
INFORMATIONAL LEAFLET NO. 239 

YUKON RIVER FALL CHUM SALMON BIOLOGY AND STOCK STATUS 

BY 
Lawrence S. Bukl is 

and 

Louis H. Barton 

STATE OF ALASKA 

B i l l  Sheffield, Governor 

DEPARTMENT OF F l  SH AND GAME 

Don W. Collinsworth, Commissioner 

P.O. Box3-2000, Juneau 99802 

J u n e  1984 



YUKON R I V E R  FALL CHUM SALMON BIOLOGY AND STOCK STATUS 

by 

Lawrence S .  B u k l i s  

and 

Lou is  H. Bar ton 

Alaska Department o f  F i sh  and Game 
D i v i s i o n  o f  Commercial F i she r i es  

Anchorage, A1 aska 

June 1984 



TABLE OF CONTENTS 

Page 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LISTOFTABLES i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIST OF FIGURES ii 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIST OF APPENDICES i v  

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  INTRODUCTION 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  LIFEHISTORY 1 

D i s t r i b u t i o n  and Phys ica l  C h a r a c t e r i s t i c s  . . . . . . . . . . . . . .  1 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  Age a t  M a t u r i t y  3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Spawning 3 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Fecundi ty  8 

Residence Time W i t h i n  Spawning Areas . . . . . . . . . . . . . . . .  9 

Egg I ncuba t i on  and F r y  Emergence . . . . . . . . . . . . . . . . . .  9 

Egg-to-Fry S u r v i v a l  . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Fry  Outmig ra t ion  . . . . . . . . . . . . . . . . . . . . . . . . . .  10 

Ocean Rearing Areas and M i g r a t i o n  Pa t t e rns  . . . . . . . . . . . . .  13 

. . . . . . . . . . . . . . . . . .  YUKON R I V E R  FALL CHUM SALMON FISHERIES 14 

. . . . . . . . . . . . . . . . . . . . . . . . .  Commercial F i she ry  14 

Subsistence F i she ry  . . . . . . . . . . . . . . . . . . . . . . . . .  20 

Cur ren t  Challenges t o  F i s h e r i e s  Management . . . . . . . . . . . . .  22 

. . . . . . . . . . . . . . . . . . . . .  STOCK COMPOSITION AND RUN TIMING 23 

Tag and Recapture Study. 1976-1978 . . . . . . . . . . . . . . . . .  23 

Run T iming and M i g r a t i o n  Rates . . . . . . . . . . . . . . . . . . .  29 

Stock Separa t ion  Based on M i g r a t i o n  Rate Ana l ys i s  . . . . . . . . . .  32 

. . . . . . . . . . . . . . . . . . . . . . . . . .  ESCAPEMENT ENUMERATION 35 

Assessment of Spawning Escapements . . . . . . . . . . . . . . . . .  35 



TABLE OF CONTENTS (Continued) 

Page 

Escapement Trends . . . . . . . . . . . . . . . . . . . . . . . . . .  40 
AGE AND SEX COMPOSITION . . . . . . . . . . . . . . . . . . . . . . . . .  46 
TOTAL RETURN ESTIMATES . . . . . . . . . . . . . . . . . . . . . . . . . .  50 
RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 
ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  56 
LITERATURE CITED . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57 
APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 



LIST OF TABLES 

Tab1 e Page 

Age composition of Yukon River summer and f a l l  chum salmon, 
Distr ic t  1 commercial catch samples, 1973-1982 . . . . . . . . . .  4 

C h u m  salmon egg-to-fry survival estimated from potential egg 
deposition for  several stocks in North America and Asia (modified 
from Bakkala 1970) . . . . . . . . . . . . . . . . . . . . . . . .  11 

. . .  Yukon River commercial salmon harvest by species, 1961-1983 17 

Number of fishing vessels participating in the Yukon River f a l l  
chum salmon commercial f ishery, 1971-1983 . . . . . . . . . . . .  19 

Commercial and subsistence harvest of Yukon River fa1 1 chum salmon, 
1974-1983 . . . . . . . . . . . . . . . . . . . . . . . . . . . .  21 

Number of f a l l  chum salmon tagged a t  each Yukon River fishwheel 
s i t e ,  1976-1978 . . . . . . . . . . . . . . . . . . . . . . . . .  24 

Yukon River f a l l  chum salmon tag recoveries, 1976-1978 . . . . . .  26 

Migration rates of fa l l  chum salmon in the Yukon River based on 
t e s t  fishing catch data,  1981 and 1982 . . . . . . . . . . . . . .  33 

River mileages of major Yukon River f a l l  chum salmon spawning 
areas and estimated dates of peak spawning . . . . . . . . . . . .  34 

Estimated dates of 50% run passage fo r  major f a l l  chum salmon 
stocks a t  the mouth of the Yukon River based on peak spawning 
dates and distance to spawning grounds . . . . . . . . . . . . . .  36 

Fall chum salmon spawning areas in the Yukon River drainage, with 
the largest  escapement count during the period 1959-1983 given 
fo r  each area . . . . . . . . . . . . . . . . . . . . . . . . . .  38 

Fall chum salmon escapement t o  selected index areas in the Yukon 
River drainage, 1973-1983 . . . . . . . . . . . . . . . . . . . .  39 

Recent f a l l  chum salmon escapement trends in the Porcupine and 
Tanana River systems . . . . . . . . . . . . . . . . . . . . . . .  43 

A comparison of peak and non-peak years f a l l  chum salmon escape- 
ments in the Porcupine River system . . . . . . . . . . . . . . .  45 

Summary of Yukon River f a l l  chum salmon population estimates cited 
. . . . . . . . . . . . . . . . . . . . . . . . . .  i n l i t e r a t u r e  51 

Total return index of Yukon River f a l l  chum salmon, based on har- 
vest and observed escapement, 1974-1983 . . . . . . . . . . . . .  52 

Recent harvest of chum salmon in the Shumagin and  south Unimak 
f i sher ies  during the month of June . . . . . . . . . . . . . . . .  54 



LIST OF FIGURES 

F i g u r e  Page 

1. Map o f  t he  Yukon R i ve r  . . . . . . . . . . . . . . . . . . . . . .  2 

2. Major  f a l l  chum salmon spawning areas i n  t h e  Yukon R i v e r  
d ra inage  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

3. Of fshore t agg ing  l o c a t i o n s  o f  Yukon R i v e r  f a l l  chum salmon, 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1956-1979 15 

4. Map o f  t h e  Alaska p o r t i o n  o f  t h e  Yukon R iver ,  showing f i s h i n g  
. . . . . . . . . . . . . . . . . . . . . . .  d i s t r i c t  boundar ies 16 

5. Recovery o f  f a1  1 chum salmon i n  t h e  upper Yukon R i v e r  (above) and 
i n  t h e  Tanana R i v e r  (be low)  t h a t  were o r i g i n a l l y  tagged on t h e  
n o r t h  and south bank o f  t h e  Yukon R i v e r  i n  t h e  Galena-Ruby area, 

. . . . . . . . . . . . . . . . . . . . . . . . . .  1976 and 1977 27 

6. Run t i m i n g  o f  f a l l  chum salmon a l ong  t h e  n o r t h  and south bank of 
t h e  Yukon R i v e r  a t  Galena i n  1976 and 1977 as i n d i c a t e d  by d a i l y  

. . . . . . . . . . . . . . . . .  tagg ing  s tudy f i shwhee l  catches 28 

7. Run t i m i n g  o f  f a l l  chum salmon i n  t h e  lower ,  midd le ,  and upper 
p o r t i o n  of t h e  Yukon R i v e r  dra inage,  1981 . . . . . . . . . . . .  30 

8. Run t i m i n g  o f  f a1  1 chum salmon i n  t h e  lower ,  midd le ,  and upper 
p o r t i o n  o f  t h e  Yukon R i v e r  drainage, 1982 . . . . . . . . . . . .  31 

9. Passage o f  f a l l  chum salmon s tocks  a t  t h e  south mouth o f  t h e  Yukon 
R i v e r  based on t ime  o f  spawning, d i s t ance  t o  spawning grounds, and 
average upstream m i g r a t i o n  r a t e s  o f  15 and 20 mi les /day  . . . . .  37 

10. F a l l  chum salmon escapement i n  t h e  Sheenjek R i v e r  (open b a r )  and 
F i s h i n g  Branch R i v e r  (shaded b a r )  based on peak a e r i a l  survey 

. . . . . . . . . . . . . . . . . . . . . . . .  counts,  1973-1983 42 

11. F a l l  chum salmon escapement i n  t h e  upper T o k l a t  R i v e r  (open b a r )  
and upper Tanana R i v e r  (shaded b a r )  based on peak a e r i a l  survey 
counts,  1973-1953. Both upper and lower  T o k l a t  R i v e r  i ndex  areas 
i n c l u d e d  i n  1975 and 1979 . . . . . . . . . . . . . . . . . . . .  44 

12. Age and sex composi t ion o f  f a l l  chum salmon sampled from f i s h e r y  
catches a t  Emmonak, Nenana, and Rampart, and f rom escapements t o  
t h e  T o k l a t ,  De l ta ,  and Sheenjek Rivers ,  1973-1977 . . . . . . . .  47 

13. Age and sex composi t ion of f a1  1 chum salmon sampled f rom f i s h e r y  
catches a t  Emmonak, Nenana, and Rampart, and f rom escapements t o  
t h e  T o k l a t ,  De l ta ,  and Sheenjek Rivers ,  1978-1 982 . . . . . . . .  48 



F igu re  

LIST OF FIGURES (Cont inued) 

Page 

14. Age and sex composi t ion of f a l l  chum salmon sampled i n  1982 on t h e  
n o r t h  bank o f  t he  Yukon R i v e r  a t  Ruby and t h r e e  upper Yukon- 
Porcupine R i ve r  l o c a t i o n s  (above),  and on t h e  south bank of t h e  
Yukon R i ve r  a t  Ruby and t h r e e  Tanana R i v e r  l o c a t i o n s  (be low)  . . . 49 

15. To ta l  r e t u r n  i n d i c e s  f o r  Yukon R i ve r  f a l l  chum salmon, 1974-1983, 
based on documented ha rves t  and observed escapement i nd i ces .  . . . 53 



LIST OF APPENDICES 

Appendix 
Ta b l  e Page 

1. Yukon R i v e r  f a l l  chum salmon t ag  recove r i es  from I N P F C  o f f s h o r e  
tagg ing,  1956-1979 . . . . . . . . . . . . . . . . . . . . . . . 64 

2. Age and sex composi t ion of Yukon R i v e r  f a l l  chum salmon sampled 
froni  se l ec ted  f i s h e r i e s  and escapements, 1973-1982 . . . . . . . 66 



ABSTRACT 

Increasing exploitation by commercial and subsistence f i sher ies  during the 
period 1974-1983, combined with declining escapement indices, leads the 
authors to recommend conservative harvest regulation of Yukon f a l l  chum 
salmon (Oncorhynchus keta). While total  return showed a moderate increase 
of 10% for the recent 4-year period (1980-1 983) over the previous 4-year 
period (1976-1979), commercial harvest increased by 30%, subsistence har- 
vest increased by 36%, while the escapement index decreased by 42% and 58% 
for  the Porcupine and Tanana River stocks, respectively. A comprehensive 
review of information available on the l i f e  history,  stock composition, 
exploitation, escapement, and stock s tatus  of Yukon River f a l l  chum salmon 
i s  presented. Deficiencies in the present data base are  discussed, and 
recommendations a re  made for  future research. 

K E Y  WORDS: chum salmon, Oncorhynchus k e t a ,  Yukon River, stock s ta tus ,  escape- 
ment, harvest, f ishery summary, l i f e  history,  stock composition, 
age composition. 



INTRODUCTION 

Fa1 1 chum salmon (Oncorhynchus keta) support a commercial f ishery on the Yukon 
River that has developed rapidly during the past decade, and a growing subsis- 
tence fishery with a long history of traditional use. I t  i s  only since the 
early 1970's that  the Commercial Fisheries Division has conducted t e s t  f ishing, 
fishery catch sampling, escapement enumeration, and other research studies on 
these salmon stocks. The purpose of th is  report i s  t o  summarize current know- 
ledge of Yukon River f a l l  chum salmon, indicate weaknesses in the data base 
which future research should address, and make recommendations for  management 
of the resource. 

Much of the information collected on f a l l  chum salmon in the Yukon River i s  
documented in separate in-house agency reports that often neither re la te  resu l t s  
with other relevant studies nor are widely available to other agencies, l i b ra r i e s ,  
and researchers. The present report provides an integrated presentation of the 
pertinent data which may be useful in future management, allocation, or research 
decisions facing the State of Alaska. 

The Yukon i s  the largest  r iver  in Alaska, and fourth largest  in North America, 
flowing over 2,000 mi (3,200 km) from i t s  source in British Columbia, Canada, 
to  the Bering Sea (Figure 1 ) .  The drainage to t a l s  approximately 330,000 square 
miles (854,700 k m 2 ) ,  two-thirds of which i s  in Alaska. The Koyukuk, Tanana, and 
Porcupine Rivers a re  major branches, with important tr ibutary streams for  f a l l  
chum salmon production in the l a t t e r  two. The Yukon River i s  greater than 1 mi 
(1.6 k m )  wide a t  many points, and i s  frequently braided by sand bars and large 
islands. Water i s  re lat ively clear  in the upper reaches of the drainage, b u t  
becomes progressively more turbid with bank erosion, glacial s i l t ,  and tannic 
acid s ta in  introduced from tributary streams. 

LIFE HISTORY 

Distribution and Physical Characteristics 

Spawning distribution of chum salmon i s  the most extensive of any Pacific salmon. 
Chum salmon range south to  the Sacramento River in California and to  the island 
of Kyushu in the Sea of Japan. Chum salmon range east  in the Arctic Ocean to the 
Mackenzie River in Canada and west to  the Lena River in the Soviet Union. 

Chum salmon occur in d i s t inc t  summer and f a l l  runs in the Yukon River. Fall chum 
salmon are  larger,  have a l a t e r  run timing, and are  less  abundant than summer 
stocks. Fall stocks migrate far ther  upstream and spawn primarily in the upper 
Yukon River drainage in spring-fed t r ibutar ies ,  while summer chum salmon spawn 
primarily in runoff t r ibutar ies  of the lower Yukon River. 

Yukon River f a l l  chum salmon character is t ics  appear to closely resemble those of 
f a l l  chum salmon stocks of the Amur  River in Siberia. Berg (1934, cited in 
Lovetskaya 1948) established the following differences between Amur River fa1 1 
and summer chum salmon: 
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Figure 1. Map of t h e  Yukon River. 



". . . 1 ) the autumn chum enters the r iver  l a t e r  than the summer chum; 
2 )  i t s  sexual products are developed to a lesser extent when i t  enters 
the r iver ;  3)  i t  spawns l a t e r ;  4 )  i t  migrates far ther  upstream; 5) i t  
i s  larger and heavier than the summer chum; 6)  i t s  fecundity i s  higher." 

Lovetskaya (1948) found that Amur River f a l l  chum salmon mature l a t e r ,  the weight 
and s ize range i s  wider, and the absolute growth and annual increment of body 
length i s  greater t h a n  for  sumer chums. Grigo (1953) found a considerable 
difference in the number of pyloric caeca, with a higher mean count in Amur 
River f a l l  chum salmon and suggested that  the food composition may d i f f e r  between 
the two runs. 

Berg (1934) and l a t e r  Grigo (1953) defined the summer and f a l l  chum salmon of the 
Amur River as seasonal races. According to  Birman (1952, cited in Grigo 1953), 
the fa1 1 chum salmon i s  a race or ecotype adapted t o  reproduction in predominantly 
groundwater-fed spawning areas and t o  r iver  migrations in conditions of high water 
in the Amur River. The abundance of Yukon River summer chum salmon i s  f a r  greater 
than fa1 1 chum salmon, b u t  the opposite i s  the case in the A m u r  River (Sano 1967). 

Age a t  Maturity 

Yukon River chum salmon (both summer and f a l l  ) migrate as young-of-the-year f ry  
to the Bering Sea soon a f t e r  emergence in the spring following spawning. Adults 
a t ta in  sexual maturity and return to  the Yukon River fo r  spawning in the 3rd, 4th,  
5th, and 6th year of l i f e ,  although age 4 and 5 f i sh  generally account for  more 
than 90% of the returns annually. There i s  l i t t l e  difference in the age a t  return 
of Yukon River summer and f a l l  chum salmon based on the age composition of samples 
collected from Dis t r ic t  1 commercial catches. Age 4 fish are  most abundant (70.5% 
for  summer chum salmon and 72.7% fo r  f a l l  chum salmon), age 5 f ish are  next most 
abundant followed by age 3 and age 6 f ish (Table 1 ) .  Available evidence indicates 
that  age 4 i s  the predominant age of return fo r  Yukon River summer and f a l l  chum 
salmon. Fluctuations in age composition are explained by differences in abundance 
between year classes. Higher than average return of age 3 f ish usually re f lec ts  
high survivorship and abundance of tha t  year c lass .  

Fall chum salmon are  generally more robust and "ocean bright" upon arr ival  a t  the 
m o u t h  of the Yukon River. This i s  a t t r ibuted to  the fac t  that  they migrate far-  
ther upstream to spawn than summer chum salmon. The gonads are also in a less  
mature s t a t e  of development upon entry into the Yukon River. Whereas summer chum 
salmon enter the Yukon River from the end of May through mid-July, f a l l  chum sal-  
mon entry occurs from mid-July through early September. Although there i s  often 
considerable overlap in both physical character is t ics  and timing of entry into 
the Yukon River, by 15 July the majority of chum salmon entering the Yukon River 
a re  considered t o  be f a l l  chum salmon (Brady 1983). 

Fall chum salmon spawn primarily in the Porcupine, Tanana, and Canadian Yukon 
River drainages (Figure 2 ) .  Major known spawning areas include the Sheenjek, 
Fishing Branch, Chandalar, Delta, Toklat and Kluane Rivers, the Tanana River near 
Big Delta, and the Yukon River between Fort Selkirk and Carmacks in Canada. 

Spawning takes place in channels, sloughs, springs, and heads of main t r ibutar ies  
where upwelling ground water prevents freezing in most years. S t r i c t  spawning 



Table  1. Age composi t ion of Yukon River  summer and f a l l  chum salmon, D i s t r i c t  1 commercial c a t c h  
samples ,  1973-1 98Z1. 

er Chum F a l l  Qlums 

~ r c e n t  ~ g e  Sanple Rrcent Age Sanpl e 
Size Size 

Year 3 4 5 6 Year 3 4 5 6 

Average 

Captured by s e t  and d r i f t  g i l l  n e t s  o f  6 inch (15 cm) o r  s m a l l e r  mesh. 
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Figure 2. Major f a l l  chum s a m n  spawning areas i n  the  Yukon River dra inage .  



habitat requirements 1 imi t n o t  only stock dis t r ibut ion b u t  a lso the available 
spawning area within a given stream. Many of the known spawning areas are sub- 
ject  t o  periodic changes in qua1 i t y  and area,  as they are  vulnerable to mainstern 
channel changes by high flows during the spring and summer runoff period. Such 
changes have been observed in the Delta River (Francisco 1977), Sheenjek River 
(Barton 1982), and Toklat River ( B u k l  i s  1983a). Helle (1977)  also pointed out 
the vulnerability of Kluane River f a l l  chum salmon spawning areas to mainstem 
channel changes. 

Walker (1976) observed fa l l  chum salmon spawning areas of the mainstem Yukon 
River between Fort Sel kirk and Carmacks and classif ied them into f ive habitat  
types : 

1. Main river cutbank 

2 .  Main river r i f f l e  

3. Side channel 

4. Slough 

5. Combination side channel and slough 

Fall chum salmon spawning areas in the Kluane, Sheenjek, Chandalar, Toklat, and  
Delta Rivers would also fa1 1 within the classif icat ion identified by Walker, with 
spawning areas associated with sloughs and side channels being the most common. 

The Delta River has been the most intensively studied spawning area (Francisco 
1976, 1977; Francisco and Dinneford 1977). Spawning occurs in several small 
spring-fed channels of the lower Delta River. The channels vary in length from 
2 to 730 m ,  while width may vary from 1 to  75 m .  Maximum water depth ranges up  
to  1 . 2  m ,  and surface water temperatures throughout the winter months remain a t  
1" t o  6" C .  Bottom composition i s  mostly gravel from 1 to 13 cm in diameter, with 
vari abl e amounts of f ine  materi a1 interspersed throughout. During the spring and 
summer runoff period, the stream flow i s  orders of magnitude higher and more tur-  
bid as a resul t  of glacial me1 t in the Alaska Range. Fall and winter flows are 
ent i rely composed of clear upwelling groundwater. 

Elson (1973) described the f a l l  chum salmon spawning area in the Fishing Branch 
River as follows: 

"Water temperatures a re  relat ively constant throughout the year a t  the 
areas of discharge, and th is  section of the r iver  remains f ree  of ice 
a l l  year. Most spawning occurs in pools above r i f f l e s  where the bottom 
composition consists of approximately 60% coarse and 40% f ine  gravels. 
Stream discharges on 16 September and 22 September 1972, were approxi- 
mately 2,000 cfs  and 800 cfs ,  respectively. Water temperatures ranged 
from 5" C on 10 September t o  a constant minimum of 2.8" C from 1-20 
October, 1972." 

Water temperatures in the Sheenjek River were measured by Mauney (1977) a t  one 
major f a l l  chum salmon spawning area on 29 and 30 October, 1975. Water temper- 
atures in th i s  spawning area were observed to  be 2.2" C to 3.4" C warmer than 
surface waters of the main r iver .  



Fall chum salmon spawn from approximately mid-September through mid-November with 
peak spawning varying among major spawning areas as shown below: 

Spawning area Estimated range in peak spawning 

Chandalar River 4th week September through 1 s t  week October 
Porcupine River drainage 

Sheenjek River 4th week September through 1 s t  week October 
Fishing Branch River 1 s t  through 2nd week October 

Kluane River 3rd t h r o u g h  4th week October 
Yukon River ( F t .  Selkirk-Carmacks) 3rd through 4th week October 
Tanana River drainage 

Toklat River 2nd through 3rd week October 
Upper Tanana River 4th week October through 1s t  week November 
Delta River 4th week October through 1s t  week November 

I t  i s  concluded that  f a l l  chum salmon that  u t i l i z e  the Tanana River drainage spawn 
l a t e s t ,  while Chandalar and Porcupine River populations spawn ea r l i e s t .  Coho 
salmon u t i l i ze  spawning areas similar to those of f a l l  chum salmon, and in a few 
areas the spawning grounds of the two species overlap. Although coho salmon spawn 
sl ight ly l a t e r  than f a l l  chum salmon, a few have been observed during peak f a l l  
chum salmon spawning in most areas. Abundance of coho salmon i s  small compared 
to f a l l  chums, and the e f fec t  of any subsequent digging u p  or superimposition of 
redds by coho salmon i s  be1 ieved to  be minor. 

There a re  two opposing schools of thought on the e f fec t  of high spawner density on 
productivity. Kuznetsov (1 928, 1937, cited in Smirnov 1947) considers a surplus 
of reproducing f i sh  on the spawning grounds to  be the most important factor 
increasing the mortality ra te  of f e r t i l i zed  f a l l  chum salmon eggs in the A m u r  
River. During years of large returns the usable spawning area may be insuff icient  
for the number of females, which resul ts  in superimposition of redds, digging u p  
eggs which have already been deposited, and considerable losses. I t  i s  believed 
that  intensive spawning causes a deterioration of the hydrochemical regime of the 
spawning areas (e.g. ,  decrease in oxygen, accumulation of carbon dioxide, and 
decomposition products of organic substances, resulting in increased acidi ty)  and 
consequential increase in mortal i t y  of developing eggs. Smirnov (1947), on the 
other hand, does not associate a deterioration in the hydrochemical regime of 
spawning areas with large runs, b u t  s t a t e s  that  such changes are  of a seasonal 
nature. He considers the "digging up" of the spawning grounds as a positive factor  
in the process of salmon reproduction. Consequently, the s ize and condition of 
the existing spawning areas are  determined by the ac t iv i ty  and abundance of salmon 
in the rivers.  He believes the spawning grounds which are not dug up  become unfi t  
for salmon reproduction. I t  i s  not known which theory more closely describes the 
s i tuat ion for  Yukon River f a l l  chum salmon. 

Bakkala (1970) presented data which show that  egg retention increases when chum 
salmon spawning density i s  high. Schroder (1973) not only found greater egg 
retention in chum salmon under conditions of increased spawning densit ies b u t  
a1 so that redd superimposition increased proportionally with density of spawning 
f ish.  In his study on chum salmon spawning densit ies in a controlled-flow spawn- 
ing channel of B i g  Beef Creek, Washington, Schroder found that  l a t e  maturing or 
otherwise females retained on the average 10 times as many eggs as did ea r l i e r  
spawning f ish.  The highest density a t  which maximum egg deposition occurred ranged 



from 1.66 m 2  t o  2.44 m 2  per female. Burner (1951 ) ,  i n  an extens ive  examination 
of redd cons t ruc t ion  of chinook, sockeye, coho, and chum salmon i n  s e l ec t ed  spawn- 
ing streams of t h e  Columbia River,  s t a t e d  t h a t  " t o  a r r i v e  a t  a conserva t ive  f i g u r e  
f o r  the number of p a i r s  of salmon t h a t  can s a t i s f a c t o r i l y  u t i l i z e  a given area  of 
gravel s u i t a b l e  f o r  spawning, the  a rea  should be divided by fou r  times t h e  aver- 
age s i z e  of t he  redds."  This could be considered the  maximum s p a t i a l  requirement 
of a female i n  the  absence of any competition. He found t h e  average s i z e  of chum 
salmon redds t o  be 2.3 m 2 ,  ind ica t ing  9.2 m 2  a r e  needed f o r  a p a i r  of spawning 
chum salmon i n  the  absence of competition. 

Available f a l l  chum salmon spawning area  has been measured i n  a t  l e a s t  one Yukon 
River t r i b u t a r y ,  the  Delta River. Dinneford (1978) est imated 45,688 m 2  of spawn- 
ing area  was a v a i l a b l e  in  t h e  Delta River i n  1975 and 1977. Based on Schroder ' s  
f i nd ings ,  maximum d e n s i t i e s  which would s t i l l  a1 low f o r  maximum egg depos i t ion  
range from 18,626 t o  27,331 females. Findings of Burner (1951 ) suggest  a minimum 
es t ima te  of 9,890 f a l l  chum salmon (4,945 p a i r s )  necessary f o r  u t i l i z a t i o n  of t h e  
a v a i l a b l e  spawning a r e a .  

Fecundity 

The average number of eggs per female v a r i e s  among spec ies  of salmon and races  
within a spec ies .  Stocks spawning i n  nor ther ly  l a t i t u d e s  tend t o  be more fecund 
than those  a t  souther ly  l a t i t u d e s  (McNeil and Bailey 1975). Bakkala (1970) sum- 
marized ava i l ab le  fecundi ty  data  f o r  chum salmon i n  Asia and North America. The 
reported range i s  from about 900 t o  8,000 eggs,  with average f e c u n d i t i e s  between 
2,000 and 4,000 eggs. Asian f a l l  chum salmon average f e c u n d i t i e s  ranged widely 
(2,500 t o  4,300),  whereas Asian summer chum salmon fecund i t i e s  were lower and 
l e s s  v a r i a b l e ,  ranging from 2,000 t o  2,500 eggs. 

Limited fecundi ty  data  on Yukon River f a l l  chum salmon i s  a v a i l a b l e  f o r  t h e  Porcu- 
pine and Tanana Rivers.  Twenty-one females sampled from the  Porcupine River a t  
Old Crow i n  1971 averaged 2,360 eggs and ranged from 1,658 t o  3,200 (El son 1975). 
In 1973, 39 females sampled from t h e  Fishing Branch River averaged 2,513 eggs, 
with a 95% confidence in t e rva l  of 1,672 t o  3,353 (Elson 1975). Trasky (1974) 
reported an average of 2,634 eggs f o r  14 f i s h  from t h e  Delta River,  which were 
93% age 4. Trasky (1 976) r e p o r t s  a 1 ower average fecundi ty  of 1,886 eggs f o r  1E' 
f i s h  sampled i n  1974, which were 72% age 3. However, some of t h e  sampled females 
may have been p a r t i a l  1y spent .  Additional samples were co l l ec t ed  from t h e  Del t a  
River in  1977 and 1978. Raymond (1981 ) examined 38 females in 1977 and found an 
average of 2,355 eggs per female. Although 92% of h i s  sample was age 4,  severa l  
of t h e  f i s h  were p a r t i a l l y  spent .  Average fecundity was 2,762 eggs from a sample 
of 40 f i s h  in  1978 a s  reported by Raymond (1981). In t h e  same yea r ,  Dinneford 
(1978) examined nine female f a l l  chum salmon on t h e  Delta River spawning grounds 
and found an average of 2,629 eggs. Seven of t he  f i s h  were age 4 and two were 
age 3. 

Yukon River f a l l  chum salmon fecundi ty  appears t o  be s i m i l a r  t o  t h a t  of A m u r  River 
summer chum salmon, b u t  lower than t h a t  of Amur River f a l l  chum salmon. Available 
da t a  i n d i c a t e  t h e r e  i s  l i t t l e  d i f f e rence  i n  fecundi ty  between Yukon River summer 
chum salmon (Andersen 1983a, 1983b) and f a l l  chum salmon. 



Residence Time Within Spawning Areas 

Elson (1975) examined fa l l  chum salmon stream residence time in the Fishing Branch 
River. Average stream l i f e  in 1972 was 30.5 days (28-32 day range), based on 39 
tag recoveries, and 21 days in 1973 (14-27 day range). Trasky (1974) calculated 
the average stream l i f e  for Delta River f a l l  chum salmon in 1973 t o  be 20.4 days 
(8-31 day range), similar to 1973 resul ts  in the Fishing Branch River. Trasky's 
results were based on 113 tag recoveries. Average stream l i f e  in 1974 was 18 
days (2-33 day range) with male fish averaging 15 days and females 21 days (Trasky 
1976). 

Schroder's (1973) investigations of chum salmon in an a r t i f i c i a l  spawning channel 
a t  Big Beef Creek, Washington, found that  no significant changes in stream l i f e  
occurred seasonally or with spawning density. However, he found that  males tended 
to l ive s l ight ly  longer than females. Stream l i f e  for  males and females was 15.9 
and 14.3 days, respectively, in 1970. In 1971, male and female stream l i f e  was 
14.6 and 13.1 days, respectively. 

I n  one coastal stream in Southeastern Alaska the average stream l i f e  for  male 
chum salmon was 18.3 days and for  females 17.6 days in 1962, and 11.6 days for  
males and 11.4 days for females in 1963 (Mattson e t  a l .  1964, cited in Bakkala 
1970). Bakkala (1970) indicated that  these figures are probably typical for  many 
populations that  spawn within a short distance from the sea. I t  would appear that  
populations which enter relat ively large rivers and migrate f a r  upstream survive 
for a longer period in the natal stream. Spawning stream residence time of f a l l  
chum salmon may also be protracted by cooler water temperatures which prevail dur- 
ing the spawning period. Cooler temperatures slow metabolic processes, including 
the biochemi cal changes whi ch control aging and decomposition. 

Eaa Incubation and Frv Emergence 

Yukon River f a l l  chum salmon deposit eggs in redds from September through November. 
Fall chum salmon of the Amur River deposit eggs in excavations u p  to 40 cm deep 
(Disler 1953). Similarly, Neave (1966) reported finding Brit ish Columbia chum 
salmon eggs a t  a depth of 41 cm. Francisco (1976) indicated that  f a l l  chum salmon 
eggs in the Delta River in spring 1975 were buried to  a depth greater than 25 cm. 
Eggs remain in the gravel throughout the winter months until the developing 
embryos emerge as f ry  in early spring. During the period of incubation, survival 
of developing embryos varies greatly and i s  dependent upon several factors.  

Smirnov (1947) stated that  mortality of f a l l  chum salmon eggs in the Arnur River was 
most severe during the eyed stage, as opposed to summer chum and pink salmon which 
are  subject to  highest mortality in the alevin stage of the i r  development. Smirnov 
( 1  947) further s t a t e s  tha t  the most important factors which influence mortal i ty 
ra te  of salmon eggs and f ry  are:  drop in water level in the t r ibutar ies ;  freez- 
ing of the spawning grounds; flow rates;  thermal and chemical character is t ics  of 
the ground water; and s i l t i ng  of redds. Freezing of the spawning grounds was con- 
sidered one of the most important factors which adversely a f fec t  abundance of 
young salmon, particularly summer chum and pink salmon, where the ground may 
freeze t o  a depth of 1 m or more. Smirnov (1947) pointed out that  freezing of 
the ground also occurred in channels and springs where f a l l  chum salmon spawn, b u t  
a considerably smaller area was affected, most frequently only the upper layer of 



redds. Dis ler  (1953) s t a t e d  the  main f a c t o r s  a f f e c t i n g  development of Amur River 
chum salmon eggs during the  period from f e r t i l i z a t i o n  t o  hatching a r e  temperature, 
oxygen content of the  water ,  and 1 igh t .  

Francisco (1976) found s i m i l a r  development r a t e s  f o r  Delta River f a l l  chum salmon 
a s  f o r  those of the A m u r  River. Total body length of a levin  in  the Delta River 
averaged 26.5 m a f t e r  incubating 141 days i n  temperatures of 1 . l o  t o  4.4" C in  
the  winter of 1974-75, while  Di s l e r  (1954, c i t e d  in  Francisco 1976) reported f a l l  
chum salmon in the Amur  River averaged 27 mm in length a f t e r  an incubation period 
of 140 t o  144 days in temperatures of 3.3" t o  5" C .  Francisco (1977) estimated an 
incubation period of a t  l e a s t  110 days t o  hatching and 160 days t o  emergence f o r  
Delta River f a l l  chum salmon in  the  winter  of 1975-76. During the  e a r l y  incuba- 
t ion  period (November), intra-redd water temperature remained a constant  6.7" C ,  
although surface water temperatures ranged from 2.8" t o  5.6" C f o r  t h e  same per- 
iod. No in t ra- redd temperature readings a r e  a v a i l a b l e  f o r  t h e  durat ion of incu- 
bat ion in  t h a t  year .  Eyeing of eggs was estimated t o  occur a f t e r  53 days a t  a 
water temperature of 4.4" C in  1977. Hatching and emergence were est imated a t  122 
days and 185 days, respect ive ly  (Francisco and Dinneford 1977). Sano (1966) s t a t e s  
t h a t  hatching of f a l l  chum salmon eggs i n  the  Amur River occurs a t  90-100 days and 
up t o  140-150 days in  p a r t i c u l a r l y  cold years .  

Results of 3 years  of study in  the Delta River from f a l l  1974 through spr ing  1977 
by Francisco (1976, 1977) and Francisco and Dinneford (1977) reveal t h a t  hatching 
began in  e a r l y  February and was completed by mid-March. Emergence of f a l l  chum 
salmon f r y  commenced about t h e  1 s t  week in Apri 1 ,  peaking in  the  3rd t o  4th week 
a f t e r  160 t o  191 days from f e r t i l i z a t i o n .  Emergence of Amur  River f a l l  chum salmon 
occurs a f t e r  about 188 days ( D i s l e r  1954, c i t e d  in Francisco 1976). 

McLean and Raymond (1 983) recovered a small sample of fa1 1 chum salmon a levi  ns i n  
a spring-fed slough of the  Chandalar River near Venetie on 23 March 1982. The 
a l ev ins  had absorbed t h e i r  yo1 k s acs ,  averaged 37 mm in length ,  and were estimated 
t o  be wi th in  2 weeks of emergence. In t ragravel  water temperature in the  spr ing  
was between 1.1" and 2.2" C ,  while water temperature elsewhere in the  slough was 
0" C .  The a l ev ins  were recovered from a depth of about 20 cm i n  the  gravel ( J .  
Raymond, ADF&G-FRED,  personal communi c a t i o n ) .  

Egg-to-Fry Survival 

Francisco (1976, 1977) estimated t h a t  between 121 and 134 females spawned in a 
major spring area of the  Delta River i n  1975. Using an average fecundity of 2,675 
eggs (Trasky 1974, Dinneford 1978, Raymond 1981 ), potent ia l  egg depos i t ion  ranged 
from 323,675 t o  358,450 eggs. A t o t a l  of 8,438 f r y  was enumerated from the  spawn- 
ing area  in the  following sp r ing ,  an est imated egg-to-fry survival  of 2 .4% t o  2.6%. 
Survival r a t e s  of 1.5% t o  27.6% f o r  chum salmon stocks elsewhere in North America 
and Asia have been reported (Table 2 ) .  

Fry Outmigration 

Fall  chum salmon f r y  leave t h e  Delta River f o r  t h e i r  downstream migration in the  
Tanana and Yukon Rivers during the  period from mid-April t o  mid-May (Francisco 
and Dinneford 1977). Stomach contents  were examined from a sample of 1,327 f r y  
taken a t  the  Delta River in  April and May of 1976 (Francisco 1977). Approximately 
94% of the  f i s h  exhibi ted p a r t i a l  yolk sacs ,  while  the  remainder had e i t h e r  empty 



Table 2. Chum salmon egg-tefq survival estimated f ran ptential egg 
dewsition for several stocks in  ~ o r t h  America and Asia 
(modified f ran Bakkala 1970). 

Sunrival 
Method of 

Years Measuring range mean 
Location (number) Sunrival (%I (%I 

Big Qualicum River, 

Nile Creek, C a ~ d a  

Hook Nose Creek, Gmda 

Kaqmisky Spring, Bolshaya 
River, U. S. S. R 

Khor River, U. S. S.R. 

Five trihtaries of the 
Mur River, U. S. S. R. 

MePnu River, Japan 

4 dcrwnstream 5.0-17.0 11.2 
migrant fry 
counts 

- examination 25.0-30.0 - 
of redds at 
hatching 

3 downstream 16.2-34.4 27.6 
migrant fry 
counts 



stomachs (4%) o r  con ta ined  i n v e r t e b r a t e s  (2%) .  F ranc isco  concluded t h a t  1  i t t l e  
f eed ing  occurs  i n  t h e  D e l t a  R i v e r  p r i o r  t o  ou tm ig ra t i on .  T im ing  o f  f a l l  chum 
salmon f r y  o u t m i g r a t i o n  may v a r y  s i g n i f i c a n t l y  f rom one y e a r  t o  t h e  n e x t .  
S tud ies  o f  t h e  D e l t a  R i v e r  p o p u l a t i o n  i n  1976 and 1977 i n d i c a t e  o u t m i g r a t i o n  
peaks which d i f f e r  by n e a r l y  a  month. Ou tm ig ra t i on  peaked i n  mid-May i n  1976 
b u t  was p r i o r  t o  25 A p r i l  i n  1977 (F ranc isco  1977, F ranc isco  and Dinneford 1977). 
I n  bo th  years ,  peaks i n  o u t m i g r a t i o n  were assoc ia ted  w i t h  h i g h  wa te r  l e v e l s .  I t  
i s  l i k e l y  t h a t  e a r l y  emerging f r y  r e s i d e  i n  t h e i r  n a t a l  streams u n t i l  i nc reased  
water  f l ows  occur .  Dur ing  t h i s  p e r i o d  t hey  may beg in  t o  f eed  on i n v e r t e b r a t e s  
once t h e i r  yo1 k  supply  i s  exhausted. 

B u k l i s  (1983b) es t imated  t h a t  t h e  peak i n  summer chum salmon o u t m i g r a t i o n  f rom 
the  Anv ik  R i v e r  t o  t h e  lower  Yukon R i v e r  occur red  i n  e a r l y  June i n  1982, a l though  
f r y  were cap tu red  i n  t h e  Anv ik  R i v e r  as  l a t e  as 21 J u l y .  The average l e n g t h  o f  
f r y  sampled on 22 May and 21 J u l y  was 36 mm and 58 mm, r e s p e c t i v e l y .  

A  j u v e n i l e  salmon s tudy  was conducted by t h e  U.S. F i s h  and W i l d l i f e  Se rv i ce  (USFWS) 
i n  t he  mai nstern Yukon R i v e r  near  t h e  con f luence  of t h e  Hodzana R i v e r  i n  1965 
f rom l a t e  A p r i l  th rough l a t e  August w i t h  a  v a r i e t y  o f  cap tu re  gear (Gissberg and 
Benning 1965). J u v e n i l e  chum salmon catches peaked d u r i n g  t h e  f i r s t  week o f  June 
when wa te r  l e v e l  was h i ghes t ,  a l though  t h e  f a s t  j u v e n i l e  chum salmon was cap tu red  
on 28 August. Average s i z e  f o r  d u r a t i o n  o f  t h e  s t udy  was 39 mm. The h i g h e s t  
weekly average l e n g t h  was 40 mm, and t h e  l owes t  was 38 mm. I t  i s  assumed because 
of t h e  cap tu re  l o c a t i o n  t h a t  j u v e n i l e  chum salmon cap tu red  were f a l l  chum salmon 
from t h e  Porcupine R i v e r  d ra inage  and o t h e r  upper Yukon R i v e r  spawning areas. 

Gissberg and Benning (1965) found j u v e n i l e  chum salmon d ispersed  across t h e  Yukon 
R i v e r  w i t h  r e s u l t s  t h a t  i n d i c a t e d  some were deep as w e l l  as near  t h e  su r face .  A 
s i m i l a r  f i n i d n g  was made by Ba r t on  (1979),  who conducted j u v e n i l e  salmon s t u d i e s  
i n  t h e  Yukon R i v e r  near  t h e  con f luence  of t h e  Anuk R i v e r  f rom 7  June through 7  
J u l y  1977. A 7  m deep hand-operated purse  se ine  was used t o  sample a  c ross  sec- 
t i o n  o f  t h e  Yukon R iver .  J u v e n i l e  chum salmon were cap tu red  i n  s i m i l a r  numbers 
a t  a l l  s t a t i o n s  ac ross  t h e  r i v e r .  Peak catches were made i n  mid-June, and s i z e  
ranged f rom 31 t o  58 mm w i t h  a  mean o f  41 mm. Water temperature was 9" t o  1 1" C 
du r i ng  t h e  p e r i o d  o f  peak catches. Low numbers o f  j u v e n i l e  chum salmon were La?- 
t u r e d  a f t e r  24 June. Both summer and f a l l  chum salmon cou ld  have been cap tu red  
a t  t h i s  lower  Yukon R i v e r  sampl ing s t a t i o n .  

Peak catches of j u v e n i l e  summer chum salmon i n  t h e  Chena R i v e r  i n  1982 occur red  
w i t h  peak wate r  f l ow on 7  May ( J e r r y  S t roeb le ,  USFWS, personal  communicat ion).  
Summer chum salmon l e n g t h s  ranged f rom 28 t o  40 mm w i t h  a  mean l e n g t h  o f  36 mm. 
Method of cap tu re  i n  t h i s  s tudy  was t h e  i n c l i n e d  p lane  t r a p ,  which samples t h e  
upper meter  o f  t h e  wa te r  column. 

Resu l t s  from these s t u d i e s  r evea l  t h a t  b o t h  summer and f a l l  chum salmon outnr igra- 
t i o n s  t end  t o  be c o r r e l a t e d  w i t h  inc reased  o r  peak wate r  f lows f o l l o w i n g  s p r i n g  
breakup, r e s u l t i n g  i n  s i m i l a r  t i m i n g  among areas. Ou tm ig ra t i on  appa ren t l y  v a r i e s  
annua l l y ,  depending upon peak wate r  f l o w ,  b u t  g e n e r a l l y  ranges w i t h i n  t h e  p e r i o d  
o f  about  m i d - A p r i l  th rough  mid-June th roughou t  t h e  Yukon R i v e r  dra inage.  Based 
on comparisons of s i m i l a r i t i e s  i n  t i m i n g  and s i z e  o f  ou tm ig ran ts ,  as w e l l  as  
d i f f e r e n c e s  i n  t i m i n g  and h a b i t a t  requ i rements  o f  summer and f a l l  chum salmon 
spawners, i t  i s  con jec tu red  t h a t  embryonic development o f  summer chums i s  r e t a r d e d  



by colder water temperatures on the i r  spawning grounds in comparison to  f a s t e r  
development of f a l l  chums in warmer, spring-fed water. However, i t  i s  probable 
that thermal unit requirements are  similar for both races, which resu l t s  in 
similar timing of emergence and subsequent outmigrations throughout the Yukon 
River drainage. 

Outmigrating juvenile chum salmon may be present in the river fo r  a prolonged 
period in view of the extensive s ize of the Yukon River drainage. Levanidov a n d  
Levanidova (1957, cited in Gissberg and Benning 1965) found minimum size chum 
salmon present in the Amur River throughout a 2-112 month downstream migration 
and suggested that migrating f ish were continually replaced by newly hatched f i sh .  
The consistent s ize of juvenile chum salmon in the Yukon River during June, J u l y ,  
and August of 1965 led Gissberg and Benning (1965) t o  the same conclusion. 

Dispersion and continued migration of juvenile chum salmon from the Yukon River 
once they reach the Bering Sea i s  n o t  known. Barton (1979) during Outer Continental 
Shelf investigations in 1976 and 1977, found some evidence to indicate that  neither 
juvenile pink nor chum salmon are  present in the immediate nearshore coastal areas 
of Norton Sound by mid-July. Merritt and Raymond (1983) made similar observations 
in Kotzebue Sound in 1980. They stated that  a f a i lu re  t o  catch juvenile chum 
salmon in the nearshore waters of Kotzebue Sound a f t e r  7 July suggested that  they 
had moved to  deeper water. Sano (1966) reported tha t  schools of chum salmon f ry  
are found along the en t i re  coast of northern Japan during the period of April to  
June. Some depart the coast in early July and most by August. Sano s ta tes  that  
nearly a l l  f ry  leave coastal waters by mid-August. Straty ( 1  981 ) reported small 
numbers of chum salmon juveniles were captured in coastal waters of Bristol Bay as 
early as mid-June in 1967. However, they did not become abundant until  a f t e r  mid- 
July. They remained abundant along the southeastern coast of Bristol Bay seaward 
of 159"W through August and until mid-September in 1969 and 1970. 

Ocean Reari ng Areas and Migration Patterns 

There a re  no data to  indicate that  the marine 1 i f e  history features of Yukon River 
f a l l  chum salmon d i f fe r  s ignif icant ly from summer chum salmon, including ocean 
residence time, dis t r ibut ion,  and migration patterns. The most recent comprehen- 
sive review of offshore chum salmon dis t r ibut ion i s  by Neave e t  a l .  (1975), in 
which the resul ts  of INPFC offshore tagging in the North Pacific Ocean from 1955 
to 1971 are  summarized. 

After spending several weeks nearshore, possibly in southern Norton Sound, juvenile 
chum salmon from the Yukon River apparently move seaward in l a t e  summer and through- 
out the autumn. In winter, the juveniles along with other immature chum salmon 
rearing in the Bering Sea, migrate southward into the Gulf of Alaska and North 
Pacific Ocean. In l a t e  May or June of the following summer the pattern i s  reversed, 
with immature chum salmon moving northward to  summer feeding areas in the central 
Bering Sea. 

INPFC tagging resul ts  from 1955-1979 have been examined to identify f a l l  chum 
salmon tag recoveries with reasonable certainty.  Fifty-one maturing Yukon River 
chum salmon (recovered in the same year as tagging) were identified as f a l l  chums 
by examining the location and time of recapture (Appendix Table 1 ) .  Four immature 
chum salmon (recovered in years subsequent to  the year of tagging) were identified 



as Yukon River f a l l  chums (Appendix Table 1 ) .  The approximate location of o r i -  
ginal tagging (Figure 3)  indicates  t ha t  fa1 1 chum salmon a r e  dispersed extensively 
in the Gulf of Alaska. The concentration of tag re turns  from the  Unimak, Unalaska 
Island area i s  probably a function of g rea te r  tagging e f f o r t  applied the re ,  and 
not because of an unusual abundance of chum salmon. 

The d i s t r i bu t i on  of f a l l  chum salmon of Yukon River or ig in  i s  apparently extensive 
throughout the Gulf of Alaska, extending eastward t o  a t  l e a s t  140°W and south to  
44"N. One maturing f a l l  chum salmon was tagged in the Bering Sea in  July a t  60°N, 
174"E, we1 1 west of the International  Date Line a t  180". A recent  recovery has 
extended the known range of chum salmon by several hundred miles t o  the  southwest. 
The f i sh  was released on 11 May 1982 by a Japanese long1 ine research vessel a t  45" 
26'N, 178" 301W, in the area of the Japanese landbased d r i f t n e t  salmon f i shery  a s  
i t  existed before 1978 (Harris  1982). The f i s h  was recovered 1 October 1982 a t  
Ruby, mile 580 ( k m  933) of the  Yukon River. 

Y U K O N  RIVER FALL CHUM SALMON FISHERIES 

Commerci a1 Fishery 

Commercial salmon f ishing in Alaska i s  a1 lowed along 1,200 mi (1,930 km) of the 
mainstem Yukon River and the lower 200 mi (320 km) of the Tanana River. An ac t ive  
b u t  much smaller f a l l  chum salmon f i shery  a l so  e x i s t s  i n  the Yukon Ter r i to ry ,  
Canada. The present d i s t r i c t  boundaries f o r  Alaska were es tabl ished in 1961 and 
redefined in 1962, 1974, and 1978. The commercial f i sh ing  area i s  divided i n to  
s i x  d i s t r i c t s  f o r  management and regulatory purposes. The Lower Yukon area (lower 
3 d i s t r i c t s )  includes the coastal waters of the  area and the r i ve r  proper from the  
mouth t o  Old Paradise Village, r i ve r  mile 301 ( k m  484). The Upper Yukon area 
(upper 3 d i s t r i c t s )  i s  defined as the drainage upstream of Old Paradise Village 
t o  the  U.S./Canada Border including the  Tanana River. The d i s t r i c t s  a r e  f u r t he r  
subdivided i n to  10 subd i s t r i c t s  (Figure 4) and 25 s t a t i s t i c a l  areas f o r  regulatory 
purposes, and t o  f a c i l i t a t e  accurate harvest  report ing.  

Commercial catches of fa1 1 chum salmon in the  Yukon area have been accurately 
documented s ince  1961, when 42,461 f i s h  were harvested in D i s t r i c t  1 (Table 3 ) .  
Comercial f i shing f o r  f a l l  chum salmon during the ea r ly  1960's was confined t o  
D i s t r i c t  1 .  In the ea r ly  years methods of harvest were r e l a t i ve ly  unsophisticated, 
and the pace of the f i shery  was slow. Fishing was allowed on a 4 day per week 
bas i s ,  and the majority of fishermen used s e t  g i l l n e t  gear which was operated from 
outboard powered s k i f f s .  Net r e e l s  o r  r o l l e r s  were not used. Only 71 fishermen 
par t ic ipated in the f a l l  chum salmon f i shery  in 1961, and the  estimated value of 
the harvest t h a t  year was $15,000. Fewer than one-third of those who par t ic ipated 
in the chinook salmon f i shery  a l so  f ished f o r  f a l l  chum salmon. 

Commercial harvest f o r  the period 1961 -68 average 41,400 fa1 1 chum salmon annual l y ,  
excluding 1963, when no harvest was taken. Since 1969, however, the  Yukon River 
f a l l  chum salmon f i shery  has experienced rapid growth in  terms of catch,  numbers 
of fishermen, processing and tendering capabi 1 i t y ,  and overall  demand on the  
resource. Commercial harvest in the  Alaska portion of the drainage averaged 
337,450 f a l l  chum salmon f o r  the recent  5-year (1979-1983) period (Table 3 ) .  Ex- 
vessel value of the  catch t o  fishermen was $719,800 in 1983. Commercial f i shing 



F i g u r e  3. O f f sho re  t a g g i n g  l o c a t i o n s  o f  Yukon R i v e r  f a l l  chum salmon, 1956-1 979. 



Figure 4. ?Asp of the  Alaska portion of the  Yukon River, showing fishing d i s t r i c t  boundaries. I 



Eble 3. Yukon River commercial salmon harvest by species, 1961-1983 l. 

sumel F a l l  
Year Chinook Chm Chum Coho mer Total 

5-Year 
Average 142,246 924,479 337,450 20,017 2 1,424,194 
(1979- 
1983) 

Alas= only, does not include Canadian harvest, 
Includes "equivlent sdlmnn converted f ran roe sales for the years 197&-1983, 
Conversion factor of one pimd roe equal to one chum salmon was used. 
Pink and sockeye salmon. 
PrePiSninary data. 



f o r  f a l l  chum salmon in the Canadian portion of the  drainage occurs primarily 
near Dawson. The recent  5-year (1 979-1 983) average commercial harvest i s  14,100 
f a l l  chum salmon. A record Canadian comnercial harvest of 26,000 f a l l  chum 
salmon was taken in 1983. 

Quotas or  harvest l im i t s  had not been established f o r  f a l l  chum salmon r i o r  t o  
the 1973 fishing season. The Alaska Department of Fish and Game (ADF&G 7 estab- 
l ished a maximum "harvest goal" of 250,000 f i s h  in  1973 in recognition of the 
development of the f a l l  chum salmon f i shery ,  and t o  es tab l i sh  a fixed upper harvest 
l im i t  unt i l  more information could be obtained concerning stock productivi ty and 
sustained yie ld  potent ia l .  A t  the same time, fishincj e f f o r t  in the  upper r i ve r  
increased, due t o  the increasing pr ice  of salmon and the development of markets 
outside of Alaska. Acknowledging development of the upriver commercial f i shery  
and the de s i r e  of fishermen in the upper portion of the drainage fo r  increased 
commercial f i shing oppor tuni t ies ,  the Board of Fish and Game adopted several major 
regulat ion changes pr ior  t o  the 1974 f i sh ing  season. The s i z e  of D i s t r i c t  4 was 
reduced t o  t h a t  portion of the drainage from the mouth of the Bonasila River up- 
stream to  the mouth of I l l i n o i s  Creek a t  Kallands. D i s t r i c t s  5 and 6 were created,  
and salmon catch quotas were established which resulted i n  an a l loca t ion  of 200,000 
f a l l  chum salmon t o  D i s t r i c t s  1 ,  2, and 3,  and the remaining 50,000 t o  D i s t r i c t s  4 ,  
5, and 6. Sound biological information regarding stock s t a t u s  and d i s t r i bu t i on  of 
spawning populations was not avai lable  a t  tha t  time, and, a s  a r e s u l t ,  the 250,000 
fa1 1 chum salmon quota was based more on h i s to r ica l  harvest than on biological 
considerations. Allocations were made on the  basis  of the  amount and geographic 
d i s t r ibu t ion  of f i sh ing  e f f o r t  r a the r  than on s i z e  and d i s t r ibu t ion  of spawning 
stocks.  

The l a rge s t  commercial harvests s t i l l  occur in the lower 150 m i  (240 k m )  of the 
r i ve r ,  with diminished f ishing e f f o r t  dispersed in the mainstem upper Yukon and 
lower Tanana Rivers. In 1983 f o r  instance,  554 vessels  par t ic ipated in  the f i sh -  
ery in D i s t r i c t s  1 ,  2, and 3, and 66 vessels  par t ic ipated in the f i shery  in Dis- 
t r i c t s  4, 5, and 6 (Table 4 ) .  Set  and d r i f t  g i l l n e t  gear i s  used in  the  lower 
r i ve r ,  while in the upper r i v e r  d i s t r i c t s  fishwheels and s e t  g i l l n e t s  a re  used 
to take salmon. The Commercial Fisheries Entry Program was implemented i n  1976 
t o  s t a b i l i z e  the amount of f i sh ing  gear. Presently about 700 g i l l n e t  permits a r e  
issued year ly  f o r  the Lower Yukon area.  In the  Upper Yukon a rea ,  about 75 g i l l -  
net  and 170 fishwheel permits a r e  issued each year. Fishermen may use u p  t o  50 
fathoms (91 m )  of d r i f t  gi 1 l ne t  or a maximum of 150 fathoms (274 m )  (aggregate 
length) of s e t  g i l l n e t  in the lower r i v e r  d i s t r i c t s ,  Upper Yukon fishermen a r e  
a1 lo t t ed  a maximum of 150 fathoms (274 m )  (aggregate length) of s e t  g i l  l n e t  o r  
one fishwheel. Most fishermen use 6 i n  (15.2 cm) mesh s t r e t ch  measure o r  smaller 
g i l l n e t s  f o r  f a l l  chum salmon. 

Regulations adopted a t  the December 1978 Board of Fisheries meeting replaced the 
quota system with f l ex ib l e  guideline harvest ranges, and reallocated 30,000 f a l l  
chum salmon from the  lower r i v e r  to  Subdis t r i c t  4B of D i s t r i c t  4. The 200,000 
f i sh  quota which had been in e f f e c t  f o r  D i s t r i c t s  1 ,  2 ,  and 3 was replaced by a 
guideline harvest range of 120-220,000 f i s h .  Guideline harvest ranges f o r  upper 
r i ve r  f a l l  chum and coho salmon combined a r e  presently:  D i s t r i c t  4, 10-40,000; 
D i s t r i c t  5, 10-40,000; and D i s t r i c t  6 ,  5,500-20,500. When the f a l l  chum salmon 
i s  of average magnitude, the  Yukon area commercial harvest should approximate 
233,000 f i s h ,  the  mid-point of the guideline harvest range f o r  the  e n t i r e  r ive r .  
If  the r u n  i s  subs tan t ia l ly  below or above average, the commercial catch should be 
near the lower (145,500) o r  upper (320,500) end of the  range. 



Table 4. Number of fishing vessels participating in the Yukon 
River fall chum salmon commercial fishery, 1971-1983'. 

Lower Yukon Area Upper Yukon Area 

D i s t r i c t  D i s t r i c t  
Year 1 Tota l  4 Total  

Actual number o f  f i s h i n g  vessels r e f e r s  t o  those boats ~ h i c h  made 
a t  l e a s t  one de l i ve ry .  Data presented show the  number o f  vessels 
t h a t  operated i n  each d i  s t r i c t .  Some i n d i v i d u a l  f i shi  ng vessel s 
may have operated i n  more than one d i  s t r i c t  dur ing the year. 



Scheduled fishing periods, which are subject to emergency order changes during 
the season, are  uti l ized to regulate commercial harvest in a l l  d i s t r i c t s  and sub- 
d i s t r i c t s .  Allowable fishing time ranges from two 12-hour periods per week in 
portions of Distr ic t  1 and in a l l  of Distr ic t  2 t o  7 days per week in Subdistrict  
5D of Distr ic t  5. Total fishing time allowed during the f a l l  chum salmon season 
in Distr ic t  1 has decreased from an average of 22 days annually for  the period 
1969-1973 t o  only 7 days annually for  the period 1979-1983. Additional regula- 
tions and s t rategies  necessary for conservation of f a l l  chum salmon stocks have 
been imposed. Spl i t  fishing periods each week (as  opposed to a single continuous 
period) dis t r ibute  harvest e f for t  over a greater portion of the run and afford 
additional protection for smaller stocks. Delayed season openings in the Lower 
Yukon area and in some portions of the Upper Yukon area reduces the impact of the 
commercial f ishery on early run stocks. Based on resul ts  from a tagging study 
conducted from 1976 t o  1978 (discussed in a l a t e r  section of th is  report)  Subdis- 
t r i c t  48 and 5A boundaries were redefined in 1980 t o  allow for  harvest regulation 
on a more stock specific basis. These refinements in harvest control have been 
necessitated by the growth and development of the commercial f ishery. 

Subsistence Fi sherv 

A comprehensive household survey i s  made annually by the Division of Commercial 
Fisheries of ADF&G t o  document subsistence harvest. One or more members of 1,071 
fishing families operated approximately 1,200 g i l l  net and 170 fishwheel units for  
subsistence fishing purposes in 1982. Often, the same fishermen take salmon for  
b o t h  commercial and subsistence purposes while using the same unit of gear. 
Chinook and chum salmon are the most important species taken for subsistence 
purposes. Only small numbers of pink and coho salmon are  taken. Chinook salmon 
are  uti l ized almost exclusively for human consumption, while chum salmon are  pri-  
marily fed to  sled dogs. 

I n  recent years, subsistence f a l l  chum salmon harvest has increased due t o  increased 
fishing e f fo r t  as a resul t  of development of the upper Yukon River commercial f ish-  
ery and the increasing numbers of recreational sled-dog teams. Approximately two- 
thirds of the total  Yukon River subsistence chum salmon harvest i s  composed of 
summer chums. Fall chum salmon are  of greater importance than summer chum salrnor: 
for subsistence use upstream of the Koyukuk River, where they compose an estimated 
60-75% of the total  subsistence salmon harvest. 

Fall chum salmon subsistence harvest in Alaska during the period 1961-1963 ranged 
from 36,000 to 233,000 f ish annually. The recent 10-year (1974-1983) average fa1 1 
chum salmon subsistence harvest in the Alaska portion of the drainage i s  135,266 
f ish (Table 5 ) .  Fluctuations in annual harvest usually are at t r ibuted to variable 
run magnitude. However, between 1979 and 1983 harvest has increased dramatically 
in the Upper Yukon area, especially in Dis t r ic t  5. 

The subsistence fishery in the Canadian portion of the drainage occurs primarily 
in the mainstem Yukon River from Dawson t o  Carmacks. Fishing also occurs in the 
Pel ly ,  Stewart, and Porcupine (Old Crow) River drainages. Fishing gear consists 
primarily of g i l l  nets and a few fishwheels. Annual Canadian subsistence harvest 
has ranged from 3,100 to 13,500 f a l l  chum salmon fo r  the period 1974-1983, with a 
10-year average (1  974-1 983) of 8,525 f i sh  (Table 5) .  The Canadian subsistence 
harvest i s  d i f f i c u l t  t o  adequately monitor and may be substantially greater than 
reported. 



Table 5. Oammercial and subsistence harvest of Yukon River f a l l  chm salmon, 1974-1983 

Cammercial Harvest Subsistence Harvest Total Harvest ---------- - - --- -- ----I--.--------------- 

Year Alaska Canada Tbtal Alaska Canada lbtal Alaska CaMda mtal 

10-Year 
Average 291,170 
(1974 - 
1983) 

Includes "equivalent salmonn converted f ran roe sales for  the years 1978-1983. Conversion factor 
of one pound roe equal to one chm salmon was used. 

2 Subsistenae harvest of chun salmon was not distinguished between summer and f a l l  runs for period 
1974-1976. Chum salmon subsistence harvest was 36.4% f a l l  chum i n  1977 and 35.0% in 1978. 'Ihe 
average for these two years (35.7%) was applied t o  t o t a l  chun salmon subsistence harvest for each 
year, 1974-1976, t o  estimate f a l l  chun salmon subsistence harvest. Documented Canadian harvest 
was subtracted £ran estimated t o t a l  harvest t o  determine the  Alaska f a l l  chm salmon subsistence 
harvest. 

Prmeliminary data. 



Subsistence has been designated by the Legislature (State  Law 151 ) as the highest 
pr ior i ty  among uses of f ish and game resources in the State of Alaska. The com- 
mercial fishery i s  regulated on  the assumption tha t  a harvestable surplus ex is t s  
a f t e r  providing for  spawning ground and subsistence ut i l izat ion requirements. 
Except in areas where intensive commercial f i sher ies  occur, the subsistence f i sh-  
ery i s  subject t o  few restr ic t ions in order to  give preference to  subsistence 
users. The majority of Yukon River fishermen usually take salmon fo r  both com- 
mercial and subsistence purposes in major commercial fishing areas. Therefore, 
to enforce commercial fishing regulations, i t  i s  necessary t o  place some res t r ic -  
tions on the subsistence fishery. During the commercial salmon fishing season in 
most areas, subsistence fishing i s  allowed only during the open comercial fishing 
periods. During the course of the year, however, substantially more subsistence 
fishing time i s  allowed than commercial f ishing time. 

Current Chal 1 enges to Fisheries Management 

Geiger and Andersen (1983) provide a summary of recent management s t rategies  for  
the Yukon River f a l l  chum salmon fishery. Attainment of the optimum sustained 
yield management goal i s  made d i f f i c u l t  by a number of factors.  Because the f a l l  
chum salmon commercial f ishery has only recently developed and escapements have 
been documented on a comprehensive basis only since 1973, there i s  a lack of ade- 
quate data on which to  evaluate effects  of the fishery. As with the chinook and 
summer chum salmon f isheries ,  managers have relied primarily on in-season analysis 
of comparative comercial catch s t a t i s t i c s  to  determine re la t ive  run strength and 
appropriate management s t rategies  for a given season. Since 1977, t e s t  fishing 
data from the lower Yukon River have been used t o  enhance th i s  information. 

Problems inherent in the use of comparative commercial catch data have become 
particularly apparent in recent years and serve to  l imit  the i r  value and appli- 
cabi l i ty .  Large single period or cumulative catches and high catch-per-unit-effort 
( C P U E )  values do  not necessarily indicate a correspondingly large run because of 
the "pulse" type entry pattern of f a l l  chum salmon into the lower r iver .  Fall chum 
salmon typical ly enter the m o u t h  of the Yukon River in e r r a t i c  and unpredictable 
surges which may l a s t  for  1 to 3 days, followed by periods of u p  t o  several days 
when v i r tua l ly  no f ish enter the r iver .  I f ,  for  example, f ishery openings coincide 
with two or three surges of f ish passing through the lower r iver ,  analysis of C?L:E 
data could indicate a much stronger run than actually exis ts .  Conversely, C P U E  
data would indicate a smaller r u n  than was actually in progress i f  fishing periods 
occurred between peaks in f i sh  passage. 

A second and equally serious problem with use of comparative commercial catch and 
C P U E  data has to do with recent changes in commercial fishing e f fo r t  and efficiency 
of the f l e e t .  Fishing e f fo r t  for  f a l l  chum salmon has increased in recent years, 
especially in Distr ic ts  2 and 3 where the number of fishermen and the commercial 
harvest has doubled since the early 1970's. In addition, the number of major 
processors who remain in operation for the f a l l  chum salmon fishery in the lower 
r iver  has increased from three t o  six since 1972. Tendering capabi l i t ies  during 
the same period show a corresponding increase (approximately 50 tenderboats com- 
pared to the previous 25), allowing fishermen to deliver the i r  catch quickly and 
resume fishing. Competition among buyers has increased both the price and the 
incentive for  fishermen to participate in the fishery. 

Althoug d i f f i c u l t  t o  quantify, i t  i s  apparent that  individual fishermen efficiency 
has also rapidly increased in recent years. Use of CB and VHF radios has allowed 



f ishermen t o  l e a r n  t h e  b e s t  f i s h i n g  l o c a t i o n s ,  which change throughout  t h e  season. 
Perhaps t he  s i n g l e  most impo r tan t  f a c t o r  i n  t he  growing e f f i c i e n c y  o f  t h e  f l e e t  
has been t h e  recen t  and r a p i d  s h i f t  by  f ishermen f rom t h e  use o f  s e t  g i l l n e t s  t o  
d r i f t  g i l l n e t s ,  t h e  r e s u l t  of which has been a  dramat ic  i nc rease  i n  p r o f i c i e n c y  
and m o b i l i t y .  Th is  s h i f t  has compl icated management o f  t h e  f i s h e r y  because t h e  
comparat ive ca t ch  da ta  upon which many management dec i s i ons  were made were based 
on t he  h i s t o r i c  performance o f  a  s e t  g i l l n e t  f i s h e r y .  Catch data generated now 
by a  f l e e t  us i ng  l a r g e  amounts of  d r i f t  g i l l n e t  gear a r e  n o t  d i r e c t l y  comparable 
because of t h e  g r e a t e r  e f f i c i e n c y  of t h a t  gear type.  

Tes t  f i s h i n g  w i t h  s e t  g i l l n e t s  appears t o  be a  b e t t e r  i n d i c a t o r  o f  r u n  magnitude 
than comparat ive commercial ca tch  s t a t i s t i c s  (Brady 1984). Tes t  g i  1  l n e t t i n g  has 
been c a r r i e d  o u t  s i nce  1977 i n  t he  south mouth near Emmonak and i n  t h e  midd le  
and n o r t h  mouth areas s i nce  1980. Annual v a r i a t i o n s  i n  t e s t  f i s h i n g  s i t e s  caused 
by bank e ros ion ,  changing wate r  l e v e l s ,  and presence o r  absence of  d r i f twood,  
however, may a f f e c t  f i s h i n g  success and t h e  c o m p a r a b i l i t y  o f  t e s t  f i s h i n g  i n d i c e s .  
S i m i l a r  problems may occur  i n  t he  upper Yukon R i v e r  where t e s t  f i s h i n g  has been 
conducted f o r  o n l y  3  years  us ing  f i shwhee ls .  

F i she ry  managers must t ake  i n t o  account  t h e  f a c t  t h a t  i n t e n s i v e  f i s h i n g  e f f o r t  
occurs throughout  1,400 m i  (2,250 km) i n  t h e  main Yukon and lower  Tanana R ivers .  
Stocks a r e  s u b j e c t  t o  cap tu re  gear f o r  cons ide rab l y  g r e a t e r  amounts o f  t ime  than 
i n  most o t h e r  salmon f i s h e r i e s  i n  t he  S t a t e  o f  Alaska. Fa1 1  chum salmon m i g r a t i n g  
t o  spawning areas i n  t h e  Porcupine R i v e r  dra inage may be exposed t o  as much as 22 
days o f  commercial f i s h i n g  e f f o r t  and 28 days o f  subs is tence f i s h i n g  e f f o r t .  

STOCK COMPOSITION AND RUN TIMING 

Taa and R e c a ~ t u r e  Studv. 1976-1 978 

Tagging was conducted near t he  v i l l a g e s  o f  Galena, Ruby, and Tanana between 1976 
and 1978 t o  determine whether upper Yukon, Porcupine, and Tanana R i v e r  f a l l  chum 
salmon s tocks  cou ld  be d i s t i n g u i s h e d  by bank o r i e n t a t i o n  o r  r u n  t i m i n g  i n  t h e  
midd le  Yukon R i v e r  area ( B u k l i s  1981). Fishwheels were operated th roughout  t h e  
f a l l  chum salmon r u n  each year .  One f i shwhee l  was l o c a t e d  on t h e  n o r t h  bank and 
one on t he  south bank o f  t h e  Yukon R i v e r  a t  Galena i n  1976. I n  a d d i t i o n ,  a  t h i r d  
f ishwheel  was operated on t he  south bank a t  Ruby i n  1977. Tagging e f f o r t  was 
s h i f t e d  u p r i v e r i n  1978, w i t h  f o u r  f i shwhee l s  operated i n  t he  f o l l o w i n g  l o c a t i o n s :  
south bank a t  Ruby, n o r t h  bank a t  Tanana, and one each on t h e  n o r t h  and south bank 
of t he  Yukon R i ve r  48 km above Tanana. Each f ishwheel  was equipped w i t h  a  l i v e b o x  
t o  h o l d  t he  f i s h  u n t i l  they  cou ld  be tagged and re leased.  Captured f a l l  chum s a l -  
mon i n  good c o n d i t i o n  were tagged w i t h  an i n d i v i d u a l l y  numbered Petersen d i s c  tag .  
A $2.00 reward was p a i d  f o r  each t a g  r e t u r n e d  by f ishermen w i t h  date,  l o c a t i o n ,  
and method of recovery  i n fo rma t i on .  I n  a d d i t i o n ,  Department b i o l o g i s t s  conducted 
spawning ground surveys i n  October and November of  each yea r  t o  recover  tagged f i s h  
t h a t  had escaped t h e  f i s h e r y .  

A t o t a l  o f  1,217 f a l l  chum salmon were tagged i n  1976, 5,359 i n  1977, and 9,668 
i n  1978 (Tab le  6) .  Tag recove r i es  t o t a l e d  608 (50%) i n  1976, 1,951 (36%) i n  1977, 
and 4,682 (48%) i n  1978. The m a j o r i t y  o f  t h e  f i s h  recovered each yea r  were taken 
by f i shwhee ls .  Tag r e t u r n s  by commercial f ishermen ranged f rom 30% t o  62% o f  a l l  
recover ies ,  w h i l e  subs is tence f ishermen c o n t r i b u t e d  between 30% and 56% o f  a l l  



Table 6. Number o f  f a l l  chum salmon tagged a t  each Yukon R i v e r  f ishwheel s i t e ,  
1976-1 978. 

Year R i ve r  Bank Loca t i on  Number Tagged 

1976 Nor th  
South 

1977 Nor th  
South 
South 

1978 No r th  
No r t h  
South 
South 

Ga 1 ena 
Gal ena 

Sub to ta l  

Galena 
Ga 1 ena 
Ruby 

Sub to ta l  

Tanana V i  11 age 
30 mi  above Tanana 
29 mi  above Tanana 
Ruby 

Sub to ta l  



returns for each year (Table 7 ) .  Only 4 tags were returned by sport fishermen 
in the course of the 3-year study. Spawning g round  surveys conducted by Depart- 
ment biologists on the Sheenjek and Fishing Branch Rivers, t r ibutar ies  of the 
Porcupine, produced only 2 tag recoveries in 1976, 4 in 1977, and 13 in 1978. 
An average of 1 tagged fish was recovered for  every 2,600 f a l l  chum salmon exam- 
ined. More time was spent surveying the Tanana River spawning grounds and more 
tags were recovered than from the Porcupine River drainage. The Toklat and 
Delta Rivers, t r ibutar ies  of the Tanana, produced 28 tag recoveries in 1976, 
102 in 1977, and 86 in 1978. An average of 1 tagged f ish was recovered for  every 
250 f a l l  chum salmon examined during the 3-year study. 

Three hundred for ty-f ive (57%) of the tag returns in 1976 and 610 (31 % )  of the 
tag returns in 1977 were recovered below the Yukon-Tanana confluence. These 
returns cannot be identified by stock. However, the dis t r ibut ion of the remainder 
of the recoveries indicates a significant difference in bank orientation. Seventy- 
nine percent of the f a l l  chum salmon recovered in the upper Yukon and Porcupine 
Rivers in 1976 had been tagged on the north bank, 21% on the south bank. Con- 
versely, 86% of the f a l l  chum salmon recovered in the Tanana River had been tagged 
on the south bank of the Yukon River, only 14% on the north bank (Figure 5 ) .  
Similar resul ts  were obtained in 1977. Eight-eight percent of the f a l l  chum 
salmon recovered in the upper Yukon and Porcupine Rivers in 1977 had been tagged 
on the north bank, 12% on the south bank. Conversely, 96% of the f a l l  chum salmon 
recovered in the Tanana River had been tagged on the south bank of the Yukon River, 
only 4% on the north bank (Figure 5 ) .  These resul ts  indicate that  upper Yukon and 
Porcupine River f a l l  chum salmon migrate mostly along the north bank, and Tanana 
River f a l l  chum salmon migrate mostly along the south bank of the Yukon River in 
the Galena-Ruby area. 

Daily f a l l  chum salmon catches by the fishwheels located a t  Galena in 1976 and 
1977 indicated a difference in r u n  timing between the north bank and south bank 
stocks. R u n  timing i s  described by the mean date of passage for  purposes of com- 
parison, following the method of Mundy (1  982). Mean date of passage for the two 
stocks was separated by 5 days in 1976, occurring on the north bank on 27 A u g u s t  
and on the south bank on 1 September, while i t  was separated by 10 days in 1977, 
occurring on the north bank of 24 August and on the south bank on 3 September 
(Figure 6 ) .  These tagging studies indicated that  upper Yukon and Porcupine River 
f a l l  chum salmon stocks migrate through the Galena area ea r l i e r  than Tanana River 
stocks . 
Objectives of the study were expanded in 1978 to determine whether upper Yukon and 
Porcupine River f a l l  chum salmon stocks could be distinguished. Three fishwheels 
were operated a t  or above Tanana Village, Approximately 95% of the tag returns 
from these 3 tagging s i t e s  were recovered on the Yukon River below the Porcupine 
confluence. Too few f ish were recovered above the Yukon-Porcupine confluence. 
Too few f i sh  were recovered above the Yukon-Porcupine confluence to  allow for  any 
meaningful stock separation analysis,  and th i s  portion of the 1978 study proved 
unsuccessful. 

Tag returns from a fourth fishwheel operated in 1978 and located on the south bank 
of the Yukon River a t  Ruby confirmed the resul ts  of the 1976 and 1977 tagging 
studies. Twenty-nine percent of the f a l l  chum salmon tag returns from the Ruby 
tagging s i t e  were recovered below the Yukon-Tanana confluence 66% within the 
Tanana River drainage, and only 5% within the upper Yukon and Porcupine River 



Table 7. Yukon River fall chum sdLmon tag recoveries, 1976-1978. 

1976 

N % 

Ccxnnercial Fishery 376 62 

Subsistence Fishery 185 30 

Sport Fishery 0 0 

Spawning Ground Survey 31 5 

Unknown Source 16 3 

Total 



F i g u r e  5 . Recovery o f  f a l l  chum salmon i n  t h e  upper  Yukon R i v e r  (above)  
and i n  t h e  Tanana R i v e r  ( b e l o w )  t h a t  were o r i g i n a l l y  tagged  on 
t h e  n o r t h  and s o u t h  bank o f  t h e  Yukon R i v e r  i n  t h e  Galena-Ruby 
a rea ,  1976 and 1977. 
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F i g u r e  6 .  Run t i m i n g  o f  f a l l  chum salmon a l o n g  t h e  n o r t h  and s o u t h  bank 
o f  t h e  Yukon R i v e r  a t  Galena i n  1976 and 1977 as i n d i c a t e d  by 
d a i l y  t a g g i n g  s t u d y  f i shwhee l  c a t c h e s .  Dashed l i n e  i n d i c a t e s  
t h e  mean d a t e  o f  passage f o r  each y e a r  and s i t e .  
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drainages. Th i s  i n d i c a t e s  once aga in  t he  south bank o r i e n t a t i o n  o f  Tanana R i v e r  
s tocks  i n  t he  Ruby area. 

Regulat ions were adopted by t h e  Board of  F i s h e r i e s  i n  1980 based on t h e  r e s u l t s  
o f  t h e  tagg ing  s tudy.  S u b d i s t r i c t  4B boundaries were r e d e f i n e d  such t h a t  Sub- 
d i s t r i c t  4B encompassed o n l y  t h e  n o r t h  bank of  t he  Yukon R i v e r  between Cone P o i n t  
and I 1  1  i n o i s  Creek (Galena-Ruby a rea) ,  w h i l e  the  new S u b d i s t r i c t  4C encompassed 
t h e  south bank (F igu re  4 ) .  P rev ious l y  bo th  banks o f  t he  r i v e r  had been i n  Sub- 
d i s t r i c t  4B. S i m i l a r l y ,  t h e  lower  s e c t i o n  o f  D i s t r i c t  5 was rede f i ned  such t h a t  
S u b d i s t r i c t  5A encompassed t h e  south bank and S u b d i s t r i c t  5B t h e  n o r t h  bank. The 
new boundaries a l l o w  ha rves t  r e g u l a t i o n  on t he  n o r t h  and south bank of t h e  Yukon 
R i v e r  p r o p o r t i o n a l  t o  r u n  magnitude and spawning requi rements f o r  each ma jo r  s tock  
grouping. 

Run Timing and M i g r a t i o n  Rates 

Run t i m i n g  and m i g r a t i o n  r a t e  of fa1  1  chum salmon i n  t h e  Yukon R i v e r  can be e s t i -  
mated us ing  ca t ch  and sonar count  da ta  f rom t h e  lower ,  midd le,  and upper p o r t i o n s  
o f  t he  dra inage i n  1981 and 1982. Timing o f  f a l l  chum salmon e n t e r i n g  t h e  Yukon 
R i v e r  i s  assessed by s e t  g i l l n e t  t e s t  f i s h i n g  catches a t  t h e  B i g  Eddy and Midd le  
Mouth s i t e s  (Brady 1982).  Fishwheel t e s t  f i s h i n g  catches on t he  n o r t h  bank a t  
r i v e r  m i l e  601 (967 km) and south bank a t  r i v e r  m i l e  605 (974 km) near  Ruby, 
index  r u n  t i m i n g  o f  f a l l  chum salmon f o r  t h e  m idd le  p o r t i o n  o f  t h e  Yukon R i v e r  
(Andersen 1983a, 1983b). I n  t h e  upper p o r t i o n  o f  t h e  drainage, escapement sonar 
counts a r e  ava i  1  ab le  f o r  t h e  Sheenjek R i v e r  i n  bo th  years  (Bar ton  1982, 1983), 
w h i l e  an index f o r  the  Tanana R i v e r  i s  a v a i l a b l e  f rom two sources: an exper imenta l  
sonar s tudy  i n  1981 (Bukl  i s  1982), and subs is tence f i s h e r y  catches r e p o r t e d  t o  a  
check s t a t i o n  i n  1982. 

The shape o f  t h e  f requency d i s t r i b u t i o n  changes f rom an e r r a t i c  p a t t e r n  i n  t h e  
lower  r i v e r  t o  a  more un i f o rm  p a t t e r n  u p r i v e r  (F igures  7  and 8 ) .  Several  f a c t o r s  
may accounts f o r  t h i s :  

( 1  ) Weather and environmental  c o n d i t i o n s  t r i g g e r  school s  o f  f a 1  1  chum salmon t o  
e n t e r  t h e  Yukon R i v e r  d e l t a ,  b u t  may be o f  l e s s e r  i n f l u e n c e  on m i g r a t i o n  
t i m i n g  f u r t h e r  u p r i v e r .  

( 2 )  The i n t e n s i v e  commercial f i s h e r y  i n  t h e  lower  r i v e r  removes l a r g e  numbers o f  
f i s h ,  reduc ing  some o f  t h e  peaks i n  abundance t h a t  a r e  seen i n  t e s t  f i s h i n g  
catches i n  t h e  lower  r i v e r  b u t  a r e  n o t  found i n  u p r i v e r  catches o r  escapement 
counts . 

( 3 )  Schools of f a l l  chum salmon a r e  p robab ly  composed of fas t ,  normal, and slow 
swimmers. F i s h  e n t e r i n g  t h e  mouth o f  t h e  Yukon R i v e r  a t  t h e  same t ime would 
thus  become more b road l y  d i s t r i b u t e d  as they  progressed u p r i v e r .  Consequently, 
d i s c r e t e  schools  t h a t  were t empora l l y  separated a t  t h e  mouth p robab ly  demon- 
s t r a t e  l e s s  d i s t i n c t  r u n  t i m i n g  p a t t e r n s  f u r t h e r  u p r i v e r .  

I t  i s  tempt ing  t o  c o r r e l a t e  peak va lues  i n  ca tch  and CPUE f rom lower  r i v e r  t e s t  
f i s h i n g  t o  u p r i v e r  t e s t  f i s h i n g  and escapement enumerat ion da ta  t o  es t ima te  aver-  
age m i g r a t i o n  r a t e .  Examinat ion o f  da ta  ob ta ined  i n  1981 and 1982 (F igures  7  and 
8 )  i l l u s t r a t e  t h a t  i t  i s  n o t  r e a d i l y  apparent how t h i s  can be done. M u l t i p l e  sur -  
ges o f  abundance a r e  e v i d e n t  i n  lower  r i v e r  t e s t  n e t  catches, b u t  corresponding 
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peaks in upriver catches or counts cannot be identified with assurance. Perhaps 
the only valid comparison that  can be made i s  between mean date of catch in lower 
river t e s t  g i l lne ts  and the upper r iver  t e s t  fishwheels, located approximately 
585 mi (940 k m )  upstream near Ruby. Both projects operated throughout the f a l l  
chum salmon migration (except for  the Ruby north bank fishwheel in 1981 ) and 
essentially a l l  spawning stocks migrate through the areas of t e s t  fishing. 

The difference in mean date of passage was 26 days between lower river t e s t  f i sh-  
ing s i t e s  and the Ruby south bank s i t e  in 1981, indicating a migration ra te  of 
22.5 mi (36.2 im) per day (Table 8 ) .  An identical value of 22.5 mi (36.2 k m )  
per day resul ts  from the 1982 catch data. An estimate o f  24.2 mi (38.9 km)  per 
day i s  calculated from the difference in mean dates between the lower river t e s t  
fishing s i t e  and the Ruby north bank s i t e  in 1982. The migration ra te  averaged 
23 mi (37 kin) per day for  these three comparisons of mean catch dates (Table 8 ) .  

Stock Separation Based on Migration Rate Analysis 

Estimated dates of peak spawning for  f a l l  chum salmon a t  seven major spawning 
locations throughout the Yukon River drainage range from 30 September to  20 
October and are  summarized in Table 9, along with the approximate distance in 
river miles to  each respective spawning area from the south mouth of the Yukon 
River a t  Flat  Island. Estimates of average upstream migration rates of f a l l  chum 
salmon based on several tagging studies a re  as follows: (1)  21.1 mi (34 km) per 
day between Ohogamiut and Rampart (Trasky 1983) ; ( 2 )  21.6 mi (35 km) between 
Galena and Ruby (Mauney and Geiger 1977) ; (3)  20 to 24 mi (32 t o  39 km) per day 
between Rampart and Fishing Branch River (Elson 1975); and ( 4 )  17.6 mi (28 km) 
per day upstream of Dawson (Brock 1976). 

These estimates are  based on tag and recapture studies conducted in the mainstem 
Yukon and Porcupine River of traveling f ish which have not yet arrived a t  the i r  
respective spawning grounds. Stream residence i s  not considered to  have been a 
bias affecting these estimates. To i l l u s t r a t e ,  Mauney and Geiger (1977) reported 
migration rates of 13.7 to  16.2 mpd (22 to  26 km pd )  for  fa l l  chum tagged in the 
mainstem Yukon River, with subsequent tag recoveries from the spawning grounds, 
often from carcasses or  moribund f i sh .  I t  i s  l ikely that  the actual upstream migra- 
tion ra te  of f ish enroute to  the spawning areas was greater than indicated because 
recovered tagged f ish had spent an unknown amount of time in the stream. I t  i s  
assumed, for  purposes of the following discussion, that  average migration ra te  i s  
similar for  a l l  stocks while enroute t o  the i r  respective spawning areas. I t  i s  
also recognized that  swimming ra te  values obtained from tagged salmon must be 
viewed with caution because of the unknown, b u t  perhaps s ignif icant ,  behavioral 
changes that  may be induced by capture and tag deployment. Migratory rates from 
the tagging studies are generally in conformance with the r a t e  estimated from 
t e s t  fishing catches discussed in the preceding section of th is  report. There- 
fore ,  for  the purposes of th i s  discussion, the value of 23 mi (37 km) per day i s  
assumed to be the best estimate of average f a l l  chum salmon migratory ra te  in 
the main Yukon River. 

Although peak spawning dates may vary annually (Table 9 ) ,  a point estimate i s  
given for each area based on a subjective evaluation of a l l  available escapement 
data, largely provided from aerial  survey observations since the early 1970's. 
For th is  discussion, peak spawning i s  considered to be when not less  than 50% of 



Table 8. Migration rate of f a l l  chun salmon i n  the Yukon River based on test f ishing catch data, 
1981 and 1982. 

Year Fran 
Timing Migration 

Distance Difference Rate 
(Miles) (Days ( M i l  es/Day 1 

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

1981 Big Eddy and Middle Ruby South ~ a n k ~  585 26 22.5 
b u t h  (River Mile 20)' (River Mile 605) 

1982 Big Eddy and Middle Ruby North ~ a n k ~  581 24 24.2 
I 
o Mouth (River Mile 20) (River Mile 601) 
Ch) 
I 

1982 Big Eddy and Middle Ruby South Bank 585 26 22.5 
Mouth (River Mile 20) (River Mile 605) 

I _ - - - - - I - - - - _ C I _ - - - C _ _ L - . - - - L - -  --------- 
Average 584 25.3 23.1 
1----1__----- -- - -- ----- 
I Difference between mean date of passage a t  each location. 

' Set g i l l ne t  test f ishing sites located i n  t he  Yukon River delta. Daily f a l l  chum salmon catch 
£ran both sites pooled, and mean date calculated from the p o l e d  data. 

Fishwheel test fishing site. 



Table  9. R ive r  mileages o f  major  Yukon R ive r  f a l l  chum salmon spawning areas and est imated dates 
o f  peak spawning. 

Spawni ng area Mi leage from Est imated range i n  dates P o i n t  es t imate  
F l a t  I s l a n d 1  o f  peak spawning o f  peak spawni ng 

Chandal a r  R i v e r  (nea r  Venet ie)  1,025 4 t h  week Sep through 1 s t  week Oct Sep 30 

P o r c u ~ i n e  R i v e r  dra inaae:  

Sheenjek R i v e r  ( v i c i n i t y  o f  
Russel 1 ' s c a b i  n-Haystack M t .  ) 

F i  s h i  ng Branch R i v e r  
( Bearcave M t .  ) 

4 t h  week Sep through 1 s t  week Oct 

1 s t  through 2nd week Oct 

Tanana R ive r  drainage: 

T o k l a t  R ive r  ( v i c i n i t y  Sushana R.) 850 2nd through 3 r d  week Oct 

Sep 30 

Oct 10 

Oct 10 

Mai nstem Tanana ( v i c i n i t y  D e l t a  R.) 1,035 4 t h  week Oct through 1 s t  week Nov Oct 30 

Kluane R ive r  ( v i c i n i t y  Q u i l l  Cr.) 1,575 3 rd -4 th  week Oct Oct 20 

Mainstem Upper Yukon R ive r  
( v i c i n i t y  I n g e r s o l  I s 1  ands) 

1,490 3rd-4 th  week Oct Oct 20 

1 * F l a t  I s l a n d  i s  l oca ted  a t  t h e  entrance o f  t h e  south mouth o f  t h e  Yukon R ive r .  



t he  t o t a l  stream p o p u l a t i o n  o f  spawners would be observed. A l though t h e  concept 
o f  a  "peak" spawning p e r i o d  may be an a r t i f i c i a l  one f rom some s tandpo in ts ,  i t  i s  
nonetheless use fu l  f o r  exerc ises  o f  t h i s  k i n d  when i t  i s  c l e a r  t h a t  a  d i f f e r e n c e  
i n  t ime of spawning does occur  between s tocks .  

To examine t i m i n g  of a r r i v a l  of  va r i ous  f a l l  chums salmon s tocks  a t  t h e  mouth o f  
t he  Yukon R i ve r ,  a  m i g r a t i o n  r a t e  o f  l e s s  than  23 mpd (37 km pd)  should be used 
s i nce  t i n l i ng  i s  lagged back from es t imated  dates of peak spawninq, which no doubt 
inc ludes  an unknown degree of  stream res idence  b i a s .  Est imated dates o f  50% r u n  
passage f o r  ma jo r  f a l l  chum salmon s tocks  a t  t he  mouth o f  t h e  Yukon R i v e r  based 
on average upstream m i g r a t i o n  r a t e s  of 15 and 20 mpd (24  and 32 km pd)  were c a l -  
c u l  ated. Based on 15 mi (24 km) pe r  day, da te  o f  50% passage a 1  F l a t  I s l a n d  near 
the  south mouth o f  t h e  Yukon R i v e r  v a r i e d  f rom 22 J u l y  t o  9  August (Table 10) .  A 
mul t imodal  e n t r y  p a t t e r n  o f  f a l l  churn salmon s tocks  i n t o  t h e  Yukon R i v e r  i s  hypo- 
t hes i zed  ( F i g u r e  9 ) ,  w i t h  F i s h i n g  Branch R i v e r  s tocks  a r r i v i n g  f i r s t  and upper 
Tanana R i v e r  s tocks  l a s t .  Ac tua l  passage da te  i n  t he  lower  r i v e r  v a r i e s ,  depend- 
i n g  on spawning dates and the  m i g r a t i o n  r a t e  app l i ed .  I n  s p i t e  o f  t h e  drawbacks 
i n  t h e  a n a l y s i s ,  s t ock  t i m i n g  d i f f e r e n c e s  which has s i g n i f i c a n t  management i m p l i -  
c a t i o n s  a r e  i nd i ca ted .  I t  appears t h a t  t h e  f i r s t  f a l l  chum salmon s tocks  a v a i l a b l e  
f o r  commercial e x p l o i t a t i o n  i n  t h e  lower  Yukon R i v e r  a re  those bound f o r  t he  
F i s h i n g  Branch R iver ,  f o l l o w e d  by passage o f  a  c l u s t e r  o f  upper Yukon R i v e r  
s tocks ( i  n c l  u d i  ng t he  Sheenjek R i v e r ) ,  grouped r a t h e r  c l o s e l y  t oge the r .  Tanana 
R i v e r  s tocks  appear t o  e n t e r  t h e  Yukon R i v e r  even l a t e r ,  p o s s i b l y  by as much as 
2 weeks, showing a more d i s t i n c t  t i m i n g  d i f f e r e n c e  than  e a r l i e r  s tocks.  The p re -  
sen t  s t r a t e g y  o f  de layed season openings i n  t h e  lower  r i v e r  d i s t r i c t s  takes t h i s  
a n a l y s i s  i n t o  account,  and a f f o r d s  some p r o t e c t i o n  f o r  e a r l y  r un  s tocks .  

ESCAPEMENT ENUMERATION 

Assessment of Spawning Escapements 

Comprehensive f a l l  chum salmon escapement s t u d i e s  i n  t h e  Yukon R i v e r  dra inage have 
been l i m i t e d  t o  o n l y  t h r e e  streams. I n t e n s i v e  f o o t  surveys were conducted on t h e  
D e l t a  R i v e r  f rom 1973 through 1978 i n  c o n j u n c t i o n  w i t h  impact  assessments of con- 
s t r u c t i o n  o f  t h e  Trans-Alaska O i l  P i p e l i n e  (Trasky 1974, 1976; F ranc isco  1976, 
1977; Franc isco and D inne fo rd  1977; D inne fo rd  1978). A w e i r  was operated on t h e  
F i s h i n g  Branch R i v e r  f rom 1972 through 1975 ( E l  son 1975, 1976). Side-scanning 
sonar has been employed s i nce  1981 on t he  Sheenjek R i v e r  (Bar ton  1982, 1983, 1984). 
Low-level  a e r i a l  surveys from s ing le -eng ine ,  f i xed -w ing  a i r c r a f t  have been t h e  
p r imary  means o f  o b t a i n i n g  f a l l  chum salmon escapement i n f o r m a t i o n  due t o  t h e  
s i z e  of t he  Yukon R i v e r  dra inage and l o g i s t i c a l  and budget c o n s t r a i n t s .  Spawning 
popu la t i ons  have been documented i n  32 Alaskan and 7  Canadian streams o r  s loughs 
and t he  l a r g e s t  documented escapement has ranged from as low as  1  spawner t o  as 
many as 353,282 f i s h  (Table 11 ) .  The Porcupine and Tanana R i v e r s  a re  t h e  two 
most impor tan t  systems f o r  f a l l  chum salmon p roduc t ion .  The most complete escape- 
ment data base, c o l l e c t e d  o n l y  s i nce  1973, i s  a v a i l a b l e  f o r  e i g h t  streams o r  
index  areas i n  t h e  Porcupine and Tanana R i ve r  systems and t h e  Tanana index  i n  
1979 of 203,474 was t he  h i ghes t  observed between 1973 and 1983 (Table 12 ) .  

A e r i a l  survey accuracy i s  dependent upon a  number o f  f a c t o r s  such as weather and 
wate r  cond i t i ons ,  t i m i n g  o f  surveys w i t h  r espec t  t o  peak spawning, t ype  o f  a i r -  
c r a f t ,  survey a l t i t u d e ,  exper ience of b o t h  p i l o t  and observer,  and species o f  



Table  10. Est imated dates o f  50% r u n  passage f o r  major  f a l l  chum salmon stocks a t  t h e  mouth o f  t h e  Yukon 
R ive r  based on peak spawning dates and d i s t a n c e  t o  spawning grounds. 

Spawning s tock  Distance from P o i n t  es t ima te  Days r e q u i r e d  t o  reach spawning Date o f  50% run  passage 
( area)  F l a t  I s 1  and ' peak spawning grounds f rom F l a t  I s 1  and ' a t  F l a t  I s l a n d 1  

(m i les )  (+ - range) 8 15 m ~ d  8 20 mpd 8 15 mpd 8 20 mpd 

T o k l a t  R i v e r  850 10/10 - + 5 days 56 

Chandal a r  R i v e r  1,025 9/30 - + 7 days 6 8 
I 

W 
m I Tanana-Del t a  R i v e r  1,035 10130 - + 7 days 6 9 

Sheenj ek Rf v e r  1,125 9/30 - + 7 days 7 5 

Upper Yukon R i v e r  1,490 10120 - + 5 days 9 9 

Kluane R ive r  1,575 10120 - + 5 days 105 

F i  s h i  ng Branch R i v e r  1,600 10/10 - + 5 days 106 

1 F l a t  I s l a n d  i s  l o c a t e d  a t  t h e  entrance o f  t h e  south mouth o f  t h e  Yukon R ive r .  



PASSAGE AT THE SOUTH MOUTH OF THE YUKON RIVER SPAWNING 
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Figure  9. Passage o f  f a l l  chum salmon s tocks  a t  t h e  sou th  mouth o f  t h e  Yukon R i v e r  based on t i m e  o f  

spawning, d i s t a n c e  t o  spawning grounds, and average upstream m i g r a t i o n  r a t e s  o f  15  and 20 



W e  11. Fall chum saJmn spawning areas in the Yukon River drainage, with 
the largest e s c a p e n t  count during the period 1959-1983 given for 
each area. 

Largest 
Documented S-ey 

Spawning Area Escapement Date Method Rating 

TAWNARIVWDRADWE 

Kantishna River 
Toklat River 
Bearpaw a v e r  mase Creek 
Birch Creek 
McKinlq River 

Nenana Rlver 
Seventeamile Slough 
Lost Slough 
Glacier Creek 

anner Creek 
Richardson-Clearwater Slough 
Benchark Slou 
w r s e n  Sloug$ mta River 
Soutn Bank Tanma fiver1 
Blue Creek 
Bluff Cabin Slou 
Qeamater Lake t let  Slough 
Onmile Slough 

Zk 
Delta Qeamater River 
Billy Cr& Slough 
Sheep Creek-Ckisana fiver 
U m e d  Slough near Eilson AFB 

Black fiver 
Salqnn Fork River 
K ~ m j e k  River 
Flshhole Creek 

Sheenjek River 
Sdbmn TKO& River 
Fi-g Branch River (YT) 
mer aver (rr) 

Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Weir 
Foot 
Aerial 
Aerial 
Aerial 
Foot 
Aerial 
Aerial 
Foot 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 
Aerial 

Fair 
Fair 
mor 
Fair 
Fair - 
Good 
Godl 
Poor 
Goodl 

Poor - 
Fair 
Fair 
Good 
Fair 
Poor 
Fair 
Poor 
Poor - 
Pair 
Posr 
Fair 

Aerial Rmr 
Aerial Pson 
Aerlal Fkir 
A e r l a l  W r  
Aerial Fair 

UPPER YUKON DRAINPGE 

Tozitm River 9 Boat - 
e h a a ~  River 17,455 Aerial E k i ~  

8,578 Foot - 
1 Aerial. - 

27 Aerial Pair 
7,671 Aerial - 

21 Foot - 
Richardson H i g h w  brl e to  Blue Creek. 3 42 2 Cannacks t o  Fork ellus . 



T a b l e  1 2 .  F a l l  chum salmon escapement  t o  s e l e c t e d  i n d e x  a r e a s  i n  t h e  Yukon R i v e r  
d r a i n a g e ,  1973-1983 a . 

TANANA RIVER DRAINAGE 

Upper T o k l a t  ~ i v e r b  
Lower Tok l a t  R i ve r  

Upper Tanana R i v e r  
Benchmark #735 Slough 127 1450' -- 336 1270 1705C 2714 1900e 168C -- - - 
Uel t a  R i v e r  7971f 4010 3089e 5498 17925 10051 8125 4637 22375e.P 3433e 7 2 30e 
South Bank Tanana R i ve rg  5635 4567f -- 4979 3797 5700 20820 3444 7063 - - 1350C 
B l u f f  Cabin Slough 3450 4840f 5 0 0 0 c ~ d  3197 6491 5340 6875 3190 6120 1156e 12715e 
Onemi 1 e Slough 1720 1235 745d 1552 1900 475 3850c 885c 632 -- 1115C 

Subto ta l  18903 16102 8834r 15562 31383 23271 42384 14056 36358 4589r 22410r 

TOTAL TANANA INDICES 25860 50412 8711 gr 50752 53183 58271 233474 37110 50265 7898' 37515' 

PORCUPINE RIVER DRAINAGE 

Sheenjek R i v e r  1175f ,s 40507 78060 11866 20506 14610c 41140 13027 12625c.h 717csiss 22230t 
I 
r*, 
'P F i s h i n g  Branch R i v e r  (YT) 1 5 9 8 7  325255 78615k 13450 32500 15000 44080 20319c 

10549c,r 5846 10000 

To ta l  Porcupine I nd i ces  171621 730321 156675 25316 53006 29610 85220 33346 23174c,r 6563r 32230 

UPPER YUKON TRIBUTARIES 

Chandal a r  R i v e r  -- 17455 6345c.r 58csr  4183 - - - - 2607 4906m.r 1145'" -- 
Kluane R i v e r  (YT) 2500 350r 3 6 2 e ~ f  20f 3555 of 4640e 3150 25806 5378e 8 5 7 8 e ~ r  
Yukon R i v e r  (YT) 

F t .  Sel kirk-Cannacks - - -- 7671 -- - - - - - - -- 250r  1020 7 560 

a Peak a e r i a l  survey counts,  r a t e d  fa i r -good  un less  i n d i c a t e d  o therw ise .  

b l nc l udes  f o l l o w i n g  areas: T o k l a t  R i v e r  i n  v i c i n i t y  o f  roadhouse. Sushana ~ i v e r ;  Geiger  Creek. 
Lower Tok l a t  R i v e r  coun ts  i nc l uded  i n  To ta l  Tanana Index f o r  ~ e a k  years  o f  1975 and 1979. 

c Poor survey. 
d Combined a e r i a l  and ground surveys. 
e Foo t  survey. 
f Survey r a t i n g  n o t  g iven.  
9 Richardson Highway b r i d g e  t o  Blue Creek. 
h Sonar-est imated escapement was 69,043. 

Sonar-est imated escapement was 29,093. 
j Weir count .  
k To ta l  escapement th rough w e i r  was 353,282. 
1 F i g u r e  i nc l udes  a w e i r  count- -not  comparable. 
m F a i r  t o  poor survey 
P Peak a e r i a l  coun t  was 10,664. 
r Incomplete su r vey - -pa r t i a l  survey o f  index areas--more chums presen t .  
s Surveyed be fo re  peak spawning--too e a r l y .  

Sonar-est imated escapement was 45,733. 



salmon being enumerated (Cousens e t  a l .  1982). I t  i s  generally recognized that 
aerial  survey estimates are  lower than actual abundance due to  these factors .  
The l a t e  seasonal timing and northern dis t r ibut ion of f a l l  chum salmon in the 
upper Yukon River drainage resul t  in poor quality of illumination when surveys 
a re  conducted due to shortness of daylight and low sun angles. Surveys made a t  
low sun angles requires continual t ransi t ion between sunshine and deep shade and 
have been shown t o  resul t  in poor estimates (Eicher 1953, cited in Cousens e t  a1 . 
1982). 

An aerial  survey of the Sheenjek River in 1981, while salmon were s t i l l  traveling 
to spawning areas, accounted fo r  only 17% of the sonar-estimated escapement 
through the date of the survey (Barton 1982). Approximately 61% of the sonar 
escapement estimate was observed on an aerial  survey flown under good conditions 
in 1983 (Barton 1984). Elson (1976) reported only 50% aerial  survey accuracy 
for  f a l l  chum salmon in the Fishing Branch River in 1975. I t  i s  apparent that  
aerial  survey estimates are  not only lower than actual salmon abundance b u t  dem- 
onstrate a wide range in the proportion enumerated. 

Fall chum salmon spawning in the mai nstem Tanana, Delta, Fishing Branch, and 
Toklat Rivers i s  generally limited to  a few discrete  instream areas,  where large 
concentrations of spawners can be easi ly  observed. These areas are  limited t o  
about 8 km in the upper Tanana and Delta Rivers and a 13 km stretch in the Fish- 
ing Branch River. Major spawning concentrations in the Toklat River are confined 
to about three areas within a 3 km radius. Concentration of spawning makes i t  
easier t o  schedule surveys for  the peak of spawning. I n  contrast ,  spring-fed 
spawning areas in the Chandalar and Sheenjek Rivers are  more numerous and smaller 
in size.  The numerous spawning areas occur discontinuously throughout nearly 160 
km in each r iver .  This resul ts  in less accurate aer ial  escapement estimates 
since spawners do not a l l  arr ive a t  the various spawning s i t e s  a t  the same time. 
A t  any given time during the spawning period there i s  probably a substantial num- 
ber of salmon migrating in the mainstem r iver  which are obscured to the observer. 
If the survey i s  l a t e ,  then an accurate carcass count of salmon i s  generally 
hindered by snow cover and river ice floes.  Best resu l t s  are obtained by schedul- 
ing f a l l  chum aerial  surveys a f t e r  they have reached the spring-fed spawning areas. 
I t  i s  in these areas that  water visibi1it.y i s  good and salmon are  concentrated. 

Peak spawning abundance i s  significantly lower than total  season abundance due to  
the die-off of early spawners and the arrival of l a t e  f ish (Gangmark and Fulton 
1952, Bevan 1961, Reilson and Geeri 1981). Francisco (1976) and Francisco and 
Dinneford (1977) expanded instantaneous f a l l  chum salmon counts to  obtain total  
season escapement estimates for  the Del ta River. They estimated total  population 
based on  a spawner residence time curve generated from average stream l i f e  data 
and weekly aer ial  and ground survey salmon counts. Peak aerial  survey estimates 
represented approximately 86% and 83% of the total  population estimates for  1975 
and 1976, respectively. 

Escapement Trends 

Aerial survey escapement estimates are made of as many f a l l  chum salmon spawning 
streams as possible within the confines of weather, personnel, and f iscal  con- 
s t r a in t s .  In addition, an ef for t  i s  made to  insure tha t  representative spawning 
areas are  surveyed annually to provide an index of escapement abundance. Escape- 
ments to the Sheenjek and Fishing Branch Rivers re f lec t  trends to the Porcupine 



R i v e r  dra inage,  w h i l e  escapements t o  t h e  upper T o k l a t  R i v e r  and t o  f i v e  areas 
i n  t h e  upper Tanana R i v e r  (Benchmark Slough, D e l t a  R ive r ,  south bank Tanana 
R iver ,  B l u f f  Cabin Slough, and Onemile Slough) r e f l e c t  t r ends  t o  t he  Tanana 
R i v e r  dra inage.  

I t  i s  apparent  t h a t  f a l l  chum salmon escapement t r ends  i n  t h e  Sheenjek and F i s h i n g  
Branch R i ve rs  have been s i m i l a r  and g e n e r a l l y  d e c l i n i n g  d u r i n g  t h e  p e r i o d  1973- 
1983 ( F i g u r e  10) .  Average a e r i a l  survey escapement i n d i c e s  have decreased 28% 
and 54% i n  t h e  Sheenjek and F i s h i n g  Branch R ivers ,  r e s p e c t i v e l y ,  r e s u l t i n g  i n  
an o v e r a l l  decrease o f  42% (Tab le  13)  i n  t h e  Porcupine R i v e r  index f rom t h e  pre-  
ced ing 4-year p e r i o d  ( 1  976-79) t o  t he  most r e c e n t  4-year p e r i o d  (1 980-83). 

Escapement i n d i c e s  f o r  t h e  Tanana R i v e r  d ra inage  a l s o  d e c l i n e d  d u r i n g  t h e  p e r i o d  
1973-1983, a l though  t h e  d e c l i n e  was much more pronounced f o r  t h e  upper T o k l a t  
R i v e r  than  f o r  t h e  upper Tanana R i v e r  index  areas ( F i g u r e  11) .  The average escape- 
ment index decreased 78% and 14% i n  t he  upper T o k l a t  and upper Tanana R i ve rs ,  r e s -  
p e c t i v e l y ,  r e s u l t i n g  i n  an o v e r a l l  decrease o f  58% (Tab le  13)  i n  t h e  Tanana R i v e r  
index from t h e  p reced ing  4-year p e r i o d  (1976-79) t o  t h e  m o s t - r e c e n t  4-year p e r i o d  
( 1  980-83 ) . 
A 4-year c y c l e  i n  t h e  abundance o f  f a l l  chum salmon popu la t i ons  i n  t h e  Sheenjek, 
F i s h i n g  Branch, and T o k l a t  R i ve r s  i s  suggested by  t h e  da ta ,  w i t h  peaks o c c u r r i n g  
i n  1975 and 1979 (F i gu res  10 and 11) .  A c y c l i c a l  p a t t e r n  o f  abundance i s  n o t  
e v i d e n t  i n  t h e  e x i s t i n g  da ta  f o r  upper Tanana R i v e r  escapements. Walker (1976) 
suggested t h a t  a  4-year c y c l e  o f  f a l l  chum salmon abundance e x i s t s  i n  t h e  upper 
Yukon R i v e r  dra inage,  based on s i m i l a r i t i e s  i n  s i z e  o f  f i s h  sampled a t  Dawson C i t y  
and t h e  F i s h i n g  Branch R i ve r ,  w i t h  1971 and 1975 be ing  t h e  h i g h  r e t u r n  years .  How- 
ever,  Ferne t  (1982) s t a t e d  t h a t  no such p a t t e r n  was apparent  f o r  t h e  Kluane R i v e r  
popu la t i on .  

The F i s h i  ng Branch R i v e r  escapement i ndex  averaged 61,347 f a 1  1  chum salmon f o r  
t h e  peak years  1975 and 1979, and o n l y  17,423 f o r  non-peak years .  Escapement 
l e v e l s  i n  t h e  peak c y c l e  year  averaged 59,600 f o r  t h e  Sheen-jek R i ve r ,  and o n l y  
18,856 f o r  non-peak years .  Escapement t o  t h e  Porcupine R i v e r  system i n  low abun- 
dance years  was o n l y  30% (peak yea rs  a t  120,947 compared t o  non-peak yea rs  a t  
36,279) o f  peak y e a r  escapement l e v e l s  (Tab le  14) .  

An apparent  peak escapement yea r  a l s o  occu r red  i n  1971 i n  t h e  Porcupine R i v e r  
system, based on F i s h i n g  Branch R i v e r  escapement da ta  (E lson  1973).  Non-peak 
yea rs  were o n l y  10% o f  t h e  peak l e v e l  f o r  t h e  1971-1974 cyc l e .  

Data suggest a  4-year  c y c l e  f o r  t h e  T o k l a t  R i ve r ,  b u t  n o t  f o r  t h e  upper Tanana. 
Upper T o k l a t  R i v e r  escapements averaged 69,484 f a l l  chum salmon f o r  t h e  peak years  
1975 and 1979, b u t  o n l y  21,690 f o r  t h e  non-peak yea rs  (31% o f  peak yea r  abundance). 
D i s t r i b u t i o n  of spawners i n  t h e  T o k l a t  R i v e r  appears t o  be a  f u n c t i o n  o f  r u n  s i ze ,  
w i t h  g r e a t e r  u t i l i z a t i o n  o f  t h e  lower  T o k l a t  R i v e r  i n  years  o f  h i g h  escapements 
(Tab le  12) .  I n  1975 and 1979, 462 and 40% o f  t h e  f a l l  chum salmon observed were 
i n  t h e  l owe r  r i v e r ,  w h i l e  o n l y  5% and 8% were observed i n  t h e  l owe r  T o k l a t  R i v e r  
i n  t h e  low abundance years  of 1976 and 1980. 

The 1983 season was expected t o  be ano ther  peak yea r  f o r  Tok la t ,  Sheenjek, and 
F i s h i n g  Branch R i v e r  r e t u r n s .  However, t h e  l a r g e  escapements never  m a t e r i a l i z e d ,  



a p a r t i a l  o r  incomplete survey 

Y E A R  

F igure  10.  F a l l  chum salmon escapement i n  t h e  Sheenjek R i v e r  (open b a r )  and F ish ing  
Branch R i v e r  (shaded b a r )  based on peak a e r i a l  survey counts,  1973-1983. 



Table 13. Recent f a l l  chum salmon escapement t rends  in the  Porcupine and 
Tanana River systems. 

-- 

Average Observed Escapement 
River 1976-79 1980-83 % Decrease 1976-1 983 

Sheenjek River 22,030 15,960' 2 8 1 9,42g1 
Fishing Branch River 26,257 12,0552 5 4 20,1702 

- 
Total Porcupine River 48,287 28,015 42 39,599 

Upper Toklat River3 63,270 13,843 78 38,556 
Upper Tanana River 28,150 24,2744 14 26,48g4 

- 

Total Tanana River 91,420 38,117 5 8 65,045 

Excludes 1982 data - surveyed too ea r ly .  

2 Excludes 1981 data - incomplete survey. 

Data from both t h e  upper and lower Toklat River were used in  high abundance - 
cycle years  (1979 and 1983), whereas only t h e  upper Toklat River index area 
counts were used in  o the r  yea r s .  

Excludes 1982 data - only 2 of 5 index a reas  surveyed. 



a p a r t i a l  o r  incomplete survey 

Y E A R  

F igure  11.  F a l l  chum salmon escapement i n  t h e  upper T o k l a t  R i v e r  (open b a r )  and upper 
Tanana R i v e r  (shaded b a r )  based on peak a e r i a l  survey counts,  1973-1 983. 
Both upper and lower T o k l a t  R iver  index areas included i n  1975 and 1979. 



Table 14. A comparison o f  peak and non-peak years  f a l l  chum salmon escapement 
i n  t h e  Porcupine R i v e r  system. 

Average Observed Escapement 
R iver  Peak Years1 Non-Peak Years2 

Sheenjek R i ve r  59,600 1 8,8563 

F i  s h i  ng Branch R i v e r  

To ta l  Porcupine R i v e r  120,947 36,279 

Peak years  1975 and 1979. 

Non-peak years,  exc lud ing  1975 and 1979. 

Data from 1974 through 1981, exc lud ing  1982 - surveyed too e a r l y .  

Data f rom 1976 through 1982, exc lud ing  1981 - incomplete survey. 



following a continued trend of declining escapements in recent years. Although 
escapements to these rivers were higher than in 1982, they were well below the 
peak year (1975 and 1979) average. The escapement index for  the Toklat River in 
1983 was only 22% of the peak year average, while i t  was 37% and 16% for  the 
Sheenjek and Fi shi ng Branch Rivers, respectively. 

AGE A N D  SEX COMPOSITION 

Fall chum salmon have been sampled for  age and  sex data from catches and escape- 
ments in the Yukon area only within the l a s t  10 years. Even during th is  recent 
period, the Emmonak commercial g i l lne t  fishery has been the only consistently 
sampled fishery in the area. Scales from upriver f i sher ies  and from carcasses 
on the spawning grounds are  often reabsorbed and eroded to such an extent that  
aging becomes d i f f i c u l t  and of questionable accuracy. Scale samples from the 
Emmonak fishery each year indicate that  some f ish have several c i rcu l i  of plus 
growth beyond the l a s t  annulus, while others have an annulus on the outer edge 
of the scale. Reabsorbed scales are  missing the outer edge to  varying degrees, 
and i t  becomes an educated guess as to  whether the remaining circul i a re  plus 
growth from the preceding annulus, or whether the scale margin would have ended 
with an annulus had i t  not been los t .  The possibi l i ty  of aging f a l l  chum salmon 
using otol i ths  or vertebrae i s  presently being investigated. All  age data pre- 
sented here, however, are  based on scale patterns, and the preceding discussion 
should be kept in mind when reviewing the resul ts .  

Six sampling locations in the Yukon area have been selected to examine trends in 
f a l l  chum salmon age and sex composition. They are the commercial f i sher ies  a t  
Emmonak in the Y u k o n  de l ta ,  Rampart in the upper Yukon, and Nenana on the Tanana 
River, and escapements to  the Toklat, Delta, and Sheenjek Rivers. Age 4 accounts 
for the majority of the f i sh  for  most sampling locations and years, followed by 
ages 5 and 3, while only a few age 6 f i sh  are found ( ~ i g u r e s  1 2  and 13, Appendix 
Table 2 ) .  A s l igh t ly  higher percentage of females was found in the Emmonak catch 
sample than in other catch and escapement samples for  most years, b u t  no trends 
are apparent i n sex composi tion over the 10-year period, 1973-1 982. Percentage 
females in catch samples ranged from a low of 38% fo r  Rampart fishwheels in 1975 
to  a high of 78% fo r  Emmonak g i l lne t s  in 1975, while in escapement samples i t  
ranged from a 1 ow of 31% for  the Del ta River in 1980 to a high of 62% for  the 
Sheenjek River in 1982. Strength of the 1971 brood year can be seen both in the 
high percentage of age 3 f ish for  a1 1 locations in 1974, and in the large return 
of age 4 f ish in 1975 and age 5 f i sh  in 1976 for  the Emmonak commercial catch 
sample (Figure 1 2 ) .  

Age composition of samples collected in 1982 from a recently in i t ia ted  t e s t  f ish-  
ing project on the north and south bank of the Yukon River a t  Ruby support resul ts  
of the tagging study discussed ea r l i e r  in th i s  report. The Ruby north bank sample 
was composed of nearly equal percentages of ages 4 and 5,  and a low percentage of 
age 3 f i sh ,  while the Ruby south bank sample included fewer age 5 and more aqe 3 
f i sh  (Figure 14).  These differences in age composition fo r  the north and south 
bank stocks can be seen in upriver samples as well. Fishwheel catch samples from 
the Yukon River jus t  upstream from the U.S.-Canadian border, g i l lne t  samples from 
the Dawson commercial fishery and escapement samples from the Sheenjek River are 
a l l  similar to the Ruby n o r t h  bank age composition, while fishwheel catch samples 



F i g u r e  12. Age and sex compos i t i on  o f  f a l l  chum salmon sampled from f ishery 
catches a t  Emmonak, Nenana, and Rampart, and from escapements to  
the Toklat, Delta, and Sheenjek Rivers, 1973-1977l . 

A G E  

Shaded bar for  females, open bar for males. See Appendix Table 2 for  sample 
s izes ,  gear types, and dates. -47- 



F igu re  13. Age and sex composi t i o - n  o f  f a l l  chum salmon sampled f rom f i s h e r y  catches a t  
Emmonak, Nenana, and Rampart, and f rom escapements t o  t h e  Tok la t ,  De l t a ,  
and Sheenjek R ive rs ,  1 978-198Z1. 

Shaded bar  f o r  females, open ba r  f o r  males. See Appendix Table  2 f o r  sample s i zes ,  
gear types, and dates.  

-48- 



F igu re  14. Age and sex composi t ion of f a l l  chum salmon sampled i n  1982 on t h e  n o r t h  
bank of t h e  Yukon R i v e r  a t  Ruby and t h r e e  upper Yukon-Porcupine R i v e r  
l o c a t i o n s  (above),  and on t h e  sou th  bank of  t h e  Yukon R i v e r  a t  Ruby and 
t h r e e  Tanana R i v e r  l o c a t i o n s  (be low) ' .  

RUBY YUKON SHEENJEK R 
N BANK TERRITORY DAWSON ESCAPE 

FISHWHEEL FISHWHEEL GILLNET GILLNET 
I- - 

AGE 

RUBY DELTA R 

S BANK NENANA FAIRBANKS ESCAPE 

FISHWHEEL FISHWHEEL GILLNET CARCASSES 

] I I 1 I I I I I I I 1 I 1 I 1 I 1 I 1 1 1 1 1 1 1 1 1 I 1 1 1 1 1 1 1 I 1 I I '  
3 4 5 8  3 4 5 8  3 4 5 8  3 4 5 6  

AGE 

l Shaded b a r  f o r  females, open ba r  f o r  males.  See Appendix Tab le  2 f o r  sample s i z e s  
and da tes .  



from the Tanana River a t  Nenana, g i l lne t  samples from the Fairbanks subsistence 
fishery and escapement samples from the Delta River are a l l  similar to  the Ruby 
south b a n k  age composi tion (Figure 14). 

TOTAL RETURN ESTIMATES 

Total abundance estimates for f a l l  chum salmon returns to  the Yukon River are 
lacking. A t  best, abundance of only various segments of annual returns has been 
estimated in some years since 1961 from tag and recapture studies. I n  1961 for  
instance, 131,000 f a l l  chum salmon were estimated to  have migrated upstream of 
Rampart (Table 15) .  Accuracy of tag recovery estimates i s  often questionable 
due to the following biases: ( 1 )  tag loss,  (2)  post-tagging mortality, (3)  unre- 
ported tag recoveries, (4)  fishing gear se lec t iv i ty  on tag types and f ish age, 
sex, and s ize ,  and (5)  disproportionate tag and recovery e f fo r t  on various stocks 
or run segments. 

The best indicator of total  run strength i s  the sum of documented harvested and 
observed escapement. However, these a re  minimum estimates, since many spawning 
streams cannot be surveyed in any given year, and aer ial  surveys do not enumerate 
total  season escapement. They are only indices of abundance, with actual escape- 
ments for  some streams possibly twice the peak aer ial  survey count. Minimum es t i -  
mates of total  return for  the 10-year period, 1974-1983 range from 312,476 f a l l  
chum salmon in 1976 to 927,177 in 1979 (Table 16).  Although total  return indices 
fluctuate greatly within th i s  range, a trend of increasing harvest and decreasing 
escapement i s  apparent (Figure 15). Comparison of the recent 4-year average (1  980- 
1983) with the preceding 4-year average (1976-1 979) indicates the fol lowing in 
terms of f a l l  chum salmon u t i l iza t ion  and r u n  strength: 

Commercial harvest i ncreased 30% 

Subsistence harvest increased 36% 

Tota 1 harvest increased 32% 

Porcupi ne River escapement index decreased 42% 

Tanana River escapement index decreased 58% 

Total return index increased 10% 

While total  return showed a moderate increase of 10% for  the recent 4-year period, 
inshore commercial and subsistence fishery harvests each increased by 30% or more. 
There has also been a marked increase in harvest of chum salmon in the Shumagin 
Islands and South Unimak domestic commercial f isheries  since 1975. The June har- 
vest has increased from 101,000 chum salmon in 1975 to 1,015,000 chum salmon in 
1982 (Table 1 7 ) .  An unknown percentage of these chum salmon i s  known to be des- 
tined for the Yukon River, based on various tagging studies conducted from 1956- 
1966 (Branni an 1983). 

The increased catch of f a l l  chum salmon in both the interception and inshore f ish-  
er ies  has no d o u b t  contributed to the recent decline in observed escapements to  
major spawing areas in the Yukon River drainage. 



Table 15. Summary o f  Yukon R i v e r  f a1  1 chum salmon p o p u l a t i o n  es t imates  c i t e d  i n  1  i t e r a t u r e .  

Locat ion  o f  
tagg ing s i t e  Fa1 1  chum salmon 

P o r t i o n  o f  r i v e r  Year ( r i v e r  m i l e )  ~ e t h o d '  popu la t i on  est imate Source 

Upstream o f  Rampart 

Upstream o f  Rampart 

Upstream o f  Dawson (YT) 

Upstream o f  Dawson (YT) 

Upstream o f  Tanana, 
i n c l u d i n g  Tanana R ive r  

I Upstream o f  Tanana, 
(rl i n c l u d i n g  Tanana R ive r  
I 

Upstream o f  Tanana, 
Yukon River  on ly  

Tanana R ive r  on ly  

Tanana R ive r  on ly  

Upstream o f  Dawson (YT) 

Upstream o f  Dawson (YT) 

USFWS 1964 

USFWS 1964 

Swei t z e r  1974 

Brock 1976 

B u k l i s  1981 

B u k l i  s  1981 

B u k l i s  1981 

B u k l i s  1981 

B u k l i s  1981 
Johnston I n  Prep 

Johnston I n  Prep 

Method: 1 - tagg ing es t imate  w i t h  o n l y  recover ies  a t  agency f i s h i n g  s i t e s ;  2 - tagg ing est imate w i t h  
recover ies  from commerci a1 and subsistence f i s h e r i e s .  
These est imates supersede popu la t ion  est imates presented i n Mauney ( 1979, 1980). 
These data are p re l im ina ry .  



T a b l e  16. T o t a l  r e t u r n  i ndex  of Yukon R i v e r  f a l l  chum salmon, based on h a r v e s t  and observed escapement, 
1 974- 1983. 

Year --- 
1974 
1975 

Harvest 

C m e r c i a l  Subsistence Total 

Cbserved Escapement Index - Index of 
~orcupine  Tanam yrperyukon4 Total Tbtal Return - - ------ 
73,032 50,412 3506 123,794 520,503 

156,675 87,119~ 362" 244,156 619,567 

Average 263,877 130,670 394,547 48,288 91,420 2,054 141,762 536,309 
1976-79 

Average 342,562 178,349 520,911 23,828 33,197 10,728 67,753 588,664 
1980-83 

Harvest is fo r  Alaska and CaMda ccmbined. Includes "equivalent sa2mrxlm, and estimated subsistence harvests 
f o r  1974-76 (see Table 5) .  Harvest data is preliminary for  1983. 

Peak a e r i a l  survey counts f o r  Sheenjek and Fishing Branch Rivers. 

Peak aerial or foo t  survey counts fo r  f i v e  index areas i n  the upper TaMM River near Big Delta, and t he  Tbklat 
River. Both upper and lower Tbklat River are included fo r  1975 arad 1979, only the  upper Tbklat River fo r  
the other years. 

Klmne River peak aerial or foot  survey mmt. 

5 Includes weir a m t  for  the  Fishing Branch River. 

Poor or i n m p l e t e  survey - minimal  escapement index. 



COMMERCIAL 

SUB8lSTENCE 

I 1 ESCAPEMENT 
INDEX 

Figure 15. Total return indices for Yukon River f a l l  chum salmon, 1974-1983, based on docwnented 
harvest and observed escapement indices. (Harvest is for Alaska and Canada combined. ) 



Table 17. Recent ha rves t  o f  chum salmon i n  t he  Shumagin and south Unimak 
f i s h e r i e s  d u r i n g  t he  month o f  June. 

Year 
Shumagi n  
I s l ands  

South 
Unimak Tota 1  

1983 da ta  a r e  p r e l i m i n a r y .  



RECOMMENDATIONS 

I t  i s  c lear  that  commercial and subsistence harvests of Yukon River f a l l  chum 
salmon have been increasing during the recent 4-year period from returns that 
show wide fluctuations in abundance. Escapement indices have shown a corres- 
ponding decline. Given the inabi l i ty  to  accurately forecast returns,  or  often 
to  even accurately assess run strength in-season, there i s  a very real possibi l i ty  
for  overharvest. We recommend conservative harvest regulation t o  allow for  
greater escapements, and to reduce the r isk of overharvesting anticipated weaker 
returns. Commercial harvests should be held to  the lower half of the guide1 ine 
harvest range unless a large return i s  apparent, and a harvestable surplus of 
f ish i s  known to ex is t .  

Exploitation of f a l l  chum salmon in the lower r iver  commercial f ishery must be 
regulated to  allow for  spawning escapement, and upriver subsistence and commer- 
cial  f isheries .  Lack of information concerning total  abundance, timing, and 
stock composition of the run into the lower river often prohibits managers from 
making timely in-season adjustments to the harvest. The highest research pr ior i ty  
i s  in-season estimation of total  run abundance. The f eas ib i l i t y  of d i r ec t  enum- 
eration of f a l l  chum salmon by sonar in the main Yukon River i s  being investigated 
a t  Pi lot  Station, jus t  upstream from the intensive lower r iver  fishery. Prelim- 
inary analysis indicates that  migrating salmon can be detected by the hydroacous- 
t i c  equipment, and that  the migration route i s  limited to a relat ively small por- 
tion of the river a t  the counting s i t e .  Given tha t  the technology ex i s t s ,  i t  
s t i l l  remains t o  develop a sampling design to  address time and water depth s t r a t a ,  
counting schedules, expansion factors ,  and species ident i f icat ion.  Several other 
methods might provide estimates of total  abundance, including tagging studies in 
the Yukon River de l ta ,  modeling of r u n  timing patterns, and analysis of trends in 
t e s t  fishing and commercial f ishing catch and e f fo r t  s t a t i s t i c s .  

The entry pattern of f a l l  chum salmon into the Yukon River i s  highly variable. 
The migration i s  prolonged (mid-July through August) and often multi-modal. 
Factors responsible fo r  the "pulse" entry pattern are not known, and should be 
investigated. Even i f  management of the fishery becomes more r e s t r i c t ive  and 
harvest goals are lowered, i t  will be necessary to  spread e f fo r t  over the dura -  
tion of the run t o  protect against overharvest of any one segment. To accomplish 
th i s  objective the migratory timing pattern and i t s  variabi 1 i  ty should be defined. 
This approach was applied by Mundy (1982) to  Yukon River chinook salmon commercial 
and t e s t  fishery catch data with some success. Of particular in te res t  would be 
the development of accurate predictors of r u n  strength and timing based on t e s t  
fishing data. 

Accurate enumeration of major f a l l  chum salmon spawning populations has been 
hindered by weather, log is t ics ,  and budget constraints.  In addition, there are 
probably many smaller spawning populations that  are  as yet undocumented. Explora- 
tion of potential spawning areas and a more complete and accurate estimate of 
spawning escapement for  the various known stocks i s  essent ial .  I t  may be possible 
t o  develop a model for  expanding multiple aer ial  survey counts for  a given spawn- 
ing area t o  a total season escapement estimate using stream residence time data 
from the l i te ra ture .  Escapement goals for  the various spawning stocks should be 
developed based on the limited spawner-return data available. 



Coupled with improved escapement enumeration i s  the need for  a more comprehensive 
and  consistent sampling program for  age, sex, and s ize information. As discussed 
in an ea r l i e r  section of t h i s  report, scales sampled from the spawning grounds 
are often reabsorbed and regenerated to  such an extent that age cannot be deter- 
mined. Alternate aging methods have been investigated on a limited basis. A 
more rigorous study of thi s problem could resu l t  in a more accurate method of 
determining age of f a l l  chum salmon, a key component in the development of brood 
year tables and spawner-return model s .  

Exploitation ra te  of the individual stocks by the various f isheries  i s  not known. 
Scale pattern analysis has been successfully applied to  Yukon River chinook salmon 
(McBride and Marshal 1 1983) to  identify groupings of stocks from large geographical 
areas. This approach may be applicable to  f a l l  chum salmon, and would allow fo r  
apportionment of catch to  stock of origin.  Optimum harvest in the mixed stock 
fishery, and protection of the less  abundant stocks, i s  dependent on th i s  informa- 
t ion. 

In addition t o  these fundamental information needs, managers of Yukon River f a l l  
chum salmon in Alaska must increasingly address the need for  cooperative manage- 
ment and data exchange with Canadian biologists in the Yukon Territory. 
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m x  Table  1. Yukon River fall chum salmon tag recoveries f ran 
INPFC offshore tagging, 1956-1979. 

Maturing Fish  l 

Date 

Tagging Datx Fkcnvery Data 

Latitude 

60 09N 
51 54N 
51 45N 
51 44N 
57 om 
56 40N 
54 38N 
53 2SN 
5322N 
53 22N 
53 19N 
53 18N 
53 12N 
53 18N 
53 (IPN 
52 55N 
52 5 5 N  
52 55N 
52 5 5 N  
52 54N 
52 54N 
52 54N 
52 E N  
52 SON 
52 50N 
52 51N 
52 5 1 N  
52 47N 
52 47M 
52 44N 
53 23N 
54 32N 
54 23N 
53 2gN 
50 47N 
54 59N 
55 52N 
55 35N 
52 4QY 
53 05N 

k n g i  tude 

174 30E 
175 14W 
176 Q6W 
176 06W 
171 07W 
169 40W 
168 49W 
168 51W 
167 02W 
167 02W 
167 POW 
167 UW 
167 2 W  
167 21W 
167 5 l W  
168 14W 
168 18W 
168 1m 
168 19W 
168 2 l W  
168 2 1 W  
168 2 l W  
16 8 23W 
168 24W 
168 24W 
168 29W 
168 29W 
168 38W 
168 38W 
168 48W 
166 32W 
16 8 --W 
164 B1W 
155 56W 
160 OOW 
152 1 5 W  
153 0% 
154 (95W 
152 6BW 
152 20W 

Date Lati tude  

09/18 64 40N 
09/U 65 30N 
09/28 65 OON 
09/12 65 1 Q N  
08/31 643ON 
08/002 62 - -N~  
09/08 65 OQN 
09/22 66 35N 
07/15 62 4ON 
07/23 62 KIN 
08/a 62 324 
08/W 62 32N 
08/22 65 OON 
07/24 62 40N 
O 8 / O O 2  65 1 5 N  
09/09 64 50N 
07/15 6244N 
08/82 64 45N 
09/05 6% QON 
09/29 66 35N 
09/2!3 64 30N 
08/23 64 45N 
08/04 62 35N 
08/10 62 10N 
09/12 62 4ON 
89/20 62 40M 
10/U 64 45N 
07/24 6240N 
08/24 62 42N 
07/25 6212N 
09/24 62 lb2N 
08/25 62 laON 
07/25 61 %N 
09/0O2 62 3 5 N  
Q9/Q2 64 40N 
68/28 65 OON 
07/16 6 2 - - p ~ ~  
08/U 64 25N 
08/0Q2 621BN 
09/002 62 35% 

Longitude 

15 530W 
151 1% 
157 31W 
152 0OW 
149 0% 
163 -W3 
157 31W 
144 15W 
164 40W 
163 5OW 
164 55W 
164 5 5 W  
157 31W 
164 40W 
152 OOW 
149 1% 
164 28bd 
158 OOW 
157 31W 
144 1 5 W  
149 0% 
155 30W 
164 SOW 
159 45W 
164 40W 
164 4QW 
157 OQW 
164 40W 
164 32W 
163 52W 
163 52W 
164 .BOW 
162 OOW 
164 52W 
155 30W 
157 3OW 
163 -w2 
158 3m 
159 40W 
164 --W" 



Appendix Table 1. Yukon River f a l l  chum salmon tag recoveries from 
INPFC offshore tagging, 1956-1979 (continued). 

Maturing Fish1 

mgging Data Recovery Data 

Date Latitude Longitude Date Latitude Longitude 

44 47N 
57 10N 
54 36N 
52 04N 
49 20N 
55 30N 
47 OON 
57 30N 
51 05N 
56 54N 
56 54N 

153 10W 
149 50W 
147 OOW 
147 42W 
147 35W 
144 20W 
140 oow 
177 30W 
176 25W 
173 05W 
173 OW 

155 30W 
158 OOW 
155 30W 
162 56W 
149 01W 
164 SOW 
164 06W 
160 14W 
164 36W 
163 34W 
164 07W 

08/14/58 51 34N 176 17W 08/17/59 61 45N 161 30W 
08/16/58 51 35N 176 19W 07/25/59 62 12N 163 52W 
08/19/58 51 57N 155 45W 09/24/59 65 OON 149 15W 
07/08/66 56 30N 145 OOW 08/30/68 61 56N 162 52W 

l Recovered i n  year of tagging. 
Day of month mhown. 
Missing latitude or longitude data. 
Fall chum designation questionable. 
Reaxered i n  year (s) subsequent to  tagging. 



Appendix Table 2. Age and sex composition of Yukon River fall chum salmon sampled from selected fisheries 
and escapements, 1973-1982l. 

G a r  
Year Looatim Eishery - - 
1973 Brarsraak Gnnvqdal 6"GN 

Delta R Carcass 

1974 Carmrercial 6"GN 
Fw 

wat R Qrcass 
R carcass 
t Chnfxczal 6"GN 

Qr- 

1975 Cnmrerdal 6934 
CLrmmdaP Fw 

Delta R Escapmk Garclass 
Ranplrt Qomnercial Fw 

1976 m d a l  6'Y;N 
(3arsnerdal Ew 

Wat R Qr- 
Delta R carcass 

& R  mcasa 

19n Cgnnercial 6"GN 
l-bxira Oarmercial EW 
mat R GPTCa69 
Dab R, Qreass 
mPt: EW 
Skenjek R Qr- 

1978 6"GN 
EW 
Qrca&s 

mta R (-hxass 
Ranplrt = Fw 
Skmjele. R Qr- 



Appendix Table 2. Age and sex composition of Yukon River fall chum salmon sampled from selected fisheries 
and escapements, 1973-1982l (continued). 

Arp 31 

Year Loaticn Fid-eq Zfipe - - SarPing N M F l a t a l  - Wried - -- - 
793 3.3 4.0 7.3 
316 2.5 6.7 9.2 
185 28.7 13.5 42.2 
352 0.3 0.3 0.6 

1980 E ~ x &  Cnrmercial 6"GN 7/25-wl8 820 5.3 8.4 13.7 
NeMM O F I I & S h  EW 8/l5-9/18 266 0.8 4.5 5.3 
lbklat R Eixqmmt Qrczus ll,/l 57 1.8 1.8 3.6 
Delta R EIxapnent Qrcass 10/25 49 10.2 2.0 12.2 

1981 EhMXI& (jramvercial 6"GN 672 0.9 0 5  1.4 
I 

~h s;heenjea< R ~~ 57/8"6N 9/29 23 
u 

7/17-,8 340 0.6 2.3 2.9 

' 1982 Bmwxlak Cnrmercial 66N 7/16-q13 1,053 3.2 2.8 6.0 
NeMM (branercial EW 9/18-9/19 48 10.4 22.9 33.3 
Wat R Ek;capanent carcass 10/22 73 12.3 2.7 37 .O 
Delta R l%cqm& (2lrcass 10 28-l l , / lO 208 6.7 3.4 10.1 
stfenjek R 5-7/8"6N 9X-9/19 l39 1.4 1.1 2.8 
Ihty N Bank Test Fish EW 488 1.4 4.7 6.1 
~ S l 3 a n k l W k F i s h  EW 
Yukon Ter3 Test Fish EW 

/ 776 5.8 8.214.0 
8/810/4 3O.l 1.3 5.9 7.2 

W a n  Clmnercial GN 386 1.3 1.6 2.9 
Fairbanks 9c3;sistenoe GN ?fi% 216 7.4 2.7 10.1 

Age and sex composition listed as percent of total sample. 

Includes some samples from commercial fishwheels near Tanana Village. 

Fishwheel located on Yukon River just upstream from the U.S.-Canadian Border, and operated by DFO 
for tagging study. 
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