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ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) rehabili tation ef for t s  in Bristol Bay 
are reviewed, primarily from the point of view of F . R . E . D .  Division, A D F & G ,  
a n d  cooperating agencies (University of Washington Fisheries Research 
Ins t i tu te ,  National Marine Fisheries Service). F . R . E . D .  Division project 
ac t iv i t i e s  for  Bristol Bay during 1982 are reported. 

Lake Nunavaugaluk Sockeye Salmon Smolt Studies estimated the 1982 
emigration to  be 3.2 million smolts. The estimate i s  t o  be considered 
approximate, because of d i f f icu l ty  encountered in sampling. 

In 1982, we t r ied  t o  confirm or deny the presence of a significant 
population of age 2.0 smolts during the early portion of the emigration. 
Large numbers of smolts were observed migrating during th i s  time, b u t  
estimates of number or age determination were n o t  possible. Data from 
observation of predation on smolts suggest a small age 2.0 component. 

F . R . E . D .  Division's program in Bristol Bay in past years has included adult 
sockeye salmon studies,  East Creek Hatchery evaluation, predator competitor 
studies,  and lake f e r t i l i za t ion .  These ac t iv i t i e s  were not carried out in 
1982, they are reported here in summary fashion, as are some opportunities 
identified as potential rehabili tation and enhancement projects. 

Keywords 

Bristol Bay, Rehabilitation, Enhancement, Smolt, Nunavaugaluk, predator, 
f e r t i l i za t ion ,  hatchery, East Creek 



I NTRODUCTION 

The B r i s t o l  Bay salmon f i s h e r i e s  have lona  been a  sub.iect o f  i n t e r e s t  t o  
f i s h e r y  s c i e n t ?  s t s .  The area I s  sockeye salmon ( ~ n c o r ~ y n c h u s  nerka)  runs 
have a  f i v e - y e a r  c y c l e  o f  peak abundance, w i t h  an occas ional  s h i f t  t o  a  f o u r  
yea r  c y c l e .  Because o f  t h i s  c y c l i c  p a t t e r n ,  as w e l l  as m o r t a l i t y  due t o  
u n p r e d i c t a b l e  n a t u r a l  d i s a s t e r s ,  r e h a b i l i t a t i o n  and enhancement p r a c t i c e s  
a re  impo r tan t  cons ide ra t i ons  f o r  t h i s  area. I n  t h e  l a t e  1950 's  and 1960's a 
cons ide rab le  amount o f  research was begun by t h e  f o l l o w i n g  agencies:  Alaska 
Department o f  F i s h  and Game (ADF&G); U n i v e r s i t y  o f  Washington, F i s h e r i e s  
Research I n s t i t u t e  (UW-FRI) ; and Na t i ona l  Marine F i s h e r i e s  Se rv i ce  (NMFS). 
Th is  research  was aimed a t  t h e  b i o l o g y  and eco logy o f  P a c i f i c  salmon which 
had o r i g i n a t e d  f rom B r i s t o l  Bay l a k e  systems. 

The o b j e c t i v e s  o f  t h i s  r e p o r t  a r e  as f o l l o w s :  t o  rev iew t h e  h i s t o r i c a l  and 
c u r r e n t  work o f  ADF&G, UW-FRI, and NMFS, which has i n v o l v e d  f i s h e r i e s  
r e h a b i l i t a t i o n  and enhancement i n  t h e  B r i s t o l  Bay area; t o  r e p o r t  on t h e  
work o f  F.R.E.D. D i v i s i o n ,  and t o  i d e n t i f y  some o p p o r t u n i t i e s  f o r  
r e h a b i l i t a t i o n  and enhancement i n  B r i s t o l  Bay. 

AREA ASSESSMENT 

The B r i s t o l  Bay r e g i o n  i nc l udes  a l l  wa te rs  o f  A laska t h a t  empty i n t o  t h e  
Be r i ng  Sea f rom Cape Newenham t o  Cape Venshikof .  Ten major  f reshwate r  
systems a r e  i nc l uded :  Togiak,  I gush i  k, Snake, Wood, Nushagak ( i n c l u d i n g  
Nuyakuk and Mulchatna) , Kvichak, Alagnak (Branch),  Naknek, Egegi k, and 
Ugashi k  ( F i g .  1, ADF&G 1982a). A1 1  l a k e s  w i t h i n  these systems a re  
01 i g o t r o p h i c  and have l i m i t e d  shore1 i n e  development ( K a i l  l e t  a1 . 1980). 

The r e s i d e n t  c i v i l i a n  p o p u l a t i o n  o f  B r i s t o l  Bay i s  approx imate ly  f i v e  
thousand people;  t h e  m a j o r i t y  a r e  Alaskan n a t i v e s .  The l o c a l  economy r e l i e s  
h e a v i l y  on t h e  commercial f i s h i n g  i n d u s t r y ,  w h i l e  subs is tence f i s h i n g  a l l ows  
t h e  l o c a l  people  t o  supplement f a m i l y  income. A l though i n  1977, 67% o f  t h e  
l i c e n s e d  gearho lders  i n  B r i s t o l  Bay were Alaskan r e s i d e n t s ,  non-Alaskan 
f ishermen harves ted  o n l y  about 55% o f  t h e  t o t a l  c a t c h  (ADF&G 1977). Spo r t  
f i s h i n g  a l s o  a t t r a c t s  people  f rom o u t s i d e  t h e  area, many o f  whom employ 
p ro fess i ona l  gu ide  serv ices .  Rainbow t r o u t  (Salmo g a i r d n e r i  ) , A r c t i c  
g r a y l i n g  (Th ma l l us  a r c t i c u s ) ,  A r c t i c  char  ( S a l v e l i n u s  a l p i n u s ) ,  and salmon 
(Oncorhynchus + f i s h i n g  a re  a v a i l a b l e  t o  t h e  s p o r t  f ishermen i n  many 
areas o f  t h e  Bay; t h e  f i s h i n g  lodges l o c a t e d  i n  t h e  T i k c h i  k-Wood R i v e r  Lake 
system, however, p r o v i d e  t h e  most i n t e n s i v e  s p o r t  f i s h i n g  e f f o r t .  

D e s c r i p t i o n  o f  t h e  F i she ry  

A l though a l l  f i v e  spec ies o f  P a c i f i c  salmon a re  u t i l i z e d  i n  B r i s t o l  Bay, 
sockeye salmon (0. nerka)  comprises ahout  90% o f  t h e  ca tch .  Dur ing  t h e  
e a r l y  19001s, socke-lmon catches averaged 14.7 m i  11 i o n  f i s h  annual ly. 
From 1960 t o  1975, annual sockeye salmon catches have averaged o n l y  about 
7.7 m i l l i o n  f i s h .  Tak ing i n t o  account t h e  sockeye salmon o f  B r i s t o l  Ray 
o r i g i n  t h a t  were i n t e r c e p t e d  by t h e  Japanese h i g h  seas f i s h e r y ,  t h e  average 
annual ca t ch  f o r  t h i s  p e r i o d  would have been about 10.3 m i l l i o n  sockeye 
salmon pe r  yea r  (ADF&G 1977). 



Figure 1 . B r i s  t o1  Bay a rea .  



The salmon runs were g rea t ly  reduced in 1973 through 1977 because of poor 
juvenile salmon survival during the extremely cold winters of 1.970 and 1971. 
Juvenile salmon production levels  have been on the upswing since 1974, 
resu l t ing  in increased harvests from 1978 through 1982 ra yearly mean of 
19.2 mi 11 ion sockeye salmon harvested in 1978-82 (ADF&G 1982a) 1. Between 
1964 and 1979, annual commercial harvests of  ink 'salmon (0.  aorbuscha) . 
chum salmon (0. ke t a ) ,  coho salmon (0 .  ki sutch) and c h i n o s  s m ( ~ .  , 

tshawytscha) Eave averaged 1.0,  0.8,-0.8 and 0.1 mill ion f i s h ,  respeFtively. 
Subsistence harvests of sockeye salmon have averaaed about 0.1 mil l ion f i sh  
per year between 1964 and 1974 (Kaill  e t  a l .  19801. 

Sport f i shing e f f o r t s  in Bristol  Bay represent only 5.6% of Alaska's t o t a l  
spor t  f i shing e f f o r t .  Sport f i shing i n t e r e s t  in chinook salmon and coho 
salmon i s  increasing,  pa r t i cu la r ly  from local commercial fishermen (M.  
Nelson, pers. comm.). In both the commercial and spor t  f i s h e r i e s ,  chinook 
salmon a re  generally harvested before the  sockeye salmon r u n  and the  a r r iva l  
of nonresident fishermen in the bay, while coho salmon a r e  harvested a f t e r  
the sockeye salmon run when many of the  nonresident boats have l e f t  the area 
( M .  Nelson pers. comm.). 

Japanese High Seas Fishery 

The Japanese high seas f i shery  consis ts  of two f l e e t s ,  which a r e  the mother 
ship g i l l  net  f i shery  and the  land based d r i f t  net  f i shery .  These f l e e t s  
operate in  the  North Paci f ic  Ocean and Bering Sea. The Fishery Conservation 
and Management Act of 1976 (FCMA) conveyed exclusive f ishery  management 
author i ty  t o  the United Sta tes  over salmon of U.S. or ig in  within a 200 mile 
f i shery  conservation zone. Management author i ty  a1 so extends throughout the 
salmon migratory range beyond t h a t  zone, except when they a re  found within 
any nat ion 's  t e r r i t o r i a l  sea or  f i shery  conservation zone recognized by the 
U.S. (Fredin e t  a1 . 1977). Despite the  FCMA, the  Japanese mothership 
f ishery  has s t i l l  intercepted an average of 2.3 million sockeye salmon of 
Bristol  Bay or ig in  per year since 1956 rFig. 2 (Fredin e t  a1 . 1977)l.  From 
1956 through 1975, t h i s  has amounted t o  about 46 mill ion f i s h ,  or  23% of the 
t o t a l  catch of western Alaska sockeye salmon (Fredin e t  a1 . 1977). 

Fredin e t  a l .  (1977) reported t h a t  sockeye salmon catches by the high seas 
mothership f ishery  have generally followed the cyc l i c  pat tern  of the  Bristol  
Bay sockeye salmon runs. That i s ,  catches by the mothership f ishery  in peak 
and post-peak years of the Bristol  Ray cycle a re  higher than in years of low 
abundance, 

In 1978, imp1 ementation of a new International  North Paci f ic  Fishery Conven- 
t ion  (INPFC) t r e a ty  r e s t r i c t e d ,  by area and time, the movements and f ishing 
pattern of the Japanese mothership f l e e t .  This has resul ted  in a d r a s t i c  
reduction of the  high seas interception of Bri s t01 Bay sockeye salmon runs. 
Thus i t  has increased the potential  f o r  l a rger  catches by the land based 
f l e e t .  This in i t s e l f  may represent gains in the  rehab i l i t a t ion  and 
enhancement of Bristol  Bay salmon runs. Japanese mothership high seas 
commercial catches of Bristol  Bay sockeye salmon between 1962 and 1981 
ranged from 0.8 t o  25.6% of the to ta l  run (Table 1).  



SOCKEYE SALMON 

- 60°N 

F i g u r e  2. Commercial ca tches  o f  sockeye salmon i n  N o r t h  America, As ia ,  and 
on t h e  h i g h  seas. Averages ( m i l  1 i o n s  of  f i s h )  a r e  based on y e a r s  1952-1975 
except  f o r  t h e  number o f  wes te rn  A laska sockeye t h a t  a r e  i n t e r c e p t e d  by t h e  
Japanese m o t h e r s h i p  f i s h e r y  ( c i r c l e  w i t h i n  a c i r c l e ) ,  wh ich  i s  based cn  
y e a r s  1956 - 1975. 



Table 1. Inshore domestic and Japanese mothership high seas  commercial catch of sockeye 
salmon of Br i s to l  Bay o r i g i n ,  1963-82. 

Number Fish i n  Thousands 
Percent Japanese 

Br i s to l  Bay Catch Br i s to l  Bay Catch of: 
Total,  , Total Total 

Year Inshore ~ a ~ a n e s g '  Total Escapement ~eturnIL/ Catch Bay Run , 

20-Yr. Tot. 
202,001 28,428 230,428 222,607 453,035 

1963-72 Tot. 
88,503 21,350 109,853 98,050 207,903 

20-Yr. Ave. 
10,100 1,421 11,521 11,130 22,652 12 7 

1963-72 Ave. 
8,850 2,135 10,985 9,805 20,790 19 11 

1973-82 Ave. 
11,350 708 12,058 12,456 24,513 6 3 

a /  Includes immature f i s h  caught i n  previous year .  - 
b /  Includes Br i s to l  Bay catch and escapement and Japanese catch.  
C /  Preliminary. - 

From ADFEG 1983 



HISTORY OF SOCKEYE SALMON REHABILITATION IN BRISTOL BAY 

Frcm i972 through 1977, Bristol Bay sockeye salmon runs reached alarmingly 
low levels (Table 1).  The Alaska State Legislature appropriated 1 . 5  million 
dollars of disaster  funds to  A D F & G  t o  use toward rehabili tation and enhance- 
ment of these runs. I n i t i a l l y ,  th i s  money was spent on collection of back- 
ground information on several lake systems. Of the systems examined two 
lake systems in particular were identified as having high potential for  
rehabili tation and enhancement: the Egegik River/Becharof Lake system and 
the Snake River/Lake Nunavaugaluk system. The disaster  fund program has 
continued t o  focus on these two lake systems. 

The Egegik RiverIBecharof Lake system i s  located on the western side of the 
Alaska Peninsula (Fig. 1 ) .  Tt i s  the second largest salmon producing system 
in the area. However, compared to  production of other systems ( f i sh /uni t  of 
rearing area) in Bristol Bay, the Egegi k system produces few f ish (Clark 
1980). So the goals were to  determine potential options for  rehabili tation 
and/or enhancement in th i s  system. Clark (1980) suggested that  the main 
basin of Becharof Lake could provide extensive rearing habitat  for  juvenile 
sockeye salmon, b u t  i s  underutilized as such. Ar t i f ic ia l ly  propagated 
juvenile sockeye salmon could be placed in th is  main basin, where there i s  
an adequate food supply for  rearing fry.  

The Lake Nunavaugaluk/Snake River system (Fig. 1) a1 so showed high potential 
for  rehabili tation and enhancement opportunities. Lake Nunavaugaluk i s  a 
relat ively deep, single basin lake (area 78.76 km2; mean depth = 57m, max. 
depth = 162111) which has his tor ical ly  shown poor salmon production rates .  I t  
i s  located between the Igushik and Wood Rivers. A study conducted from 
1962 t o  1965 showed tha t  Lake Nunavaugaluk was lower in standing crops of 
phytoplankton and zooplankton and higher in transparency than the Igushi k 
lakes and Lake Aleknagik of the Wood River system (Fisheries Research 
Ins t i tu te  1965). They also found low densities of young salmon and resident 
species, except for  threespine stickleback (Gasterosteous aculeatus) which 
was extremely abundant. In comparison t o  Nushagak Distr ic t  lakes, Lake 
~unavaugaluk- was found to have an adequate oxygen supply, b u t  low levels of 
s i  1 icon and total  dissolved sol ids and high water transparency (Gadau 1966). 
Overall, Lake Nunavaugaluk was evaluated as a poor producing system. There 
were indications that  interspeci f i c  competition and lack of available nutri-  
ents for  rearing sockeye salmon fry were potentially limiting factors.  

Relationships between nutrient cycling, predation/competition and recrui t -  
ment for  Lake Nunavaugaluk sockeye salmon populations are not simple. Local 
lore suggests that  Lake Nunavaugaluk had once been a high producing system. 
If t h i s  i s  t rue ,  the limiting factor could be a short supply of adult 
spawners into the system;without the nutrient input t o  the system,low 
f e r t i l i t y  and competition by stickleback could then resul t .  A similar 
hypothesis has been proposed to explain the decline of Karluk Lake sockeye 
salmon production (McIntyre 1980). 

From these baseline data, as well as from the logistical  factors involved, 
i t  was determined that  the Lake Nunavaugaluk system was the most feasible 
s i t e  for  a r t i f i c i a l  propagation of sockeye salmon f ry  in the Bristol Ray 
area. From 1974 through 1978, a p i lo t  program using instream incubators 
was conducted a t  East Creek on Lake Nunavaugaluk (Fig. 3 ) .  I n  1978, a 



F i g u r e  3. Lake Nunavaugaluk, n e a r  Bristol Bay, A laska.  



permanent i ndoo r  ha tchery  f a c i l i t y  was completed w i t h  an u l t i m a t e  o b j e c t i v e  
t o  produce 15 m i l l i o n  sockeye salmon f ry .  Produc t ion  a t  East Creek Hatchery  
has ranged from 6,100 f ry  re l eased  i n  1975 t o  5.6 m i l l i o n  f r y  re leased  i n  
1982 (Tab le  2 ) .  

I n  c o n j u n c t i o n  w i t h  t h e  ha tchery  i n c u b a t i o n  p r o j e c t  i n  t h e  mid-1970is,  NMFS, 
i n  coope ra t i on  w i t h  ADF&G, F.R.E.D. D i v i s i o n ,  conducted ex tens i ve  b i o l o g i c a l  
s t u d i e s  on t h e  Lake Nunavaugaluk/Snake R i v e r  system (Jaenicke and 
K i r c h h o f f e r  1976; Jaenicke and Olsen 1975; Jaenicke,  e t  a l .  1978; Jaenicke 
e t  a l .  1980; Hoffman 1978, 1979; Dahlberg 1974, 1976; Dahlberg and Thomason 
1976; Dahlberg and Sheng 1977; Brown 1981; Thomason 1979; Lemberg e t  a l .  
1974). The main o b j e c t i v e  o f  these s t u d i e s  was t o  es t ima te  t h e  c a r r y i n g  
c a p a c i t y  o f  t h e  l a k e  so t h a t  re leases  o f  ha tchery  sockeye would n o t  r e s u l t  
i n  excess ive i n t r a s p e c i f i c  compe t i t i on  and thus  decreased s u r v i v a l  o f  
sockeye f r y .  

Resu l t s  of t h e  NMFS s t u d i e s  i d e n t i f y  t h e  l o c a t i o n  and e x t e n t  o f  sha l l ow  
wa te r  r e a r i n g  areas wh ich  a r e  i m p o r t z n t  f o r  e a r l y  f r y  s u r v i v a l  ( Jaen icke  e t  
a l .  19781, b u t  no es t ima te  o f  c a r r y i n g  c a p a c i t y  o f  t h e  l a k e  was eve r  made. 
De te rmina t ion  o f  number and age o f  sockeye salmon smol ts  m i g r a t i n g  f rom t h e  
l a k e  was a l s o  i n v e s t i g a t e d  as a  method t o  eva lua te  f r eshwa te r  s u r v i v a l  and 
p r o d u c t i o n  o f  sockeye salmon j u v e n i l e s .  Thomason and Jaenicke (1979) 
p o s t u l a t e d  t h a t  two s i g n i f i c a n t  pe r i ods  o f  smol t  m i g r a t i o n  occur  a t  Snake 
R i v e r :  ( 1 )  most age 2.0 smol ts  and many age 1.0 smol ts  ou tm ig ra te  be fo re  
and d u r i n g  i c e  breakup, w i t h  t h e  age 2.0 smol ts  l e a v i n g  b e f o r e  t h e  age 1.0 
smolts;  and, ( 2 )  most age 1.0 smol ts  leave  t h e  l a k e  a f t e r  i c e  breakup. They 
concluded t h a t  e f f o r t s  t o  o b t a i n  an e s t i m a t e  o f  t o t a l  smol t  m i g r a t i o n  a f t e r  
i c e  breakup were n o t  v a l i d  s i nce  o n l y  a  p o r t i o n  o f  t h e  a c t u a l  smo l t  
m i g r a t i o n  was i n c l  uded (Thomason and Jaenicke 1979). 

Lake F e r t i  1  i z a t i o n  

A r t i f i c i a l  l a k e  f e r t i l i z a t i o n  has been i n v e s t i g a t e d  as a  t o o l  f o r  enhance- 
ment and r e h a b i l i t a t i o n  i n  B r i s t o l  Bay. L i t t l e  Togiak Lake, i n  t h e  Wood 
R i v e r  Lake system (F ig .  41, was used as an exper imenta l  s i t e  f o r  l a k e  f e r -  
t i l i z a t i o n  s t u d i e s  conducted by UW-FRI. Diammonium phosphate was added t o  
t h e  upper end of t h e  l a k e  i n  l a t e  August o f  1974 and 1975 and, subsequent ly  
ove r  most o f  t h e  l a k e  i n  m id - Ju l y  o f  1976, 1977 and 1978. Rogers (1979) 
r e p o r t e d  inc reases  i n  c h l o r o p h y l l ,  zooplankton and emergent ch i ronomid 
p roduc t i on  l a t e  i n  t h e  season (September). Sockeye salmon f ry  growth d i d  
n o t  i nc rease  s i g n i f i c a n t l y  i n  e a r l y  summer, b u t  t h e  s i z e  o f  m i g r a t i n g  age 
1.0 smol ts  t h e  n e x t  s p r i n g  showed a  s i g n i f i c a n t  inc rease  (Rogers 1979). I n  
1979, Rogers d i d  n o t  add f e r t i l i z e r  t o  L i t t l e  Togiak Lake, b u t  t h e  l a k e  was 
moni tored.  He found t h a t  zooplankton abundance and s tand ing  c rop  o f  
phy top lank ton  had r e t u r n e d  t o  normal (i .e. l e v e l s  o f  p r e f e r t i  1 i z a t i o n ) .  

I n t e r e s t  i n  t h e  r e h a b i l i t a t i o n  o f  Lake Nunavaugaluk was con t inued  i n  1981, 
when a  2 yea r  p r e f e r t i l i z a t i o n  program was begun. L imno log i ca l  sampl ing was 
conducted p e r i o d i c a l l y  throughout  t h e  w i n t e r  months and approx imate ly  every  
3 weeks d u r i n g  t h e  i c e - f r e e  months (May - November). Ana l ys i s  o f  these da ta  
i s  i n  p rogress  (Koenings, i n  prep. ) .  



Table 2. H i s t o r i c a l  product ion record, East Creek ~ a t c h e r ~  .dl 

Brood Donor Num e r  of rn Estimated To ta l  Returns 
Species Year Source Eggs Released Date Hatchery Year Harvest By Brood Year 

Sockeye 1974 East C r .  67,000 
K i l l i a n  C r .  73,000 6,000 1975 
Out le t  

1975 East Cr. 88,000 252 1980 126 
K i l l i a n C r .  392,274 346,529 1976 819 
Out le t  141,660 128 1981 313 
Beach 210,069 

1976 East Cr. 339,000 2,548 1980 774 
K i l  l i a n  C r .  1,800,000 1,990,895 1977 250 1981 612 3, OO&/ 
Beach 1,040,000 

1977 East C r .  150,730 
K i l l i a n  C r .  379,919 1,663,417 1978 178 1981 436 6 1&' 
Beach 1,549,919 

1978 East Cr. 240,000 
' Beach 2,400,000 2,687,511 1979 

1979 East C r .  272,882 
Francis C r .  6,327,338 1,000,000 198&' 

1980 East C r .  2,978,724 
K i l l i a n C r .  29,516 4,361,433 1981 
Francis C r .  1,956,229 . 

1981 East Cr. 524,980 
Francis Cr. 6,165,272 5,564,002 1982 

a/ From ADF&G, 1982 - 
b/  Does not  inc lude  poss ib le  re tu rns  i n  1982 and 1983. - 

C /  IHNV outbreak a t  hatchery caused h igh  m o r t a l i t y  and consequently a n n i h i l a t i o n  o f  those t h a t  survived, excluding - 
the  1,000,000 t h a t  appeared heal thy enough t o  be released. 



Figure 4. Wood River Lake system, near Bristol Ray, A laska.  



I n  c o n j u n c t i o n  w i t h  p r e f e r t i l i z a t i o n  s t ud ies ,  b a s e l i n e  da ta  were c o l l e c t e d  
i n  1981 on food  h a b i t s ,  m i g r a t i o n  and r e l a t i v e  abundance o f  sockeye salmon 
f r y  i n  Lake Nunavaugaluk. Ana l ys i s  o f  these  da ta  was de layed u n t i l  a second 
yea r  o f  da ta  cou ld  be ob ta ined  i n  1982. However, funding r e s t r i c t i o n s  i n  
t h e  1982 season have prevented c o l l e c t i o n  o f  a d d i t i o n a l  data.  The 1981 da ta  
a re  r e p o r t e d  by Laner (1982a). 

Hatcherv Eva lua t i on  

Recovery of marked, ha tchery  produced f ry  i s  a means of e v a l u a t i n g  enhance- 
ment r e s u l t s .  A f r y  mark ing program was p lanned f o r  FY82 a t  East  Creek 
Hatchery,  b u t  i t  was cance l l ed  because o f  a concern f o r  s t r e s s - r e l a t e d  
f a c t o r s  and t h e  t h r e a t  o f  i n f e c t i o u s  hematopo ie t i c  nec ros i s  v i r u s  (IHNV) on 
emergent sockeye f ry.  

Predator /Compet i tor  Stud ies 

ADF&G has h i s t o r i c a l l y  been i n v o l v e d  w i t h  research  and development o f  
techniques t o  c o n t r o l  p reda to rs  and compet i to rs  o f  salmon. Preda to ry  
spec ies o f  ma jo r  concern a r e  Beluga whale (Del  h i n a  t e r u s  leucas)  and A r c t i c  
char  (Salve1 i nus  a1 i n u s ) .  Threespine s t i c k l e b a c k  Gasterosteous acu lea tus )  +- --+- 
and n i  nesp ine s t i c k  eback ( P u n g i t i u s  pungi  t i u s )  a re  a1 so known compe t i t o r s  
o f  salmon. 

Beluga Whale Preda t ion :  

Since 1954, b i o l o g i s t s  as w e l l  as l o c a l  f ishermen have documented t h a t  
beluga whales move i n t o  t h e  va r i ous  r i v e r  systems i n  B r i s t o l  Bay and feed  
e x t e n s i v e l y  on o u t m i g r a t i n g  sockeye salmon smol t s .  Brooks (1954a, 1954b, 
1955) and Vania (1966) conducted food  h a b i t  s t u d i e s  on beluga whales t h a t  
i n h a b i t  B r i s t o l  Bay i n  s p r i n g  and summer. They showed t h a t  beluga whales 
f eed  p r i m a r i l y  on sockeye salmon smol ts  i n  t h e  narrow con f i nes  o f  r i v e r  
mouths d u r i n g  s p r i n g  and e a r l y  summer when smo l t  a r e  m i g r a t i n g  from 
f reshwate r  t o  s a l t w a t e r .  Examinat ion o f  stomach con ten ts  of 37 beluga 
whales taken  i n  t h e  s p r i n g  o f  1954 and 1955 i n d i c a t e d  an average of 685 
j u v e n i l e  salmon p e r  stomach (Brooks, 1954b, 1955). The t o t a l  annual 
p r e d a t i o n  on j u v e n i l e  salmon a t  t h e  Kv ichak R i v e r  was es t imated  t o  be around 
3 m i l l i o n  (Brooks, 1955). I n  t h e  summers o f  1954 and 1955, 78 be luga whales 
were c o l l e c t e d .  Examinat ion showed an average o f  6 a d u l t  salmon p e r  
stomach. A l l  f i v e  spec ies o f  P a c i f i c  salmon were represented.  An es t imated  
196,000 a d u l t  salmon were consumed i n  1954, and an es t imated  99,225 a d u l t  
salmon were consumed i n  1955 by beluga whales (Brooks, 1954b, 1955). 

Between 1956 and 1959, harassment exper iments  were conducted by ADF&G 
personnel  i n  an e f f o r t  t o  chase belugas o u t  o f  t h e  r i v e r s  w i t h  outboard 
powered s k i f f s .  I n  1960 smal l  e x p l o s i v e  charges were f i r e d  near  belugas. 
These p r i m i t i v e  methods were abandoned because s k i f f s  were operab le  o n l y  
d u r i n g  calm weather and d a y l i g h t  hours .  Also,  exp los i ves  c o u l d  n o t  be used 
i n  areas o f  h i g h  d e n s i t i e s  o f  smol ts  (Brooks 1956, 1957, 1958). 

Between 1965 and 1970, F i sh  and Vania (1971) conducted s t u d i e s  o f  be luga 
whale r e a c t i o n s  t o  t h e  underwater t ransmiss ions  o f  k i l l e r  whale sounds. 
They concluded t h a t  beluga whales were r e p e l l e d  f rom t h e  r i v e r  channels when 
k i l l e r  whale sounds were t r a n s m i t t e d  across t h e  w i d t h  o f  t h e  r i v e r .  Some 
problems were encountered i n  keeping t h e  sound t r ansm iss i on  a t  e f f e c t i v e  



l e v e l s  o f  s t r e n g t h .  T h i s  was reso l ved  when a  second t r a n s m i t t e r  was p l aced  
on t h e  oppos i t e  s i d e  of t h e  r i v e r .  F i s h  and Vania (1971) then  judged t h e  
method t o  be bo th  p r a c t i c a l  and e f f e c t i v e .  

Tn 1975 and 1976, ADF&G acqu i red  severa l  ' be luga  spookers '  and p laced  them 
a t  s i t e s  on t h e  Naknek, Kvichak and Nushagak R i ve rs .  They were success fu l  
i n  keeping beluga whales o u t  o f  t h e  r i v e r s ,  b u t  t h e r e  were ex tens i ve  
mechanical  and l o g i s t i c a l  problems (Skrade pers.  comm.). Evalua.t ion o f  t h e  
e f f i c a c y  o f  t h i s  phase o f  t h e  c o n t r o l  technique was n o t  done. 

I n  1979, ADF&G, F.R.E.D. D i v i s i o n  exp lo red  p o s s i b l e  approaches t o  t h e  be luga 
whale p r e d a t i o n  problem. Goals were: (1) t o  develop a c o u s t i c a l  r e p e l  1  i ng 
u n i t s  f o r  r o u t i n e  use on f i s h e r i e s  enhancement; ( 2 )  t o  i n v e s t i g a t e  
abundance and d i s t r i b u t i o n  o f  beluga whales i n  t h e  Nushagak Bay r i v e r  
systems; and 3 )  t o  des ign  a  f i e l d  exper iment  f o r  e v a l u a t i o n  o f  r e p e l l i n g  
u n i t  e f f e c t i v e n e s s  ( F r i e d  e t  a l .  1980). Because o f  budget r e s t r a i n t s ,  o n l y  
an abundance and d i s t r i b u t i o n  s tudy  i n  t h e  Nushagak Bay r i v e r  systems was 
completed i n  t h e  1979 f i e l d  season. F r i e d  e t  a1 . (1980) l i s t e d  severa l  
recommendations f o r  f u r t h e r  work concern ing beluga whale p r e d a t i o n  on salmon 
i n  B r i s t o l  Bay. 

Other  r e l e v a n t  be luga whale s t u d i e s  are:  Calderon and Wenz 1967; Co rne l i us  
1965; Cumming and Thompson 1971; F i s h  and Mowbray 1962; K l i n k h a r t  1966; 
Lens ink 1961; P i t c h e r  1974; Randal l  1975; S c h e v i l l  and Lawrence 1949; Seaman 
and Burns 1981; Seaman e t  a l .  1982; Seargeant 1973; Seargeant and F i she r  
1957; Skrade 1976; Vania 1971; Vania and K l i n k h a r t  1966; Vania e t  a l .  1968, 
1969. 

Dur ing  t h e  1982 f i e l d  season, t h e  Game D i v i s i o n  o f  ADF&G coope ra t i ng  w i t h  
NMFS, conducted research  on beluga whales i n  Snake R iver .  E f f o r t s  were made 
t o  cap tu re  and r a d i o  t a g  i n d i v i d u a l  whales t o  m o n i t o r  t h e i r  movement. One 
whale was cap tu red  b u t  n o t  tagged. Improvements i n  cap tu re  and t agg ing  
techniques were found t o  be necessary and research  i s  expected t o  be 
con t inued  i n  1983 (K.  T a y l o r  pers .  comm.). 

S t i c k l eback  Compet i t ion:  

Dur ing  c e r t a i n  phases o f  t h e i r  l i f e  h i s t o r i e s ,  t h reesp ine  and n i nesp ine  
s t i c k l e b a c k  and j u v e n i l e  sockeye salmon have been shown t o  have s i m i l a r  food 
h a b i t s  and l o c a l  m i g r a t o r y  movements i n  t h e  Wood R i v e r  Lakes and Lake 
Nunavaugaluk (Rogers 1968, 1973, 1977; Hoffman 1979). However, t h e  e f f e c t  
o f  s t i c k l e b a c k  abundance on growth and s u r v i v a l  o f  j u v e n i l e  sockeye salmon 
i n  these systems i s  undetermined. Between 1958 and 1977, UW-FRI made many 
observa t ions  on l i f e  h i s t o r y  and on r e l a t i v e  abundance and growth o f  
t h reesp ine  s t i c k l e b a c k .  Rogers (1977) d iscusses these da ta  w i t h  emphasis on 
f a c t o r s  which l i k e l y  i n f l u e n c e  s t i c k l e b a c k  abundance and r e l a t i o n s h i p  t o  
j u v e n i l e  sockeye salmon. He s t a t e s  t h a t  s t i c k l e b a c k  i n  t h e i r  f i r s t  yea r  a re  
more s i m i l a r  i n  d i e t  and h a b i t a t  d i s t r i b u t i o n  t o  sockeye salmon f r y  ! "zero 
age") than  a r e  t h e  2 yea r  o l d  o r  3 yea r  o l d  s t i c k l e b a c k .  Hoffman (1979) 
a l s o  s t a t e s  t h a t  t h e  d i e t  o f  a l l  age c lasses  o f  bo th  sockeye salmon and 
s t i c k l e b a c k  i s  s i g n i f i c a n t l y  assoc ia ted  w i t h  h a b i t a t  i n  t h e  l i t t o r a l  zone o f  
t h e  l ake ,  i .e . ,  p h y s i c a l  c h a r a c t e r i s t i c s ,  such as bot tom t ype  and 
vege ta t i on ,  determine what food  i tems w i l l  be a v a i l a b l e  a t  any g i ven  t ime.  



In the limnetic zone of Lake Nunavaugaluk, Hoffman (1978) compared d i e t s  of 
sockeye salmon f r y  and st ickleback (ranging in age from f i r s t  year of l i f e  
t o  th i rd  year of l i f e )  in re la t ion  t o  timing and abundance of zooplankton 
species.  There was an overlap in d i e t  between the  two f i s h  species.  Since 
sample s izes  in t h i s  study were l imi ted,  fu r the r  e f fo r t s  would be needed t o  
confirm the r e su l t s  of the study (Hoffman 1978). 

Frcm 1974 through 1976, Johnson (1976) conducted a stickleback control 
program on Lake Nunavaugaluk. Traps were placed in Moose Creek, Cranberry 
Creek, and Stickleback Creek (Fig.  3) p r io r  t o  st ickleback spawning. 
Migrating spawners were caught while moving upstream, then the t raps  were 
reversed so downstream migrating f ry  and spent adul ts  were captured. 
Objectives of t h i s  program were to:  ( 1 )  remove spawning populations of 
threespi ne and ninespi ne st ickleback; ( 2 )  assess spawning populations of 
st ickleback; and (3 )  co l l e c t  samples of st ickleback f o r  age, sex, fecundity, 
and food habi ts  information. 

The r e su l t s  of Johnson's (1976) st ickleback program show a t o t a l  of 127,000 
adul t  and 4.5 mill ion juvenile threespine st ickleback,  as well as 5,600 
adul t  and 50,800 juvenile ninespine st ickleback t h a t  were trapped a t  a l l  
locations in 1974. Despite these e f f o r t s ,  stickleback remained the  most 
abundant f i s h  species in  the  lake.  

Rogers (1977) concluded t h a t  quan t i t a t ive  estimates of the  e f f ec t s  of 
st ickleback abundance on the  growth of juvenile sockeye salmon were not 
possible. Growth of sockeye salmon f r y ,  growth of st ickleback in t h e i r  
f i r s t  year ,  r e l a t i ve  abundance of each species ,  and abundance of zooplankton 
were a l l  i n t e r r e l a t ed .  In the  Wood River system, competition f o r  food and 
hab i ta t  does occur between st ickleback and sockeye salmon juveni les ,  b u t  the 
extent  of t h i s  competition i s  s t i l l  undetermined (Rogers 1977). 

Arctic Char Predation: 

Arctic char a r e  predators of juvenile salmon. They have been a primary 
concern throughout the  his tory  of the commercial sockeye salmon industry in 
Bristol  Bay. I n  the Wood River lake system (Fig. 4 )  Arctic char predation 
on sockeye salmon smolts has been studied in tensively .  Char often 
congregate a t  the  mouths of r ive rs  and prey on sockeye salmon smolts. 
During the  spring migration, smolts pass through these areas in large 
concentrations. Meacham (1977) estimated t h a t  1.5 t o  1.9 mi 11 ion sockeye 
salmon smolts were consumed each year by Arctic char a t  the  mouth of the 
Agulowak River, in the Wood River system, in 1975 and 1976. Concern f o r  
t h i s  source of sockeye salmon smolt morta l i ty  has resul ted  in several 
p ro jec t s ,  which have been conducted periodical l y  since 1920. 

Early predator control projects  were carr ied  out with enthusiasm but were 
never adequately evaluated. Two approaches of control were employed. 
F i r s t ,  between 1920 and 1927, federal  agents (Bureau of Fisher ies)  conducted 
an eradication program by capturing and destroying Arctic char in Bristol  
Bay salmon spawning and nursery waters. A t o t a l  of 3000 t o  12,000 char were 
destroyed annually a t  the  mouth of the  Agulowak River in Lake Aleknagik 
(Rogers e t  a l .  1972). The second approach, from 1928 t o  1940, used a bounty 
system. Bristol  Bay res idents  were paid 2.5 t o  5 cents per char t a i l .  This 
soon became an important cash resource f o r  the a rea ,  involving 



hundreds of thousands of dollars.  The program was poorly designed and 
conducted. Many t a i l s  brought in for  payment were never properly identi-  
f ied ,  and even included other species, including young salmon (Hubbs, 1940). 

The f i r s t  assessments of Arctic char as a salmon predator in the Wood River 
system was conducted in 1953 (Thompson e t  a l .  1971). They sampled a total  
of 5900 char stomachs (collected from the five major lakes during various 
seasons) and concluded that  incidence of predation was 3.5 times higher in 
areas of high smol t concentration ( i  .e. r iver  mouths during migration) than 
in open lake areas. A total  of 1.3 million sockeye salmon smo1t.s were 
estimated t o  have been consumed a t  the mouth of the Agulowak River between 
11 June and 20 July 1954. 

Moriarity (1976) compiled and analyzed data on Arctic char abundance and 
distribution that was collected by UW-FRI personnel from 1956 through 1976. 
be included baseline data on l i f e  history of Arctic char with respect to  
season, year, location and sex. Feeding habits were shown t o  vary seasonal- 
ly and by location throughout the system. Feeding habits changed with food 
avai 1 abi 1 i ty , suggesting an opportuni s t i  c feedi ng pattern. Sockeye salmon 
smolts were found t o  be the primary food source during June and July 
(Moriarity 1976). Thompson e t  a l .  (1971) reported that  threespine 
sticklebacks replaced sockeye salmon fingerlings in char d ie t s  as the salmon 
dispersed into deep water areas in l a t e  summer. Observations made during 
September sampling showed that  char stomachs were packed only with snai ls  
(N. Kai 11 pers. obs. ) . A1 t h o u g h  sockeye salmon juveni 1 e population 1 eve1 s 
vary from year to  year, char populations have remained stable.  

Ricker (1952) discusses the different relationship that  can occur between 
predator and prey. He defines "type A" as follows: 

"Predators of any given abundance take a fixed number 
of the prey species during the time that  they are in 
contact, enough t o  s a t i a t e  them. The surplus prey 
escapes". 

The resu l t  i s  "depensatory mortality" (Neave, 1952). In times of low 
sockeye salmon smolt abundance, the char predator population will take about 
the same number of prey as in other years,  b u t  the percentage of mortality 
in times of low abundance will be higher than a t  any other level of abun- 
dance. The'result  i s  tha t  the emigrating sockeye salmon smolts are h i t  
hardest when they are a t  t he i r  lowest population levels. 

When the Bristol Bay disaster  funds were appropriated in 1974-75 by the 
s t a t e  legis lature ,  ADF&G directed major e f for t s  toward the Nushagak 
d i s t r i c t ,  including the Wood River system. Meacham (1977) conducted an 
Arctic char predation assessment and control investigation within the Wood 
River system. He estimated that  Arctic char consumed 1.5 million sockeye 
salmon smolts a t  the Agulowak River in 1975 and 1976. Experiments were 
conducted t o  design a control method for  Arctic char during the 
spring-summer smolt migration periods. A nonlethal control method was 
sought, because Arctic char i s  a valuable resource t o  sport and subsistence 
fishermen and occupy an important ecological niche in the lake system. 



An impoundment program, where char were confined in pens during the smol t 
migration period, was found t o  be the most feas ib le  approach, considering 
the  concerns of the various user groups of the area.  The char impoundment 
program was i n i t i a t e d  in 1975 a t  L i t t l e  Togiak Lake and was continued on a 
l a rger  scale  between 1976 and 1980 a t  the mouths of the Agulukpak and 
Agulowak Rivers. Char were captured with hand operated purse seines t h a t  
were s e t  and re t r ieved from two s k i f f s .  All char captured were measured fo r  
fork length and tagged with individually numbered tags .  This allowed 
monitoring of escape r a t e ,  migration behavior, and biological e f f ec t s  of 
confinement on char r e l a t i v e  t o  mortal i  t y ,  condition f ac to r ,  body f a t  
content ,  growth, and fecundity (Meacham & Clark 1979). 

McBride (1980) reported on the  homing and migration behavior of Arctic char 
t o  feeding and spawning s i t e s  in the Wood River lake system. As a r e s u l t  of 
tagging s tud ies ,  he concluded t h a t  char which were found a t  the  Agulowak 
River feeding s i t e ,  represent  one subpopulation out of twenty or more 
subpopulations of char in the  Wood River lake system. About 98% of the  char 
found feeding a t  the Agulowak River returned t o  the  same s i t e  the following 
summer. In the  f a l l ,  char from the  Agulowak River migrate t o  spawning s i t e s  
a t  Sunshine and Youth Creeks (Fig. 4 ) .  Similar migration pat terns  have been 
documented f o r  subpopulations of Arctic char in other sections of the Wood 
River 1 ake system (McBri de 1980). 

Studies of confinement mortal i ty and growth ra tes  of impounded char were 
reported by Bukl i s  e t  a1 . (1979). I n  1977, high morta l i ty  ra tes  of confined 
char were experienced a t  the Agulukpak River s i t e  because of warm water 
temperatures in the  shallow water (shore based) confinement pen (Bukl i s  e t  
a1 . 1979). A deep water (15 m) f loa t ing  net  pen was used a t  the  Agulowak 
River from 1977 through 1980, and mor ta l i t i e s  of confined char were l e s s  
than 5 percent of a1 1 f i s h  caught (Buklis e t  a1 . 1979). During confinement, 
char did not feed,  resul t ing in a loss  of f a t  reserves proportional t o  the 
length of confinement. Confinement had a s ign i f i can t  negative e f f ec t  on 
growth r a t e  of Arctic char during the year following re lease ,  and repeated 
confinement f u r t he r  reduced growth r a t e  (Buklis e t  a l .  1979). However, 
following t h e i r  re lease  from the pens, the  survival r a t e  was not 
s ign i f i can t ly  af fected.  Confinement had no e f f ec t  on fecundity,  egg s i z e ,  
o r  spawning frequency (Bukl i  s e t  a1 . 1979). 

Concurrent with the  confinement p ro jec t s ,  creel  census catch and e f f o r t  data 
were col lec ted from 1975 through 1977 by Clark and Meacham (1977). They 
compared: (1) Agulowak River mouth creel  census information from two 
pre-impoundment years (1975-1976) t o  t h a t  of an impoundment year (1977), and 
( 2 )  creel  census information from an impoundment area t o  surrounding areas.  
Clark and Meacham (1977) concluded t h a t  catches of Arctic char per man day 
of f i shing did not change s ign i f i can t ly  because of impoundment. For 1979, 
ae r ia l  surveys were flown over the  Wood River system to  determine spor t  f i sh  
use and a pa r t i a l  creel  census was conducted on the Agulowak River (Newcome 
1980). Co1 lec t ion of these data was never f inished nor was analys is  of the 
data conducted, with respect  t o  impoundment e f f ec t s .  

Benefits of the impoundment program were reported as "number of smolts 
saved" and "benefi t- to-cost  r a t i o . "  To determine the  number of smolts 
saved, weekly smolt consumption levels  by unconfined char were mult ipl ied by 
the number of char removed from the r i v e r  mouth feeding area (Meacham and 
Clark 1979). This estimate assumes t h a t  confined char would have consumed 



t h e  same number o f  smol ts  t h a t  uncon f ined  char  consumed. A b e n e f i t - t o - c o s t  
r a t i o  was ob ta ined  by m u l t i p l y i n g  t h e  number o f  smol ts  saved by a  10% ocean 
s u r v i v a l  r a t e  t o  obt.ain t h e  es t imated  number o f  r e t u r n i n g  a d u l t s  a v a i l a b l e  
t o  t h e  commercial f i s h e r y .  The va lue  o f  t h e  commercial ca t ch  i s  t hen  
r e l a t e d  t o  t h e  c o s t  of t h e  impoundment p r o j e c t .  B e n e f i t - t o - c o s t  r a t i o s  a t  
t h e  Pgulowak R i v e r  i n  1977 were 10:1, and i n  1978 were 16:l .  A t  t h e  
Agulukpak R i v e r  b e n e f i t - t o - c o s t  r a t i o s  were 2.2 : l  i n  1977 and I :1  i n  1978 
( C l a r k  1978). 

I n  1979 and 1980, t h e  F.R.E.D. D i v i s i o n  con t inued  t h e  char  p r o j e c t  a t  t h e  
Agulowak R i v e r  mouth. Based on t h e  p a s t  success fu l  years  o f  t h e  p r o j e c t ,  a 
commercial purse se ine  operated f rom a  10m cha r t e red  vessel  was u t i l i z e d  t o  
cap tu re  char .  B e n e f i t - t o - c o s t  r a t i o s  on t h e  char  p r o j e c t  i n  1979 and 1980 
a t  t h e  Agulowak R i v e r  were c a l c u l a t e d  t o  be 1.3 : l  and 2.7: l  r e s p e c t i v e l y .  
The r a t i o  showed g r e a t e r  success i n  1980 because o f  l a r g e r  numbers o f  char  
t h a t  were impounded and inc reased  consumption o f  smol t s  by  char  ( F r i e d  and 
Laner 1980a). Other  s t u d i e s  on a r c t i c  char  p r e d a t i o n  and impoundment a r e  
r epo r t ed  by Meacham (1978, 1980); Nelson (1966); and Rogers and Ruggerone 
(1980). 



GOALS OF F.R.E.D. DIVISION IN RRISTOL BAY 

The work addressed in this report was directed at a set of goals. The 
overall goal as stated in the Area Plan for Bristol Eay (Kaill et al. 1980), 
has been the development of rehabilitation and enhancement techniques that 
could be used to: (1) moderate cyclic fluctuations in t.he Pacific salmon 
abundance, and (2) provide optimal populations of other fishery resources 
for the benefit of all user groups. 

The area program is defined as fol 1 ows (Kai 11 et a1 . 1980) : 
1. Lake Nunavaugaluk Sockeye Salmon Production Evaluation Goal - to 

monitor the fate of hatchery produced sockeye salmon in the natural 
environment and develop methods to maximize their survival in order to 
assist East Creek Hatchery in meeting its production goals. 

2. East Creek Hatchery Production and Maintenance Goal - to develop 
techniques and maintain facilities necessary for production of 15 
million sockeye salmon fry for release into Lake Nunavaugaluk by 1980 
and for maintenance of a run of 200 thousand sockeye salmon by 1984. 

3. Sockeye Salmon Predator/Competitor Investigations Goal - to manipulate 
predator and competitor populations (e.g. Arctic char, beluga whale, 
threespine stick1 eback) to favor sockeye salmon survival. 

4. Bristol Bay Lake Fertilization Investigations Goal - to increase 
rearing capacities of oligotrophic lakes for juvenile sockeye salmon 
through controlled additions of chemical fertilizers. 

5. Bristol Bay Project Development and Control Goal - to identify, evalu- 
ate, and develop opportunities for increasing fishery production 
throughout Bristol Bay through use of suitable rehabilitation and 
enhancement techniques. 



REPORT ON F . R . E . D .  DIVISION PROJECTS 

Hatchery production was considered t o  be the  best way t o  address the goal of 
minimizing f luctuat ions  in sockeye salmon production f o r  Bristol  Bay. This 
resulted in an emphasis on f a c i l i t y  evaluation f o r  the  biology program. 

Lake Nunavauaaluk Sockeve Salmon Smolt Studies 

Sockeye salmon s tudies  have been conducted a t  Lake Nunavaugaluk (Fig.  3)  
s ince  1973, in conjunction with East Creek Hatchery. In 1981, intensive 
s tudies  of each sockeye salmon l i f e  s tage  ( f r y ,  smolt, and a d u l t ) ,  were 
conducted (Laner 1982a). In 1982, budget r e s t r a i n t s  allowed only continua- 
t ion of sockeye salmon smolt s tudies .  Objectives of these s tudies  were: 

1 )  t o  determine whether large numbers of smolts leave the lake p r io r  
t o  or  during i c e  breakup; 

2 )  t o  sample the smol t migration and obtain information on the  t o t a l  
production of Lake Nunavaugaluk hatchery and wild stocks;  

3 )  t o  est imate age, weight and length composition of smol t s  leaving 
the  lake;  

4 )  t o  continue t o  develop and improve techniques f o r  enumerating 
t o t a l  smolt migration. 

Methods and Material s :  

Prior  t o  and during i c e  breakup in 1982, smolt sampling was conducted a t  two 
s i t e s  near the  ou t l e t  of Lake Nunavaugaluk (Fig. 5 ) .  Outlet width was 
approximately 1000 m ,  and water depth ranged from 0.6 t o  3.6 m .  After i ce  
breakup, smolt sampling was conducted within Snake River, about 50 m below 
the ou t l e t .  River width a t  the sample s i t e  was 57 m and depth ranged from 
0.3 t o  1.5 m .  Water veloci ty  varied from 0.8 t o  1.3 mps throughout the 
season. This sample s i t e  was upstream from the si t .e  used in previous years;  
i t  was chosen because high water level and high ra tes  of flow made sampling 
d i f f i c u l t  a t  the  downstream s i t e .  

Prior  t o  and during i c e  breakup, g i l l  net sampling of sockeye salmon smolts 
was conducted. Two g i l l  nets  with var iable  square mesh (3.8,  3.2,  2.5, 1.9, 
1.3 cm) were used. Nets were f ished continuously from 2000 h on 8 May un t i l  
1000 h on 26 May and were checked da i ly  a t  1000 h .  Sampling was discon- 
tinued on 26 May a f t e r  f loat ing i ce  destroyed both nets .  

Fyke nets  [ f i t t e d  with f loa t ing  l i v e  boxes as described by Thomason and 
Jaenicke (1979)f were used t o  sample smolts from 25 May through 19 June. 
Two s ta t ionary  sample s i t e s  were used throughout the  sample season. These 
s i t e s  were located in the middle and near the  ea s t  shore of the  r i v e r  (Fig. 
5 ) .  Two d i f f e r en t  sample designs were used in the  smolt enumeration. 

Index Sampling Hethod. During and immediately a f t e r  i ce  breakup (25 May - 6 
June) index sampling rs imi lar  t o  t ha t  described by Fried and Laner (1980b)l 
was conducted. During the ea r ly  part  of the  migration (25 May t o  6 June) ,  
i c e  and water conditions made i t  impossible t o  obtain samples consis tent ly  
during each hour of each sample night ,  so one fyke net  was f ished a t  one 



LAKE NUNAVAUGALUK 

Figure 5. Area where Lake Nunavaugaluk drains into Snake River, showing 
location of g i l l  net and  fyke net sampling s i t e s  for  sockeye salmon smolts. 
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s i t e  during a sample night. From 7 June t o  19 June, 2 nets  were operated. 
A sample night was defined as the  5-hour period from 2300 h through 0300 h .  
Thomason and Jaenicke (1979) reported t h a t  an average of 94% of a l l  smolts 
(trapped a t  Snake r i ve r  from 1974-1978) were caught between 0000 h and 0300 
h .  

From 25 May t o  6 June, the smolts caught in the n e t ( s )  during a predeter- 
mined 6 minute sample period each hour were counted. These index counts 
were then expanded t o  estimate the t o t a l  hourly smolt migration, using the 
following formulas: 

Where ; 

Y s t  = estimated t o t a l  smolts migrating during period when fyke nets  were 
f ished,  

Y f  = estimated t o t a l  smolts migrating through f fyke n e t ( s ) ,  

Cf = expansion fac to r  = ( r i v e r  width) / (net  width),  

N h  = t o t a l  number of un i t s  (minutes) in h t h  stratum, 

s 2  = sample variance in stratum h ,  h 
- 
yh = sample mean f o r  sockeye salmon smolts in stratum h ,  

V = variance, 

f = number of nets f i shing 

h = stratum h 

L = t o t a l  number of s t r a t a  

n h  = t o t a l  number of uni ts  (minutes) in sample from h t h  stratum. 

Mark - Recapture Method. The second estimation procedure was a mark-recap- 
t u r e  method which was conducted between 7 June and 19 June. Sockeye salmon 
smolts were dye-marked by immersion in a solution of Bismark Brown-Y s t a i n  
and water (12.5g/380 1 i t e r s )  . Smol t s  to  be dye-marked were captured between 



2300 h a n d  0200 h and held in a net pen near the shore until  the dye process 
was complete (0330 h - 0600 h ) .  A 750-liter fiberglass t u b  was used t o  
contain the dye solution. 

In 1981, use of the dye-mark technique overstressed the smolts because of: 

1) immersion in the dye solution formore than 45 minutes; 
2 )  rising water temperatures in shallow water where smolts were held 

during the day prior to  being dye-marked, and 
3) overcrowding in the t u b  and s t ress  from resultant depleted oxygen 

supply 

These problems caused smol t mortali t ies (Rowse pers. obs .).  I n  1982, the 
dye-mark process was conducted in the early morning and smolts were released 
immediately along the lake shoreline about 500 m above the out let .  Also, 
immersion time in the dye solution was reduced to  30 minutes, and only 
300-350 smolts were immersed a t  one time. Smolt mortality was reduced. 

The proportion of dye-marked smolts recaptured in the fyke nets ( 2  nets were 
operated 7 June - 19 June) was used to  estimate the proportion of the run 
that  was sampled. Smo1t.s captured during the 6-minute counts were pooled in 
a net pen and checked for  dye-marks the next day. After 10 June, when fewer 
smol t s  were migrating, subsampl ing (6-min counts) was discontinued. The 
total  number of smolts captured during a sample night and the total  number 
of dye-marked smolts captured were recorded. 

The following formula (Rawson 1982) was used to  obtain an estimate of total  
smol t s  migrating between 7 June and 19 June: 

Where; 

= estimated total  number of smolts leaving lake between 7 June 
and 19 June, 

D = number o f  dyed smol t s  released, 

d = number of dyed smolts recaptured, 

n = number of smolts caught in fyke nets during period of interest .  

The estimated variance of the population estimate i s  as follows (Rawson 
1982) : 

Var (i) = 
n(n+d)D(D-d) 

9 

d 3 

Assuming tha t  N follows a normal dis t r ibut ion,  we have: 

95% C . I .  = N - 1.96'\(= t o  o + l . 9 6 1 G  



Age-Weight-Length Analysis. A random sample of 20 smolts was collected from 
the  catch each sample night f o r  age-weight-length analysis  ( A W L ) .  These 
smol t s  were anesthetized-wi t h  t r i c a ine  methanesul fonate (MS-222), measured 
f o r  fork length,  weighed ( a f t e r  b lot t ing d r y ) ,  and a scale  smear taken. All 
smolts were returned t o  Snake River, 50 m below the fyke net  s i t e ,  aft.er 
dark during the next sample night .  

Smolt scales  were mounted between g lass  microscope s l i de s  in the  f i e l d  and 
l a t e r  viewed under a microfiche reader. Scale patterns were in terpre ted 
u s i ~ g  c r i t e r i a  developed by Thomason (1979) f o r  Snake River sockeye salmon 
smolts. Estimates f o r  mean length and weight f o r  age 1.0 smolts were 
weighted by the  estimated smolt migration during each dye-mark period; 6/7 
t o  6/9, 6/10 t o  6/12, and 6/13 t o  6/19. Only three  age 2.0 smolts were 
capt.ured, so mean weights and lengths were not estimated f o r  t h i s  age group. 

Coded Wire Tagging. Sockeye salmon smol t s  were coded wire tagged (CWT) 
between 3 June and 17 June a t  Snake River. Smolts were col lec ted using 
fyke nets  with attached l i v e  boxes. They were t ransferred from the  l i v e  
boxes i n to  190- l i t e r  tubs ,  transported t o  shore, and t ransferred i n to  net 
pens f o r  holding. The following day, smol ts  were anesthetized with MS-222, 
t h e i r  adipose f i n s  were cl ipped,  and they were tagged with f u l l  length coded 
wire. After dark each evening, a l l  but 100 tagged smolts were released 
downstream of the  fyke net  s i t e .  The 100 f i sh  were retained f o r  24 hours, 
anesthetized,  and passed through a qua l i ty  control device t o  determine shor t  
term percent tag re tent ion.  

Results: 

C1imatological Data. Daily a i r  and surface water temperatures were recorded 
from Snake River near the  ou t l e t  of Lake Nunavaugaluk (Table 3 ) .  Maximum 
and minimum water temperatures f o r  the  sampling period were 9.0°C and 2.0°C 
respect ively ,  with a mean of 4.5"C. Maximum and minimum a i r  temperatures 
were 14°C and 1°C respect ively ,  with a mean of 6.3"C. A1 1 temperatures were 
recorded between 2200 h and 2300 h .  

Outmigration Estimates. Index g i l l  ne t  sampling during the  period 8 May to  
26 May showed l i t t l e  Arctic char a c t i v i t y  near the  Lake Nunavaugaluk ou t l e t .  
Eight char were examined f o r  stomach contents. Food items included s t i ck l e -  
back and insec t s .  

Twenty-six salmon srnolts (23 sockeye, 2 coho, 1 chinook) were caught i n  g i l l  
nets  during the  period 8 May t o  26 May. Scales of the  sockeye salmon smolts 
were not readable f o r  age determination. Catches on 24 May (15 smolts) 
indicated t h a t  smolts began migrating on t h a t  date.  This coincided with the 
beginning of i ce  breakup near the  out.let and with a s l i g h t  increase in da i ly  
water temperature. 

Fyke net  index sampling was i n i t i a t e d  on 25 May a t  2200 h (Table 4 ) .  No 
sampling was conducted between 2400 h 26 May and 2300 h 2 June because of 
hazardous i c e  conditions. Char feeding behavior and the "boil ing" a c t i v i t y  
o f  migrating schcols of smolts were noted in  the  evening hours during t h i s  
time span, suggesting passage of smolts. On 31 May, four char were caught 
with hook and l i ne .  Standard length and stomach contents were as follows: 



Table 3. Daily a i r  and surface water temperatures ( " C )  recorded a t  
Snake River, near Lake Nunavaugaluk out le t ,  during fyke net 
sampling for  sockeye salmon smolts in 1982. Dashes represent 
missing data. 

Date Water Date Water 



Table 4. Fyke n e t  catches of sockeye salmon smol ts ,  Snake R iver ,  1982. 

S i x  m inu te  subsamples T o t a l  N i g h t l y  
Date Net #1 N e t  # 2  Counts 

a /  6  min. h o u r l y  counts conducted 5/25 th rough  6/10. 
I;/ - t o t a l  # smol t  caught i n  b o t h  n e t s  pe r  sample n i g h t .  
c /  no da ta  c o l l e c t e d .  - 



540mm - 18 smol ts ,  
550 mm - s n a i l s  and smal l  stones, 
493 mm - 2  smolts and o t h e r  f i s h  remains, 
410 mm - 1 smol t  and o t h e r  f i s h  remains.  

Fyke n e t  sampl ing resumed a t  2300 h  2 June. Releases o f  dyed smol ts  occur-  
r e d  on 7  June, 10 June and 13 June w i t h  1079, 1347, and 1123 smol ts  r e -  
leased, r e s p e c t i v e l y  (Tab le  5 ) .  The t o t a l  number o f  marked f i s h  r ecap tu red  
was 75. Est imates o f  m i g r a t i n g  smol t  popu la t i ons  by p e r i o d  a r e  p resen ted  i n  
Table  6. Popu la t i on  es t imates  were separated i n t o  s i x  sample per iods .  E s t i -  
mates f o r  pe r i ods  one and t h r e e  were c a l c u l a t e d  u s i n g  t h e  index  sample 
method. No sampl ing was conducted d u r i n g  p e r i o d  two. Est imates f o r  pe r i ods  
four ,  f i v e ,  and s i x  were c a l c u l a t e d  u s i n g  t h e  dye mark- recapture sample 
method. D e l i n e a t i o n  o f  sample pe r i ods  was necessary t o  t ake  i n t o  account 
v a r y i n g  t r a p  e f f i c i e n c i e s  th roughou t  t h e  sample season. A ch i -square  t e s t  
shows a  s i g n i f i c a n t  d i f f e r e n c e  i n  t r a p  e f f i c i e n c y  between sample pe r i ods  
(x2=29.39, d . f .=2) .  Thus, i t  i s  n o t  v a l i d  t o  lump a l l  re leases  o f  dye- 
marked f i s h  and analyze t h e  da ta  as a  s i n g l e  sample p e r i o d  (Rawson 1982). A 
t o t a l  o f  3.2 m i l l i o n  smol ts  were es t imated  t o  have m ig ra ted  f rom Lake 
Nunavaugaluk d u r i n g  t h e  sample pe r i ods .  Th i s  i s  cons idered a ve r y  rough 
es t imate .  Due t o  l o g i s t i c a l  problems w i t h  sample gear and i c e  c o n d i t i o n s ,  
7  days o f  sampl ing were missed. Dur ing  t h i s  pe r i od ,  l a r g e  numbers o f  smol t  
were observed m i g r a t i n g  downr iver .  The heav ies t  m i g r a t i o n  occur red  d u r i n p  
sample p e r i o d  two. Water temperatures d u r i n g  t h i s  p e r i o d  ranged from 4.5"C 
t o  5.5"C, w i t h  a  mean o f  5.0°C. Most smol ts  m ig ra ted  o u t  o f  t h e  l a k e  before 
su r f ace  wate r  temperatures rose  above 6.0°C. 

Age-Weight-Lengt.h. A t o t a l  o f  403 sockeye salmon smol ts  were sampled ( f r o m  
g i l l  ne t s  and f y k e  n e t s )  t o  determine mean we igh t ,  l eng th ,  and age composi- 
t i o n .  O f  t h e  f y k e  n e t  catches (n=37a) (24 May-19 June) l e s s  than  1% were 
age 2.0 smol t s .  

Mean l eng ths  and mean we igh ts  f o r  age 1.0 smol ts  were 96.6 mm and 7.7 g, 
r e s p e c t i v e l y  (Tab le  7 ) .  I n s u f f i c i e n t  da ta  were ob ta ined  on age 2.0 smol t s  
(n=3) t o  determine weighted mean l e n g t h  and we igh t .  The da ta  f o r  age 1.0 
smol ts  a re  s i m i l a r  t o  a  9-year mean l e n g t h  o f  96.5mm and mean we igh t  o f  8.0 
g. Annual mean l eng ths  and we igh ts  by age c l a s s  f rom 1973 th rough  1982 a re  
p resen ted  i n  Table  8. 

Coded Wire Tagging. A  t o t a l  o f  28,800 sockeye salmon smol ts  were tagged and 
re l eased  a t  Snake R i v e r  between 3  June and 17 June 1982. D a i l y  t agg ing  
mor ta l  i ty  averaged 1.2%. T o t a l  t agg ing  m o r t a l i t y  ( th roughou t  t h e  season) 
accounted f o r  353 dead smolts.  Tag r e t e n t i o n  ranged from 88% t o  98%, w i t h  a  
mean o f  95%. T o t a l  v a l i d  tagged sockeye salmon smol ts  re leased  i n  Snake 
R i v e r  was 27,100, a f t e r  d a i l y  m o r t a l i t i e s  and t a g  r e t e n t i o n  r a t e s  were 
appl  i ed. 

D iscuss ion :  

Seasonal and d i e 1  t i m i n g  o f  t h e  sockeye salmon smo l t  m i g r a t i o n  f rom Lake 
Nunavaugaluk. d u r i n g  1982 was s i m i l a r  t o  p a t t e r n s  r epo r t ed  f o r  t h i s  system i n  
p a s t  yea rs  (Thomason and Jaenicke 1979; F r i e d  and Laner 1980b, 1981; and 
Laner 1982b). There has been some u n c e r t a i n t y  i n  t h e  p a s t  as t o  t h e  t i m i n g  
o f  t he  s t a r t  o f  t h e  r u n  and t h e  age compos i t i on  o f  t h e  e a r l y  m i g r a t i n g  
smol ts .  I n  1982, weather p a t t e r n s  d u r i n g  s p r i n g  breakup were i n d i c a t i v e  of 



Tab le  5. Summary o f  sockeye salmon s m o l t  dye-mark r e l e a s e / r e c a p t u r e s  
between 7 June and 19 June, 1982. 

T o t a l  # 
Marked To t a  1 To t a  1 

Date F i s h  Date # F i s h  # F i s h  
Re1 eased Re1 eased Recaptured Recaptured Caught 

617 1079 
618 9 57 16 
6 /  9 1 460 
6/ 10 9 3296 

6/10 1347 
6 / 1 1  6 1094 
6 1  12 5 1371 
6/13 11 3853 

6/13 1123 
6/14 10 7 28 
6/15 6 574 
6 1  16 14 1279 
6/ 17 3 66 7 
6/ 18 1 7 7 

TOTALS 3549 7 5 19,115 

Table  6. Age 1.0  sockeye salmon s m o l t  m i g r a t i o n  e s t i m a t e s  grouped by 
sample p e r i o d s ,  Snake R i v e r ,  1982. 

Sampl e 
P e r i  crd Date 

a/ i ndex  sample method - 
b/ dye mark- recapture method - 
C/ c a l c u l a t e d  by t a k i n g  t h e  square r o o t  o f  t h e  sum o f  t h e  va r iances  - 



Table 7. Mean l eng th ,  mean we igh t ,  s tandard  d e v i a t i o n ( s ) ,  va r i ance  ( s 2 )  and 
sample s i z e  (n) f o r  sockeye salmon smo l ts  grouped by sample 
pe r i ods  and age c l a s s  from Snake R i ve r ,  1982. 

Age 1.0 
Vean Nean 

Date Length (mm) s  s Weight ( g )  - -  s  

Age 2.0 

a/ r ep resen t s  smol ts  caught i n  g i l l  n e t s  p r i o r  t o  i c e  breakup. - 
b/ weighted by es t imated  number of Age 1.0 smol ts  m i g r a t i n g  d u r i n g  each - 

sample pe r i od .  
c /  no samples c o l l e c t e d  5127-6/2. - 

Table 8. Mean l g y g t h s  and we igh ts  o f  sockeye salmon smol ts  f rom Snake 
R i ve r ,  1973-1982- . 

Year 

Age 1.0 
Fork 

Length (mm) Weight ( g )  

Age 2.0 
Fork 

Length (mm) Weight ( g )  

a/ Data f o r  1973-1981 f rom Laner (1982b). - 
b/ No da ta  c o l l e c t e d .  - 



an average over  t h e  p a s t  20 years  (M. Nelson pers .  comm. ) b u t  were 2 t o  3  
weeks l a t e r  than  t h e  average over  t h e  p a s t  5  years  (Tab le  9 ) .  G i l l  n e t  
sampl ing i n d i c a t e d  t h a t  smolts began l e a v i n g  t h e  l a k e  about 24 May. I c e  
s t i l l  covered t h e  e n t i r e  l a k e  u n t i l  3 June when t h e  south t i p  o f  t h e  l a k e  
became i ce - f r ee .  Sou the r l y  and e a s t e r l y  winds s h i f t e d  t h e  i c e  f o r  severa l  
days. On 3  June f y k e  n e t  index sampl ing i n d i c a t e d  t h e  peak o f  smol t  
m i g r a t i o n  was o c c u r r i n g  o r  had occur red  s h o r t l y  be fo re .  Fyke n e t  catches on 
4 and 5 June dropped d r a s t i c a l l y  (Tab le  4 ) .  S i m i l a r  r e s u l t s  were observed 
i n  1973, 1975, 1976, and 1977 a t  Snake R i v e r  (Thomason and Jaenicke 1979). 
Past smo l t  st.udies a t  Snake R i v e r  show t h a t  m i g r a t i o n  q u i c k l y  b u i l d s  t o  a  
peak soon a f t e r  i c e  breakup and then dec l i nes  w i t h i n  a  week o r  two ( F r i e d  & 
Laner 1980b, 1981; and Laner 1982b). Given t h i s  p a t t e r n  o f  m i g r a t i o n ,  i t  i s  
p o s s i b l e  t h a t  a  l a r g e  percentage o f  t h e  smol t  p o p u l a t i o n  may have m ig ra ted  
p r i o r  t o  t h e  t ime  when weather and i c e  c o n d i t i o n s  would have p e r m i t t e d  
sampl ing i n  1982. 

Age-Weight-Length. Thomason and Jaenicke (1979) concluded t h a t  most age 2.0 
and many age 1.0 smol ts  ou tm ig ra te  b e f o r e  and d u r i n g  i c e  breakup. I n  1982, 
e f f o r t s  were made t o  con f i rm o r  deny t h e  presence o f  a  s i g n i f i c a n t  popula-  
t i o n  of age 2.0 smol ts  i n  t h e  em ig ra t i on .  Large numbers o f  smo l ts  were ob- 
served m i g r a t i n g ,  b u t  no es t imates  o f  number o r  age compos i t i on  c o u l d  be 
made. Subsamples c o l l e c t e d  from f y k e  n e t  catches on 25 and 26 May i n d i c a t e d  
100% age 1.0 smol ts  o u t m i g r a t i n g  a t  t h a t  t ime.  Other  da ta  f rom char  preda- 
t i o n  suggest a smal l  age 2.0 component i n  t h e  1982 em ig ra t i on .  However, 
these would be impo r tan t  f a c t o r s  t o  m o n i t o r  i f  salmon p r o d u c t i o n  i n  Lake 
Nunavaugaluk was g r e a t l y  increased.  Snake R i v e r  system sockeye salmon 
smol ts  a re  c o n s i s t e n t l y  l a r g e r  than  smo l t  f rom t h e  ad jacen t  Wood R i v e r  
system. For  t h e  Snake R i v e r  system sockeye salmon smolts,  t h e  9-year mean 
we igh t  i s  8.0 g  and t h e  mean l e n g t h  i s  96.5 mm. For  t h e  Wood R i v e r  system 
sockeye salmon smol ts ,  t h e  4-year mean we igh t  i s  5.4 g  and 9-year mean 
l e n g t h  i s  81.8 mm (Meacham 1981). 

The l a c k  o f  evidence o f  a  l a r g e  age 2.0 smo l t  p o p u l a t i o n  and t h e  r e l a t i v e l y  
l a r g e  s i z e  o f  age 1.0 smol ts  i n  Lake Nunavaugaluk suggest t h a t  t h e  l a k e  
p rov i des  adequate n u t r i e n t s  and t h a t  s t i c k l e b a c k  compe t i t i on  i s  n o t  a  
l i m i t i n g  f a c t o r  f o r  r e a r i n g  j u v e n i l e  salmon. These c h a r a c t e r i s t i c s  o f  t h e  
smo l t  p o p u l a t i o n  a l s o  suppor t  t h e  hypo thes is  t h a t  t h e  growth of t h e  Lake 
Nunavaugaluk sockeye salmon s tock  i s  n o t  1  i m i t e d  b y  in-system fac to rs .  Th i s  
i s  f u r t h e r  suppor ted by da ta  f rom sampl ing o f  t h e  p l ank ton  popu la t i ons  (J .  
Koenings, pers .  com. 1. The p r e f e r r e d  food  organisms were n o t  cropped down 
d u r i n g  t h e  growing season as they  would be i f  t h e  a v a i l a b l e  food  supp ly  were 
s t ressed  by f o o d - l i m i t e d  r e a r i n g  sockeye salmon popu la t i ons .  However, 
Jaenicke (pers .  comm.) d i d  f i n d  t h a t  numbers o f  p r e f e r r e d  food  organisms 
decreased i n  abundance as a  f u n c t i o n  o f  i nc reased  escapement i n  t h e  shoal  
areas o f  t h e  upper l ake ,  where r e a r i n g  sockeye salmon were concent ra ted.  
The cropping,  though de tec tab le ,  was r o t  l i m i t i n g .  

Wi th  adequate r e c r u i t m e n t  t o  t h ~  system, p roduc t i on  cou ld  reach l e v e l s  where 
t h e  food  supp l i es  would be cropped t o  l e v e l s  t h a t  would l i m i t  sockeye salmon 
p roduc t i on .  Under these c o n d i t i o n s ,  l a k e  f e r t i l i z a t i o n  would be an appro- 
p r i a t e  s t r a t e g y  t o  con t inue  enhancement o f  t h e  system. 



Tab le  9. Dates o f  i c e  breakup a t  Snake R i v e r I L a k e  Nunavaugaluk f rom 1977 
th rough  1982. 

Date 
Year Ice-Out  

1977 31 May 
1978 19 May 
1979 1 May 
1980 16 May 
138 1 10 May 
1982 3 June 



The f rac t ion  of returning adu l t s  contributed by the 2.2 and 2.3 age c lasses  
(age 2.0 migrants) i s  typ ica l ly  25% t o  35%, as back-calculated from adu l t  
re turn .  This i s  an apparent inconsistency with the  reported 5% or l e ss  age 
2.0 component of the smol t emigrants (Laner, 1982a). We do not have a ready 
explanation f o r  t,hi s di spari  ty . 
Possible explanations are :  

1. Different ia l  survival .  Age 1.0 and Age 2.0 smolts leaving the  system 
do not have equivalent survival .  Therefore, more Age 2.0 f i sh  could he 
expected t o  reach adulthood than Age 1.0 f i s h .  As a ru le  of t h u m b ,  
t h i s  f ac to r  i s  a  two-fold di f ference in survival ,  in favor of the Age 
2.0 f i s h .  

Sampling e r ro r .  I t  i s  known t h a t  Age 2.0 sockeye salmon smolts leave 
e a r l i e r  than Age 1.0 f i s h .  What i s  not known i s  how much of the  Age 
2.0 migration leaves a t  ice-out. As we found in t h i s  y e a r ' s  f i e l d  
a c t i v i t i e s ,  sampling gear i s  d i f f i c u l t  t o  maintain and operate in  
breakup conditions. This creates  sampling bias .  Under some circum- 
s tances ,  smolts have been observed swimming i n ,  then out ,  of the  th roa t  
of a fyke net  (Rowse, Laner pers. obs.) .  Age 2.0 f i s h  would be 
expected t o  be more powerful swimmers than age 1.0 f i s h .  

3. The sample s i z e s  used t o  determine age composition of returning adul ts  
a r e  highly var iable .  

Smolt Population Estimate. Smolt sampling t o  determine a population estim- 
a t e  was g rea t ly  hampered by weather conditions in 1982. The sampling design 
was o r ig ina l ly  s e t  u p  t o  use the inc l ine  plane t raps  t ha t  were used in the  
1981 f i e l d  season (Laner 1982b). However, continuous ra in  p r io r  t o  and 
during i c e  breakup caused high discharge r a t e s ,  which prevented s e t t i ng  the 
t raps  in place. Fyke nets were u t i l i z ed  as soon as i ce  conditions 
permitted. However, a  7 day period a f t e r  the beginning of migration, was 
not sampled because i c e  s t i l l  covered more than 75% of the lake. 

Smolt dye-marking experiments were aimed a t  obtaining be t t e r  population 
est imates.  This technique, using Bismarck Brown-Y s t a i n ,  showed success 
a f t e r  several changes were made from the 1981 procedure. For 1981, smolts 
were dye-marked in the evening hours and released a t  the  lake ou t l e t  j u s t  
p r io r  t o  the beginning of the  smolt migration f o r  t h a t  evening. Instead of 
moving downstream immediately, smolts were observed moving back i n to  the 
lake,  t o  migrate downstream within the  next 3 days. In 1982, the  dye 
process was conducted from 0330 t o  0600 h .  Smolts were released immediately 
in to  the  lake along the  shoreline.  These changes avoided the excessive 
mor ta l i t i e s  observed in 1981 t h a t  were due t o :  (1) s t r e s s  from holding 
smolts throughout the day, and ( 2 )  r i s i ng  temperatures in the shallow water 
where smolts were held throughout the day in 1983. 

One assumption in the dye mark method i s  t ha t  smolts caught while migrating 
down-river and then released in the ea r ly  morning hours back in to  the lake 
would regroup and migrate down-river again within 1 t o  3 days. The 
dye-marking process was repeated every t h i r d  day throughout the  migration. 
However, i t  was observed t h a t  marked smolts stayed i n  the lake f o r  up t o  5 
d2.y~ a f t e r  re lease .  Thus, smolts from each dye-mark sample period 
overlapped t o  some extent  in dates of recapture. I t  would be des i rable  t o  



discriminate between releases (e .g .  use d i f f e r en t  colored marks) so t ha t  
smolts from each sample period could be iden t i f i ed .  

A second assumption c r i t i c a l  t o  the dye mark-recapture technique i s  t h a t  
each f i s h  i s  caught in the  t raps  with the same probabi l i ty  (Rawson 1982). 
From the  coded wire tagging s tud ies ,  which were conducted in conjunction 
with the  smolt enumeration program, i t  was observed t ha t  a proportion of 
tagged smolts moved back i n to  the  lake a f t e r  r e lease ,  even though they were 
released below the  fyke net  sample s i t e  and during the  heaviest period of 
migration ( i  .e.  2400-0100 h )  da i ly .  Daily percent recaptures ranged from 
l e s s  than 1% t o  7% with a mean of 0.8%. This v iola t ion of assumption was 
observed in the 1981 sample season, but did not appear s ign i f i can t .  I t  was 
much more pronounced during the 1982 sample season, f o r  unknown reasons. 
Smolts were observed t o  swim in and out of fyke ne t s ,  which would r e s u l t  in 
a biased sample (Laner and Rowse pers. obs.) .  These problems grea t ly  
comprise the va l i d i t y  of the  population est imate.  

Further research should address the  following: 

1) Do a l l  sockeye salmon smolts move back and fo r th  in the  r i ve r ,  or do 
only tagged f i s h  move back in to  calm lake areas t o  reor ien t  themselves 
a f t e r  being held and tagged? 

2 )  Would t h i s  problem be a l l ev ia ted  i f  sampling and/or re leases  were 
conducted fu r the r  downstream away from the  lake? 

Rawson (1982) discusses examples ~f F . R . E . D .  Division projects  where t h i s  
dye-mark/recapture method has been used successfully.  In the  Snake River 
sockeye salmon smolt enumeration p ro jec t ,  marking and tagging s tudies  should 
not continue unless the  above problems a r e  resolved. 

Coded Wire Tagging. In 1982, the  coded wire tagging program a t  Snake River 
produced marginal r e su l t s .  Original objectives were t o  tag 50,000 sockeye 
salmon smolts. However, inclement weather and problems with sample gear 
prevented obtaining enough smolts f o r  the  tagging program. Since only 
27,000 smolts were tagged, a large  number of returning adul t  sockeye salmon 
wil l  have to  be examined to  determine the  contribution of Snake River 
sockeye t o  the  Nushagak Bay commercial catch. Laner (1982b) proposed t h a t  
i f  50,000 smolts were tagged in 1982, 117,400 adu l t  sockeye salmon from the 
1984 Nushagak catch would have t o  be examined. With only 27,000 smolts 
tagged in 1982, evaluation of the  Snake River system's contribution t o  
Nushagak Bay commercial catch must include examination of 230,000 adul ts  in 
1984. 

The CWT program was great ly  aided in 1982 by an experienced tagging crew. 
Setup and operation of the tagging process was conducted e f f i c i e n t l y  with a 
minimal number of smolt mor ta l i t i e s  caused by s t r e s s  re la ted  problems. In 
1981, sunshine and warm a i r  temperatures caused mor ta l i t i e s  of smolts held 
i n  shallow water net  pens. In 1982, cooler weather a l l ev ia ted  these 
problems. Percent tag re tent ion ranged from 88% t o  98% in 1982. Operator 
e r r o r  caused most of the  tag loss .  In a f i e l d  operation of t h i s  s o r t ,  
emphasis must he placed on qua l i ty  of tagged f i s h  and not necessari ly on 
quanti ty of tagged f i sh .  



Summary o f  1982 F i e l d  Operat ions:  

1. We operated under t h e  assumption t h a t  age 2.0 smol ts  m i g r a t e  f i r s t ,  
p o s s i b l y  a t  breakup. Since p h y s i c a l  c o n d i t i o n s  prevented sampl ing,  an 
unknown percentage of t h e  t o t a l  srnolt p o p u l a t i o n  m ig ra ted  p r i o r  t o  f y k e  
n e t  sampl i nq. 

2. No age composi t ion o f  e a r l y  m i g r a t i n g  smo l t  was obta ined.  G i l l  n e t  
samples suggested a smal l  number o f  age 2.0 smol ts  were p resen t ,  b u t  no 
q u a n t i t a t i v e  sampl ing was conducted. Fyke n e t  catches showed 100% age 
1.0 smo l t sou tm ig ra t i ng  on 25 and 26 May, and f rom 3 June th roughou t  t h e  
m i g r a t i o n  pe r i od .  

3. Al though t h e  dye-marking went w e l l  and h e a l t h y  smo l t  were marked and 
re leased,  t h e  p o p u l a t i o n  es t ima te  o f  3,196,000 sockeye salmon smol ts  
( d e r i v e d  f rom dye-mark and index sampl ing methods) i s  suspect because 
o f  v i o l a t i o n  of assumptions i n  t h e  dye-mark method. Lack o f  da ta  f rom 
t h e  f i r s t  p a r t  o f  t h e  m i g r a t i o n  before i c e - o u t  on t h e  l a k e  tends t o  
make t h e  p o p u l a t i o n  es t ima te  conse rva t i ve .  

4. From a t agg ing  o b j e c t i v e  o f  50,000, o n l y  27,000 were tagged. 

Lake Nunavaugaluk Sockeye Salmon A d u l t  S tud ies  

A d u l t  sockeye salmon runs  on r e c o r d  have h i s t o r i c a l l y  been low i n  Lake 
Nunavaugaluk. Sockeye salmon spawning escapement and d i s t r i b u t i o n  s t u d i e s  
a t  Snake R iver ILake  Nunavaugaluk have been conducted by ADF&G s i nce  1946. A 
w e i r  has been operated d u r i n g  t h e  f i e l d  seasons from 1972 th rough  1978, and 
f rom 1980 th rough  1981. Table 10 shows ca t ch  and escapement da ta  f o r  t h e  
p a s t  20 years .  The Snake R i v e r  s e c t i o n  i s  a m inor  component o f  t h e  Nushagak 
D i s t r i c t ,  i n  terms o f  management o f  B r i s t o l  Bay sockeye salmon runs.  S ince 
1969, t h e  Snake R i v e r  s e c t i o n  has been c losed  t o  f i s h i n g  u n t i l  15 J u l y  each 
year .  However, w e i r  counts  i n  p a s t  yea rs  i n d i c a t e  t h a t  sockeye salmon runs  
peak on o r  near 15 J u l y .  F.R.E.D. D i v i s i o n  has recommended t h a t  t h e  Snake 
r i v e r  s e c t i o n  remain c l osed  t o  f i s h i n g  u n t i l  3 1  J u l y  t o  a l l o w  Lake Nunavau- 
ga luk  sockeye salmon s tocks t o  increase.  

Th i s  i s sue  was o f  p a r t i c u l a r  i n t e r e s t  t o  us, because t h e  reasons f o r  Lake 
Nunavaugaluk's low p r o d u c t i v i t y  have never been adequate ly  exp lo red .  The 
ques t i on  can be d i v i d e d  i n t o  in -sys tem and out -o f -system concerns. Based on 
t h e  f o l l o w i n g  evidence, we f e e l  t h a t  t h e  l a c k  o f  p r o d u c t i v i t y  f o r  Lake 
Nunavaugaluk i s  n o t  due t o  in-system cons ide ra t i on .  

a. Surveys o f  p l ank ton  show p r e f e r r e d  food  organisms not f u l l y  cropped by 
popu la t i ons  o f  r e a r i n g  f i s h .  

b. The emig ran t  smol t s  a r e  1 arae and r o b u s t  (e.g . , t y p i c a l  1 ength o f  98 
mm, compared t o  a t y p i c a l  l e n g t h  o f  88 mm a t  t h e  ne ighbo r i ng  Wood R i ve r  
system).  

c. Emigrant popu la t i ons  a r e  p r i m a r i l y  age 1.0 ( i  .e. t h e r e  a re  few age 2.0 
ho ldovers )  . 



Table 10. Commercial ca tch  and escapement o f  sockeye salmon r e t u r n i n a  t o  
t h e  Snake R i v e r  system, ~ u s h a g a k  d i s t r i c t ,  B r i s t o l  Bay, 
1961-81. 

SOCKEYE SALMON 
YEAR CATCH ESCAPEMENT TOTAL RUN 

20-yea.r 
Average 

a/ Catch n o t  p r o - r a t e d  t o  Snake r i v e r  system - 
b/ P r e l i m i n a r y  i nsho re  ca t ch  - 



A more l i ke ly  explanation of Nunavaugaluk's sustained low production level 
i s  the continued low levels  of escapement. From 1969 un t i l  present ,  the 
Finfish Regulations of the Alaska Board of Fisheries have required t h a t  the 
Snake River section of the Nushagak D i s t r i c t  remain closed from 15 June t o  
15 July.  After 15 July ,  the  waters within the Snake River section were open 
t o  f i shing unless closed by emergency order. 

From avai lable  data (1960-64 and 1973-81) concerning timing of Snake River 
escapements, the  peak of escapement occurs between 12  July and 15 July.  
This compares t o  peak escapement dates f o r  Wood River and Igushik River 
of 4-10 July and 7-11 July ,  respectively.  

Data do not e x i s t  on travel  time of Snake River f i s h  from the Snake section 
t o  Lake Nunavaugaluk. B u t ,  by assuming a t ravel  time of 2-3 days, the  bulk 
of the system's escapement would appear t o  be in the  Snake River section 
between 9-12 July. 

I f  the above assumption i s  cor rec t ,  the  present regulat ion probably protects  
the  major par t  of the  Snake River 's  escapement. However, conversations with 
local fishermen reveal t ha t  f i shing can be qu i te  good a f t e r  15 July in the 
Snake River. While the  f i s h  taken there  a re  probably of mixed stock,  we 
f e l t ,  during a period of good re tu rns ,  i t  would be a valuable and 
ins t ruc t ive  experiment t o  continue protection f o r  t he  f i s h  in  the  Snake 
River section past 15 July. I f  there was an obvious increase in escapement 
f o r  the  time period in question,  natural ( regula tory)  rehab i l i t a t ion  could 
be considered f o r  res tora t ion of the Snake system stock. 

In 1982, ae r ia l  spawning surveys a t  Lake Nunavaugaluk were conducted by 
A D F & G y  Commercial Fisheries Division, on 9,  20, and 27 August. Survey 
f l i g h t s  were made from an a l t i t u d e  of 61-77 m in a Cessna 185. Detai ls  
regarding survey methods and procedures a re  described by Nelson (1979). 

The 1982 spawning ground surveys estirna.ted 11,600 sockeye salmon escaping 
in to  the  system. Table 11 shows d i s t r ibu t ion  of sockeye salmon on beaches 
and major creeks a t  Lake Nunavaugaluk. The 1982 sockeye salmon escapement 
i s  close t o  a 20-year mean of 10,400 f i s h .  

East Creek Hatchery Production and Maintenance 

Much of the  e f f o r t  of F . R . E . D .  Biologists  based in Dillingham was di rected 
a t  evaluation and research in support of the East Creek hatchery. The Snake 
River smolt p ro jec t ,  the  Lake Nunavaugaluk f ry  invest igat ions ,  and contract  
work involving s tudies  of productivi ty of the  Lake Nunavaugaluk/Snake River 
system a r e  cases in point (Laner 1982a, 1982b). 

Predator/Competitor Studies 

Control of Arctic char and beluga whale have shown high potential  f o r  
rehab i l i t a t ion  and enhancement of sockeye salmon in Bristol Bay (Fried e t  
a l . ,  1980; Fried and Laner, 1980a; Meacham and Clark 1979). There i s  
continued potential  here f o r  cooperative work with the Commercial Fish 
Division, e.g.:  



Table 11. Peak ae r i e1  l i v e  counts and t o t $ )  p o p u l a t i o n  es t imates  o f  
sockeye salmon i n  Lake Nunavaugaluk, 1982.- 

Area. 
P e r i  a1 Counts Expanshyn To ta l  Pop. 
Date Number Factor- Est imate 

Snake R i v e r  8/  20 
Snake R. t o  Eagle C r .  Beaches 8/27 
Eagle Creek 8/9 
Eagle Creek Lake Beaches 8/ 9 
Eastshore Beaches 8/  27 
K i  1 1 i am Creek 8/9 
East Creek 8/27 
Southshore Beaches 8/27 

T o t a l  5,810 11,620 

C'AI 1 counts  rounded t o  neares t  10 f i s h .  
b / ~ e r i v e d  by expanding peak l i v e  count  t o  r e f l e c t  f i s h  n o t  counted 

because v a r i a b l e s  such as schooled and dead f i s h ,  l a t e  o r  poor survey 
condi t i  ons , e t c .  



". . .recent escapement levels f a r  above those levels previously identi-  
f ied as "optimum" will probably be producing massive numbers of juven- 
i l e  salmon rearing in the lakes. A serious question ar i ses  in that  
fresh water predators may also show a massive increase in abundance 
which could have disastrous conse quences when conditions of "normal" 
escapements and juvenile salmon production return. The Wood River 
system would be ideal t o  follow the relationship between adult and 
juvenile salmon pro duction and abundance of predators since population 
estimates of predatory Arctic char have been made for  a number of past 
years by F . R . E . D . ,  Comm. Fish., and the Fisheries Research Inst i tute ."  
( C .  Meacham, Com. Fish. File Faterial , Anchorage, 1982). 

Threespine Stickleback: Past studies concerning the extent of cowpetition 
for  food items and habitat  between sockeye salmon fry and threespine 
stickleback indicate th i s  i s  not currently a serious factor affecting 
sockeye salmon fry survival in the Wood River Lakes and Lake Nunavaugaluk. 
I t  has been suggested that  stickleback in the i r  f i r s t  year and age 0.0 
sockeye have overlapping requirements for  prey items in relation to  the 
habitat  type occupied by each f ish species (Hoffman 1979). There i s  
evidence tha t  juvenile sockeye salmon have the advantage in the competition 
between the species, because the growth of both species was more closely 
related to  the abundance of the sockeye than to the abundance of the 
sticklebacks (Rogers 1977). Results from the stickleback eradication 
program, conducted by Johnson (1976), suggests that  a program of t h i s  type i s  
not effective.  I t  a.ppears that  insuff ic ient  numbers of sticklebacks were 
taken out of the Lake Nunavaugaluk system to  allow much reduced competition 
for  food with sockeye fry.  

Arctic Char Predation: The Arctic char impoundment program has proved to be 
a practical and cost effective means of reducing predation on sockeye smolts 
(Fried and Laner 1980a). Perhaps the greatest  promise of th i s  technique i s  
reducing the effect  of "depensatory mortality" of char on emigrant sockeye 
salmon smolts. (Ricker 1952; Meacham and Clark 1979). 

The char impoundment project might be most valuable i f  i t  were held in inac- 
t ive  s ta tus  until  fry sampling and other indicators suggest t h a t  production 
from the major Bristol Bay lake systems i s  down ( i . e .  a poor production 
"valley" in the Bristol Bay cycle). When th i s  occurs, the char control pro- 
jec t  could be activated. Since predator populations tend to  take a rela- 
t ively constant number of smolts a t  a given s i t e ,  the resul t  of controlling 
those predators could well mean saving a substantial percentage of a 
system's production during off years. 

BRISTOL BAY PROJECT POTENTIALS FOR REHABILITATION A N D  ENHANCEMENT 

Newhalen River Velocity Barriers 

The Newhalen River i s  the out le t  r iver  of Lake Clark, flowing into Lake 
Iliamna (Fig. 6 ) .  North of Lake Iliamna, a velocity barrier i s  found in the 
Mewhalen River rapids during years of high water levels.  Depending on 
flows, salmon are par t ia l ly  or completely blocked during the i r  migration 
into Lake Clark. In 1980 an estimated 2.1 million adult sockeye were pre- 
vented from reaching the spawning grounds. Of the 1.5 million tha t  did 





reach t h e  grounds, o n l y  an es t imated  0.8 m i l l i o n  spawned s u c c e s s f u l l y  
(Pa th isen  and Poe 1969; Poe and Nath isen  1980). A f i s h  pass would a l l o w  
sockeye t o  e n t e r  Lake C la r k  i n  years  o f  h i g h  wate r .  UW-FRI, Alaska Power 
A u t h o r i t y ,  and o t h e r  agencies a re  c o n t i n u i n g  work on t h i s  p r o j e c t ,  b o t h  as a  
f i s h e r i e s  problem and as p o s s i b l e  m i t i g a t i o n  f o r  hydro power development. 

Nuvakuk R i v e r  F i s h  Pass 

The Nuyakuk R i v e r  system (F ig .  1) i s  t h e  t h i r d  l a r g e s t  producer  o f  sockeye 
salmon i n  Nushagak Bay. Dur ing  years  o f  h i g h  wate r ,  a  p a r t i a l  b lockage and 
de lay  o f  r e t u r n i n g  salmon occurs  i n  t h e  r a p i d s  area. We recommend a  work 
f e a s i b i l i t y  s tudy t o  d e t a i l  e f f e c t s  o f  t h e  blockage, and t o  determine t h e  
p o t e n t i a l  b e n e f i t s  o f  a  f i s h  pass. 

Wood R i v e r  System Beaver Dam Removal 

The department ge t s  reques ts  each y e a r  ( p a r t i c u l a r l y  i n  t imes  o f  l ow  w a t e r )  
t o  open salmon spawning streams b locked by  beaver dams. A l though d ramat i c  
i n  appearance, such blockages p robab l y  l o o k  much more se r i ous  than  t h e y  
r e a l l y  are.  Another,  p robab ly  more de t r imen ta l  way i n  which beavers dam 
impact  salmon p r o d u c t i o n  i s  through inc reased  s i l t a t i o n  o f  stream beds 
caused by  reduced v e l o c i t y  o f  t h e  stream. Beavers must p e r i o d i c a l l y  move 
t h e i r  c o l o n i e s  t o  new l o c a t i o n s  when t h e  a v a i l a b l e  food  supp ly  near t h e i r  
l odge  i s  exhausted. Of ten  c o l o n i e s  move no more t han  a  few hundred ya rds  up 
o r  downstream. A f t e r  seve ra l  years ,  a  success ion o f  dams and houses i s  
n o t i c e a b l e  a l ong  t h e  stream. Not  a l l  abandoned dams a re  washed away by 
s p r i n g  f l o o d s ,  and those tha.t s u r v i v e  may take  many yea rs  t o  decompose. A 
stream t h a t  was once a  f r e e  runn ing  stream w i t h  a  c l e a n  g rave l  bed thus  
becomes a  s low moving, a lmost  s tagnan t ,  body o f  wa te r  w i t h  a  t h i c k  l a y e r  o f  
s i l t  cove r i ng  t h e  g r a v e l .  Water temperatures as w e l l  as t u r b i d i t y  may be 
increased.  (pers .  comm. K. Tay lo r ,  1982.) I t  i s  d i f f i c u l t  t o  g e n e r a l i z e  on 
t h e  b e n e f i t s  o f  beaver dam removal, though p o t e n t i a l  b e n e f i t s  t o  salmon 
popu la t i ons  make t h i s  s t r a t e g y  wo r th  f u r t h e r  s tudy.  

Becharof  Lake Supplemental F ry  Produc t ion  

The main b a s i n  o f  Becharof  Lake ( F i g .  7 )  has shown p o t e n t i a l  f o r  i nc reased  
r e a r i n g  o f  sockeye salmon f r y .  The f i r s t  s teps  i n  t h e  r e a l i z a t i o n  o f  t h i s  
p o t e n t i a l  a re  t o  con t i nue  b a s e l i n e  i n v e s t i g a t i o n s ,  and t o  i d e n t i f y  t h e  most 
e f f e c t i v e  approach. P o s s i b i l i t i e s  a r e  a  ha tchery ,  o r  t o  p r o v i d e  f r y  o r  eggs 
f o r  p l a n t i n g  i n  under u t i l i z e d  spawning h a b i t a t  ( K a i l l  e t  a l .  1980). 

Fea the r l y  Creek F i s h  Pass 

Fea the r l y  Creek i s  one o f  t h e  main sockeye spawning streams o f  Becharof  Lake 
(F i g .  7 ) .  The creek con ta i ns  a  f i s h  b lockage t h a t  p reven ts  sockeye salmon 
f rom u s i n g  severa l  k i l o m e t e r s  o f  p r ime spawning h a b i t a t .  We propose t h a t  a 
s tudy be implemented t o  ga ther  b a s e l i n e  da ta  and determine t h e  f e a s i b i l i t y  
o f  a  f i s h  pass s t r u c t u r e .  

Tazimina R i v e r  F i s h  Pass 

The Tazimina R i v e r  f a l l s  a re  l o c a t e d  n o r t h  o f  Lake I l i amna,  about 10 
k i l ome te r s  upstream f rom S i x  M i l e  Lake ( F i g .  6 ) .  The f a l l s  a c t  as a  
complete b l o c k  f o r  m i g r a t i n g  a d u l t  salmon. A f i s h  pass f a c i l i t y  t o  a l l o w  





spawning a d u l t  salmon t o  reach u p r i v e r  has been proposed. Moreover, t h e  
Alaska Power A u t h o r i t y  i s  c u r r e n t l y  engaged i n  a  f e a s i b i l i t y  s tudy  f o r  a  
hydro e l e c t r i c  p r o j e c t  on t h e  r i v e r .  

Nuyakuk R i v e r  System Enhancement 

Th i s  s tudy  would i n c l u d e  t h e  T i k c h i k  Lakes/Nuyakuk R i ve r  system ( F i g  1). 
The o b j e c t i v e  would be t o  develop and assess enhancement o p p o r t u n i t i e s  t o  
i nc rease  t h e  sockeye and p i n k  salmon p r o d u c t i o n  o f  t h e  Nuyakuk R i v e r  system. 
L i m i t e d  da ta  on t h i s  system i n d i c a t e s  t h a t  p roduc t i on  o f  salmon c o u l d  be 
increased.  There i s  p o t e n t i a l  f o r  sockeye salmon f r y  p l a n t s  t o  i nc rease  
p r o d u c t i o n  o f  adu l  t s  . 
Bay of I s l a n d  Creek 

Bay o f  I s l a n d  Creek f l o w s  f rom I d a v a i n  Lake south t o  Naknek Lake, i n  Katmai 
Na t i ona l  Park on t h e  Alaska Peninsu la  ( F i g .  1). Enhancement techniques,  
such as an eyed egg p l a n t  and f i s h  passes, have t h e  p o t e n t i a l  t o  improve 
p r o d u c t i o n  o f  t h e  Naknek R i ve r  system. Eyed egg p l a n t s  cou ld  inc rease  t h e  
sockeye salmon f r y  p o p u l a t i o n  by  as much as 782,000. F i s h  passes would 
a l l o w  a d d i t i o n a l  p roduc t i on  o f  21.6 m i l l  i o n  sockeye salmon f ry,  by  
i n c r e a s i n g  u t i l i z a t i o n  o f  a v a i l a b l e  nu rse ry  areas o f  Nor th  Arm. The passes 
would a l s o  open up 13 km o f  p o t e n t i a l  salmon spawning grounds t h a t  a re  
p r e s e n t l y  b locked  by f a 1  1  s. 

Lake I n v e n t o r v  

I n  a  coope ra t i ve  e f f o r t  w i t h  t h e  Commercial F i s h  D i v i s i o n ,  l i m n o l o g i c a l  and 
, juven i le  f i s h  s t u d i e s  on l a k e  systems i n  B r i s t o l  Bay would be u s e f u l  t o  
determine t h e  e f f e c t s  o f  i nc reased  n a t u r a l  p roduc t i on  o f  salmon f ry.  
E f f e c t s  on ecosystem p r o d u c t i v i t y ,  salmon growth, age a t  s m o l t i f i c a t . i o n ,  
d i sease  and p a r a s i t e  i n f e c t i o n  r a t e s ,  and s u r v i v a l  c o u l d  be assessed and be 
h e l p f u l  management o f  t h e  systems. Many systems i n  B r i s t o l  Bay o f f e r  t h e  
p o t e n t i a l  f o r  l a k e  f e r t i l i z a t i o n .  A process f o r  sc reen ing  and 
p r i o r i t i z a t i o n  o f  p o t e n t i  a1 p r o j e c t s  i s  needed. 

Spo r t  F i s h  

B r i s t o l  Bay has drawn t h e  a t t e n t i o n  o f  n a t i o n a l  and i n t e r n a t i o n a l  s p o r t  
f ishermen over  t h e  p a s t  25 years .  Ang le rs  a re  a t t r a c t e d  p r i m a r i l y  t o  t h e  
salmon and ra inbow t r o u t  f i s h e r i e s  i n  t h e  Naknek, Kvichak and Wood-Tikchik 
R i v e r  dra inages a l though  r e c e n t  years  have seen r a p i d  development o f  salmon 
s p o r t  f i s h e r i e s  as w e l l .  S tud ies  concern ing s p o r t  f i s h  i n  B r i s t o l  Bay have 
been ve ry  l i m i t e d  i n  t h e  pas t .  Some c r e e l  census da ta  and s c a t t e r e d  
m i g r a t i o n  and d i s t r i b u t i o n  da ta  have been c o l l e c t e d  over  p a s t  years ,  b u t  
t h e r e  i s  much t h a t  i s  unknown. 
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