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ABSTRACT 

The forecas t  of Kotzebue Sound, Alaska adu l t  chum salmon (Oncorhynchus k e t a )  
re turns  i s  based on brood year survival estimated from egg deposition and sub-  
sequent age group returns.  I t  i s  assumed t h a t  survival values of a l l  returning 
age groups from a brood a re  in te r re la ted  and comparative from year t o  year. 
Evaluation of r e su l t s  i n  1981, the f i r s t  year t ha t  the forecas t  model was used, 
indicated a difference of 11.6% between actual and predicted t o t a l  re turn  in 
1981. Using the model t o  predict  (h indcast )  p r io r  years age group re turns  i n d i -  
cated t h a t  the  re la t ionship  between survival and return of subsequent year 
c lasses  from the same brood i s  s trong.  The model, with an addit ional  year of 
da ta ,  predic ts  age group re turns  i n  1982 of :  26,000 age 3 f i s h ,  247,500 age 4 
f i s h ,  and 355,500 age 5 f i s h ,  f o r  a t o t a l  estimated return of 629,000 f i sh .  



PRELIMINARY FORECAST MODEL FOR KOTZEBUE SOUND, ALASKA 

INTRODUCTION 

The Kotzebue area (Figure 1 ) chum salmon (Oncorhynchus keta) fo recas t  study 
was i n i t i a t e d  i n  1978 t o  provide needed management information f o r  the Noatak 
and Kobuk River chum salmon stocks which support the Kotzebue Sound commer- 
c i a l  salmon f i shery ,  and t o  forecas t  annual returns of the  two stocks. This 
paper describes the derivation of the  Kotzebue fo recas t ,  evaluates i t s  ef fec-  
t iveness ,  and derives the 1982 chum salmon forecas t .  

Fishery Importance 

Since i t s  modern inception in 1962, the commercial harvest of chum salmon in 
the  Kotzebue Sound area has f luctuated widely i n  magnitude w i t h  annual catches 
ranging from 29,000 t o  677,000 f i s h  (Schwarz 1981). The wholesale value of 
the catch has increased with pr ice  per pound increases,  and, although generally 
smaller than other chum salmon f i she r i e s  i n  Alaska, the commercial salmon indus- 
t r y  contributes s ign i f i can t ly  t o  the local economy. In 1980, $1,400,000 was 
paid d i r ec t l y  t o  the  fishermen f o r  t h e i r  catch,  and i n  1981 a record $3,246,793 
was paid t o  the Kotzebue Sound fishermen. The commercial f i shery  represents one 
of the major revenue generating indust r ies  i n  Kotzebue, notwithstanding c i t y ,  
s t a t e ,  and federal government re la ted  jobs. Approximately 220 individuals hold 
limited entry  o r  interim f i shery  use permits i n  addit ion t o  those d i r ec t l y  
employed as  processing plant  workers, tender boat operators,  f i s h  buyers, and 
he1 pers. 

Chum Salmon Survival 

Several f ac to rs  have been considered important t o  chum salmon survival and re turn .  
Cooper (1 979) u t i  1 ized a combination of sprinq r i ve r  discharge and water temper- 
a tures  t o  forecas t  Fraser River, Br i t i sh  Columbia, Canada p i n k  salmon (0. yor- 
buscha)  re turns  w i t h  considerable accuracy. Gal lagher (1 980) reported a strong 
corre la t ion between marine environmental conditions and chum salmon re turns  as 
well a s  a strong re la t ionship  between chum and pink salmon re turns  in Puget 
Sound, Washington. Birman (1981 ) repor ts  t h a t  Amur River (U.S.S. R.  ) chum salmon 
survival r a t e s  and subsequent adu l t  re turns  are  strongly corre la ted t o  Amur River 
and underground discharge r a t e s ;  two c losely  re la ted  environmental parameters. 
He a l so  s t a t e s  t h a t  winter a i r  temperature a t  the spawning grounds i s  a prime 
determinant of survival ,  though closely re la ted  t o  r i ve r  discharge levels .  
Roslyy (1981 ) presents evidence t h a t  juvenile Amur River chum salmon grow 
f a s t e r  and have higher survival r a t e s  i f  stream discharge i s  low during f r y  
outmigration. He1 l e  (1 979) found a high corre la t ion between survival of pro- 
geny and physical s i z e  of parent spawners in Olsen Creek, Prince William Sound, 
Alaska. Both He1 l e  (1979) and Birman (1981) support the idea t h a t  marine mor- 
t a l i t y  fac to rs  produce ins ign i f i can t  f luctuat ions  i n  survival r a tes  when compared 
t o  freshwater survival r a tes .  
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Study Area 

The Kotzebue a rea ,  which includes the Noatak and Kobuk River watersheds and the 
associated es tuar ine  area of Hotham I n l e t  and Kotzebue Sound, encompasses 
approximately 123,500 km2 (Figure 2 ) .  The two r ive rs  a re  each about 645 km 
long, or ig inate  i n  the Western Brooks Range, and flow t o  the west before empty- 
ing i n to  northeast  Kotzebue Sound. The e n t i r e  study area l i e s  above the  Arctic 
Circle.  Chum salmon populations of Kotzebue Sound represent the most northerly 
salmon stocks in North America of a su f f i c i en t  s i z e  t o  support a commercial 
salmon f ishery .  

Because of the  study area l a t i t u d e ,  c l imat ic  conditions can be severe. From 
1942-1980 mean annual temperatures have been -6.2" C and mean annual precipi ta-  
t ion has been 22 cm, with 117 cm of snowfall (NOAA 1980). A t  the town of Kotze- 
bue there a r e  39 winter days in which the  s u n  does not r i s e  above the southern 
horizon. The harshness of c l imat ic  conditions exer t s  considerable influence on 
study area f l o r a  and fauna. 

The Noatak River supports the  major chum salmon population w i t h i n  the study 
a rea ,  w i t h  v i r t u a l l y  a l l  spawning occurring in  spring and upwelling areas  i n  
the lower 80 t o  160 km. Only l imited discharge data e x i s t  f o r  the Noatak River. 
Spring flows depend on winter conditions and snow accumulation, while winter 
flows depend upon upwelling groundwater ( t r ue  a l so  f o r  the Kobuk River). The 
Kobuk River, the r i ve r  drainage adjacent t o  the Noatak, i s  the only other  s igni-  
f i c a n t  chum salmon producer w i t h i n  the study area.  I t  i s  s imi lar  t o  the Noatak 
in hydrology b u t  the Kobuk has fewer upwelling areas. This f a c to r  probably 
accounts f o r  the f a c t  t h a t  the Kobuk River produces fewer chum salmon than the  
Noatak River. Mean monthly flows of the Kobuk River f luc tua tes  dramatical l y ,  
ranging from approximately 23 m3/s (800 c f s )  i n  mid-winter t o  1,840 m3/s (65,000 
c f s )  in  June (USGSy personal communication). 

METHODOLOGY OF FORECAST 

The Kotzebue chum salmon forecas t  f o r  1981 and 1982 is  based on egg t o  adul t  
survival r a t e s  and the  assumption t h a t  good egg t o  adul t  survival f o r  a brood 
wi l l  be re f l ec ted  s imi lar ly  by a l l  age groups returning from tha t  brood year. 
For example, high survival of age 3 f i s h  i n  1979 should indicate  a correspondingly 
high survival of age 4 and age 5 f i s h  in 1980 and 1981, respect ively ,  s ince f a l l  
f i s h  came from the 1976 brood. The assumption being t h a t  the major morta l i ty  
occurred i n  the  freshwater and ea r ly  marine phases of the f i she s  l i f e  cycle. 

Estimation of survival r a t e s  required the determination of egg numbers deposited 
each year by spawning chum salmon. For t h i s  the following information was needed: 
(1 ) t o t a l  escapement, ( 2 )  percentage composition by sex, ( 3 )  percentage composi- 
t ion  by age f o r  females, ( 4 )  mean fecundity by age group, and ( 5 )  t o t a l  re turn .  

Total escapement, based on ae r i a l  survey records (Table I ) ,  was adjusted t o  supply 
missing o r  incomplete data and readjusted based on the r a t i o  of 1980 ae r ia l  sur- 
vey counts t o  Noatak River sonar escapement counts (Table 2 ) ,  s ince  the sonar 
data i s  considered more accurate. The adjusted ae r ia l  survey est imates were 



Figure 2. Kotzebue area. 



Table 1. Total unadjusted Kotzebue area (Noatak and Kobuk Rivers) chum salmon 
re tu rns  by re turn  segment, 1962-1 981. 

Kotzebue Kotzebue Total 
Commerci a1 Subsistence1 Kotzebue Kotzebue 

Catches Percent Catches Percent Escapements Percent Return 
Year ( ~ 1 0 0 0 )  of Total ( ~ 1 0 0 0 )  of  Total ( X I  000) of  Total ( ~ 1 0 0 0 )  

Mean 207.1 54.6 24.4 12.1 114.3 33.3 345.8 
S t .  Dev. 203.1 20.1 13.9 10.6 101.4 16.2 284.3 

Documented subs is tence  catches from Noatak River, Kobuk River, and Kotzebue. 

Prel iminary ana lys i s .  

Escapement f i g u r e s  through 1979 have not been adjusted f o r  unsurveyed o r  
poorly surveyed por t ions .  

Includes Noatak River sonar count. 



Table 2.  Total adjusted Kotzebue area  (Noatak and Kobuk Rivers)  chum salmon 
re tu rns  by r e tu rn  segment, 1962-1 981. 

Kotzebue Kotzebue Total 
Commerci a1 Subsistence Kotzebue Kotzebue 

Catches Percent Catches Percent Escapements Percent Return 
Year ( ~ 1 0 0 0 )  of  Total ( ~ 1 0 0 0 ) ~  of  Total ( ~ 1 0 0 0 ) ~  o f  Total ( ~ 1 0 0 0 )  

Mean 207.1 44.9 26.2 9.2 1 67.3 45.9 400.5 
S t .  Dev. 203.1 19.8 16.3 7 .0  98.1 15.6 278.1 

Documented subs is tence  catches from Noatak River, Kobuk River, and Kotzebue. 

Preliminary es t imate .  

Adjusted f i g u r e s  as  explained in  t e x t .  

Based on Noatak River sonar count (minus Noatak River subsistence harves t )  
plus Kobuk a e r i a l  survey counts. 



f u r t h e r  modified by comparing the  e x c e l l e n t  1980 Noatak River a e r i a l  survey 
escapement es t imate  t o  the 1980 t o t a l  s i d e  scan sonar escapement es t imate .  
Adjusted a e r i a l  survey escapement da ta  f o r  both the  Noatak and Kobuk Rivers 
were mul t ip l ied  by t h i s  r a t i o  (1.283). The f i n a l  adjusted escapement f o r  
Kotzebue (Table 2) was used t o  c a l c u l a t e  survival  r a t e s .  

The sex composition of commercial catch samples was used t o  es t imate  t h e  number 
of females t h a t  spawned each year  (Table 3 ) .  I t  i s  assumed t h a t  enough males 
a r e  always present  t o  ensure complete f e r t i l i z a t i o n .  Usually, catches were 
sampled each f i s h i n g  period from the  beginning of the  f i s h e r y  i n  mid-July t o  
the  end in  l a t e  August. No at tempt was made t o  weight catch sampling r e s u l t s .  

Age composi t ion1 of the  female spawning population f o r  each year  (Table 3 )  was 
a l s o  determined from commercial catch samples (Table 4 ) .  Six-year-old f i s h  
were excluded because of t h e i r  i n s i g n i f i c a n t  cont r ibut ion  each year .  The r e l a -  
t i v e  female age composition (Table 4 )  was applied t o  the  t o t a l  number of female 
spawners f o r  each year  t o  es t imate  t h e  number of females i n  t h e  escapement by 
age group (Table 5 ) .  

Fecundity of the  th ree  major age c l a s s e s  of Noatak River chum salmon was e s t i -  
mated in  1979, 1980, and 1981 (Table 6 ) .  Fecundity values obtained f o r  Noatak 
River s tocks were assumed t o  be appl icable  t o  a l l  Kotzebue area  s tocks a s  no 
d i f ference  i n  fecundity could be demonstrated between years  o r  between age 
groups. The mean fecundity f o r  a l l  age groups combined was applied t o  the  num- 
ber of female spawners t o  c a l c u l a t e  t o t a l  yea r ly  egg deposi t ion (Table 7 ) .  

Yearly age group re tu rn  f i g u r e s  (Table 8 ) ,  were divided by age group egg deposi- 
t i o n s  (Table 7 )  t o  obtain t h e  surviva l  f o r  each age group by brood year  (Table 
9 ) .  The sequence of ca lcu la t ions  used t o  c a l c u l a t e  percentage survival  i s  shown 
below, with the  1976 brood used a s  an example: 

1 )  The 1976 escapement es t imate  is  95,300 f i s h  (Table 2 ) .  

2)  The number of females in the  1976 escapement was 48,889 f i s h  
(51.3% of 95,300, Tables 3 and 4 ) .  

3 )  Total potent ia l  egg deposi t ion (Table 7 )  in  1976 was 160,800,000 
[mean fecundi ty  of 3,281 eggs (Table 6 )  t imes the  female escapement 
of 49,000 f i s h  (Table 5) ] .  

4 )  The estimated r e tu rn  i n  1979 of age 3 f i s h  was 67,300, the  1980 
t o t a l  r e tu rn  of age 4 f i s h  was 553,800 f i s h ,  and the  1981 t o t a l  
r e tu rn  of age 5 f i s h  was 342,600. A t o t a l  r e tu rn  of 963,700 from 
the  1976 brood i s  indica ted  (Table 8 ) .  

5 )  Survival of age 3 f i s h  from the  1976 brood t o  the  1979 re tu rn  i s  
ca lcula ted  by d iv id ing  67,300 (number of 3-year-olds in 1979) by 
160,800,000 eggs ( t o t a l  1976 egg depos i t ion)  f o r  a surviva l  of 
0.04185% (Table 9 ) .  Survival f o r  the 4 and 5 age group components 
of the  1976 brood a r e  0.34440% and 0.21306%, r e spec t ive ly ,  f o r  a 
t o t a l  surv iva l  of 0.59931% f o r  t h e  1976 brood. 

Gilbert-Rich Formula - Total years  of l i f e  a t  maturi ty ( l a r g e  type)  - year 
of 1 i f e  a t  outmigration from freshwater  ( s u b s c r i p t ) .  



Table 3. Historical  comparative age and sex composition of chum salmon sampled 
from the Kotzebue area commercial catches,  1962-1 981 . 

No. o f  Percent  by Sex Percent  by Age2 
Samples 

Year Aged Ma1 e s  Fema 1 es 31 4 1 51 61 

Mean 741 45.8 54.2 17.1 64.3 18 .2  0.5 
S t .  Dev. 7.2 7.2 13.5 14.2 10.5 0.6 

Percentages a re  of t o t a l  sample, which includes those f i s h  t h a t  could not 
be aged. 

2 Gilbert-Rich Formula - Total years of l i f e  a t  maturity ( l a rge  type) - year 
of l i f e  a t  outmi gration from freshwater ( subscr ip t ) .  



Table  4. Age composi t ion of female  chum salmon sampled from t h e  Kotzebue a r e a  
commerci a1 f i s hery , 1 962- 1 981 . 

Female Age Composition 
P e r c e n t  o f  a l l  Fish  Sampled Female o n l y  Age composi t i o n 2  
Femal e s  

Year i n s a m p l e  1 1 1 1 1 5~ 

Mean 54.2 8.1 36.5 9.5 15.0  67.4 17.6  
S t .  Dev. 7.2 6.6 9.2 5.9 11 .8  14.0  10.6  

1 Female p e r c e n t  age  composi t ion f o r  1967 was c a l c u l a t e d  by de te rmin ing  mean 
p e r c e n t  age  composi t ion f o r  each age  group of  t h e  t o t a l  p o p u l a t i o n .  

The sum of  annual pe rcen tage  age  composi t ion may n o t  add t o  t o t a l  pe rcen tage  
females  i n  t h e  sample because o f  a small  number o f  unaged females  and a v e r y  
small  p r o p o r t i o n  of age  6 females  excluded from t h e  s t u d y .  



Table 5. Number of spawning female chum salmon i n  t h e  Kotzebue area  escapement 
by age and yea r ,  1962-1981. 

Brood Year Femal e Escapement ( ~ 1 0 0 0 )  
Brood 
Year 1 41 51 A1 1 

Mean 12.7 
S t .  Dev. 13.3 



Table  6.  Fecundi ty  (number o f  e g g s )  o f  chum salmon sampled from t h e  Noatak 
River t e s t  f i s h e r y  i n  1979, 1980, and 1981. 

Age Group 

Year 3~ 41 5~ A1 1 

Sample Size 
Mean Fecundity 
Fecundity Range 

Sample Size 
Mean Fecundity 
Fecundity Range 

Sample Size 
Mean Fecundity 
Fecundity Range 

A l l  Years 

Sample Size 
Mean Fecundi t y  
Fecundity Range 

One f i s h  could  n o t  be aged bu t  was added i n t o  t h e  t o t a l .  



Table 7 .  Est imated number o f  eggs ( m i l l i o n s )  d e p o s i t e d  each y e a r  by Kotzebue 
a r e a  chum salmon, by age and y e a r ,  1962-1981. 

Age Group 
Brood 
Year 31 41 51 A1 1 

Mean 41 .5  
S t .  Dev. 43.5 



Table  8. Egg d e p o s i t i o n  and a d u l t  chum salmon r e t u r n s  from brood y e a r  egg 
d e p o s i t i o n s  i n  t h e  Kotzebue a r e a ,  by y e a r ,  1962-19811. 

Tota l  Tota l  Return 
Brood Year Brood Return By From 

Egg Age Group ( ~ 1 0 0 0 )  Brood Year 
Brood Deposi t ion - Egg Deposi t ion Return 
Year (mil 1 i o n s )  31 4~ 1 ( X I  000) Years 

Mean 300.6 61.8 266.4 70.9 369.4 
S t .  Dev. 188.1 70.3 201.7 73.4 290.9 

L ines  i n d i c a t e  r e l a t i o n s h i p  between numbers from l e f t  t o  r i g h t .  



Table 9. Percen tage  s u r v i v a l  by brood y e a r  age  group from t o t a l  e s t i m a t e d  
egg d e p o s i t i o n  t o  a d u l t  r e t u r n  f o r  Kotzebue a r e a  chum salmon, 
1962-1 978. 

Percen t  Surv iva l  o f  To ta l  Return By Age Group 
Brood Return 
Year 31 41 51 Tota l  Years 

Mean . 0 3 3 2 2 ~  ,15442 .04263 .20848 
S t .  Dev. .05192 . I5363 .05462 .22389 

Sampling o f  commercial f i s h e r y  i n  1969 and 1971 was i n i t i a t e d  l a t e ,  b i a s i n g  
d a t a  toward 31 and 41 age  group dominance, c r e a t i n g  non-comparative 51 per-  
c e n t  s u r v i v a l s .  

P a r e n t h e s i s  i ndi c a t e s  e x t r a p o l a t e d  v a l u e .  

Mean percen tage  s u r v i v a l  f o r  31 age  f i s h ,  e x c l u d i n g  1969 and 1971, i s  .01872% 
w i t h  a s t a n d a r d  d e v i a t i o n  of .01734%. Using t h e  mean, t h i s  produces  a f o r e -  
c a s t  1982 percen tage  s u r v i v a l  o f  .01872%. 



The surviva l  of age 4 f i s h  from each brood was regressed on the  percentage 
survival  of the  same brood's age 3 component. From the  regress ion  (Figure 3 )  
the  unknown age 4 surviva l  from t h e  brood yea r  can be predicted from t h e  known 
age 3 s u r v i v a l ,  allowing an es t imate  of the  number of age 4 f i s h  re turn ing  the  
following year  from t h a t  brood. A s i m i l a r  regression of surviva l  between 4- and 
5-year-old fish from the  same brood i s  used t o  p red ic t  5-year-old r e t u r n s  (Fig- 
ure  4 ) .  The es t imate  of age 3 f i s h  r e tu rn ing  i s  the  mean surviva l  of age 3 
f i s h  f o r  a l l  years  times egg deposi t ion f o r  the  appropr ia te  brood years .  The 
r e s u l t i n g  sum of t h e  estimated age group re tu rns  i s  the  f o r e c a s t  r e tu rn  f o r  the  
following year .  

RESULTS 

Linear regress ion  of age 4 f i s h  surviva l  on age 3 su rv iva l ,  w i t h i n  broods, 
r e su l t ed  in  a predicted 1981 surviva l  f o r  age 4 f i s h  of 0.49065% (ca lcu la t ed  
from Table 9 ) .  T h i s  t r a n s l a t e d  i n t o  a r e tu rn  of 746,769 age 4 f i s h  i n  1981, 
from t h e  152.2 mi l l ion  egg deposi t ion in  1977 (.0049065 x 152,200,000). The 
projected 1981 re tu rn  of age 4 chum salmon was the l a r g e s t  s ince  1962. 

The projected surviva l  f o r  the  age 5 f i s h  re turn ing  i n  1981 was 0.10834% (Table 
9 ) .  This t r a n s l a t e d  i n t o  a r e tu rn  of 174,211 age 5 f i s h  in  1981, from the  160.5 
mi l l ion  egg deposi t ion in 1976 (.0010834 x 160,800,000) which would ind ica te  t h e  
l a r g e s t  r e tu rn  of age 5 chum salmon t o  Kotzebue s ince  1962. 

The r e tu rn  of age 3 f i s h  in  1981 was projected a t  19,277 f i s h ,  by mult iplying 
the  mean survival  f o r  age 3 f i s h  through the  1977 brood year  (0.01775%, Table 
9 )  by the  1978 brood year  egg deposi t ion of 108,600,000 eggs. 

The predicted r e tu rn  i n  1981 was 19,277 age 3 f i s h ,  746,769 age 4 f i s h ,  and 
174,211 age 5 f i s h ,  f o r  a t o t a l  r e tu rn  of 940,257 f i s h .  The actual  1981 re tu rn  
(Table 8 )  was 35,100 age 3 f ish,  685,300 age 4 f i s h ,  and 342,600 age 5 f i s h  f o r  
a t o t a l  of 1,063,000 f i s h  plus 1,100 re s idua l s  from rounding e r r o r ,  a t o t a l  of 
1,064,100 f i s h .  This i s  a d i f f e rence  of 123,843 f i s h ,  an 11.6% devia t ion  from 
the  actual  r e tu rn .  

The regress ion  of age 4 surviva l  on age 3 s u r v i v a l ,  within broods, (Table 9 ,  
n = 14 yea r s  excluding 1969 and 1971) p red ic t s  1982 surviva l  of 0.22784% f o r  
age 4 f i s h  (Figure 3 ,  Table 10) .  This t r a n s l a t e s  i n t o  a projected age 4 r e tu rn  
of 247,434 i n  1982, from t h e  108.6 mi l l ion  egg deposi t ion i n  1978. The f o r e c a s t  
r e tu rn  of age 4 f i s h  i s  s l i g h t l y  below normal f o r  the  pas t  20 yea r s  (Table 8 ) .  

The projected surviva l  (n = 13 yea r s ,  excluding 1969 and 1971) of age 5 f i s h  
re turn ing  in  1982 (Table 9 )  i s  0.23361% (Figure 4,  Table 10) .  This t r a n s l a t e s  
i n t o  a r e t u r n  of age 5 f i s h  of 355,554 i n  1982, from the  152.2 mi l l ion  eqq 
deposi t ion in  1977, s l i g h t l y  above t h e  record r e tu rn  of age 5 f i s h  in  1987 
(Table 8 ) .  

The mean survival  f o r  age 3 f i s h ,  through 1978 (n = 15 ,  excluding 1969 and 1971 ) 
i s  0.01872% (Table 9 ) .  This surviva l  value from the  1979 brood yea r  egg deposi- 
t i o n  of 138,400,000 eggs p ro jec t s  a r e tu rn  in  1982 of 25,908 age 3 chum salmon. 
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F i g u r e  3. R e l a t i o n s h i p  between Kotzebue a r e a  age 3 and age 4 chum 
salmon brood p e r c e n t  s u r v i v a l s  f o r  1962- 1 977 ( e x c l  uA ing  
1969 and 1971 because o f  samp l ing  b i a s )  brood y e a r s .  



AGE 4 PERCENT S U R V I V A L  

Figure  4 .  R e l a t i o n s h i p  between Kotzebue a r e a  age 4 and age  5 chum 
salmon brood p e r c e n t  s u r v i v a l  s f o r  1962-16 (exc l  udiAg 1969 and 
1971 because o f  sampl i n g  b i a s )  brood y e a r s .  



Table 10. Linear regression of  age group survival  r a t e s  within brood years  f o r  t h e  years  1962-1 976 (excluding 
1969 and 1971 ) a s  a method of  predic t ing  f u t u r e  year  survival  and subsequent a d u l t  r e tu rns  ( see  
Table 9 f o r  estimated 1982 age 31 percent s u r v i v a l ) .  

Vari a bl e s  1982 1982 
Return Predicted Predicted 

Sampl e 2 Age Percent Return 
X Y Size  r r Group Survival ( ~ 1 0 0 0 )  

Age 31 Percent Survival Age 41 Percent Survival 14 .939 .969 .22784 247,434 41 

Age 41 Percent Survival fi Age 51 Percent Survial  13 .853' .923 5l .23361 355,554 

---- - 

I 
-1 1 
co Correlat ion c o e f f i c i e n t s  s i g n i f i c a n t  a t  .O1 level  (n-2 d . f  . )  (Snedecor and Cochran 1967).  

I 



The chum salmon return t o  the  Kotzebue area in 1982 i s  estimated t o  be 25,908 
age 3 f i s h ,  247,434 age 4 f i s h ,  and 355,554 age 5 f i s h ,  f o r  a t o t a l  forecast  
1982 return of 628,896 f i sh .  This i s  almost twice as high as the mean annual 
return and would be the fourth highest return since 1982. 

DISCUSSION 

A major objective of the forecast  project  has been t o  assemble a l l  ex i s t ing  data 
in to  organized f i l e s  f o r  access and manipulation (Bird 1980, 1981). Much of the 
follovriwg discussion pertains to  the methods used to  construct  the data base. 

If survival r a t e s  within brood years a re  highly corre la ted,  i t  follows t ha t  
mortal i ty during the  freshwater portion of the l i f e  cycle i s  the most important 
period of mortal i ty i n  the l i f e  history of chum salmon and i s  apportioned equally 
among a l l  age groups const i tu t ing a brood year production. Also, the freshwater 
mortal i ty of a l l  age groups within a brood must be much greater  than marine mor- 
t a l i  ty  so t ha t  marine mortal i ty does not s ign i f ican t ly  a l t e r  the t o t a l  survival 
within a brood. I t  i s  well established t h a t  freshwater mortal i ty does i n  f a c t  
account fo r  the g rea tes t  mortal i ty w i t h i n  a salmon population so t ha t  marine 
mortal i ty i s  j u s t i f i ab ly  reduced t o  a r e l a t i ve ly  ins ign i f ican t  ro le  within t h i s  
forecast  framework. While marine environmental factors  undoubtedly exer t  a 
great  influence upon survival of immature salmon, the major e f f e c t  i s  probably 
f e l t  during the f i r s t  few weeks of es tuar ine  o r  marine l i f e .  Since the  e n t i r e  
brood year production of chum salmon migrates to  the ocean during the same summer, 
favorable o r  poor marine fac tors  should a f f ec t  the e n t i r e  population more o r  
l e s s  equally during t h i s  period. I t  i s  possible t ha t  a portion of the var iabi l -  
i t y  in  survival within a brood can be explained by marine morta l i ty ,  but such 
analysis  has not been attempted here. 

I t  i s  necessary t o  discuss the way in  which key elements i n  the data base fo r  
Kotzebue salmon have been constructed, and some of the modifications t ha t  have 
been necessary t o  compensate f o r  missing and incomplete data. 

Some of the  va r i ab i l i t y  in survival within brood years i s  probably a r e s u l t  of 
e r ro rs  in  the data base, e i t h e r  because of original  e r ro r s  in observation or  
because of mistakes introduced when interpola t ing missing data.  In addit ion,  
some of the assumptions made i n  constructing the  forecast  model may be a t  l e a s t  
pa r t i a l l y  invalid.  A discussion of several potential  sources of e r ro r  follows 
below. 

Spawning Escapement Data Base 

Aerial escapement survey e f f o r t s  have, f o r  the most par t ,  been directed toward 
obtaining comparable peak escapement counts, pa r t i cu la r ly  in key stream index 
areas. Escapement estimates obtained a re  considered to  be indices of t o t a l  
escapement, and not a r e a l i s t i c  number of actual spawners. Prior to  1979, when 
sonar counters were f i r s t  used to enumerate the  escapement in the Noatak River, 
a l l  escapement data were based on ae r ia l  surveys. 

The h i s to r ica l  escapement data base i s  incomplete in many years because of gaps 
in observer coverage from year to year because of poor survey conditions i n  



cer ta in  years ,  lack of su f f i c i en t  funds t o  survey a l l  areas ,  and the large 
geographical extent  of the  r i ve r  drainages involved. Because of the  nature 
of the stream i t s e l f ,  spawning areas i n  the Noatak River drainage have f re-  
quently been overlooked by inexperienced ae r ia l  observers. 

The most r e l i ab l e  component of the Kotzebue data base is  the  commercial catch 
and e f f o r t  information and associated data from catch samples f o r  age, sex,  
and s i z e  composition. Subsistence harvests of chum salmon have been r e l a t i ve ly  
well documented s ince  statehood. These data  provided the  bases f o r  adjustments 
i n  the  record f o r  missing and incomplete a e r i a l  surveys. For example, 1977 sur- 
veys of Noatak River escapements were incomplete because of obscured v i s i b i l i t y  
because of tundra f i r e s .  Only 12,200 chum salmon were documented, a f igure  so 
f a r  below the average t h a t  i t  was considered unrea l i s t i c .  Commercial and sub -  
s i s tence  catches i n  t h a t  year indicated t h a t  escapements should have been about 
average. Therefore, the escapement f igure  used f o r  1977 was adjusted upward t o  
a level commensurate with the salmon catch and e f f o r t .  Similar adjustments were 
made and incorporated i n  a l l  years s ince  1962 i n  which escapement data were 
known to  be missing or incomplete. 

Under the best  circumstances i t  i s  known tha t  ae r ia l  escapement surveys a r e  
inaccurate. This is due t o  many f ac to r s ,  including stream configuration,  
spawning d i s t r i bu t i on ,  die-off and replacement of spawners, water c l a r i t y ,  a i r  
turbulence, and human observational e r ro r s .  I t  i s  impossible t o  est imate the  
magnitude of e r r o r  i n  any given year.  The only avai lable  means of correction 
f o r  a e r i a l  count e r ro r  has been t o  compare ae r ia l  counts w i t h  an independent 
escapement est imate.  T h i s  was obtained i n  1980 from s ide  scan sonar counts 
operated throughout the season on the lower Noatak River. The sonar counters, 
while not without e r r o r ,  a r e  considered a much more accurate est imate of the  
t o t a l  spawning escapement than the peak count a e r i a l  survey method, especia l ly  
when peak spawning timing changes from year t o  year. The ae r i a l  survey f o r  
1980 was perhaps one of the most thorough ever conducted. Compared t o  the sonar 
count f o r  1980, the ae r i a l  survey documented approximately 28% fewer chum salmon. 
To achieve a more r e a l i s t i c  est imate of year ly  escapement a l l  p r io r  escapement 
counts based on ae r i a l  surveys have been increased by t h i s  amount. 

Subsistence Harvest Data 

Since statehood, the  Department has attempted t o  document the level of subsis- 
tence salmon harvests in the Kotzebue area.  Generally, household interviews 
w i t h  subsistence fishermen in each v i l l age  have been conducted each year t o  
document catch trends and magnitudes. In ce r ta in  years i t  was not possible t o  
conduct a complete annual survey. As w i t h  escapement information, an attempt 
has been made t o  in te rpo la te  the missing data by considering catch data from 
pr io r  and l a t e r  years from the same v i l l age .  Since 1971, the  subsistence har- 
ves t  has accounted fo r  l e s s  than 10% of the t o t a l  salmon re turn .  

Age, sex,  and s i z e  composition of the re turn  has been projected fo r  data gath- 
ered from samples drawn from the  commercial harvest.  A1 though Ricker (1 975, 
1980) and Gul land (1 971 ) caution agains t  t h i s  p rac t i ce ,  primarily because of 
g i l l n e t  s e l e c t i v i t y  f o r  sex and s i z e ,  three  compelling j u s t i f i c a t i ons  can be 
c i t ed  in  t h i s  case: 



1 )  No other information i s  available;  

2 )  Sampling has been more or less  systematic since statehood i . e . ,  
samples have been taken throughout the commercial fishing season 
in a similar manner, t h u s  minimizing the chance that  s ignif icant  
trends in age, sex, and s ize composition would have been undetected; 
and 

3) Commercial fishing g i l lne t  gear and fishing seasons have been rela- 
t ively stable over the period. 

Exclusion of Males from the Forecast Model 

Evidence exis t s  that  male salmon are  capable of f e r t i l i z ing  eggs from more than 
one female (Bakkala 1970, Scott and Crossman 1973). Within the framework of 
th i s  forecast,  i t  has been assumed that  a l l  potential eggs were f e r t i l i zed  
before deposition. 

Noatak River Test Fishing Samples 

Female chum salmon fecundity for  both the Noatak and Kobuk Rivers has been 
assumed t o  be identical to  the sampled population taken from the Noatak River. 
Also, comparison of 3 years of data indicates no significant difference in 
fecundity between years or age classes. Consequently a combined mean fecundity 
i s  used in the forecast model. 

The performance of the forecast method was tested by forecasting (hindcasting) 
known prior year returns. Figure 5 and Tables 11 and 12 summarize e f for t s  t o  
forecast 4 and 5 age group returns using two approaches. F i r s t ,  percentage 
survival of returning age groups i s  estimated on an annual basis,  and compared 
to  actual survival. The difference in actual and forecast values (lower shaded 
area in each figure) indicate highly variable differences that  tended to become 
smaller as sample s ize increased. The large deviation displayed by the age 5 
f i sh  in 1981 i s  probably related to  the record return for  that  age group. I t  
i s  noteworthy however, that  a record survival for  the 5 age group was forecast 
for 1981. 

As an additional t e s t ,  1981 survival of age 4 and 5 f i sh  i s  estimated for  each 
of the above tested years by inserting 1980 known brood survival ra tes  into the 
annually derived regressions. This t e s t  provided a measure of each regression's 
ab i l i t y  t o  predict current year returns using past year regressions. This i s  
thus a measure of yearly var iabi l i ty .  I t  can be seen that  the relation did not 
accurately predict the 1981 age group return. Again, t h i s  i s  perhaps a function 
of the record 5 age group return i n  1981. This t e s t  did, however, accurately 
predict 1981 age 4 group returns from the f i f t h  year onward with a continually 
diminishing difference. The strength of th i s  relation i s  probably related to  
the overwhelming dominance of the 4 age group. Again, i t  i s  noteworthy that  
the highest survival for th i s  age group i s  predicted in 1981. 

The forecast uses mean fecundity val ues because insignificant differences 
between age group fecundities were documented. The pooled fecundity value 
becomes, in e f fec t ,  a constant applied to  brood year female escapement t o  



Actual 1981 Percent 

Annual 1 981 Forecast 

Actual Annual Percent 

nnual Forecast Percent 

6000] 4-YEAR FISH 

Actual 1981 Percent - 

Annual 1981 Forecast - 

62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 
YEAR 

Figure 5. Comparison of actual and forecast percent survival for 4- and 5-year 
f i sh  returning t o  the Kotzebue area. The 1981 Annual Forecast l ine 
i s  the forecast of 1981 percent survival based on 1980,3- and 4-year 
percent survival applied to  each successive regression. The shaded 
area about the l ine represents the difference between actual and 
forecast values. The Actual Annual Percent l ine i s  the actual per- 
cent survival each year and the Annual Forecast Percent l ine  i s  the 
forecast value for  tha t  year based on prior year 3- or 4-year percent 
survival applied t o  each successive regression. The shaded area rep- 
resents the difference between the two values. Refer to Tables 11 and 
12 for  further de ta i l s .  



Table 11. Forecast r e s u l t s  f o r  4-year f i sh  percent survival using successively b u i l t  regressions. Columns 3-7 
r e f e r  t o  forecas t ing of next year 4-year percent survival from each successive regression. Columms 
8-10 r e f e r  t o  forecast ing current  year (1981) 4-year percent survival from each successive regression. 

Brood 
Year That 
Forecast Forecast Actual 
4-Year Forecast Regression Actual 1981 1981 

Regression Number o f  Percent 4-Year Correlation 4-Year 4-Year 4-Year 
Brood Years i n  Survival Percent Coefficient  Percent Percent Percent Percent Percent 
Years Regression Refers t o  Survival ( r Survival Difference Survival Survival Difference 

Mean 11 A1 1 .I5210 .921 .I4840 +2 7 .41939 .45026 - 7 
S t .  Dev. .I3857 .043 .I3773 61 ,14521 .OOOOO 32 

1 This yea r ' s  brood year percent survival determines re turn  four years in  the  future .  

Forecast percent survival f o r  1982. 



Table 1 2 .  Forecast r e su l t s  f o r  5-year f i s h  percent survival using successively b u i l t  regressions. Columns 3-7 
r e f e r  t o  forecast ing of next year 5-year percent survival from each successive regression. Columns 
8-10 r e f e r  t o  forecast ing current  year (1981) 5-year percent survival from each successive regression. 

Brood 
Year That 
Forecast Forecast Actual 
5-Year Forecast Regression Actual 1981 1981 

Regression Number of Percent 5-Year Correlation 5-Year 5-Year 5-Year 
Brood Years i n  Survival Percent Coefficient  Percent Percent Percent Percent Percent 
Years Regression Refers t o  Survival ( 4  Survival Difference Survival Survival Difference 

Mean 10 A1 1 .03843 .877 .04753 +7 .I2440 ,21306 -42 
S t .  Dev. .03472 .051 .06265 7 0 .02992 .OOOOO 14 

- - 

This y e a r ' s  brood year percent survival determines return f i ve  years in the  fu tu re .  

Forecast percent survival fo r  1982. 



estimate annual egg deposition. Recruitment re la t ionships  based on escapement 
and return would serve equally well provided t ha t  age group differences i n  
fecundity remained small. 

Other investigators have compared pre-emergent counts or marine f r y  counts with 
adult  returns.  McCurdy (personal communication) found a highly s ign i f ican t  cor- 
re la t ion ,  using simple l inear  regression,  between pre-emergent f r y  indices and 
4-year-old returning chum salmon i n  selected Prince William Sound streams. 
McCurdy assumes consistent  annual age group proportions, within the re turn,  
an assumption not borne out by nor assumed i n  the present study. 

Morri 11 (1 974) found no s ign i f ican t  re la t ionship  between pre-emergent indices of 
chum salmon f r y  abundance and adult  returns i n  Puget Sound from 1965-1969. He 
found a s ign i f ican t  corre la t ion between marine survey indices of chum salmon f r y  
abundance and adul t  returns.  That a s ign i f ican t  re la t ionship  was apparent from 
marine f r y  abundance indices,  b u t  not from pre-emergent comparisons, probably 
indicates poor or  inadequate pre-emergent sampling. Marine f r y  abundance indices 
r e f l e c t  freshwater survival;  therefore ,  freshwater and marine f r y  indices should 
be highly correlated.  
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