
A SYNOPSIS AND CRITIQUE OF FORECASTS OF 

SOCKEYE SALMON RETURNING TO BRISTOL 

BAY, ALASKA, IN  1991 

By: 

Bever ly  A. Cross 

Bar ry  L. S t r a t t o n  

and 

Linda K. Brannian 

Regional I n fo rma t ion  ~ e ~ o r t '  No. 2A92-12 

A1 aska Department o f  F i sh  and Game 
D i v i s i o n  o f  Commercial F i s h e r i ? ~ ,  Cent ra l  Region 

333 Raspberry Road 
Anchorage, Alaska 99518 

May 1992 

The Regional I n fo rma t ion  Report Ser ies  was es tab l i shed  i n  1987 t o  p rov ide  
an i n f o r m a t i o n  access system f o r  a l l  unpubl ished D i v i s i o n a l  repo r t s .  These 
r e p o r t s  f r e q u e n t l y  serve d i ve rse  ad hoc i n fo rma t iona l  purposes o r  a rch i ve  
bas i c  u n i  n t e r p r e t e d  data.  To accommodate nee$s f o r  up- to -da te  i n fo rma t ion ,  
r e p o r t s  i n  t h i s  s e r i e s  may con ta in  p r e l i m i n a r y  data.  





AUTHORS 

Bever ly  A. Cross i s  Region I1  B r i s t o l  Bay Research P r o j e c t  Leader f o r  t h e  A1 aska 
Department o f  F i s h  and Game, D i v i s i o n  o f  Commercial F i she r ies ,  333 Raspberry 
Road, Anchorage, AK 99518. 

Bar ry  L. S t r a t t o n  i s  Region I1  B r i s t o l  Bay Research B i o l o g i s t  f o r  t h e  Alaska 
Department o f  F i sh  and Game, D i v i s i o n  o f  Commerci a1 F i she r ies ,  333 Raspberry 
Road, Anchorage, AK 99518. 

L inda K. Brannian i s  Region I1 Biomet r i c i an  f o r  t h e  Alaska Department o f  F i s h  and 
Game, D i v i s i o n  o f  Commercial F isher ies ,  333 Raspberry Road, Anchorage, AK 99518. 

ACKNOWLEDGMENTS 

Stephen F r ied ,  Regional Research B i o l o g i s t ,  and Haro ld  Geiger, Statewide Salmon 
B iomet r ic ian ,  p rov ided a n a l y t i c a l  and s t a t i s t i c a l  guidance throughout  t h e  
analyses. The e n t i r e  B r i s t o l  Bay f u l l  - t ime  and seasonal s t a f f  o f  t h e  Commercial 
F i s h e r i e s  D i v i s i o n ,  ADF&G, ass i s ted  i n  c o l l e c t i n g  da ta  upon which 1991 
p r e d i c t i o n s  were based. We would 1 i ke t o  thank Tom Brookover- (Togiak Management 
B i o l o g i s t ) ,  J e f f r e y  Skrade (Nushagak Management B i o l  og i  s t ) ,  Donald B i  11 ( r e t i  red, 
Naknek-Kvichak Management B i o l o g i s t ) ,  Richard Russel 1 (Egegi k/Ugashi k Management 
B i o l o g i s t )  f o r  t h e i r  h e l p f u l  d iscuss ions  and c o n s t r u c t i v e  suggest ions. 







TABLE OF CONTENTS (Continued) 

Naknek R i v e r  . . . . . . . . . . . . . . . . . . . . . . . .  10 

Egegi k  R i v e r  . . . . . . . . . . . . . . . . . . . . . . . . .  10 

U g a s h i k R i v e r  . . . . . . . . . . . . . . . . . . . . . . .  11 

Wood R i v e r  . . . . . . . . . . . . . . . . . . . . . . . . .  12 

Igush i  k  R i v e r  . . . . . . . . . . . . . . . . . . . . . . .  12 

NuyakukRiver  . . . . . . . . . . . . . . . . . . . . . . .  13 



TABLE OF CONTENTS (Continued) 

Paqe 

H i s t o r i c  Forecast  E r r o r s  and 1991 Forecast  Adjustment . . . . . .  14 

. . . . . . . . . . . . . . . . . .  A l l  Data Forecast E r ro rs  14 

. . . . . . . . . . . . . . . .  Recent Data Forecast E r r o r s  14 

. . . . . . . . . . . . . . . . . .  1991 Forecast  Adjustment 15 

. . . . . . . . . . . . . . .  Adjusted To ta l  B r i s t o l  Bay Forecast 15 

. . . . . . . . . . . . . . . . .  Adjusted R i v e r  System Forecasts 16 

. . . . . . . . . . . . . . . . . . . . . . .  Kvichak R i v e r  16 

. . . . . . . . . . . . . . . . . . . . . . . .  B r a n c h R i v e r  16 

. . . . . . . . . . . . . . . . . . . . . . . .  Naknek R i v e r  16 

. . . . . . . . . . . . . . . . . . . . . . . .  Egegik R i v e r  16 

. . . . . . . . . . . . . . . . . . . . . . .  . Ugashi k R i v e r  17 

. . . . . . . . . . . . . . . . . . . . . . . . .  Wood R i v e r  17 

I g u s h i k R i v e r  . . . . . . . . . . . . . . . . . . . . . . .  17 

. . . . . . . . . . . . . . . . . . . . . . .  Nuyakuk R ive r  17 

. . . . . . . . . . . . . . . . . . . . . . . .  P o g i a k R i v e r  17 

. . . . . . . . . . . . . . . . . .  Expected Forecast  Performance 18 

. . . . . . . . . . . . . . . . . . . . . . . . .  Out look t o  1994 $9 

LITERATURECITED . . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  APPENDICES 38 





LIST OF TABLES 

Paqe 

1. Comparison of preliminary fo recas t s ,  estimated fo recas t  
e r r o r s ,  and adjusted fo recas t s  f o r  1991 combined ea s t  
s ide  Bris tol  Bay r i v e r s  . . . . . . . . . . . . . . . . . . . .  23 

2 .  Forecasted production, spawning escapement goals ,  and t o t a l  
projected harvests  of major age c lasses  of sockeye salmon 
re turning t o  Bris tol  Bay, Alaska, r i v e r  systems in 1991, 
based on r e s u l t s  of the  Mixed Data ADF&G method adjusted by 
the  1984-90 average percent e r r o r  . . . . . . . . . . . . . . .  24 

3 .  Projected commerci a1 harvests  of sockeye salmon returning t o  
Bris tol  Bay, Alaska, r i v e r  systems in 1991, based on r e s u l t s  
of t he  Mixed Data ADF&G method adjusted by t he  1984-90 
average percent e r r o r  . . . . . . . . . . . . . . . . . . . . .  25 

4. Preliminary fo recas t s  of sockeye salmon re turns  t o  Bris tol  Bay, 
A1 aska, 1991 - 1994, based only on spawner-recrui t data  not 
adjusted f o r  h i s t o r i c  fo recas t  e r ro r s  . . . . . . . . . . . . .  26 





LIST OF FIGURES 

Fiqure  Paqe 

Map of  B r i s t o l  Bay, Alaska showing f i s h i n g  d i s t r i c t s  and 
. . . . . . . . . . . . . . . . . . . . . . . . .  major r i v e r s  

E r ro r s  ( p r e d i c t e d  run - ac tua l  run)  of  combined e a s t  s i d e  
. . . .  B r i s t o l  Bay f o r e c a s t s  made with All Data f o r  1965-1990 

Linear  r e g r e s s i o n  model of  e r r o r s  ( p r e d i c t e d  run - ac tua l  run)  
of  combined e a s t  s i d e  B r i s t o l  Bay f o r e c a s t s  made with All Data 

. . . . . . . . . . . . . . . . . . . . . . . .  fo r1965-1990  

Polynomial r e g r e s s i o n  model of  e r r o r s  ( p r e d i c t e d  r u n  - ac tua l  
run)  of  combined e a s t  s i d e  Bri s t01  Bay f o r e c a s t  made- with A1 1 

. . . . . . . . . . . . . . . . . . . . . .  Data f o r  1965-1990 

Time s e r i e s  model of  e r r o r s  ( p r e d j c t e d  run - ac tua l  run)  of  
combined e a s t  s i d e  B r i s t o l  Bay f o r e c a s t s  made with All Data 

. . . . . . . . . . . . . . . . . . . . . . . .  fo r1965-1990  

Er ro r s  ( p r e d i c t e d  run - ac tua l  run)  of  combined e a s t  s i d e  
B r i s t o l  Bay f o r e c a s t s  made with All Data and ad jus t ed  wi th  
an e s t i m a t e  o f  e r r o r  from l i n e a r  r e g r e s s i o n  model, 1984-1990 . 
Er ro r s  ( p r e d i c t e d  run - ac tua l  run)  of  combined e a s t  s i d e  
B r i s t o l  Bay f o r e c a s t s  made with All Data and ad jus t ed  wi th  
an e s t i m a t e  o f  e r r o r  from t ime s e r i e s  model, 1986-1990 . . . .  
Er ro r s  ( p r e d i c t e d  run - ac tua l  run)  o f  combined west s i d e  
B r i s t o l  Bay f o r e c a s t s  made with All Data f o r  1965-1990 . . . .  

Er ro r s  ( p r e d i c t e d  run - ac tua l  run)  of  combined e a s t  s i d e  
. .  B r i s t o l  Bay f o r e c a s t s  made with Recent Data f o r  1984-1990. 

E r ro r s  ( p r e d i c t e d  run - ac tua l  run)  of  combined e a s t  s i d e  
B r i s t o l  Bay f o r e c a s t s  made with Recent Data and ad jus t ed  
wi th  t h e  average percent  e r r o r ,  1989-1990 . . . . . . . . . .  
Annual d e v i a t i o n s  from t h e  mean number o f  r e t u r n i n g  B r i s t o l  
Bay, Alaska, sockeye saTmon produced per  spawner ( b a r  c h a r t )  
and weighted mean Cold Bay, Alaska, June a i r  t empera ture  
( l i n e  c h a r t ) ,  1965-1990 . . . . . , . . . , . . . . . . . . .  





L I S T  OF APPENDICES 

APPENDIX A: Historic Sockeye Forecasts and Returns Paqe 

A.1 Preseason forecasts of sockeye salmon returns t o  Bristol Bay, 
Alaska, 1961-1990, issued by the Alaska Department of Fish 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  and Game. 39 

APPENDIX B: Hindcast Errors 

B. 1 Annual percent errors ,  mean percent errors  (MPE) , and mean 
absolute percent errors  (MAPE) for  hindcasts of to ta l  sockeye 
salmon returns t o  Bristol Bay, Alaska, r iver  systems, 1984- 
1990, based on All Data (1956-90) or Recent Data (1978-90) . . . .  41 

8.2 Annual percent errors ,  mean percent errors  (MPE) , and mean 
absolute percent errors  (MAPE) for  hindcasts of to ta l  sockeye 
salmon returns t o  Bristol Bay, Alaska, r iver  systems, 1984- 
1990, based on the Mixed Data ADF&G method. . . . . . . . . . . .  42 

APPENDIX C :  Unadjusted River System Forecasts 

C . l  Forecasted returns of major age classes of sockeye salmon t o  
the Kvichak River system, Bristol Bay, Alaska, in 1991 based 
on l inear  regression models using spawner-recruit, s ibl ing,  
and smol t data . . . . . . . . . . . . . . . . . . . . . . . . .  44 

C.2 Forecasted returns of major age classes  of sockeye salmon t o  
the Branch River system, Bristol Bay, Alaska, in 1991 based 
on l inear  regression models using spawner-recruit and s ibl ing 
data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45 

C.3 Forecasted returns of major age classes of sockeye salmon t o  
the Naknek River system, Bristol Bay, Alaska, in 1991 based 
on l inea r  regression models using spawner-recruit and s ibl ing 
data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  46 

C . 4  Forecasted returns of major age classes of sockeye salmon t o  
the Egegik River system, Bristol Bay, Alaska, in 1991 based 
on l inear  regression models using spawner-recruit, s ibl ing,  
and smolt data . . . . . . . . . . . . . . . . . . . . . . . . .  47 

C.5 Forecasted returns of major age classes of sockeye salmon t o  
the Ugashik River system, Bristol Bay, Alaska, in 1991 based 
on l inear  regression models using spawner-recruit, s ibl ing,  
and smolt data . . . . . . . . . . . . . . . . . . . . . . . . .  48 

C.6 Forecasted returns of major age classes of sockeye salmon to  
the Wood River system, Bristol Bay, Alaska, in 1991 based on 
1 i near regression model s using spawner-recrui t , s i  bl i ng , and 
smolt data . . . . . . . . . . . . . . . . . . . . . . . . . . .  49 

v i i i  





LIST OF APPENDICES (Continued) 

APPENDIX C: Unadjusted River System Forecasts 

C.7 Forecasted returns of major age classes of sockeye salmon to 
the Igushik River system, Bristol Bay, Alaska, in 1991 based 
on linear regression models using spawner-recruit and sibling 
data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Paqe 

C.8 Forecasted returns of major age classes of sockeye salmon to 
the ~ u y a k u k  River system, Bristol Bay, Alaska, in 1991 based 
on linear regression models using spawner-recruit and 
data . . . . . . . . . . . . . . . . . . . . . . . .  

C.9 Forecasted returns of major age classes of sockeye sa 
the Togiak River system, Bristol Bay, Alaska, in 1991 
on linear regression models using spawner-recruit and 
data . . . . . . . . . . . . . . . . . . . . . . . .  

smol t 
. . . . .  

mon to 
based 
si bl ing 
. . . . .  





ABSTRACT 

The t o t a l  number of sockeye salmon (Oncorhynchus nerka) forecasted t o  re turn t o  
Bris tol  Bay in 1991 i s  31,866,000 (80% confidence i n t e rva l :  2,168,000 - 
61,564,000). Runs a re  expected t o  exceed spawning escapement goals f o r  a l l  
systems. Total projected sockeye salmon harvest i s  expected t o  be 23,131,000. 
Most of t h i s  harvest  wil l  be taken within Bristol  Bay inshore f i sh ing  d i s t r i c t s  
(21,211,000), b u t  some has been a l located t o  f i s h e r i e s  occurring in June in the  
v i c i n i t y  of the  Shumagin Islands and South Unimak under an ex i s t i ng  management 
pl an (8.3% of t o t a l  Bri st01 Bay projected harvest: 1,920,000). The 1991 forecas t  
was based on t he  ADF&G method which averaged r e s u l t s  from three  1 inear  regression 
models based on t he  re1 a t ionship  between re tu rns  and e i t h e r  spawner, s i  bl ing, o r  
smol t data .  Based on performance evaluations of the  ADF&G method, a1 1 avail  able 
data  was used t o  fo recas t  1991 runs t o  Nushagak and Togiak D i s t r i c t s ,  but data  
p r io r  t o  t he  1978 re turn year  were omitted from ca lcu la t ions  f o r  Naknek-Kvichak, 
Egegik and Ugashik D i s t r i c t s .  To fu r the r  cor rec t  under-forecasting e r ro r s ,  
predic t ions  f o r  e a s t - s i de  Bris tol  Bay systems (Kvichak, Branch, Naknek, Egegi k, 
and Ugashik Rivers) were adjusted by t he  1984-90 average percent fo recas t  e r r o r  
(30.38%). A1 though out of range data  were not used in ca lcu la t ions ,  t h e i r  
occurrence suggested t h a t  age-1.2 predic t ions  f o r  Egegik River and age-1.3 
predic t ions  f o r  Egegik and Ugashik Rivers could be too low. The outlook f o r  
1991-1994, based only on the  spawner-recruit component of the  ADF&G method which 
was not adjusted f o r  the  average h i s t o r i c  fo recas t  e r r o r ,  i s  f o r  the  t o t a l  
sockeye salmon r u n  t o  Bris tol  Bay t o  be g r ea t e s t  in 1994 and l e a s t  in 1991, 
mostly due t o  var ia t ions  in t he  Kvichak River r u n .  For a l l  years  examined, runs 
t o  a l l  r i v e r  systems a re  expected t o  exceed spawning goal requirements. 

K E Y  WORDS: Salmon forecas t ,  sockeye salmon, Oncorhynchus nerka, Bristol  
Bay, spawner-recruit,  environmental ind ica tors  





INTRODUCTION 

Preseason fo recas ts  o f  sockeye salmon (Oncorhynchus nerka)  runs t o  B r i s t o l  Bay, 
Alaska, have been made by t h e  Alaska Department o f  F i sh  and Game (ADF&G) s ince  
1961 (ADF&G 1961). ADF&G b i o l o g i s t s  use fo recas ts  t o  es t imate  commercial 
harvests;  t o  s e t  quotas f o r  t h e  Shumagin Is lands-South Unimak June f i s h e r y ;  and 
t o  determine which stocks might  be i n  low abundance and need p r o t e c t i o n  aga ins t  
p o s s i b l e  overharves t ing .  Seafood buyers and processors use fo recas ts  t o  es t imate  
t h e  supply o f  raw f i s h  which w i l l  be a v a i l a b l e  f o r  var ious  uses; t o  determine 
s t a f f  and equipment needed f o r  p roduc t i on  o f  f resh ,  f rozen,  and canned products;  
and t o  p l  an deployment o f  tenders and processing vessel s. Commerci a1 f i shermen 
use fo recas ts  t o  decide which areas might  p rov ide  them w i t h  t h e  bes t  f i s h i n g  
o p p o r t u n i t i e s  and t o  a s s i s t  i n  dec i s ions  i n v o l v i n g  f u t u r e  investments f o r  
equipment and gear.  

U n t i l  1983, annual preseason fo recas ts  made by ADF&G were u s u a l l y  c a l c u l a t e d  as 
t h e  mean o f  est imates ob ta ined from model s  us ing  e i t h e r  spawner-recrui  t, s i  b l  ing ,  
o r  smolt  data.  Forecasts from t h i s  method, r e f e r r e d  t o  as t h e  ADF&G method, had 
a  mean abso lu te  percent  e r r o r  (MAPE) o f  37.0 f o r  1961-1982 (MAPE range: 2.7 - 
78.0) ( F r i e d  and Yuen 1987; F r i e d  e t  a l .  1988). Beginning i n  1983 at tempts were 
made t o  improve f o r e c a s t  accuracy by combining r e s u l t s  from t h e  ADF&G method w i t h  
those f rom o t h e r  methods (Eggers e t  a1 . 1983a, 1983b; F r i e d  and Yuen 1985, 1986, 
and 1987). However, these fo recas ts  d i d  n o t  prove t o  be any more accurate than 
fo recas ts  based s o l e l y  on t h e  ADF&G method and d i d  n o t  c o r r e c t  t h e  tendency o f  
pub1 i shed  fo recas ts  t o  under-est imate t o t a l  r u n  s i z e  f o r  15 o f  t h e  l a s t  17 years 
( F r i e d  e t  a l .  1988) (Appendix A.1). 

- 

I n  an at tempt t o  remedy these problems, t h e  methods used t o  c a l c u l a t e  r u n  s i z e  
p r e d i c t i o n s  were again mod i f i ed  i n  1988 ( F r i e d  e t  a1 . 1988; F r i e d  and Cross 1988, 
1990). The most impor tan t  change was t h e  omission o f  da ta  p r i o r  t o  t h e  1978 
r e t u r n  year  f rom a l l  c a l c u l a t i o n s .  We f e l t  t h a t  models based on more recen t  da ta  
would more accurate1 y r e f 1  e c t  c u r r e n t  t rends  i n  sockeye salmon product ion .  Most 
B r i s t o l  Bay r i v e r  systems have shown a  dramat ic  inc rease i n  t h e  number o f  
r e t u r n i n g  sockeye salmon a d u l t s  produced by each spawner s ince  1978, c o i n c i d e n t  
w i t h :  (1) decreased i n t e r c e p t i o n  o f  matur ing  sockeye salmon on t h e  h igh  seas, (2)  
t h e  onset o f  more favo rab le  c l  i m a t i c  cond i t i ons ,  and (3)  improvements i n  ADF&Gf s  
a b i l i t y  t o  determine and a t t a i n  spawning escapement goa ls  f o r  most major B r i s t o l  
Bay systems (Eggers e t  a l .  1984). 

Although fo recas ts  based on o n l y  recen t  da ta  decreased under - fo recas t i ng  e r r o r s  
f o r  r i v e r  systems on t h e  eas t  s ide  o f  B r i  s t01 Bay, t h e r e  was s t i l l  a  tendency t o  
under - fo recas t  t h e  r u n  ( f i v e  ou t  o f  t h e  l a s t  seven years) .  I n  1991 we sought t o  
f u r t h e r  a d j u s t  t h e  fo recas t  t o  c o r r e c t  t h i s  con t i nu ing  b i a s  o f  under - fo recas t ing .  
Several b i a s  c o r r e c t i o n  f a c t o r s  were evaluated i n  search o f  t h e  most accurate 
fo recas t .  Our goal was an unbiased f o r e c a s t  r e s u l t i n g  i n  no tendency t o  over-  
o r  under - fo recas t .  

The purpose o f  t h i s  r e p o r t  i s  t o  p rov ide  a  f i n a l  preseason f o r e c a s t  o f  sockeye 
salmon r e t u r n i n g  t o  B r i s t o l  Bay, A1 aska, i n  1991 w i t h  an o u t l o o k  o f  abundance 
f l u c t u a t i o n s  through 1994. S p e c i f i c  o b j e c t i v e s  are: 1) t o  document changes i n  
t h e  methods used t o  f o r e c a s t  sockeye salmon runs t o  B r i s t o l  Bay i n  1991, 2) t o  



judge the r e l a t+ve  accuracy of different  forecasting methods, 3) t o  forecast 
annual runs fo r  a l l  major r iver  systems through 1994, and ( 4 )  t o  indicate where 
actual runs are most l ike ly  to  depart from preseason expectations. 

METHODS 

Age D e s i g n a t i o n  

Sockeye salmon ages were expressed according t o  European system designations (Koo 
1962), wherein the number of annuli formed in fresh and s a l t  water are indicated 
t o  the l e f t  and r ight  of a decimal point. Four age classes  account for  about 98% 
of to ta l  returns: age-1.2 (28%), -2 .2  (31%), -1.3 (28%), and -2.3 (11%). These 
four age classes  are equivalent t o  the following Gilbert and Rich (1927) 
designations: 4 , 5 , 5,, and 6,, which are dated from the time of egg deposition 
and show both to ta l  age ( f i r s t  d i g i t )  as well as the year of l i f e  in which 
seaward migration occurred (subscript).  

Smol t ages were expressed as e i the r  age 1. or 2 . ,  corresponding t o  sockeye salmon 
tha t  migrated seaward in e i ther  the i r  second or th i rd  year of l i f e .  

Forecas t  D a t a  Base and Techniques 

The ADF&G method forecast has been used t o  predict the number of sockeye salmon, 
by major age c lass ,  returning t o  nine r iver  systems tha t  account for  about 98% 
of Bristol Bay sockeye salmon production, these are: Kvichak, Branch, Naknek, 
Egegik, Ugashik, Wood, Igushik, Nuyakuk, and Togiak Rivers (Figure 1) .  Forecasts 
fo r  each system and age class  have been calculated by averaging re su l t s  of 
several model s which used e i ther  (1) spawner-recruit, ( 2 )  s i  bl ing, or  ( 3 )  smol t 
data. Prior t o  1986, predictions for  each data component were calculated by 
averaging re su l t s  from two or more models (e.g. l inear  regression, r a t i o  
estimator, mean proportion) (Eggers e t  a1 . 1983a, l983b). Beginning in 1986 only 
r e su l t s  from a s ingle model per c~mponent (spawner-recruit, s ibl ing,  o r  smolt) 
were calculated and then averaged for  the forecast (Fried and Yuen 1986 and 
1987) . 
Forecasts fo r  i291 were f i r s t  calculated using a l l  avail able data (referred t o  
as the All Data ADF&G method) and then recalculated with a l l  data pr ior  t o  the 
1978 return year excl uded from cal cul a t  ions (referred t o  as the Recent Data ADF&G 
method) . 
Predicted returns from spawner-recruit data were based on a l inear  form of the 
Ricker (1954) curve constructed for  age-specific returns (Branni an e t  a9 . 1982) : - 



where : 

R 
a r f r Y  

= number of  age-a sockeye salmon r e t u r n i n g  t o  r i v e r  system r- from 
brood y e a r  y ,  

E 
~ I Y  

= t o t a l  number o f  spawners i n  r i v e r  system r dur ing  brood y e a r  y, 

cr,O = r e g r e s s i o n  c o e f f i c i e n t s  e s t ima ted  by l e a s t  squa re  methods; and 

E = random e r r o r  with mean, 0 ,  and va r i ance  s2. 

In c a s e s  where t h e  Ricker  r e l a t i o n s h i p  was no t  s i g n i f i c a n t  a t  t h e  25% l e v e l  (F-  
t e s t ,  Ho: I3 = 0 ,  P>0.25; Snedecor and Cochran 1969),  a l i n e a r  r e g r e s s i o n  model 
based on n a t u r a l  logar i thm transformed d a t a  was used: 

q R a , L y )  = ff + Pln(E,#Y) + e 

Pred ic t ed  r e t u r n s  from s i b l  ing (younger age c l a s s e s  from t h e  same brood y e a r )  and 
smol t d a t a  were a1 s o  based upon 1 i n e a r  r e g r e s s i o n  model s us ing  n a t u r a l  1 oga r i  thm 
transformed d a t a ,  a s  suggested by Peterman (1982a, 1982b): 

l"(Ra#z-,y) = ff + Plnfsj,r.y) + e 

where : 

' j ,r,y 
= e i t h e r  t h e  number of a g e - j  smol t (where j = age 1. o r  2 . )  

migra t ing  from r i v e r  system r which were progeny of  brood y e a r  y ,  
o r  t h e  number of  a g e - j  a d u l t s  (where j =[a-11) r e t u r n i n g  t o  r i v e r  
system r from spawning i n  brood y e a r  y.  

Smolt d a t a  were a v a i l a b l e  f o r  f i v e  of t h e  n ine  r i v e r  systems f o r  which f o r e c a s t s  
were made. Smolt enumeration programs us ing  sonar  equipment were begun in  1971 
f o r  Kvichak (Russe l l  l 972 ) ,  1975 f o r  Wood (Krasnowski l 976) ,  1982 f o r  Egegi k (Bue 
1984),  and 1983 f o r  Ugash'ik (F r i ed  e t  a l .  1987) and Nuyakuk (Minard and 
Freder i  ckson 1987) River  systems. 

Resu l t s  from model s were excluded from f i n a l  f o r e c a s t  c a l c u l a t i o n s  i f  t h e  f i t  o f  
t h e  model was not  s i g n i f i c a n t  a t  t h e  25% l e v e l  (P>0.25) o r  t h e  va lue  of  t h e  inpu t  
v a r i a b l e  (E, o r  S j  , ) was o u t s i d e  t h e  range of d a t a  used t o  b u i l d  t h e  model. 
I f  r e s u l t s  from s p h d e r - r e c r u i t ,  s i b l  ing o r  m o l t  models d i d  not  meet t h e s e  



c r i t e r i a  f o r  a r ive r  system age c lass ,  the mean return of tha t  age c lass  to  tha t  
r ive r  system was used as the prediction. For All Data ADF&G method forecasts ,  
mean returns f o r  a l l  past years (1956-1990) were used. For Recent Data ADF&G 
method forecasts ,  mean returns for  the past 13 years, 1978-1990, were used. 

E v a l u a t i o n  o f  Forecast  Performance 

Comparison of Recent and All Data Forecasts 

Since the Recent Data ADF&G method was f i r s t  used fo r  the 1988 forecast ,  a 
hindcasting procedure, in which only data pr ior  t o  the year of in t e re s t  were used 
t o  build models, was used t o  simulate i t s  past performance fo r  several past 
years. Due t o  the 1 imited amount of data available ( i  .e. a l l  data pr ior  t o  the 
1978 return year were omitted from analyses), Recent Data ADF&G method hindcasts 
could be calculated fo r  only seven years, 1984-1990. Hindcasts pr ior  t o  1984 
could not be calculated because most models were not s ignif icant  a t  the 25% level 
(P>0.25) and many of the input data were out of range of values used fo r  model s .  

Recent Data ADF&G method hindcasts fo r  1984-1990 were compared with All Data 
ABF&G method hindcasts f o r  t h i s  same period t o  determine which method could be 
expected t o  produce l e s s  biased and more accurate forecasts.  Three s t a t i s t i c s  
were used fo r  comparisons: percent e r ror  (PE), mean percent e r ror  (MPE), and mean 
absolute percent e r ro r  (MAP€) .  PE i s  a measure of annual perfo~xance: 

where : 

F,,, = forecasted to ta l  return of sockeye salmon fo r  year i and r ive r  
system r; and 

A,,, = actual t o t a l  return of sockeye salmon fo r  year i and r ive r  system r. 

MPE i s  a measure of bias: 

MPE = 
N 

MAP€ i s  measure of overall accuracy which t r e a t s  under- and over-forecasting 
er rors  simi 1 ar ly:  



Model ing Historic Forecast Errors 

In an e f f o r t  t o  reduce the tendency t o  under-forecast runs t o  Bristol Bay, we 
looked a t  ways t o  model h i s to r i c  forecast e r rors  and develop a bias adjustment 
fac tor  fo r  the 1991 forecast.  We investigated the trends in forecast e r rors  for  
predictions based on All Data and Recent Data. We compared baywide forecast 
e r rors ,  eas t  s ide versus west s ide forecast e r rors ,  and individual r ive r  system 
forecast e r rors .  

Predictions based on All Data were hindcasted for  the years 1965-90 using the 
same methods described above fo r  the 1991 forecast.  Errors in numbers of f i sh  
fo r  the 1965-90 All Data forecasts were modeled using a l inear  regression model: 

and second-order pol ynomi a1 regression model : 

Yi = a Pli + BziZ + e 

where: 
Yi = predfcted run - actual r u n  fo r  year i, 
a,B = regression coeff ic ients  estimated by leas$ square methods; and 
E = random er ror  with mean, 0 ,  and variance s ' 

Errors fo r  A1 1 Data forecasts were a1 so modeled using Box-Jenkins forecasting 
procedures (Chatfield 1984). Autoregressive integrated moving average (ARIMA) 
models were f i t t e d  to  forecast errors  i n  numbers of f i sh  or percent e r ro r  ( P E ) .  
The most appropriate model for  the data was an AR(1) model and forecast e r rors  
were predicted as: 

where model coeff ic ients  (a, B )  were estimated using STATGRAPHICS (S ta t i s t i ca l  
Graphics Systems, 1988) computer software. 
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PreAictions based on Recent Data were hindcasted only f o r  t he  years  1984-90 
because of t he  l imi ted data  base (Recent Data include years  1978 through 1990). 
With only seven years  of Recent Data fo recas t  e r ro r s  ava i lab le ,  regression and 
time s e r i e s  modeling techniques could not be used. Therefore, an adjustment 
f ac to r  f o r  t he  1991 forecas t  was estimated by taking t he  mean percent e r r o r  from 
1984-90 Recent Data fo recas t s .  

Although forecas t  e r r o r s  by r i v e r  system were analyzed individual ly ,  we decided 
t o  base t h e  1991 adjustment f ac to r  on models which described fo r ecas t s  e r ro r s  f o r  
e a s t  s i de  systems combined and west s i de  systems combined. Consequently, 
adjustment f ac to r s  f o r  t he  t o t a l  e a s t  s i de  fo recas t  and t o t a l  west s i de  fo recas t  
were est imated.  The 1991 f i na l  adjustment f ac to r  was apportioned t o  individual 
r i v e r  fo recas t s  based on each r i v e r ' s  contr ibut ions  t o  t h e  t o t a l  combined 
forecas t .  

Confidence Interva7s 

The 80% confidence in terval  (80% CI) f o r  t he  t o t a l  r u n  fo recas t  was calcula ted 
as: 

where: 

F = forecasted t o t a l  run of sockeye salmon t o  a l l  of Bris tol  Bay ( t o t a l  
of r i v e r  system predic t ions)  in 1991, 

St = standard e r r o r  of the  forecasted t o t a l  run of sockeye salmon t o  
Bris tol  Bay in 1991; and 

tos* = Student's t value with a probabi l i ty  of type I e r r o r  of 0.20; 

Estimation of ( s f )  was based on t he  mean squared e r r o r  (MSE) calcula ted from 
t o t a l  run predic t ions  using t he  same techniques as  1991 made f o r  1984-1990: 



where : 

Fi = forecasted t o t a l  re turn  of sockeye salmon f o r  year i ,  
Ai = actual t o t a l  re turn  of sockeye salmon f o r  year i ;  and 
N = number of years (1984-1990). 

Using only spawner-recruit data  (equation 1 o r  2 ) ,  fo recas t s  were a l so  made f o r  
t he  years  1992, 1993, and 1994. These fo recas t s  were not adjusted f o r  h i s t o r i c  
fo recas t  e r ro r s  as was the  f i na l  1991 forecas t .  Sockeye salmon production and 
mean June Cold Bay a i r  temperatures were a l so  examined t o  determine whether the  
pos i t ive  cor re la t ion  between these  fac tors  noted in previous s tud ies  (Eggers e t  
a l .  1984) was being maintained. 

A t o t a l  Br is tol  
cal cul ated from 
and s i x  (E,,4)) 

Bay re turn per spawner (RPS) value f o r  each re turn year  (y) was 
the  weighted sum of t o t a l  escapements four (Ecy-,,), f i v e  (E(,-,,), 
years  p r i o r  t o  each t o t a l  re turn:  

where P, P, .,, P,.,, and P,-, a r e  mean proportions of age- 1.2,  age- 1 .3 ,  age-2.2, 
and age-.$:3 sockeye salmon, respect ively ,  returning t o  Bri st01 Bay each year.  

The a i r  temperature index (ATI)  f o r  each re turn year y was calcula ted from the  
weighted sum of mean June a i r  temperatures recorded a t  Cold Bay, Alaska, one 
(T,,,,), two ( T y 2 ) ,  and th ree  (TCY-,)) years p r i o r  t o  each t o t a l  re turn:  

Deviations (D) from the  mean were then calcula ted f o r  actual (1965-1990) and 
forecasted (1991-1994) RPS value: 



and f o r  ATI values associated w i t h  each ac tua l  (1965-1990) RPS value: 

D ~ ~ l . y  = (AT1y - 

F i n a l l y ,  a p l o t  was made o f  a l l  d e v i a t i o n s  t h a t  cou ld  be c a l c u l a t e d  f o r  t h e  
p e r i o d  1965- 1990, and t h e  c o r r e l  a t i  on c o e f f i c i e n t  (Snedecor and Cochran 1969) 
between D,,,,, and "AT, ,, was c a l c u l a t e d  f o r  1965- 1990. 

RESULTS 

Performance o f  Recent and A77 Data Forecasts 

J u s t i f i c a t i o n  f o r  use o f  t h e  Recent Data ADF&G method was based on t h e  
observat ion  t h a t  t h e  number o f  r e t u r n i n g  a d u l t s  produced per  spawner has shown 
a dramat ic  increase s ince 1978 ( F r i e d  e t  a l .  1988). I t  was hoped t h a t  use o f  
o n l y  recen t  d a t a  would prov ide  a more accurate es t imate  o f  t o t a l  sockeye salmon 
r e t u r n s  and would he lp  c o r r e c t  t h e  past  b i a s  o f  under - fo recast ing  annual runs. 
I f  r e s u l t s  f o r  1984-1990 are rep resen ta t i ve  o f  f u t u r e  performance, then fo recas ts  
o f  t o t a l  sockeye salmon r e t u r n s  t o  B r i s t o l  Bay based on t h e  Recent Data ADF&G 
method should be l e s s  b iased (MPE = -8.1) and morc accurate (MAPE=20.4) than 
fo recas ts  based on t h e  A l l  Data ADF&G method (MPE = -38.9; MAPE=38.9) (Appendix 
B.1). 

Un fo r tuna te l y ,  r e s u l t s  f o r  i n d i v i d u a l  r i v e r  systems s t r o n g l y  suggested t h a t  t h e  
A l l  Data ADF&G method was more accurate and l e s s  b iased f o r  Kvichak, Wood, 
Igush i  k, Nuyakuk, and Togiak than t h e  Recent Data method (Appendix B . l ) .  Resul ts  
f o r  Nushagak and Togiak D i s t r i c t  systems based on t h e  Recent Data ADF&G method 
showed a t h r e e -  t o  f i v e - f o l d  decrease i n  accuracy as we1 l as a l arge b i a s  towards 
ove r - fo recas t ing  when compared t o  r e s u l t s  based on t h e  A l l  Data ADF&G method. 

We t r i e d  t o  balance ga ins  and losses i n  t o t a l  B r i s t o l  Bay and i n d i v i d u a l  r i v e r  
system f o r e c a s t  b i a s  and accuracy by us ing  r e s u l t s  o f  t h e  Recent Data ADF&G 
method f o r  some systems and t h e  A l l  Data ADF&G method f o r  t h e  remaininy systems. 
For t h e  1991 fo recas t ,  we used Recent Data f o r  east  s ide  r i v e r  systems (Kvichak, 
Branch, Naknek, Egegik, and Ugashik) and A l l  Data f o r  west s ide  r i v e r  systems 
(Wood, Igush ik ,  Nushagak, and Togiak) .  Th is  method i s  s i m i l a r  t o  t h a t  used f o r  
t h e  1989 and 1990 fo recas ts  and i s  r e f e r r e d  t o  as t h e  Mixed Data ADF&G method 
(Appendix B.2). We f e l t  i t  would prov ide  t h e  l e a s t  b iased and most accurate 



forecast of total returns to Bristol Bay and would also furnish reasonable 
individual river system forecasts. 

Unadjusted River System Forecasts 

Results from model s were excl uded from final river system forecast cal cul ati ons 
if the fit of the model was not significant at the 25% level (P>0.25) or the 
value of the input variable ( E  or Sj , ,) was outside the range of data used to 
build the model. If results f?&n spadnbr-recruit, sibling and smolt models did 
not meet these criteria for a river system age class, the mean return for 1978-90 
was used for east side rivers (Recent Data) and the mean return for 1956-1990 
(All Data) was used for west side rivers. 

Kvichak River 

Spawner-recrui t, sibl ing, and smol t data bases were avail able for estimating 
Kvichak River run sizes in 1991. 

Age-1.2. The age-1.2 forecast for this system was based upon spawner-recruit and 
smol t data (Appendix C. 1). A prediction based on si bl ing data could not be made 
since the regression model was not significant at the 25% level (P>0.25). The 
spawner-recruit estimate of 3,197,000 was about 32% less than the smolt estimate 
of 4,672,000. The average of the two estimates was 3,935,000. 

Age-2.2. The age-2.2 forecast was also based upon spawner-recruit and smol t data 
(Appendix C. 1). A prediction based on si bl ing data could not be made because no 
age-2.1 siblings were obtained in samples from the Kvichak River in 1990. The 
spawner-recruit estimate of 851,000 was 50% greater than the smolt estimate of 
566,000. The average of the two estimates was 709,000. 

Age-1.3. The age-1.3 forecast was based upon spawner-recruit, sibling, and smolt 
data (Appendix C.l). The spawner-recruit estimate of 711,000 was 17% greater 
than the si bl i ng estimate of 608,000 and only 3% less than the smol t estimate of 
734,000. The average of the three estimates was 684,000. 

Age-2.3. The age-2.3 forecast was based upon spawner-recruit, sibling, and smolt 
data (Appendix C.1). The spawner-recruit estimate of 994,000 was only about 1% 
greater than the sibl ing estimate of 987,000, but 34% greater than the smol t 
estimate of 743,000. The average of the three estimates was 908,000. 

Branch River 

Spawner-recruit and sibling data bases were available for estimating Branch River 
run sizes in 1991. There has never been a smolt project on the Branch River. 

Age-1.2. The age-1.2 forecast was based only upon spawner-recruit data (Appendix 
C.2). A prediction based on sibling data could not be made because no age-1.1 



s i b l i n g s  were obta ined i n  samples from t h e  Branch R ive r  i n  1990. The spawner- 
r e c r u i t  es t imate  was 209,000. 

Age-2.2. The age-2.2 fo recas t  was based o n l y  upon spawner- recru i t  da ta  (Appendix 
C.2). A  p r e d i c t i o n  based on s i b l i n g  da ta  cou ld  n o t  be made because no age-2.1 
s i b l  ings  were obta ined i n  samples from t h e  Branch R ive r  i n  1990. The spawner- 
r e c r u i t  es t imate  was 26,000. 

Age-1.3. The age-1.3 fo recas t  was based o n l y  upon spawner- recru i t  da ta  (Appendix 
C.2). The p r e d i c t i o n  based on s i b l i n g  data  was no t  used s ince t h e  model was n o t  
s i g n i f i c a n t  a t  t h e  25% 1  eve1 (P>O. 25). The spawner-recrui t es t imate  was 140,000. 

Age-2.3. The age-2.3 fo recas t  was based o n l y  upon s i b l i n g  da ta  (Appendix C.2). 
The p r e d i c t i o n  based on spawner-recru i t  da ta  was n o t  used s ince t h e  model was n o t  
s i g n i f i c a n t  a t  t h e  25% l e v e l  (P>0.25). The s i b l  i n g  es t imate  was 20,000. 

Naknek R ive r  

Spawner-recrui t and s i  b l  i n g  data  bases were a v a i l  ab le  f o r  es t ima t ing  Naknek R iver  
run  s izes  i n  1991. The m o l t  p r o j e c t  on t h e  Naknek R ive r  has n o t  operated s ince 
1986. 

Age-1.2. The age-1.2 fo recas t  was based on t h e  mean r e t u r n  o f  t h i s  age c l a s s  f o r  
1978-1990 (Appendix C.3). The p r e d i c t i o n  based on spawner- recru i t  da ta  was n o t  
used s ince t h e  model was n o t  s i g n i f i c a n t  a t  t h e  25% l e v e l  (P>O.25). A  p r e d i c t i o n  
based on s i b l i n g  da ta  cou ld  n o t  be made because no age-1.1 sockeye salmon were 
obta ined i n  samples from t h e  Naknek R ive r  i n  1990. The mean r e t u r n  es t imate  was 
779,000. 

Age-2.2. The age-2.2 fo recas t  was a l so  based on t h e  mean r e t u r n  o f  t h i s  age 
c l a s s  f o r  1978-1990 (Appendix C.3). P red ic t i ons  based on spawner- recru i t  and 
s i b l i n g  data  were n o t  used s ince n e i t h e r  model was s i g n i f i c a n t  a t  t h e  25% l e v e l  
(P>0.%5). The mean r e t u r n  est imate was 785,000. 

Age-1.3. The age-1.3 fo recas t  was based on spawner-recru i t  and s i b l i n g  data  
(Appendix C.3). The spawner-recru i t  es t imate  o f  1,811,000 was 37% l e s s  than t h e  
s i b l i n g  es t imate  o f  2,861,000. The average o f  t h e  two est imates was 2,336,000. 

Age-2.3. The age-2.3 fo recas t  was based upon spawner-recru i t  and s i b l i n g  data  
(Appendix C.3). The spawner-recru i t  es t imate  o f  966,000 was 6% l e s s  than t h e  
s i b l i n g  es t imate  o f  1,032,000. The average o f  t h e  two est imates was 999,000. 

Egegi k  P'ver 

Spawner-recrui t, s i  b l  ing,  and smol t data  bases were avai 1  ab le  f o r  es t ima t ing  
Egegi k R ive r  run  s izes  i n  1991. 

Age-1.2. The age-1.2 fo recas t  was based o n l y  upon spawner- recru i t  da ta  (Appendix 
C.4). A  p r e d i c t i o n  based on s i b l i n g  data  was n o t  made because no age-1.1 
s i  b l  ings  were obta ined from samples from t h e  Egegi k  R iver  i n  1990. A  p r e d i c t i o n  



based on smol t data was not used because age-1. smol t production in 1989 was 
greater than past values used to build the model. The spawner-recruit estimate 
was 406,000. 

Age-2.2. The age-2.2 forecast was based upon spawner-recrui t , si bl i ng , and smol t 
data (Appendix C.4). The spawner-recruit estimate of 3,681,000 was 42% greater 
than the sibling estimate of 2,582,000, but 9% less than the smolt estimate of 
4,029,000. The average of the three estimates was 3,431,000. 

Age-1.3. The age-1.3 forecast was based upon spawner-recruit and smolt data 
(Appendix .C. 4) . A prediction based on si bl i ng data was not used because the age- 
1.2 si bl ing return in 1990 was greater than past values used to build the model. 
The spawner-recruit estimate of 700,000 was about 66% less than the smolt 
estimate of 2,049,000. The average of the two estimates was 1,375,000. 

Age-2.3. The age-2.3 forecast for this system was based upon spawner-recruit, 
sibling, and smolt data (Appendix C.4). The spawner-recruit estimate of 
1,408,000 was 18% less than the sib1 ing estimate of 1,711,000, but was 9% greater 
than the smol t estimate of 1,286,000. The average of the three estimates was 
1,468,000. 

Ugashi k Ri ver 

Soawner-recrui t , si bl i ng , and smol t data bases were avai 1 abl e for estimating 
River run sizes in 1991. LJgashi k 

Age-1.2 
(Append 
was not 
628,000 
the two 

The age-1.2 forecast was based upon spawner-recruit and sibling data 
x C. 5). The prediction based on smol t data was not made since the model 
significant at the 25% level (P>0.25). The spawner-recruit estimate of 
was only 5% less than the sibling estimate of 659,000. The average of 
estimates was 644,000. 

Age-2.2. The age-2.2 forecast was based upon spawner-recruit and sibling data 
(Appendix C.5). The prediction based on smol t data was not used since the model 
was not significant at the 25% level (P>0.25). The spawner-recruit estimate of 
1,374,000 was 109% greater than the sibling estimate of 658,000. The average of 
the two estimates was 1,016,000. 

Age-1.3. The age-1.3 forecast was based upon spawner-recruit and sibling data 
(Appendix C.5). The prediction based on smol t data was not used since the model 
was not significant at the 25% level (P>0.25), and age-1. smolt production 
(182,719,000) was much greater than past values used to build the model. The 
spawner-recrui t estimate of 906,000 was 64% greater than the si bl ing estimate of 
554,000. The average of the two estimates was 730,000. 

Age-2.3. The age-2.3 forecast was based upon spawner-recruit and sibling data 
(Appendix C.5). The prediction based on smol t data was not used since the model 
was not significant at the 25% level (P>0.25). The spawner-recruit estimate of 
528,000 was 33% greater than the sibling estimate of 396,000. The average of the 
two estimates was 462,000. 



Wood River 

Spawner-recrui t, si bl ing, and smol t data bases were avai 1 able for estimating Wood 
River run sizes in 1991. 

Age-I .2. The age-1.2 forecast was based upon spawner-recruit and smol t data 
(Appendix 6.6). A prediction based on si bl ing data could not be made because no 
age-1.1 sockeye salmon were obtained in samples from Wood River .in 1990. The 
spawner-recrui t estimate of 1,069,000 was only 7% greater than the smol t estimate 
of 998,000. The average of the two estimates was 1,034,000. 

Age-2.2. The age-2.2 forecast was based upon spawner-recruit and smolt data 
(Appendix 6.6). A prediction based on si bl ing data could not be made because no 
age-2.1 sockeye salmon were in samples from Wood River in 1990. The spawner- 
recruit estimate of 75,000 was similar to the smolt estimate of 79,000. The 
average of the two estimates was 77,000. 

Age-1.3. The age-1.3 forecast was based upon spawner-recrui t, si bl ing, and smol t 
data (Appendix C.6). The spawner-recrui t estimate of 871,000 was similar to the 
sibling estimate of 865,000 but about 37% less than the smolt estimate of 
1,380,000. The average of the three estimates was 1,039,000. 

Age-2.3. The age-2.3 forecast was based on spawner-recruit and sibling data 
(Appendix C.6). A prediction based on smolt data was not made since the model 
was not significant at the 25% level (P>0.25). The spawner-recruit estimate of 
60,000 was about 76% greater than the sibling estimate of 34,000. The average 
sf the two estimates was 46,000. 

Igushi k River 

Spawner-recrui t and si bl ing data bases were avai 1 able for estimating Igushi k 
River run sizes in 1991. There has never been a smolt project on the Igushik 
Ri ver . 

Age-1.2. The age-1.2 forecast was based only upon results from spawner-recruit 
data (Appendix C.7). A prediction based on sibling data was not made since the 
regression model was not significant at the 25% level (PN.25) and no age-1.1 
sockeye salmon were obtained in samples collected from Igushik River in 1990. 
The spawner-recruit estimate was 83,000. 

Age-2.2. The age-2.2 forecast was based only on spawner-recruit data 
(Appendix C.7). A prediction based on si bl ing data was not made because no age- 
2.1 sockeye salmon were obtained in samples collected from the Igushik River in 
1990. The spawner-recruit estimate was 41,000. 

Age-1.3. The age-1.3 forecast was based upon spawner-recruit and sibling data 
(Appendix C.7). The spawner-recruit estimate of 474,000 was 12%greater than the 
sibling estimate of 422,000. The average of the two estimates was 448,000. 



Age-2.3. The age-2.3 forecast was based upon spawner-recruit and sibling data 
(Appendix C.7). The spawner-recruit estimate of 34,000 was 33% less than the 
sibling estimate of 51,000. The average of the two estimates was 43,000. 

Nuyaku k 

Spawner-recruit and smolt data bases were available for estimating Nuyakuk River 
run sizes in 1991. Predictions were not made from sibling data because the 
counting tower on the Nuyakuk River ceased operation in 1988, consequently 
sibling information from 1990 was not available. 

Age-1.2. The age-1.2 forecast was based only upon spawner-recrui t data (Appendix 
C.8). The prediction based on smolt data was not used since the model was not 
significant at the 25% 1 eve1 (P>O. 25). The spawner-recrui t estimate was 55,000. 

Age-2.2. The age-2.2 forecast was based only upon spawner-recruit data (Appendix 
C.8). 'The prediction based on molt data was not used since the model was not 
significant at the 25% level (P>0.25). The spawner-recruit estimate was 26,000. 

Age-1.3. The age-1.3 forecast was based only upon spawner-recruit data (Appendix 
C.8). The prediction based on smolt data was not used since the model was not 
significant at the 25% level (P>O.X). The spawner-recrui t estimate was 
1,102,000. 

Age-2.3. The age-2.3 forecast was based only upon spawner-recruit data (Appendix 
C.8). The prediction based on smolt data was not used since the model was not 
significant at the 25% level (P>0.25). The spawner-recrui t estimate was 20,000. 

Togiak River 

Spawner-recrui t and sibling data bases were available for estimating Togiak River 
run sizes in 1991. Smol t projects did not operate on the Togiak River in 1988 
or 1989. 

Age-1.2. The age-1.2 forecast was based only on spawner-recruit data 
(Appendix C.9). A prediction based on sibling data was not made since the 
regression model was not significant at the 25% level (b0.25) and no age 1.1 
sockeye salmon were obtained in samples collected from the Togiak River in 1990. 
The spawner-recruit estimate was 92,000. 

Age-2.2. The age-2.2 forecast was based only on spawner-recruit data 
(Appendix C.9). The prediction based on sibl ing data was not used since the 
regression model was not significant at the 25% level (P>0.25) and no age-2.1 
sockeye salmon were obtained in samples collected from the Togiak River in 1990. 
The spawner-recruit estimate was 25,000. 

Age-1.3. The age-1.3 forecast was based on spawner-recruit and sibl ing data 
(Appendix C.9). The spawner-recruit estimate of 287,000 was 32% greater than the 
sibling estimate of 217,000. The average of the two estimates was 252,000. 



Age-2.3. The age-2.3 forecast for this system was based on spawner-recruit and 
si bl ing data (Appendix C.9). The spawner-recrui t estimate of 26,000 was the same 
as the sibling estimate of 26,000. 

Historic Forecast Errors and 1991 Forecast Adjustment 

All Data F~recast Errors 

Forecast errors for the east side river systems based on A11 Data showed an 
increasing trend from 1966-90 (Figure 2). Linear and polynomial regression 
models of the relationship between forecast year and east side forecast error 
were significant (P<0.01; Figures 3 and 4). The 1991 prediction for combined 
east side systems based on All Data was 15.1 mill ion sockeye salmon. The 
estimated error for the 1991 prediction based on the linear and polynomial 
regression models were -18.2 million and -20.4 million, respectively (Table 1). 
A Box-Jenkins time series AR(1) model was estimated for the re1 ationship between 
forecast year and east side relative forecast errors (percent error; Figure 5). 
The time series model estimated an error for the 1991 east side All Data 
prediction at -95.1% (-14.4 million fish; Table 1). Therefore, estimated error 
adjustments for an east side A11 Data prediction were greater than or similar to 
the original prediction (Table 1). 

The performance of using All Data to predict east side systems and correcting the 
prediction by an adjustment factor based on a linear regression or time series 
models was reviewed by hindcasting runs with these techniques. Correcting All 
Data predictions by errors estimated from linear regression models resulted in 
over forecasts for 1984-88 and under forecasts for 1989-90 (Figure 6). The MBE 
of A1 1 Data predictions corrected by 1 inear regression models was +8.2% for 1984- 
90 compared to -61.5% for unadjusted predictions. Correcting All Data 
predictions by errors estimated from time series models resulted in over 
forecasts for 1986-88 and under forecasts for 1989-90 (Figure 7) . The MPE of A1 1 
Data predictions corrected by time series models was -7.0% for 1986-90 compared 
to -63.7% for unadjusted predictions. 

Errors of west side forecasts based on All Data showed no trend through time 
(Figure 8) . Linear and polynomi al regression model s of the re1 at i onshi p between 
year and west side forecast error were not significant (P>0.25). 

Recent Data Forecast Errors 

Errors of east side forecasts based on Recent Data were generally negative 
(forecasted run less than actual run), but showed no trend through time for the 
years 1984-90 (Figure 9). Because errors of Recent Data east side forecasts were 
not correlated with time, the.1984-90 average error (-30.38%) was used as an 
estimate of the 1991 prediction error. The 1991 prediction for combined east 
side systems based on Recent Data was 21.1 mill ion fish. The estimated error for 
the $991 east side prediction based on average errors was -6.4 mill ion fish 
(Table 1). Using the average error to adjust Recent Data forecasts resulted in 
under forecasts in 1987, 1989-90 and an over forecast for 1988 (Figure 10). The 



1987-90 MPE f o r  Recent Data e a s t  s ide  fo recas t s  was reduced from -38.2% t o  -16.3% 
by adjus t ing f o r  previous years  average e r r o r .  

1991 Forecast Adjustment 

Errors in  All Data fo recas t s  increased from 1966-1990, however they were 
c lus te red  in two groups. Pr ior  t o  1978 fo recas t s  were g r ea t e r  o r  equal t o  actual  
runs and a f t e r  1978 fo r eca s t s  were l e s s  than actual runs (Figure 2) .  Because t he  
e r r o r s  appeared t o  be c lus te red  in time, we f e l t  t h a t  regression ana lys i s  was not 
appropr ia te .  Regression and time s e r i e s  model s estimated adjustment f a c t o r s  f o r  
t he  1991 e a s t  s i de  All Data fo recas t  which were s im i l a r  o r  l a r g e r  than the  
o r ig ina l  f o r eca s t .  We decided t h a t  using Recent Data t o  fo recas t  the  e a s t  s i de  
systems and ad jus t ing  by a smaller  number of f i s h  was preferable  t o  using the  
e n t i r e  da t a  base (All Data) and adjus t ing by a very l a rge  number. Therefore, we 
decided t o  use t he  Recent Data fo recas t  f o r  t he  e a s t  s i d e  systems and increased 
i t  by the 1984-90 average e r r o r  (30.38%, o r  6.4 mil 1 ion f i s h )  . Because fo recas t  
e r r o r s  f o r  t he  west s i de  did not show a trend through time, we did  not ad jus t  
f o r eca s t s  f o r  west s i de  r i v e r s .  

Adjusted Pota7 Bristo7 Bay Forecast 

Based on r e s u l t s  of t he  Mixed Data ADF&G method adjusted by t he  1984-90 average 
percent e r r o r ,  a t o t a l  of 31,866,000 sockeye salmon (80% CI: 2,168,000 - 
61,564,000) a r e  expected t o  re turn  t o  Br is to l  Bay in  1991 (Table 2 ) .  This l eve l  
of production would be about 10% (2,833,000 sockeye salmon) g r ea t e r  than the  20- 
year (1971-1990) mean re tu rn  of 29,033,000 (range: 3,517,000 t o  66,293,000), and 
about 12% (4,395,000) l e s s  than the  most recent  10-year (1981-1990) mean re turn  
of 36,261,000 (range: 23,996,000 - 48,971,000). 

Total projected sockeye salmon harvest i s  23,131,000 (80% CI: 0 - 47,600,000) 
(Table 2 ) .  Most (21,211,000) of t h i s  harvest  wil l  be taken within Bris to l  Bay 
inshore f i sh ing  d i s t r i c t s  (Table 3 ) .  The remainder of t he  sockeye harvest  (8.3% 
of t o t a l  Br is to l  Bay harvest  = 1,920,000) has been a l loca ted  t o  f i s h e r i e s  
occurring in June in the  v i c i n i t y  of Shumagin Is lands  and South Unimak under an 
ex i s t i ng  management plan ( regula t ion 5AAC 09.365, ADF&G 1990 ) .  No es t imate  i s  
ava i l ab le  of t h e  number of Br is to l  Bay sockeye salmon expected t o  be harvested 
by foreign o r  domestic high seas f i s h e r i e s .  

The t o t a l  number of sockeye salmon expected t o  re turn  t o  Br is to l  Bay, a f t e r  t he  
Shumagin Is lands  and South Unimak f i s h e r i e s  have occurred i s  29,946,000 (Table 
3 ) .  Runs  should exceed spawning escapement goals f o r  a1 1 r i v e r  systems. The 
projected Bris to l  Bay combined f i sh ing  d i s t r i c t  harvest  of 21,211,000 would be 
33% (5,268,000) g r ea t e r  than the  20-year (1971-1990) mean harvest  of 15,943,000 
(range: 761,000 - 37,372,OOO), but 9% (2,211,000) l e s s  than the  10-year (1981- 
1990) mean harvest  of 23,422,000 (range: 14,006,000 - 37,372,000). 



Adiusted R i v e r  System Forecasts  

The combined p red ic t ion  f o r  e a s t  s i d e  r i v e r  systems (Kvichak, Branch,' Naknek, 
Egegik, and Ugashik) was increased by t h e  1984-90 average f o r e c a s t  e r r o r  
(30.38%). Forecas ts  f o r  individual  e a s t  s i d e  r i v e r s  were increased 
p ropor t iona l ly  based on t h e i r  con t r ibu t ion  t o  t h e  combined e a s t  s i d e  p red ic t ion .  
P red ic t ions  f o r  west s i d e  r i v e r s  (Wood, Igushi k, Nuyakuk, and Togiak) were not 
adjus ted  f o r  h i s t o r i c  f o r e c a s t  e r r o r s .  

Kvi chak River 

A t o t a l  of  8,130,000 sockeye salmon was fo recas ted  t o  r e t u r n  t o  t h i s  system 
(Table 3 ) .  Sockeye salmon production wi th in  t h e  Kvichak River system has 
followed a f ive -yea r  a b u d a n c e  cyc le  (Mathisen and Poe 1981). A r e t u r n  o f  
8,130,000 sockeye salmon t o  t h e  Kvichak River system in  1991, a yea r  fol lowing 
the peak yea r ,  would be about 12% g r e a t e r  than t h e  mean r e t u r n  of sockeye salmon 
(range: 2,025,000 - 14,279,000) observed during pas t  "post-peak" y e a r s  (1961, 
1966, 1971, 1976, 1981, 1986). Age-1.2 sockeye salmon comprised t h e  major i ty  
(63%) of t h e  fo recas ted  Kvichak River r e t u r n  i n  1991. 

Branch River 

A t o t a l  o f  515,000 sockeye salmon was forecas ted  t o  r e t u r n  t o  t h i s  system (Table 
3 ) .  A t o t a l  r u n  of t h i s  s i z e  would be about 8% g r e a t e r  than t h e  mean r e t u r n  of 
479,000 f o r  1981 -1990 (range: 283,000 - 86l,OOO), and about 27% g r e a t e r  than t h e  
mean r e t u r n  of  404,000 f o r  1971-1990 (range: 55,000 - 861,000). Age-1.2 and age- 
1 .3  comprised 53% and 36%, respec t ive ly ,  of  t h e  Branch River f o r e c a s t .  

Naknek River 

A t o t a l  of  6,386,000 sockeye salmon was fo recas ted  t o  r e t u r n  t o  t h i s  system 
(Table 3 ) .  A t o t a l  r u n  o f  t h i s  s i z e  would be 41% g r e a t e r  than t h e  mean r e t u r n  
of 4,516,000 f o r  1981-1990 (range: 1,796,000 - 8,644,000) and 79% more than t h e  
mean r e t u r n  of  3,558,000 f o r  1971-1990 (range: 724,000 - 8,644,000). 

Egegi k Ri ver  

A t o t a l  of  8,708,000 sockeye salmon was forecas ted  t o  r e t u r n  t o  t h i s  system 
(Table .3) .  A t o t a l  run of t h i s  s i z e  would be about 11% g r e a t e r  than t h e  mean 
r e t u r n  of 7,811,000 f o r  1981-1990 (range: 3,P18,000 - 12,6119800),  but about 72% 
g r e a t e r  than t h e  mean re tu rn  of 5,062,000 f o r  1971-1990 (range: 790,000 - 
12,611,000). The ac tual  r u n  t o  t h i s  system could be g r e a t e r  than fo recas ted .  
Age-1.2 and age-1.3 r e t u r n s  could be g r e a t e r  than fo recas ted  based on smolt and 
s i b l i n g  d a t a ,  r e s p e c t i v e l y ,  which had g r e a t e r  values than pas t  yea r s  included in 
t h e  models (Appendix C.4). The f o r e c a s t  f o r  Egegi k r i v e r  was comprised o f  a high 
(51%) percentage of age-2.2 sockeye salmon. 



Ugashi k River 

A t o t a l  of 3,718,000 sockeye salmon was forecas ted t o  re tu rn  t o  t h i s  system 
(Table 3 ) .  A t o t a l  r u n  of t h i s  s i z e  would be about 12% l e s s  than t he  mean re tu rn  
of 4,227,000 f o r  1981-1990 (range: 2,256,000 - 7,875,000) but about 42% g rea t e r  
than t he  mean re tu rn  of 2,621,000 f o r  1971-1990 (range: 60,000 - 7,875,000). All 
four  major age c l a s s e s  were we1 1 represented in the  1991 Ugashi k River f o r eca s t .  

Wood River 

A t o t a l  of 2,196,000 sockeye salmon was forecas ted t o  re tu rn  t o  t h i s  system 
(Table 3 ) .  A t o t a l  r u n  of t h i s  s i z e  would be about 24% l e s s  than t he  mean re tu rn  
of 2,893,000 f o r  1981-1990 (range: 1,694,000 - 4,925,000) and about 15% l e s s  than 
the  mean re tu rn  of 2,595,000 f o r  1971-1990 (range: 716,000 - 4,925,000). The 
1991 Wood River f o r eca s t  was comprised of equal (47%) percentages of age-1.2 and 
age-1.3 sockeye salmon. 

Igushi k River 

A t o t a l  of 615,000 sockeye salmon was forecas ted t o  re tu rn  t o  t h i s  system (Table 
3 ) .  A t o t a l  run of t h i s  s i z e  would be about 43% l e s s  than the  mean re turn  of 
1,077,000 f o r  1981-1990 (range: 415,000 - 2,409,000) and about 36% l e s s  than t he  
mean re tu rn  of 966,000 f o r  1971-1990 (range: 133,000 - 3,276,000). Approximately 
73% of t he  1991 Igushik River fo recas t  was comprised of age-1.3 sockeye salmon. 

Nuyakuk Ri ver 

A t o t a l  of 1,203,008 sockeye salmon was forecas ted t o  re tu rn  t o  t h i s  system 
(Table 3 ) .  A t o t a l  r u n  of t h i s  s i z e  would be about 21% l e s s  than t he  mean re turn  
of 1,519,000 f o r  1981-1988 (range: 616,000 - 3,587,000 ) and about 5% l e s s  than 
t he  mean return of 1,272,000 f o r  1971-1988 (range: 92,000 - 5,052,000). Sibl ing 
da ta  were not ava i l ab le  s ince  t he  adul t  enumeration p ro jec t  f o r  t h i s  system was 
discontinued in 1989. Beginning in 1992, a fo recas t  f o r  t he  e n t i r e  Nushagak 
River (Nushagak, Mulchatna, and Nuyakuk Rivers) wi l l  be made based on spawner- 
r e c r u i t  and s i b l i n g  da ta  obtained from a hydroacoustic p ro jec t  conducted on the  
main stem of t h e  Nushagak River near Portage Creek. The majori ty (92%) of the  
1991 Nuyakuk River fo recas t  was comprised of age-1.3 sockeye salmon. 

Togiak River 

A t o t a l  of 395,000 sockeye salmon was forecas ted t o  re tu rn  t o  t h i s  system (Table 
3 ) .  A t o t a l  run  of t h i s  s i z e  would be about 34% l e s s  than t he  mean re tu rn  of 
599,000 f o r  1981-1990 (range: 179,000 - 1,002,000), and about 29% l e s s  than the  
mean re tu rn  of 554,000 f o r  1971-1990 (range: 177,000 - 1,173,000). Most (64%) 
of t he  sockeye salmon forecas ted t o  re turn  t o  t he  Togiak River in 1991 were age- 
1.3. 



Expected Forecast  Performance 

O u r  best estimate of sockeye salmon r u n  s ize fo r  1991 was based on the Mixed Data 
method. Subsequently forecasts for  east  side systems (Kvichak, Branch, Naknek, 
Egegi k ,  and Ugashi k )  were adjusted upwards t o  correct for  the 1984-90 average 
percent e r ror .  A1 though t h i s  forecast i s  our best estimate of returning r u n  
s ize,  differences among the various forecasting components and methods suggested 
tha t  deviations from our forecast would be most l ike ly  t o  occur in f ive  areas: 

Ri ver 
System 

Most Probable Deviation 
from Forecasted Return Reasons for  Probable Deviation 

Egegi k 

Ugashi k 

Nuyakuk 

West Side 
Systems 

greater  than expected return 
of age-1.2 sockeye salmon 

greater  than expected return 
of age-1.3 sockeye salmon 

greater  than expected return 
of age-1.3 sockeye salmon 

l e s s  than expected return of 
age- 1 . % sockeye salmon 

greater  than expected return 
of age-1.2 and age-1.3 
sockeye salmon return 

The number of age-1. smolt tha t  
migrated in 1989 (72.4 millioti) 
was greater  than any of those 
previously recorded. 

The number of age-1.2 s ibl ings in 
1990 (1.8 million] was greater  
than any of those previously 
recorded. 

The number of age-1. smolt tha t  
migrated in 1988 (183.0 million) 
was much greater  than any of those 
previously recorded. However, the 
age-1.2 return in 1990 which was 
a1 so from the 1988 smol t migration 
was not 1 arge. 

The number of age-1. smolt tha t  
migrated i n  1389 (5.6 million) was 
less  than any s f  those previously 
recorded. 
two years have been f a r  above 

West side forecast was not 
corrected for  past forecast 
errors .  All Data method has 
under forecasted west side 
systems by 16% from 1984-90. 

This i s  the f i r s t  year ADF&G has adjusted the forecast based on h is tor ic  
forecast e r rors ,  I f  the 1991 run i s  similar t o  runs occurring in the past ten 
years, the forecast should be close to  the actual run. However, i f  the 1991 
r u n  i s  more similar t o  the runs which occurred during the l a s t  two years, the 
forecast will again be conservative. Conversely, i f .  the 1991 r u n  i s  below 
average as were the 1986 and 1988 runs, the 1991 forecast could be too high. 
Other indicators tha t  can be used t o  assess preseason f o r e c x t  accuracy will 



not be ava i lab le  un t i l  June 1991 when the  Shumagin Islands-South Unimak 
commercial f i shery  and the  Port Moller offshore t e s t  f i shery  (operated by the  
University of Washington with funding from the  f i sh ing  industry)  take place. 
Catch, e f f o r t ,  and age composition data  col lected from these  f i s h e r i e s  have 
been used with varying degrees of success in pas t  years t o  modify preseason 
expectations (Eggers and Shaul 1987; Fried and Hilborn 1988; Yuen and Fried 
1985) . 

Comparisons of 1991-94 forecas t s  based only on spawner-recruit da ta  not 
adjusted f o r  h i s t o r i c  e r r o r s  suggested t h a t  the  t o t a l  number of sockeye salmon 
re turning t o  Bris tol  Bay would be lowest in 1991 (Table 4 ) .  The low forecas t  
in 1991 was due t o  t he  predicted low run t o  Kvichak River. Kvichak River runs 
were predicted t o  be lowest in 1991, s imi la r  in 1992-93, and highest  in 1994. 
Predicted runs t o  Egegik River were s imi la r  f o r  1991-94. Runs t o  Ugashi k 
River were predicted t o  be lowest in 1992 and highest in 1994. Rivers in 
Nushagak D i s t r i c t  had f a i r l y  high predic t ions  in 1991 and 1994, but lower 
predic t ions  f o r  1992-93. Runs  t o  Togiak River were predicted t o  be highest  in 
1993 and lowest in 1994. Annual re tu rns  t o  a l l  r i v e r  systems were predicted 
t o  be g r ea t e r  than desi red spawning goals f o r  a l l  years examined. 

Fried and Yuen (1987) and Fried e t  a l .  (1988) suggested t h a t  sockeye salmon 
re tu rns  a f t e r  1986 might be adversely affected by what appeared t o  be t he  
onset of l e s s  favorable environmental condit ions:  cooler than average June a i r  
temperatures during the  th ree  years each brood year spent a t  sea (Figure 18) .  
Although mean production was not expected t o  f a l l  t o  t he  l eve l s  observed pr io r  
t o  1978 (mean RPS, 1965-1977: 2.0; range: 0.5-3.6),  when la rge  numbers of 
sockeye salmon were captured on the  high seas by foreign vesse l s ,  production 
was a l so  not an t ic ipa ted  t o  a t t a i n  the  extremely high l eve l s  observed during 
1978-1983 (mean RPS: 4.6; range: 3.8-5.7).  Based on r e s u l t s  of the  analyses 
presented in  t h i s  paper, we fee l  t h a t  sockeye salmon production from brood 
years contr ibut ing t o  re turns  in 1991-1994 (mean predicted RPS: 2.8; range: 
2.4-3.5) wil l  be s imi la r  t o  t he  long-term, 1965-1990, average (mean RPS: 2 .8) ;  
but s l i g h t l y  lower than t he  previous f i v e  year ,  1986-1990, average (mean RPS: 
3.1; range: 2.2-4.1),  

However, as  we cautioned in our 1 a s t  repor t  (Fried and Cross 1990), whi 1 e a 
strong pos i t ive  cor re la t ion  (r=0.622, s i gn i f i c an t  a t  the  99% level,P>O.Ol) was 
present between RPS and AT1 deviat ions  f o r  a l l  ava i lab le  years ,  1965-1990, 
the re  have been departures from the  expected re la t ionsh ip  in s i x  out of the  
seven most recent years  (Figure 11) .  RPS values f o r  the  1984, 1985, and 1986 
re turn years  were below average when corresponding AT1 values were above 
average; RPS values f o r  the  1987 and 1989 re turn years were above average when 
t he  corresponding AT1 values were e i t h e r  below average o r  average. These 
occurrences suggest t h a t  the  formerly strong re la t ionsh ip  between RPS and AT1 
deviat ions  appears t o  be de te r io ra t ing .  I t  may be t h a t  e i t h e r  very l a rge  
devia t ions  in  AT1 ( i n  excess o f  1.5 F o r  2 F0 as  were observed during t h e  
period 1973-1982) must occur before sockeye salmon production i s  a f fec ted ,  o r  
t h a t  t he  cor re la t ion  between AT1 and RPS was spurious. 
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Table 1. Comparison o f  p r e l i m i n a r y  fo recas ts ,  est imated f o r e c a s t  e r r o r s ,  
and ad jus ted  fo recas ts  f o r  1991 combined eas t  s i d e  B r i s t o l  
Bay r i v e r s .  

' 

M i  11 i ons  o f  Sockeye Salmon 

Data O r i g i n a l  Method o f  
Base 1991 Forecast Model ing 

Est imated Adjusted 
E r r o r  1991a 1991 Forecast 

A l l  Data 15.1 L inea r  Regression -18.2 33.3 

A l l  Data 15.1 Polynomi a1 Regression -20.4 35.5 

A l l  Gata 15.1 Time Ser ies  AR(1 )  -14.4 29.5 

Recent Data 21.1 Average E r r o r  -6.4 27.5 

a E r r o r  = ( p r e d i c t e d  - a c t u a l ) .  



Table 2. Forecasted product ion,  spawning escapement goals,  and 
t o t a l  p r o j e c t e d  harves ts  of major age c lasses o f  sockeye 
salmon r e t u r n i n g  t o  L, i s t o l  Bay, Alaska, r i v e r  systems i n  
1991, based on r e s u l t s  o f  t h e  Mixed Data ADF&G method 
ad jus ted by t h e  1984-90 average percent  e r r o r .  

Numbers o f  sockeye salmon (thousands) 

Forecasted Product ion by Age Class 

Di  s t r i c t  : Spawning To ta l  
System 1 .2 2.2 1.3 2.3 To ta l  Goal Harvest 

NAKNEK-KVICHAK: 
Kv i  chak 5,130 
Branch 272 
Naknek 1,016 

To ta l  6,418 

EGEGPK 529 

UGASH I K 83 9 

NUSHAGAK : " 
Wood 1,034 
Igush i  k 83 
Nuyakuk 55 

To ta l  1,172 

TOG I A K ~  92 

TOTAL 
BWISTOLBAY 9,050 7,948 9,705 5,163 31,866 8,735 23,131 

a Forecasts f o r  Nushagak-Mulchatna and Snake R ive r  systems were 
n o t  inc luded.  However, s ince Nushagak D i s t r i c t  catches have no t  
been a l l o c a t e d  t o  e i t h e r  o f  these systems i n  pas t  years, 
a d d i t i o n a l  r e t u r n s  would o n l y  be seen as spawning escapements 
(mean t o t a l  escapement based on a e r i a l  surveys, 1956-1988, 98 
thousand). 

Forecasts f o r  Kulukak, Kani k, Osviak, and Matogak R ive r  systems 
were n o t  inc luded.  These systems may c o n t r i b u t e  an a d d i t i o n a l  
102 thousand (mean t o t a l  r e t u r n ,  1978-1990) sockeye salmon t o  
t h e  t o t a l  Pogiak D i s t r i c t  r e t u r n .  



Table 3. P ro jec ted  commercial harves ts  o f  sockeye salmon r e t u r n i n g  t o  
B r i s t o l  Bay, Alaska, r i v e r  systems i n  1991, based on r e s u l t s  o f  
t h e  Mixed Data ADF&G method ad jus ted  by t h e  1984-90 average 
percent  e r r o r .  

Numbers o f  sockeye salmon (thousands) 

Shumagi n B r i s t o l  Bay 
Forecasted I s 1  ands- 

D i s t r i c t :  To ta l  S. Unimak To ta l  Spawni ng 
System Product ion Harvesta Run Goal Harvest  

NAKNEK-KVICHAK: 
Kvichak 
Branch 
Naknek 

T o t a l  

EGEGIK 

UGASH I K 

NUSHAGAK : 
Wood 
Igush i  k 
Nuya ku k 

T o t a l  

TOG IAK  

TOTAL 
BRISTOL BAY 31,866 1,920 29,946 8,735 21,211 

a Guide1 i n e  harves t  c a l c u l a t e d  as 8.3% o f  p r o j e c t e d  B r i s t o l  Bay harves t .  
Numbers were apport ioned among r i v e r  systems based on p ropo r t i ons  i n  
t h e  f o r e c a s t  o f  t o t a l  p roduct ion .  



Table 4. P re l im ina ry  fo recas ts  o f  sockeye salmon r e t u r n s  
t o  B r i s t o l  Bay, Alaska, 1991-1994, based o n l y  on 
spawner- recru i t  da ta  n o t  ad jus ted f o r  h i s t o r i c  
f o r e c a s t  e r r o r s .  

Number o f  Sockeye Salmon (thousands) 

DISTRICT: 
R ive r  System 1991 1992 1993 1994 

NAKNEK-KVICHAK: 
Kvichak 
Branch 
Naknek 

To ta l  

EGEGIK 

UGASH I K 

NUSHAGAK : 
Wood 
Igush i  k 
Nuya ku k 

T o t a l  

TOG IAK 

TOTAL 
BRISTOL BAY 25,098 27,862 27,572 34,476 





EAST SIDE FORECAST ERRORS' 
USING ALL DATA 
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Figure 2 .  Errors (predicted run - actual r u n )  of combined east side 
Bristol Bay forecasts made with All Data for  1965-1990. 



EAST SIDE FORECAST ERRORS (ALL DATA) 
LINEAR REGRESSION 

I 
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YEAR . Error (Predict -Actual) - Linear Regression 

Figure 3. Linear regression model of errors (predicted run - actual run) 
of combined east side Bristo1,Bay forecasts made with All Data 
for 1965-1990. 



EAST SIDE FORECAST ERRORS (ALL DATA) 
POLYNOMIAL REGRESSION 

65 70 75 80 85 90 
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Figure 4.  Polynomial regression model of e r ro r s  (predic ted run - actual  
run) of combined ea s t  s i de  Bris tol  Bay forecas t s  made w i t h  All 
Data f o r  1965-1990. 



EAST SIDE FORECAST ERRORS (ALL DATA) 
TIME SERIES ANALYSIS 
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Error (Predict-Actual) - AR( 1) Model 

Figure  5. Time s e r i e s  model o f  e r r o r s  (p red i c ted  r u n  - ac tua l  run)  o f  
combined eas t  s ide  B r i s t o l  Bay fo recas ts  made w i t h  A l l  
Data f o r  1965-1990. 
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EAST SIDE ERRORS (ALL DATA) 
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Figure 6. Errors (predicted run - actual run) of combined east side 
Bristol Bay forecasts made with All Data and adjusted with 
an estimate of error from linear regression model, 1984-1990. 
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WEST SIDE FORECAST ERRORS 
USING ALL DATA 

Error (Predict - Actual) 

Figure 8,  Erro r s  (p red ic t ed  run - ac tua l  run) of combined west s i d e  
B r i s t o l  Bay f o r e c a s t s  made with All Data f o r  1965-1990. 
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EAST SIDE FORECAST ERRORS 
USING RECENT DATA 
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YEAR . Error (Predict-Actual) 

Figure 9.  Errors (predicted r u n  - actual r u n )  of combined east  side 
Bristol Bay forecasts made with Recent Data for  1984-1990. 



EAST SIDE ERRORS (RECENT DATA) 
PREDICTION ADJUSTED BY AVG ERRORS 

Emor (Predict -Actual) 

Figure 10. Errors (predicted run - actual run) of combined eas t  s ide 
Bristol Bay forecasts made with Recent Data and adjusted with 
the average percent e r ror ,  1987-1998. 



Bristol Bay Sockeye Salmon Production 
Deviations in Mean RIS and Temperature 
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lUS DEV + TEMP DEV 

Figure 11. Annual devia t ions  from the  mean number of re turning Bris tol  
Bay, Alaska, sockeye salmon produced per spawner (bar  cha r t )  
and weighted mean Cold Bay, Alaska, June a i r  temperature 
( l i n e  c h a r t ) ,  1965-1990. Deviations from forecasted re turn 
per spawner values a re  shown f o r  1991-1994 ( so l i d  ba r s ) .  



APPENDIX A 

H i s t o r i c  Sockeye Forecasts and Returns 



Appendix A. 1. Preseason fo recas t s  of sockeye salmon re tu rns  
t o  Br is to l  Bay, Alaska, 1961-1990, issued 
by the  Alaska Department of Fish and Game. 

Actual Return (mi l l ions )  
Forecast Percept 

Year (mi 11 ions)  Inshore Total a Error 

a Includes foreign high seas and domestic Shumagin Islands- 
South Unimak catches f o r  1961-1990. 

Percent e r r o r  ca lcula ted as: 
( f o r eca s t  - actual  t o t a l  r e tu rn)  / actual  t o t a l  r e tu rn .  



APPENDIX B 

Hindcast Errors 



Appendix B. 1. Annual percent  e r ro rs ,  mean percent  e r r o r s  (MPE), and mean absolute 
percent  e r r o r s  (MAPE) f o r  h indcas ts  o f  t o t a l  sockeye salmon r e t u r n s  
t o  B r i s t o l  Bay, Alaska, r i v e r  systems, 1984-90, based on A l l  Data 
(1956-90) o r  Recent Data (1978-90). 

Percent Errors 

Combined Combined 
Year Kvichak Branch Naknek Egegik Ugashik Uood Igushik Nuyakuk Togiak East Uest Total 

ALL DATA FORECASTS 

1984 
1985 
1986 
1987 
I988 
1989 
1990 

84-90 MPE 
84-90 MAPE 

1 984 
1985 
1986 
1987 
I988 
1989 
1990 

84-90 HPE 
84-90 MAPE 

RECENT DATA FORECASTS 
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APPENDIX C 

Unadjusted River  System Forecasts 



Appendix C.1. Forecasted returns of major age classes of sockeye 
salmon to the Kvichak River system, Bristol Bay, 
Alaska, in 1991 based on linear regression models 
using spawner-recruit, sibling, and smolt data. 

Spawni ng 
Age Escapement 
Cl ass (thousands) 

1.2 6,065 
2.2 1,179 
1.3 1,179 
2.3 7,211 

Spawner-Recruit Data 

Predicted 
Return 

(thousands) 

Total 5,753 

Approximate 
Significance Sampl e 
Level (%) Size 

10.0 13 
0.1 13 
0.1 13 
5.0 13 

Sibling 
Return 

Age in 1990 
Class (thousands) 

1.2 4 
2.2 0 
1-3 693 
2.3 13,375 

Siblinq Data 

Predicted Approximate 
Return Sign i f i cance Sampl e 

(th~usands) Level (%) Size 

b 
4a N S 7 

0.1 10 
608 1.0 12 
987 2.5 12 

Total 1,599 

Smolt Data 

Smol t Predi cted Approximate 
Age Production Return Significance Sampl e 
Cl ass (thousands) (thousands) Level (%) Size 

1.2 146,603 4,672 10.0 13 
2.2 6,830 566 0.1 13 
1.3 13,126 734 10.0 12 
2.3 87,004 743 5.0 12 

Total 6,715 

a Estimate not used; regression model not significant at 25% level 
(P>O. 25). 

Estimate not made; zero age-2.1 sockeye salmon returned to Kvichak 
River in 1990. 



Appendix C.2. Forecasted returns of major age classes of sockeye 
salmon to the Branch River system, Bristol Bay, Alaska, 
in 1991 based on 1 inear regression models using 
spawner-recruit and sibling data. 

Spawner-Recrui t Data 

Spawn i ng Predicted Approximate 
Age Escapement Return Significance Sampl e 
Cl ass (thousands) (thousands) Level (%) Size 

Total 384 

Sib1 ing 
Return 

Age in 1990 
Cl ass (thousands) 

1 . 2  0 
2.2 0 
1 . 3  346 
2.3 9 1 

Si bl inq Data 

Predicted Approximate 
Return Significance Sampl e 

(thousands) Level (%) Size 

a Estimate not used; regression model not significant at 25% level 
(PN. 25). 

Estimate not made; zero age-1.1 or age-2.1 sockeye salmon returned 
to Branch River in 1990. 



Appendix C.3. Forecasted r e t u r n s  o f  major age c lasses o f  sockeye 
salmon t o  t h e  Naknek River system, B r i s t o l  Bay, Alaska, 
i n  1991 based on l i n e a r  regress ion models us ing  
spawner- recru i t  and s i b l i n g  data. 

Spawni ng 
Age Escapement 

C l  ass (thousands) 

1.2 1,061 
2.2 1,977 
1.3 1,977 
2.3 1,849 

Spawner-Recruit Data 

Pred ic ted Approxi mate 
Return S i g n i f i c a n c e  

(thousands) Level (%) 

472a N S 
926a N S 

1,811 25.0 
966 10.0 

To ta l  4,175 

Sampl e 
S ize  

13 
13 
13 
13 

S i b l i n q  Data 
Sib1 i n g  
Return Predi c t e d  Approximate 

Age i n  1990 Return S i g n i f i c a n c e  Sampl e 
C l  ass (thousands) (thousands) Level (%) S ize  

1.2 0 N S 11 b 

2.2 6 937= N S 10 
1.3 1,995 2,861 10.0 12 
2.3 1,283 1,032 2.5 12 

To ta l  4,830 

a Est imate n o t  used; regress ion model no t  s i g n i f i c a n t  a t  25% l e v e l  
(P>O. 25). 

Est imate n o t  made; zero age-1.1 sockeye salmon re tu rned  t o  Naknek 
R ive r  i n  1990. 



Appendix C.4. Forecasted r e t u r n s  o f  major age c lasses o f  sockeye 
salmon t o  t h e  Egegik R ive r  system, B r i s t o l  Bay, Alaska, 
i n  1991 based on l i n e a r  reg ress ion  models us ing  
spawner - recru i t ,  s i b l i n g ,  and smol t  data.  

Spawn i ng 
Age Escapement 

C l  ass (thousands) 

Spawner-Recruit Data 

Pred ic ted  Approximate 
Return S i g n i f i c a n c e  Sampl e 

(thousands) Level (%) S ize  

406 5.0 13 
3,681 5.0 13 

700 25.0 13 
1,408 25.0 13 

To ta l  6,195 

S i  b l  i n g  
Return 

Age i n  1990 
Class (thousands) 

1.2 0 
2.2 10 
1.3 1,846 
2.3 4,262 

Sib1 i n s  Data 

Pred ic ted  
Return 

(thousands) 

a 

2,582 
3, 778b 
1,711 

To ta l  8,071 

Approximate 
S i g n i f i c a n c e  Sampl e 

Level (%) S ize  

25.0 9 
5.0 12 
0.1 12 
5.0 12 

Smol t Data 

Smol t Pred ic ted  Approximate 
Age Product ion  Return S i g n i f i c a n c e  Sampl e 

C l  ass (thousands) (thousands) Level (%) S ize  

1.2 72,458 1,486' 5.0 7 
2.2 27,347 4,029 25.0 7 
1.3 36,122 2,049 5.0 6 
2.3 12,758 1,286 25.0 6 

To ta l  8,850 

"stimate n o t  made; zero age-1.1 sockeye salmon re tu rned  t o  Egegik 
R i v e r  i n  1990. 

Est imate n o t  used; age-1.2 s i b l i n g  r e t u r n  g r e a t e r  than pas t  va lues 
used t o  b u i  1 d model (131 thousand - 1,756 thousand). 

C Est imate n o t  used; age-1. smol t product ion  g r e a t e r  than pas t  va lues 
used t o  b u i l d  model (2,242 thousand - 54,586 thousand). 



Appendix C.5. Forecasted returns of major age classes of sockeye 
salmon to the Ugashik River system, Bristol Bay, 
Alaska, in 1991 based on linear regression models using 
spawner-recruit, sibling, and smolt data. 

Spawni ng 
Age Escapement 
C7 ass (thousands) 

1.2 669 
2.2 1,001 
1.3 1,001 
2.3 998 

S~awner-Recruit Data 

Predicted Approximate 
Return Significance Sample 

(thousands) bevel (%) Size 

628 2.5 13 
1,374 1 .O 13 

906 0.5 13 
528 0.1 13 

Total 3,436 

Siblinq Data 
Si bl ing 
Return Predicted Approximate 

Age in 1990 Return Significance Sampl e 
Cl ass (t housands) (thousands) bevel (%) Size 

1.2 <1 659 2.5 9 
2.2 < 1 658 10.0 11 
1.3 50 1 554 0.1 12 
2.3 968 396 0.1 12 

Total 2,267 

Smolt Data 

Smol t Predicted 
Age Production Return 
Cl ass (thousands) (th~usands) 

1.2 88,999 574a 
2.2 34,657 1,524; 
1.3 182,7119 1,083 
2.3 33,238 727a 

Total 3,908 

Approximate 
Signi fi cance Sampl e 
bevel (%) Size 

N S 6 
NS 6 
N S 5 
N S 5 

a Estimate not used; regression model not significant at 25% level 
(P>O. 25) .  

Estimate not used; age-1. smolt production greater than past values 
used to build model (5,462 thousand - 75,491 thousand); regression 
model not significant at 25% level (P>O.25). 



Appendix C.6. Forecasted returns of major age classes of sockeye 
salmon to the Wood River system, Bristol Bay, Alaska, 
in 1991 based on linear regression models using 
spawner-recruit, sibling, and smolt data. 

Spawner-Recruit Data 

Spawn i ng Predicted Approximate 
Age Escapement Return Significance Sampl e 
Class (thousands) (thousands) Level (%) Size 

1.2 1,337 1,069 0.1 3 1 
2.2 818 7 5 5.0 3 0 
1.3 818 87 1 0.1 30 
2.3 939 6 0 10.0 27 

Total 2,075 

Si bl ing 
Return 

Age in 1990 
Cl ass (thousands) 

1.2 0 
2.2 0 
1.3 1,215 
2.3 2 9 

Si bl i nq Data 

Predicted Approximate 
Return Significance Sampl e 

(thousands) Level (%) Size 

a 

a 
1 .o 2 2 
2.5 13 

865 5.0 34 
34 0.1 3 2 

Total 899 

Smolt Data 

Smol t Predicted 
Age Production Return 
Cl ass (thousands) (thousands) 

1.2 37,653 998 
2.2 3,574 79 
1.3 39,828 1,380 
2.3 971 41b 

Total 2,498 

Approximate 
Significance Sampl e 
Level (%) Size 

0.5 14 
0.1 14 
2.5 13 
N S 13 

a Estimate not made; zero age-1.1 or age-2.1 sitiings returned to 
Wood River in 1990. 

Estimate not used; regression model not significant at 25% level 
(P>O. 25). 



Appendix C.7. Forecasted returns of major age classes of sockeye 
salmon to the Igushi k River system, Bristol Bay, 
Alaska, in l'?l based on 1 inear regression models using 
spawner-recruit and sibling data. 

Spawn i ng 
Age Escapement 
Class (thousands) 

1.2 169 
2.2 308 
1.3 308 
2.3 2 12 

Spawner-Recruit Data 

Predicted Approximate 
Return Significance 

(thousands) Level (%) 

83 1.0 
4 1 2.5 
474 0.1 
3 4 0.1 
- 

Total 63 2 

Sampl e 
Size 

3 1 
30 
30 
29 

Age 
Cl ass 

1-2 
2.2 
1.3 
2.3 

Si bl ing 
Return 
in 1990 

(thousands) 

Siblinq Data 

Predicted Approximate 
Return Significance Sampl e 

(thousands) Level (%) Size 

a 
b 

N S 3 
25.0 5 

422 2.5 34 
5 1 to. 1 34 
- 

Total 473 

a Estimates not made; zero age-1.1 siblings returned to Igushik 
River in 1990; regression model not significant at 25% level 
(P>0. 25). 

Estimates not made; zero age-2.1 sib1 ings returned to Igushik 
River in 1990. 



Appendix C.8. Forecasted r e t u r n s  o f  major age c lasses o f  sockeye 
salmon t o  t h e  Nuyakuk R iver  system, B r i s t o l  Bay, 
Alaska, i n  1991 based on l i n e a r  regress ion models us ing  
spawner-recru i t  and smolt  data. 

Spawner-Recruit Data 

Spawn i ng Pred ic ted Approximate 
Age Escapement Return S ign i f i cance  Sampl e 

C l  ass (thousands) (thousands) Level (%) Size 

1 . 2  163 5  5  0 . 5  2 9  
2 . 2  82 1  26 0 . 1  27 
1 . 3  82 1  1,102 ( 0 . 1  2  8  
2 . 3  429 2  0  2 . 5  25 

To ta l  1,203 

Smol t Data 

Smol t Pred ic ted Approximate 
Age Product ion Return S ign i f i cance  Sampl e 

C l  ass (thousands) (thousands) Level (%) Size 

1 . 2  5,586 7 5a N S 4 
2 . 2  568 1  la N S 4 
1 . 3  8 ,305  355a NS 3  
2 . 3  288 20a NS 3  

To ta l  461 

a Est imate n o t  used; regress ion model n o t  s i g n i f i c a n t  a t  25% l e v e l  
(P>O. 25) . 



Appendix C.9. Forecasted r e t u r n s  o f  major age c lasses  o f  sockeye 
salmon t o  t h e  Togiak R ive r  system, B r i s t o l  Bay, Alaska, 
i n  1991 based on l i n e a r  reg ress ion  models us ing  
spawner - recru i t  and s i b l i n g  data.  

S~awner -Rec ru i t  Data 

Spawn i ng Pred ic ted  Approximate 
Age Escapement Return S i g n i f i c a n c e  Sampl e 

Class (thousands) (thousands) Level (%) S ize  

1.2 249 92 1 .O 3 1 
2.2 203 2 5 1.0 30 
1.3 203 287 0.5 30 
2.3 145 26 cO.1 2 9 

- 
Tota l  430 

Si  b l  i ng 
Return 

Age i n  1990 
C l  ass (thousands) 

1.2 0 
2.2 0 
1.3 8 5 
2.3 3 7 

SibSinq Data 

P red i c ted  Approximate 
Return S i g n i f i c a n c e  Sampl e 

(thousands) Level (%) S ize  

a 

a 
N S 12 
N S 6 

217 0.5 33 
26 8.5 3 3 
- 

Tota l  243 

a Est imate n o t  made; ' zero  age-1.1 and age-2.1 s ib1  i ngs  r e t u r n e d  t o  
Togiak R ive r  i n  1990; reg ress ion  models n o t  s i g n i f i c a n t  a t  25% 
l eve1 (P>O.25) . 



The Alaska Department of Fish and Game receives federal funding. 
All of its public programs are operated free from discrimination 
on the basis of race, religion, sex, color, national origin, age, 
or handicap. Any person who believes he or she has been 
discriminated against by this agency should write to: 
OEO, U.S. Department of the Interior, Washington, DC 20240. 




