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BACKGROUND 

The F i she r i e s  Research I n s t i t u t e  began f o r e c a s t i n g  the  magnitude 
of t h e  sockeye run t o  t h e  Chignik River system i n  1958. Since 1961, 
t h e  Alaska Department of Fish and Game has a s s i s t e d  i n  t h e  c o l l e c t i o n  
and eva lua t ion  of da ta .  The F i s h e r i e s  Research I n s t i t u t e  has  under- 
taken comprehensive s t u d i e s  of t h e  nursery l akes  and h i s t o r i c  records 
of t h e  runs ,  and t h e  Alaska Department of Fish and Game has had the  
r e s p o n s i b i l i t y  f o r  c o l l e c t i n g  information about t h e  abundance, s i z e ,  
and age composition of t h e  run.  Narver (1966) r epor t ed  t h e  r e s u l t s  
of nursery a rea  s t u d i e s  conducted from 1961-1963 by t h e  F i s h e r i e s  
Research I n s t i t u t e .  More r e c e n t l y ,  Dahlberg (1968) analyzed t h e  
catch,  escapement, and age records  of t h e  Chignik sockeye runs s ince  
1888, modified t h e  system of f o r e c a s t i n g  t h e  magnitude and t iming 
of t h e  Black Lake s tock ,  and developed a  new method of f o r e c a s t i n g  
these  c h a r a c t e r i s t i c s  f o r  t h e  Chignik Lake s tock.  

The f o r e c a s t  of t h e  Chignik sockeye run  i s  a  cooperat ive 
endeavor of b i o l o g i s t s  of t h e  F i she r i e s  Research I n s t i t u t e  and t h e  
Alaska Department of Fish and Game. P ro jec t  r e s p o n s i b i l i t i e s  i n  
1967 were as  follows: 

For t h e  F i s h e r i e s  Research I n s t i t u t e  - M r .  Duane E. Phinney 
was respons ib le  f o r  t h e  Chignik program and conducted t h e  nursery 
l ake  s t u d i e s .  M r .  Michael L. Dahlberg developed t h e  fo recas t ing  
techniques and determined t h e  t ime-of-entry r e l a t i o n s h i p  of t h e  
s tocks .  I n  add i t ion ,  M r .  Dahlberg r ead  t h e  sample s c a l e s  used i n  
t h e  age analyses  of t h e  runs s ince  1961. 



For t h e  Alaska Department of Fish and Game - M r .  Jack Lechner 
was respons ib le  f o r  t h e  c o l l e c t i o n  of catch and escapement s t a t i s -  
t i c s  and supervised t h e  c o l l e c t i o n  of information f o r  determination 
of t h e  age and s i z e  composition of t h e  runs.  M r .  Lechner and M r .  
Phinney conducted tagging s t u d i e s ,  t h e  r e s u l t s  of which were used 
a s  a  b a s i s  f o r  determining t h e  t ime of en t ry  of t h e  two s tocks  of 
Chignik sockeye. 

FORECAST METHODS 

Forecasts  of the  sockeye runs t o  Chignik have been based on 
t h e  r e l a t i o n s h i p  between t h e  number of age .2 f i s h  r e tu rn ing  i n  a  
given year  and t h e  number of age 2 f i s h  r e tu rn ing  one year l a t e r  
(Table 1) . Since 1964, t h e  magnitudes of t h e  e a r l y  and l a t e  seg- 
ments of t h e  run (approximately t h e  Black Lake and Chignik Lake 
s tocks)  have been ca lcu la t ed  sepa ra t e ly .  The r e s u l t s  of nursery 
l ake  s t u d i e s  have been used a s  an a d d i t i o n a l  source of information 
about t h e  expected run i n  the  p a s t  two years .  I n  a  search f o r  
g r e a t e r  p rec i s ion  i n  forecas-Ling Dahlberg (1968) has  r ev i sed  t h e  
method of fo recas t ing  t h e  abundance of t h e  Black Lake s tock  and 
has  developed a  new method of f o r e c a s t i n g  t h e  abundance of t h e  
Chignik Lake s tock .  A genera l  desc r ip t ion  of t h e  f o r e c a s t  tech-  
niques fol lows;  t h e  mathematical equations a r e  presented i n  t h e  
appendix. 

Black Lake 

The f o r e c a s t  of t h e  abundance of age .3 Black Lake f i s h  i s  
based on t h e  number of spawners i n  t h e  p a r G t  year and t h e  number 
of age 2 f i s h  one year before t h e  r e t u r n  of age - 3  f i s h .  Since 
most Black Lake f i s h  a r e  age - 1 . 3  a t  matur i ty ,  thyescapement  f i v e  
years  before t h e  r e t u r n  of age .3 f i s h  i s  used f o r  an es t imate  
of t h e  abundance of parent  spawk . - s .  The number of age - 2  f i s h  
i n  t h e  run i s  bes t  p red ic t ed  from t h e  average number of age  . 2  
f i s h  i n  t h e  runs of t h e  previous f i v e  years .  The expected n G b e r  
of Black Lake f i s h  i s  t h e  sum of t h e  est imated numbers of - 2  and - 
.3 f i s h .  - 

We now have da ta  on t h e  abundance of juveni le  sockeye of t h r e e  
year c l a s s e s  t h a t  have r e tu rned  a s  a d u l t s .  The r e l a t i o n s h i p  between 
the  number of r e tu rn ing  age 2 f i s h  and abundance of t h e  year c l a s s  
i n  t h e  nursery l ake  i s  used a s  a  b a s i s  f o r  corroborat ing t h e  f o r e c a s t  
der ived from t h e  magnitudes of t h e  a d u l t  r e t u r n  and parent  spawners. 



Table 1. Predic ted  and a c t u a l  runs of Chignik sockeye, 
1958-1967 

Year Predic ted  Actual Rela t ive  e r r o r  
run run (per cent) 

Average 



Chignik Lake 

Unt i l  1 9 6 7 ,  the  number of age .3 f i s h  bound f o r  Chignik Lake 
was estimated by averaging t he  r u n s T n  recent years .  However, 
fo recas t s  were not accurate,  and Dahlberg (1968) inves t iga ted  
severa l  new methods of forecas t ing  t o  f i n d  a  r e l i a b l e  method. 
The best  method found i s  based on the  re la t ionsh ip  between the 
r a t i o  of the  abundance of age 2 f i s h  i n  one year t o  t h a t  of age 
- 2  f i s h  i n  the  previous year and the  abundance of age . 2  f i s h  i n  - 
the  previous year.  I n  other  words, the  r a t i o  of the  aGndance of 
age 2 f i s h  t o  t h a t  of age - 2  f i s h  changes with the  abundance of 
age 2 f i s h .  Since we k n o z h e  number of age 2 f i s h  re turning i n  
a  given year,  we can estimate the  r a t i o  of age .3 f i s h  t o  age - 2  
f i s h  and the  number of age 2 f i s h  i n  the  run i c h e  next year.' 
Again, a s  with t he  Black Lake stock,  the  best  estimate of the  
number of age .2 f i s h  t h a t  w i l l  r e t u rn  i s  simply the  average 
number t h a t  returned i n  the  f i v e  previous years .  

FOFECAST OF THE RUN I N  1968 

Abundance 

The expected magnitude and age composition of the  Black Lake 
stock i n  1968 a re  as  follows: 

Age 2 f i s h  = 465,000 
Age 2 f i s h  = 54,000 

Tota l  stock = 519,000 

The predic ted  number of age .3  f i s h  i n  t h e  run (465,000 f i s h )  
i s  based on the  magnitude of pare';;f spawners and the  r e tu rn  of age 
- 2  f i s h  i n  1967. It  compares very favorably with the  f igure  (500,000) - 
ar r ived  a t  from the  biomass of juvenile  sockeye of the  year c l a s s  
(Fig. 1 ) .  The re la t ionsh ip  shown i n  Fig. 1 is  based on only th ree  
observations and w i l l  undoubtedly change somewhat as  more information 
i s  gathered. 

The expected magnitude of the  Chignik Lake stock i n  1968 i s  a s  
follows : 

Age 2 f i s h  = 592,000 
Age .2 f i s h  = 57,000 

Tota l  stock = 649,000 
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The p red ic t ed  number of age . 3  f i s h  (592,000) i s  based on t h e  
r a t i o  of t h e  number of age 2 f i s r t o  t h a t  of age . 2  f i s h .  The 
es t imate  agrees  c lose ly  with t h e  est imated r e t u r n  of age .3  f i s h  
from t h e  spawner-return r e l a t i o n s h i p  - 572,000 f i s h  ( ~ a h l G r ~ ,  19 68) . 

Time of Entry 

I n  order  t o  make bes t  use of t h e  f o r e c a s t s  of the  two s tocks ,  
t h e  canning indus t ry  and t h e  management agency should know when t o  
expect t h e  run t o  e n t e r  t h e  f i s h i n g  area .  Knowledge of t h e  time of 
e n t r y  i s  h e l p f u l  t o  t h e  canning indus t ry  i n  planning i t s  opera t ions .  
It enables t h e  management agency t o  r egu la t e  p r e c i s e l y  t h e  f i s h e r y  
so  t h a t  each l ake  r ece ives  i t s  t a r g e t  escapement. 

Dahlberg (1968) determined t h e  average time of e n t r y  of t h e  
Chignik Lake and Black Lake s tocks  from t h e  r e s u l t s  of tagging 
s t u d i e s  conducted a t  Chignik from 1962 t o  1966. The time-of-entry 
p a t t e r n  and dura t ion  of the  run va r i ed  l i t t l e  between years  i n  t h i s  
per iod.  He summed t h e  average time-of-entry curves f o r  each s tock  
and used t h e  r e s u l t s  t o  p r e d i c t  t h e  time of en t ry  of t h e  run  i n  
1968 (Fig. 2) . 

DISCUSSION 

The t o t a l  sockeye run  t o  t h e  Chignik River system i n  1968 
should be t h e  l a r g e s t  s ince  1960 and considerably above t h e  p a s t  
10-year average of 904,000 f i s h .  The t o t a l  run  should be a s  
fol lows : 

Black Lake s tock = 519,000 
Chignik Lake s tock  = 649,000 

T o t a l  run  = 1,168,000 

Analysis of tagging s t u d i e s  conducted i n  1963, 1966 and 1967 
showed t h a t  t h e  Cape Kumlik f i s h e r y  t akes  an appreciable  number of 
t h e  f i s h  bound f o r  Chignik; t h i s  catch i s  considered a  p a r t  of t h e  
t o t a l  ca tch  of Chignik sockeye. 
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APPENDIX 

Forecast  Methods 

Black Lake 

Model used: 

2 
R a 3  = Do + PIS + P p 2  + P3SR.2 + p4s2 + P5Re2 + 

where R . 3  = Tota l  number of age - 3  f i s h  i n  year i coded 
i n  10,00Ois.  

S = Tota l  number of spawners i n  year i-5 coded 
i n  90,000's.  

R S 2  = T o t a l  number of age . 2  f i s h  i n  year i-1 
coded i n  10,000's .  

€ = Experimental e r r o r .  

The model was f i t t e d  t o  t h e  da ta  shown i n  Appendix Table 1 with t h e  

a i d  of a  computer program w r i t t e n  by Dahlberg (1967). Appendix 

Table 2 shows t h e  a n a l y s i s  of var iance t e s t  of t h e  s ign i f i cance  of 

regress ion .  Appendix Table 3  p resen t s  es t imates  of t h e  c o e f f i c i e n t s  

of regress ion  and t h e  s tandard  e r r o r  of R on S and R 
.3 . 2 '  



Appendix Table 1. Observed informat ion used i n  f o r e c a s t i n g  
t h e  Black Lake run  i n  1968. 

Number of age . 2  Number o f  age - 3  Number of spawners 
Year f i s h  i n  year  i-1 f i s h  i n  year  i i n  year  i - 5  



Appendix Table 2. Results of analysis of variance of R regressed 
on the abundance of spawners and R 2-3f ish, 
Black Lake 

Source of Sum of Degrees of Me an 
variation squares freedom square F 

Regression . 2715.4059 5 543.0812 6.385: 

Residual 680.5884 8 85.0736 

Total 3395.9943 13 

- - 

Significant at p = 0.05. 

Appendix Table 3. Least squares estimates of the parameters of 
the Black Lake forecast model, 1968 

A /- A 8. n Residual 
Po Pl P* P3 p4 P5 Variance Standard Correlation 

deviation coefficient 



Chignik Lake, 

Dahlberg (1968) demonstrated a  s i g n i f i c a n t  r e l a t ionsh ip  between 

R a 3  and R S 2  when t h e  following model was used. For t h e  data i n  recent  years 

(1956-1967), a l i n e a r  model described adequately the  re la t ionsh ip .  

Model used: 

where : 

R. 3 
= Tota l  number of age .3 f i s h  i n  year i coded i n  10,000's. 

R e 2  = Tota l  number of age . 2  f i s h  i n  year i-l coded i n  10,000's. 

e = Experiment a 1  e r r o r .  

The model was f i t t e d  t o  t h e  data shown i n  Appendix Table 4 and Appendix 

Figure 1 by t h e  method of l e a s t  squares.  Appendix Table 5 presents  t h e  

analys is  of variance t e s t  of t h e  s igni f icance  of  regression.  Estimates 

of the  parameters are:  

The estimated standard deviat ion of the  l i n e  was 0.149. 



Appendix Table 4. Observed information used i n  forecas t ing  the  
Chignik Lake run i n  1968 

Number of age Number of age Ratio of 
. 2  f i s h  .3 f i s h  

Year i n  year i-1 i n  year i 



Appendix Table 5. Results of analysis of variance of Log 
the abundance of RS2 fish, Chignik 
Lake 

Source of Sum of Degrees of Me an 
variation . squares freedom square F 

Regression 1.12615 1 1.12615 50.103** 

Residual 0.22476 10 0.02247 

Total 1.35091 11 

** Significant at p = 0.01. 
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