about twice as great as the previous 
record return of 0.5 million in 1979, which was produced by an escapement of 
similar s ize (0.7 million, 1975 brood year).  

A prediction based upon sibling age classes could n o t  be made since no 4, 
sockeye salmon were obtained from samples collected in 1984. Therefore, 
the 5,, as well as 5,, age class forecast for  th i s  system was based upon 
resul ts  from the spawner-recruit and smolt components. The 1980 escapement 
of 3.0 million sockeye salmon was the largest  ever recorded. A spawner- 
recrui t  prediction based upon a Ricker-type relationship was not used, since 
a l l  other documented escapements have been less  than 1.0 million. To pre- 
d i c t  5, returns in 1985 returns-per-spawner were estimated to  be 0.2 (based 
upon the mean proportion of 4, sockeye salmon produced by past escapements). 
This produced a spawner-recruit estimate of 31 thousand sockeye salmon, 
which was similar to  the smol t production-survival estimate of 26 thousand. 
This resulted in a Standard ADF&G predicted return of 29 thousand 5, sock- 
eye salmon and a final pooled predicted return of 57 thousand. 

Spawner-recruit and mean sibling age classes components produced return 
estimates of 0.4 and 0.7 million sockeye salmon, respectively. No smolt 
information was available for th is  age class .  This resulted in a Standard 



Table 13. Forecasted returns of major age classes of sockeye salmon to 
Nuyakuk River system, Bristol Bay, in 1985 based upon spawner- 
recru i t ,  sibling returns, and smol t components of the Standard 
ADF&G method. 

Parental Estimated Mean 
e w n i n ~  R e t u n  Proportion Predicted 

Pqe Escapement Per of Age Class Return 
Class (thousands) Spawner i n  Past Returns (thousands) - 

Ret- 

Predicted Return (thousands) 

Sibl ing Based on 
Age R e t u r n i n 1 9 8 4  Linear Based on Ratio 

Class (thousands) Regression f o r  A l l  Years - 

Smolt 
e Production 

Class ( thousands) - 
42 2 8,875 
53 1,259 
52 not ava i l ab le  
63 not ava i l ab le  

It co- 

Estimated 
Estimated Proportion 
Survival Maturing a t  Predicted 

of Age I o r  Ocean Age Return 
I1 Srnolt of I n t e r e s t  (thousands) - 

0.0500 0.167 9 242 
0 .0500 0.420 8 26 

Spawning escapement in 1980 much greater than any previously 
recorded. Therefore, assumed return-per-spawner cal cul ated as:  

R/S = A / ( 1 - M ) .  

2 Coefficient of determination ( R 2 )  shown in parentheses. 



ADF&G predicted return of 0.6 million 5, sockeye salmon and a final pooled 
predicted return of 0.7 million. 

Spawner-recruit and mean sibling age classes components produced return 
estimates of 58 and 21 thousand sockeye salmon, respectively. No smol t 
information was available for  th i s  age class .  Thi s resulted in a Standard 
ADFAG predicted return of 40 thousand 6, sockeye salmon and a final pooled 
predicted return of 33 thousand. 

Togi ak River 

A total  of 0.9 million sockeye salmon was forecasted t o  return to  th i s  sys- 
tem based upon the pooled resul ts  of the Standard ADF&G and Japanese Research 
Catches methods (Table 4) .  The Standard ADF&G method prediction for  total  
returns to  th i s  system was 0.7 million sockeye salmon (Table 5 ) .  Only 
spawner-recruit and sibling age classes information were available for  th i s  
system (Table 14).  A discussion of resul ts  for  each major age class follows. 

A prediction based upon sibling age classes could not be made since no 3, 
sockeye salmon were obtained from samples collected in 1984. Therefore, 
the 4, age class forecast for  th is  system was only based upon resul ts  from 
the spawner-recrui t component. The 1981 spawning escapement of 0.3 mi 11 ion 
was the second highest ever recorded, and was exceeded only by the 1980 
escapement of 0.5 million. Another escapement of 0.3 million occurred in 
1978 and produced 2 .2  returns-per-spawner. To predict 4, returns in 1985 
returns-per-spawner produced 2.2 returns-per-spawner. To predict 4, returns 
in 1985 returns-per-spawner were estimated to  be 2.6 (based upon a Ricker- 
type relationship).  This produced a spawner-recruit, as well as a Standard 
ADF&G,  predicted return of 0.2 million 4, sockeye salmon and a final pooled 
predicted return of 0.4 million. 

A prediction based upon sibling age classes could not be made since no 4, 
sockeye salmon were obtained from samples collected in 1984. Therefore, 
the 5,, as well as the 5, age class forecast for th i s  system was only based 
upon resul ts  from spawner-recruit component. The 1980 spawning escapement 
of 0.5 million sockeye salmon was the largest  ever recorded for  th i s  system 
(see previous section on 4, re turns) .  To predict 5,, as well as 5,, returns 
in 1985 returns-per-spawner were estimated to  be 2.1 (based upon a Ricker 
type spawner-recrui t relationship).  This produced a spawner-recrui t ,  as 
well as a Standard ADF&G,  predicted return of 0.1 million 5, sockeye salmon, 
and a final pooled predicted return was 0.2 mill ion. 

Spawner-recruit and sibling age classes components produced return estimates 
of 0.6 and 0.2 million, respectively. This resulted in a Standard ADF&G 
predicted return of 0.4 million 5, sockeye salmon and a final pooled pre- 
dicted return of 0.3 million 



Table 14. Forecasted returns of major age classes of sockeye salmon to 
Togiak River system, Bristol Bay, in 1985 based upon spawner- 
recru i t  and sibling returns components of the Standard ADF&G 
method. 

Parental 
spawning 

Age Escapement 
Class (thousands) -- 

42 307 
53 527 
52 527 
63 198 

Estimated Mean 
Return Proportion Predicted 

Per of Me Class Return 
Spawner in Past &turns (thousands) 

2.5640 0 -2597 204 

Predicted Return (thousands) 

Sibling Based on 
Age Return in 1984 Linear Based on Ratio 
Class (thousands) Regression2 for All Years - 

Actual return to  date greater than tha t  based upon Ricker 
relationship. Return-per-spawner calculated as: 

R/S = A / ( 1 - M )  , where 
R/S = return-per-spawner, A = actual return to date, and 
M = mean proportion of age c lass (es)  in past returns. 

2 Coeff i ci ent of determi nation ( R 2 )  shown in parentheses. 



Spawner- recru i t  and mean s i b l i n g  age c lasses components produced r e t u r n  
est imates o f  57 and 16 thousand sockeye salmon, r e s p e c t i v e l y .  Th i s  r e s u l t e d  
i n  a  Standard ADF&G p r e d i c t e d  r e t u r n  o f  36 thousand 6, sockeye salmon and a  
f i n a l  pooled p r e d i c t e d  r e t u r n  of 33 thousand. 

SUMMARY 

Large d i f f e r e n c e s  e x i s t e d  between t h e  Standard ADF&G and Japanese Research 
Catches methods f o r  4,, 5,, and 6, p r e d i c t e d  r e t u r n s  (Table 15) .  

The Standard ADF&G method p r e d i c t e d  lower  4, and 5, r e t u r n s  and h ighe r  6, 
r e t u r n s  than  t h e  Japanese Research Catches method. However, t h e  p a s t  per-  
formance o f  bo th  these methods has been s i m i l a r  (Tables 1-3) .  Therefore,  
a l though t h e  f i n a l  f o recas t  was c a l c u l a t e d  by  p o o l i n g  r e s u l t s  of bo th  these 
methods, i n c o n s i s t e n c i e s  between t h e  two component methods i n d i c a t e  t h a t  
depar tures f rom the  f i n a l  f o r e c a s t  a r e  l i k e l y .  Table 16 i s  a  summary o f  
f o recas t  r e s u l t s  i n d i c a t i n g  how ac tua l  r e t u r n s  may dev ia te  from t h e  pooled 
forecast .  
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Table 15. Comparison of t o t a l  f o r e c a s t  r e tu rns  of major age c l a s ses  of 
sockeye salmon t o  Bristol  Bay, 1985. 

Predicted Returns (Millions) 

Japanese 
we Standard Research Weighted 

C l a s s  AnE'&G Catches Mean 

Total 25.3 (100%) 41.9 (100%) 35.0 (100%) 



Table 16. Synopsis of forecas ted  r e tu rns  of major age c l a s ses  of sockeye 
salmon t o  Br is to l  Bay, 1985. 

Age Forecast Surmrary of Possible 
System Class (thousands ) Indicators Deviation 

Kvichak 42 0.9 Lcwescapement; Law return 
per spawner ; Lcw smolt; No 
32 return i n  1984; High LCWER 
two-ocean component i n  RFIURN 
research catch 

53 7.8 Second largest  escapement; 
Low mol t ;  Law 43 return HIGHER 
in 1984; High tw09cean RGIURN 
c-nent i n  research catch 

52 1.3 Secondlargest escapement; 
High smolt; Low 42 return UM(NOWN 
i n  1984; Low three-ocean 
ccanponent i n  research catch 

63 2.1 H i  h return per spawner; 
a e r a t e  molt; Moderate 

53 return i n  1984; Law LCWER 
three-ocean component i n  REZURN 
research catch; Return 
would be second largest  
on record 

Branch 42 0.1 Moderate return per spawner; 
No 32 return i n  1984; High UNKNOWN 
two-ocean component i n  
research catch 

0.2 Moderate re turnper  spawner; 
No 43 return i n  1984; High UNINlWN 
two-ocean corpnent  i n  
research catch 

0.1 Moderate return per spawner; 
Moderate 42 return i n  1984; UNKNOWN 
1984; Law three-ocean 
component i n  research catch 

63 0.04 High return per spawner; 
Moderate 53 return i n  uNKNOWN 
1984; Lcw three-ocean 
component i n  research catch --- 

-Continued- 



Table 16.  Synopsis of f o r e c a s t e d  r e t u r n s  of major age  c l a s s e s  of sockeye 
salmon t o  B r i s t o l  Bay, 1985 ( c o n t i n u e d ) .  

Age Forecast sUrmrary of Possible 
System C l a s s  (thousands) Indicators Deviation 

- --- 

Naknek 42 1.1 High escapement; Moderate 
return per spawner; High 
m o l t ;  Moderately high 32 UNKNOWN 
return i n  1984; High t w o -  
compnent i n  research catch 

53 2.0 Record escapement; Moderate 
return per spawner assumed; 
Possible law smolt; Moderate LCWER 
43 return i n  1984; High FSrURN 
two-ocean component i n  
research catch 

52 1.0 Record escapement; Moderate 
return per spawner assumed; 
Possible very high m o l t ;  HIGHER 
Moderate 42 return i n  1984; RE;TURN 
Lcw three-ccean component i n  
research catch 

63 0.8 High return per spawner ; 
Possible lcw smolt; Moderate 
53 return i n  1984; Low UNKJ!DWN 
three-ocean component i n  
research catch ................................................... 

E g ~ i k  42 0.3 Moderate return per spawner; 
Possible 1cw m o l t ;  No 32 L#ER 
return i n  1984; High two- F!-EIURN 
ocean component i n  research 
catch 

53 4.1 Moderate return per spawner; 
Possible l o w  smolt; High 
43 return i n  1984; High UNKNOWN 
two-ocean component i n  
research catch 

52 0.7 Moderate return per spawner; 
Possible high smolt; High 42 HIGHER 
return 1984; Low three-ocean RETURN 
component i n  research catch 

63 1.5 High return per spawner; 
Possible lcw smolt; High 
53 return i n  1984; LcslJ UXEu 
three-ocean component i n  REIUW 
research catch 



Table 16.  Synopsis of forecasted return of major age  classes of sockeye 
salmon to Bristol Bay, 1985 (continued). 

we Forecast sUrmrary of Possible 
System Class (thousands) Indicators Deviation 
- - 

Ugashik 42 0.9 High escapement; Moderate 
return per spawner assumed; 
Possible moderate mo l t ;  HIGHER 
Moderate 32 return i n  1984; RETURN 
High two-ocean coomponent i n  
research catches 

3 - 4  Record escapement; Moderate 
return per spawner assumed; 
Possible low molt; High 43 LLWEZl 
return in 1984; High two- RGNFN 
ocean ccPnponent i n  research 
catch; 1985 53 return would 
be largest  on record 

0.8 Record escapement; Moderate 
return per spawner assumed; 
Moderate 42 return i n  1984; UNKNOWN 
Low two-ocean component i n  
research catch 

0 .5 High escapement; High return 
per spawner assumed; Moderate LGWER 
s3 return i n  1984; Ldu two- R F N R N  
ocean component i n  research 
catch 

----- 

Wood 42 1 .O Moderate return per spawner; 
Moderate mo l t ;  No 32 LmER 
return in 1984; High two- REIUm 
ocean companent i n  research 
catch 

53 0 .5 Record escapement; Moderate 
mol t ;  NO 43 return i n  LOWER 
i n  1984; High two-ocean RGIUF3 
component i n  research catch 

52 0.8 Record escapement; Moderate 
mo l t ;  Moderate 42 return UNKKIWN 
i n  1984; Low three-ocean 
component i n  research catch 

63 0 .1 High return per spawner; 
Low mol t ;  Low 53 return LCWER 
i n  1984; L m  three-ocean RFIUEW 
component i n  research catch 



Table 16. Synopsis of forecas ted  r e tu rn  of major age c l a s ses  of sockeye 
salmon t o  Br is to l  Bay, 1985 (cont inued) .  

Age Forecast sUM=Y of Possible 
System Class (thousands) Indicators Deviatim 

- 

Igushik 42 0 .2 High escapement; Low return 
per spawner assumed; No 32 mWN 
return i n  1984; High two- 
ocean component i n  research 
catch 

53 0.02 Record e s c a m t ;  Very low 
return per spawner assumed; 
No 43 return i n  1984; High UNRNOWN 
two-ocean component i n  
research catch 

52 0.06 Record escapement; Very low 
return per spawner assumed; 
Low 42 return i n  1984; Low UNKKOWN 
three-ocean component i n  
research catch 

63 0.04 High escapement; Low53 LLmR 
return i n  1984; Low three RE?UlW 
ocean ccmponent i n  research 
catch 

- 

Nuyakuk 42 1.1 High return per spawner; Low 
mlt; No 32 return i n  LCWER 
1984; High two-ocean RFNRN 
component i n  research catch 

53 0.06 Record escapement; Low return 
return per spawner assumed; 
Lcw mol t ;  No 43 return 
in 1984; High two-ocean UM(NCWN 
component i n  research catch 

5 2 0.5 Record escapement; Low return 
per spawner assumed; No 43 UNKNCWN 
return i n  1984; Lcw three- 
ocean c a p n e n t  i n  research 
catch 

63 0.03 Highreturnper  spawner; 
Moderate 53 return i n  LniXmWN 
1984; Low three-ocean 
component i n  research catch 



Table 16. Synopsis of fo recas t ed  r e t u r n  of major age c l a s s e s  of sockeye 
salmon t o  Br i s to l  Bay, 1985 ( con t inued) .  

- 

4 e  Forecast - Of Possible 
System Class (thousands) Indicators Deviati on 

7bgia.k 42 0.4 Second largest  escapement; 
Moderate return per spawner; 
NO 32 return i n  1984; UNKNOWN 
High two-ocean component 
i n  research catch 

53 0 .2 Record escapement; Moderate 
return per spawner assumed; 
No 43 return i n  1984; LllKNCm 
High two-ocean component 
i n  research catch 

52 0.3 Record escapement; Moderate 
return per spawner assumed; 
Low 42 return i n  1984; Low LLXJER 
three-ocean component i n  RFnrl3l 
research catch 

63 0.03 High return per spawner; 
Low 53 return i n  1984; UNI<NOWN 
Low three-ocean component 
i n  research catch 
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