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ABSTRACT 

Chum sa lmon  spawning  g r o u n d s  i n v e s t i g a t e d  on t h g  Noatak R i v e r  
were  c h a r a c t e r i z e d  b y  w a t e r  t e m p e r a t u r e s  3  t o  5  C h i g h e r  t h a n  
t e m p e r a t u r e s  i n  t h e  Noatak  R i v e r  main stem. I n t r a g r a v e l  t empera-  
t g r e s  d ropped  f rom a p p r o x i m a t e l y  9 ' ~  i n  September  t o  a  minimum o f  
2  C i n  A p r i l .  Chum sa lmon e g g s  and a l e v i n s  r e s i d i n g  i n  t h e s e  
g r a v e l s  would h a v e  a c q u i r e d  a p p r o x i m a t e l y  1 , 1 3 0  t e m p e r a t u r e  u n i t s  
d u r i n g  t h e  p e r i o d  1 5  September  t o  30 A p r i l .  Dur ing  t h e  1979-1980 
w i n t e r ,  t h e  w a t e r  l e v e l  a t  o n e  spawning  s i t e  d ropped  by 
a p p r o x i m a t e l y  2.5 m which r e s u l t e d  i n  t h e  d r y i n g  and f r e e z i n g  o f  
some o f  t h e  s2awning  g r a v e l s .  Dur ing  t h e  f o l l o w i n g  w i n t e r  o n l y  a  
20-cm d r o p  i n  w a t e r  l e v e l  was o b s e r v e d .  

Chum sa lmon  f e m a l e s  were  found  t o  h a v e  an  a v e r a g e  f e c u n d i t y  o f  
3 ,120  e g g s  which is l a r g e r  t h a n  f e c u n d i t i e s  r e p o r t e d  f o r  o t h e r  
A l a s k a n  chum sa lmon .  O b s e r v a t i o n s  on  t h e  spawning  g r o u n d s  
s u g g e s t e d  t h a t  t h e  p e a k s  o f  spawning ,  e y e i n g ,  h a t c h i n g  and emer- 
g e n c e  o c c u r r e d ,  r e s p e c t i v e l y  i n  mid t o  l a t e  S e p t e m b e r ,  e a r l y  
November, l a t e  December t h r o u g h  J a n u a r y  and e a r l y  May. D i p t e r a  
and P l e c o p t e r a  were  t h e  mos t  common p r e y  o f  chum f r y  i n  t h e  
Noatak  R i v e r .  The f u l l n e s s  o f  t h e  g u t s  was found  t o  i n c r e a s e  
d u r i n g  t h e  p e r i o d  May-June. The c a t c h  o f  chum sa lmon f r y  p e r  
u n i t  e f f o r t  i n  Ko tzebue  Sound i n d i c a t e d  t h a t  t h e  peak o f  t h e  
o u t m i g r a t i o n  from t h e  Noatak  R i v e r  o c c u r r e d  i n  mid J u n e .  
Zoop lank ton  a b u n d a n c e ,  a b o u t  2,fl00 t o  7 ,000  o r g a n i s m s  p e r  c u b i c  
m e t e r ,  was s i m i l a r  t o  t h a t  r e p o r t e d  f o r  o t h e r  n e a r - s h o r e  w a t e r s  
o f  A l a s k a .  J u v e n i l e  chum sa lmon  a p p e a r e d  t o  grow r a p i d l y  o n c e  
t h e y  r e a c h e d  Ko tzebue  Sound. They remained  i n  n e a r - s h o r e  w a t e r s  
u n t i l  e a r l y  ~ u l y ,  a f t e r  which t h e y  were  d i f f i c u l t  t o  f i n d .  The 
m a j o r  food  o f  t h e  chum f r y  c a u g h t  i n  Kotzebue  Sound i n  J u n e  
c o n t i n u e d  t o  b e  D i p t e r a .  

No e v i d e n c e  f o r  a  food  s h o r t a g e  o r  p r e d a t i o n  c o u l d  b e  found .  The 
a v a i l a b i l i t y  o f  spawning  a r e a s  a p p e a r e d  t o  be  t h e  f a c t o r  l i m i t i n g  
chum sa lmon  p r o d u c t i o n  i n  t h e  Ko tzebue  Sound a r e a .  

KEY WORDS: chum sa lmon ,  Oncorhynchus  k e t a ,  Noatak R i v e r ,  Kotze-  
bue Sound,  K e l l y  R i v e r  Lake,  spawning ,  i n c u b a t i o n ,  
egg  d e v e l o p m e n t ,  f r e e z i n g  o f  spawning  g r a v e l s ,  
m i g r a t i o n ,  f e e d i n g ,  g r o w t h ,  p r e d a t i o n ,  w a t e r  
t e m p e r a t u r e ,  s a l i n i t y ,  z o o p l a n k t o n ,  c h i n o o k  s a l m o n ,  
Oncorhynchus  t s c h a w y t s c h a .  



INTRODUCTION 

Although many chum salmon (Oncorh nchus keta) spawn above the 
Arctic Circle in Alaska, litt -7-5 e is nown about how they endure 
the arctic climate during their larval and juvenile stages. A 
decision to build a chum salmon hatchery in the Kotzebue Sound 
area in Northwestern Alaska (Fig. 1) provided an opportunity to 
investigate water temperatures, development rates, food avail- 
ability and other factors that are important to the chum salmon's 
survival in this region. We report here the results of those 
investigations. 

Previous work on chum salmon in the Kotzebue Sound area has been 
confined primarily to adults (Regnart 1967; Yanagawa 1970; Cun- 
ningham 1976; Kuhlman 1979; Bird 1980a, 198flb, 1981a, 1981b). 
Roughly 200,000 chum salmon spawn in the Noatak River each year, 
mostly in September and October. The spawning grounds are mostly 
sloughs on the east bank of the river between the mouths of the 
Eli and Kelly Rivers (Fig. 1). In addition to the Noatak River 
run, about 30,000 chum salmon spawn in the Kobuk River drainage 
and about 5,000 spawn in the Inmachuk River (Fig. 1). 

The only work on juvenile chum salmon in this area, besides our 
own, is that of Bird (1980b) who monitored the downriver migrat- 
ion of chum fry on the Noatak River. 

Oceanographic data for the Kotzebue Sound area have been reported 
by Kinder et al. (1976), Fleming and Heggarty (1966), Coachman et 
al. (1977) and Burbank (1979). However, data on near-shore habi- 
tats likely used by chum salmon fry were unavailable prior to 
this study. 

MATERIALS AND METHODS 

Chum salmon fecundities were obtained from unripe females collec- 
ted on 1 September 1981 on the Noatak River, 13 km below Noatak 
Village. Eggs were loosened from their skeins by boiling for 
5 min, then drained and weighed. The total number of eggs was 
obtained by counting approximately 50-g subsamples of the eggs 
for each fish. 

Chum salmon eggs and alevins were recovered from spawning grounds 
on the Noatak River in shallow, unfrozen areas with a shovel. 
Eggs were placed in 5% acetic acid for 15 min to make the shell 
transparent. Intragravel and surface water temperatures were 
measured with a mercury thermometer having O.lOc divisions and a 
recording thermograph (model J, Ryan Instruments, Inc., Kirkland, 
WA 98033). Well water temperatures at Noatak Village were ob- 
tained at the village pump house after allowing the water to run 
for a few minutes. The well was 10 m deep and located on a gra- 
vel bar on the bank of the Noatak River about l f l m  m from the pump 



Fig. 1 .  Map o f  t h e  Ko tzebue  Sound a r e a .  



house. Dissolved oxygen measurements were made with a titration 
kit (model AL-36B, Hach Chemical Co., Loveland, CO 88537). Water 
samples were returned to Kotzebue where pH was measured with a 
digital pH meter (model 88, Markson Science, Del Mar, CA 92fl14). 
Conductivity was measured with a model PG-2 conductivity meter 
(Barnstead Co., Boston, MA 02132). 

Winter water levels at two spawning sites (on which Fig. 6 is 
based) were estimated from photographs and from observations of 
water depths at specific points at different times of the year. 

Chum salmon fry were collected with three beach seines having the 
following dimensions: 6.1 m x 1.8 m x 3-mm square mesh, 46 m x 
1.8 m x 6-mm square mesh and 61 m x 1.8 m x 3-mm square mesh. 
Hauls with the latter net were made with Craig Whitmore and Joe 
Dinnocenzo of the Commercial Fisheries Division. The catch of 
seine-caught chum salmon fry per unit effort was obtained by 
dividing the number of fry caught by the square of the length of 
the seine since the distance a seine was pulled was roughly equal 
to its length. 

A tow net, a trawl and traps were also used to catch juvenile 
chum salmon. The tow net was kindly provided by David Waltemeyer 
of the Commercial Fisheries Division. It had a 2.74-m square 
opening, was 8.2 m long and had a mesh size of 3 mm at the cod 
end. It was towed 50 rn behind a 17-ft Boston Whaler at approxi- 
mately 115 cm/s for 5 to 45 min. The trawl, kindly provided by 
Frank Bird of the Commercial Fisheries Division, was 4.9 m wide, 
0.8 m deep and 5.8 m long and had a 3-mm mesh. The trawl was 
pulled 60 m behind the Boston Whaler at about 100 cm/s for 5 to 
17 min. Minnow traps were wrapped with a 3-mm mesh netting, 
baited with small fish and salmon eggs and anchored to the bottom 
in areas 1 to 2 m deep. 

Potential predators of chum salmon fry were obtained to examine 
their stomach contents. Sheefish and arctic char were purchased 
from fishermen who had caught them with gill nets. Other fish 
were examined after being incidentally caught during attempts to 
catch chum salmon. 

Dry weights of stomach contents of chum salmon fry were 
determined by Terri Tobias of the F.R.E.D. Division Limnology 
Laboratory, Soldotna, by combining stomach contents of a small 
group of fish and drawing off excess water with a vacuum through 
a 10-um pore filter. 

Wet weight of stomach contents as a percent of body weight were 
calculated as follows. Because wet weights were not reported for 
some of the samples, all dry weights were converted to wet 
weights by multiplying by a wet weight:dry weight ratio of 3.54. 
This was the average of 4 samples that had been both wet- and 
dry-weighed. Body weights were calculated from lengths with the 

n formula W = aL . A linear regression of log(W) vs. log(L) for 



Kotzebue chum fry provided values Tor a and n of 7.31 x and 
3.042, respectively. Additional chum fry stomachs were examined 
by Joyce Hanson Landingham of the National Marine Fisheries 
Service Auke Bay Laboratory. The fullness of these stomachs was 
reported on a fullness scale of 0 to 6 (0 = empty, 5 = full, 6 = 
distended). Stomach content as a percent of body weight was 
calculated for these samples by arbitrarily assigning a fullness 
of 6 to the maximal percent calculated above (3.344%)- 

Plankton samples were taken with 50.8-cm and 30.5-cm diameter, 
243-um mesh nets towed 50 m behind a boat with the net at the 
surface. A flow meter (model 2030, General ~ceanics, Inc., 
Miami, FL 33127) recorded the distance of each tow. Many of the 
samples collected near Kotzebue contained a large amount of de- 
tritus. These samples were returned to shore unpreserved and 
poured through a large-mesh screen which removed most of the 
detritus. Most of the detritus that passed through the screen 
precipitated and allowed the zooplankton, still alive, to be 
poured off as a supernatant. Samples were preserved in buffered 
5% formalin. Plankton identification and measurements were done 
by Terri Tobias on 3-ml subsamples. 

In 1980 salinity was calculated from conductivity and temperature 
according to the method of Bennett (1976). In 1981 salinity was 
calculated from density and temperature with a programmable cal- 
culator. The program was based on Knudsen's equations (U. S. 
Navy 1953). Density was measured with a hydrometer with 0.0005 
g/cc divisions (model 89H, Brooklyn Thermometer Co., Farmingdale, 
NY 11735). 



RESULTS 

NOATAK RIVER 

Water temperatures 

Surface water temperatures in the Noatak River at Noatak Village 
(which is within the section of the river in which the chum sal- 
mon spawn) decreased rapidly du5ing the months of August and 
September and stayed close to 0 C through most of the winter 
(Fig. 2). Between 15 September and 30 April, the approximate 
period that salmon eggs and alevins remain in the gravel, these 
temperatures would provide a thermal exposure of only 215 
temperature units (T.U.) (Wallich, 1981). This is far less than 
the 700 to 900 T.U. that are usually required for the successful 
incubation of chum salmon (Raymond 1981a). 

Ground water temperatures obtained from the well at Noatak Vil- 
lage (set? Materials and Methods) were higher than Noatak ~ i v e r  
surface water in winter (Fig. 2). However, the ground water 
would provide only 485 T.U. during the above period. 

Twelve sites within the chum salmon spawning area on the Noatak 
River were selected for winter observation (Fig. 3). Most of 
these sites were on sloughs on the east side of the river. Sites 
7, 9 and 12 were chosen because they were known spawning sites. 

The remaining sites were chosen because they were ice-free while 
the main stem and sloughs of the Noatak River were ice-covered. 
These sites were the most accessible ones and appeared to be 
likely spots to find chum salmon eggs, 

' + 
Surface and intragravel water temperatures at the study sites 
between September 1979 and May 1980 (Figs. 4a and 4b, respective- 
ly) were generally several degrees higher than surface tempera- 
tures observed in the mainostem (Fig. 2). Intragravel tempera- 
tures were approximately 8 C at the start of spawning and reached 
a minimum of about 2'~ in March and April, at which time the 
surfaces of some sites (marked 6 in Fig. 4) froze. 

Intragravel water on the spawning grounds was characterized by 
temperature differences of several degrees within distances of a 
few meters and as much as 5 degrees at different spawning sites 
(Fig. 4b). As a result thermal exposures, estimated from the 
temperatures shown in Fig. 4b, ranged between 658 and 1,440 T.U. 
and averaged 1,130 T.U. during the period 15 September to 30 
April. 

A comparison of Figs. 4a and 4b will show that intragravel tem- 
peratures were generally higher than surface temperatures, 
especially during February, March and April when ground water 
temperatures reached their lowest levels for the year. This is 
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DATE (1979 - 1980) 

F i g .  4 .  S u r f a c e  ( A )  a n d  i n t r a g r a v e l  (B) w a t e r  t e m p e r a t u r e s  a t  
w i n t e r  s t u d y  s i t e s  o n  t h e  N o a t a k  R i v e r .  V e r t i c a l  b a r s  s h o w  t h e  
r a n g e  o f  t e m p e r a t u r e s  o b s e r v e d  a n d  c r o s s - m a r k s  s h o w  t h e  a v e r a g e s .  
L o c a t i o n s  o f  s i t e s  a r e  s h o w n  i n  F i g .  3. 



more c l e a r l y  shown i n  F i g .  5 where ,  f o r  two s i t e s ,  i n t r a g r a v e l  
and s u r f a c e  t e m p e r a t u r e s  a r e  p l o t t e d  t o g e t h e r .  The warmer i n t r a -  
g r a v e l  t e m p e r a t u r e s  s u g g e s t  t h a t  t h e s e  s i t e s  a r e  s u p p l i e d  w i t h  
u p w e l l i n g  s p r i n g s .  

Spawning and d e v e l o p m e n t - - s i t e s  9  and 1 2  

Two spawning  s i t e s ,  s i t e s  9  and  1 2 ,  were  o b s e r v e d  more f r e q e n t l y  
t h a n  t h e  o t h e r s  and a r e  d e s c r i b e d  i n  t h e  f o l l o w i n g  p a r a g r a p h s .  
Approx ima te  w i n t e r  w a t e r  l e v e l s  a t  t h e s e  two s i t e s  a r e  shown i n  
F i g .  6 .  

S i t e  9 .  S e v e r a l  t h o u s a n d  chum sa lmon  were  o b s e r v e d  a t  s i t e  9  on 
1 2  Sep tember  1979  ( F r a n k  B i r d ,  Commercial  F i s h e r i e s  D i v i s i o n ,  
p r i v a t e  c o m m u n i c a t i o n ) .  The Noatak  r i v e r  was u n u s u a l l y  h i g h  a t  
t h i s  t i m e  b e c a u s e  o f  h e a v y  r a i n s  i n  Augus t  and e a r l y  Sep tember .  
By 26 Sep tember  t h e  w a t e r  l e v e l  had d r o p p e d  a b o u t  1 m. Hundreds 
o f  sa lmon c a r c a s s e s  were found and l i v e  chum sa lmon were  o b s e r v e d  

0 i n  p o o l s .  I n t r a g r a v e l  t e m p e r a t u r e s  r anged  be tween  9 . 5  and 1 0  C. 
Dead e g g s  were r e c o v e r e d  from t h e  g r a v e l  a t  one  l o c a t i o n  ( p o i n t  
A )  where  t h e  w a t e r  d e p t h  was a b o u t  8  cm. 

By 3  O c t o b e r  t h e  open  w a t e r  a r e a  had r e c e e d e d  t o  a  p o i n t  ( B )  1 5  m 
downst ream from p o i n t  A which i n d i c a t e d  a n o t h e r  d r o p  i n  w a t e r  
l e v e l  o f  a b o u t  1 2  c m .  A s u r f a c e  f l o w  o f  400 l i t e r s  p e r  s e c o n d  
was o b s e r v e d  i n  t h e  open  w a t e r  a r e a  e v e n  though  b o t h  t h e  i n l e t  
and o u t l e t  o f  t h e  s l o u g h  were now above  t h e  wager l e v e l .  I n t r a -  
g r a v e l  t e m p e r a t u r e s  r anged  be tween  8.0  and 9.8  C. A t  p o i n t  E, 
e g g s  c o n t a i n i n g  embryos a p p r o x i m a t e l y  6  mm l o n g  were  found  
be tween  20 and 30 c m  be low t h e  g r a v e l  s u r f a c e .  

By 27 November mos t  o f  t h e  Noatak R i v e r  and i t s  s l o u g h s  were  ice- 
c o v e r e d .  Only  s m a l l  a r e a s  w i t h  s p r i n g s  o r  h i g h  w a t e r  v e l o c i t i e s  
remained  i c e - f r e e .  A t  s i t e  9  t h e  w a t e r ' s  u p s t r e a m  e d g e  had re- 
ceded  a b o u t  6  m be low p o i n t  B which i n d i c a t e d  a n o t h e r  d r o p  i n  
w a t e r  l e v e l  o f  a b o u t  1 2  cm. The g r a v e l  a t  p o i n t  B was c o v e r e d  
w i t h  60  c m  o f  snow b u t  was s t i l l  m o i s t .  Eggs c o n t a i n i n g  embryos 
a p p r o x i m a t e l y  1 8  mm l o n g  w i t h  w e l l  d e v e l o p e d  e y e s  ( "eyed  e g g s " )  
were  found  a t  g o i n t  B a t  a  d e p t h  o f  a b o u t  4 0  c m .  Here  t h e  t e m -  
p e r a t u r e  was 1 C b u t  f a r t h e r  downst ream An t h e  open  w a t e r ,  s u r -  
f a c e  t e m p e r a t u r e s  r anged  f rom 3.4 t o  6 .8  C. These  t e m p e r a t u r e s  
s u g g e s t e d  t h a t  t h e  p o i n t  a t  which t h e  warmer s p r i n g  w a t e r  was 
emerg ing  from t h e  g r a v e l  was moving downst ream a s  t h e  w a t e r  l e v e l  
d r o p p e d .  I t  a p p e a r e d  u n l i k e l y  t h a t  t h e  e g g s  o b s e r v e d  a t  p o i n t  B 
would s u r v i v e .  

By 31  J a n u a r y  1980 t h e  u p p e r  end o f  t h e  open  w a t e r  a r e a  had re- 
ceded  t o  a  p o i n t  8 0  m be low p o i n t  B ( p o i n t  C ) .  T h i s  c o r r e s p o n d e d  
t o  a  d r o p  i n  w a t e r  l e v e l  o f  100 c m  s i n c e  27 November. (The r e l a -  
t i v e  e l e v a t i o n s  o f  p o i n t s  B and C were  d e t e r m i n e d  t h e  f o l l o w i n g  
May when b o t h  p o i n t s  were  s u b m e r g e d ) .  A t  p o i n t  B t h e  g r a v e l  was 
now d r y  a t  a  d e p t h  o f  60 c m .  No e g g s  o r  a l e v i n s  were  found .  A t  
p o i n t  C ,  chum a l e v i n s  w i t h  a l m o s t  no y o l k  were  found  i n  t h e  g r a -  
v e l .  I n t r a g r a v e l  t e m p e r a t u r e s  h e r e  r anged  be tween  4 . 0  and 6 . l o C  
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and s u r f a c e  f l o w  was a b o u t  0 . 1  l i t e r  p e r  s econd .  L i t t l e  c h a n g e  
was n o t e d  on  1 2  F e b r u a r y  e x c e p t  t h a t  t h e  open  w a t e r  a r e a  had ex- 
panded s l i g h t l y  b e c a u s e  o f  a  warming i n  t h e  w e a t h e r .  Chum a l e -  
v i n s ,  n e a r l y  a t  t h e  f r y  s t a g e ,  s t i l l  remained  i n  t h e  g r a v e l .  

Dur ing  f o u r  s u c c e e d i n g  v i s i t s  ( 1 3  and 26 March and 10  and 25 Ap- 
r i l )  t h e  g r a v e l  a t  p o i n t  C was f r o z e n  and no open  w a t e r  was v i s i -  
b l e .  A t t e m p t s  t o  c o l l e c t  chum a l e v i n s  and f r y  d u r i n g  e a c h  v i s i t  
were  u n s u c c e s s f u l .  On 1 3  March a  w a t e r  l a y e r  5 t o  8 c m  d e e p  was 
found  u n d e r  7  c m  o f  ice  a t  d i s t a n c e s  o f  20 and 40 m be lgw p o i n t  
C .  I n t r a g r a v e l  t e m p e r a t u r e s  r a n g e d  be tween  1 . 3  and 2 . 0  C. On 
26  March t h i s  w a t e r  l a y e r  was found  t o  e x t e n d  be tween  1 5  and 
180  m be low p o i n t  C .  F r o z e n  g r a v e l  was found  on b o t h  t h e  up- 
s t r e a m  and  downst ream b o u n d a r i e s  o f  t h e  w a t e r  l a y e r .  By 1 7  May 
t h e  i ce  was g o n e  and t h e  w a t e r  d e p t h  a t  p o i n t  C had i n c r e a s e d  t o  
1.4 m. 

Minnow t r a p s  were  p l a c e d  a t  s i t e  9  on  26 and 27 P a r c h  and 1 0  Ap- 
r i l  1980  f o r  a  t o t a l  o f  33 t r a p - h o u r s .  The t r a p s  c a u q h t  s e v e r a l  
s l i m y  s c u l p i n s  ( C o t t u s  c o g n a t u s )  , a c h i n o o k  sa lmon ( 0 ;  tschawy- 
t s c h a )  s m o l t  and a  round w h i t e f  i s h  (P rosop ium cylind,aceum) , b u t  
no chum sa lmon.  

I n  Sep tember  1980  t h e  w a t e r  l e v e l  a p p e a r e d  t o  be  a b o u t  2  m l o w e r  
t h a n  i t  was i n  Sep tember  1979  and t h i s  r e s u l t e d  i n  t h e  b l o c k i n g  
o f  b o t h  e n d s  o f  t h e  s l o u g h  i n  which  s i t e  9  was l o c a t e d .  No 
spawning  was o b s e r v e d  t h e r e  i n  t h e  f a l l  o f  1980.  

S i t e  1 2 .  On 1 0  A p r i l  1980  a n  i c e - f r e e  a r e a  a b o u t  238 m l o n g  and 
a b o u t  1 0  t o  40 c m  d e e p  was found  a t  s i t e  12 .  Water  v e l o c i t y  was 
a b o u t  1 5  cm/sec. On 11 A p r i l  a l e v i n s  a v e r a g i n g  34 mm i n  l e n g t h  
were  found  i n  t h e  g r a v e l  a t  a  d e p t h  o f  20 cm ( p o i n t  D ) .  Upwel- 
l i n g  w a t e r  was o b s e r v e d  i n  t h e  same a r e a  and i n t r a g r a v e l  t empera -  

0 t u r e  was 2.9 C. A n o t h e r  s a m p l e  o f  a l e v i n s  t a k e n  on 24 A p r i l  had 
a  s i m i l a r  l e n g t h .  On 16  May t h e  i ce  was g o n e  and t h e  w a t e r  l e v e l  
had r i s e n  a b o u t  1.4 m. S e v e r a l  chum-l ike  f r y  were  s e e n  swimming 
a b o u t  180  m be low p o i n t  D. 

Minnow t r a p s  were  p l a c e d  a t  s i t e  1 2  on 1 0  A p r i l  f o r  a  t o t a l  o f  4 8  
t r a p - h o u r s  b u t  c a u g h t  o n l y  s l i m y  s c u l p i n s .  

O b s e r v a t i o n s  o f  spawning  and egg  deve lopmen t  were  c o n t i n u e d  a t  
s i t e  1 2  i n  Sep tember  1980.  On 1 0  September  1980 a b o u t  6,gBB chum 
sa lmon were  i n  t h r e e  l a r g e  p o o l s  a t  s i t e  1 2  and an  a d d i t i o n a l  
4 ,000  chum sa lmon were  m i l l i n g  i n  t h e  r i v e r  below t h e  p o o l s .  Of 
f o u r  f e m a l e s  c a p t u r e d  i n  t h e  p o o l s ,  t h r e e  were  r i p e  ( g a m e t e s  
m o s t l y  unspawned and e a s i l y  e x t r u d e d  w i t h  a  v e n t r a l  s q u e e z e )  and 
o n e  was s p e n t  ( g a m e t e s  m o s t l y  spawned) .  Of f i v e  m a l e s  c a p t u r e d ,  
f o u r  were  r i p e  and o n e  was s p e n t .  These  o b s e r v a t i o n s  i n d i c a t e d  
t h a t  spawning  was j u s t  b e g i n n i n g .  I n t r a g r a v e l  t e m p e r a t u r e  a t  

0 
p o i n t  D was 7.5 C. 

On 1 2  November many chum sa lmon c a r c a s s e s  were  o b s e r v e d  i n  t h e  
s l o u g h  b u t  some spawning  was s t i l l  i n  p r o g r e s s .  Water  l e v e l  



appeared to have dropped about 20 cm since 10 September. Eggs 
containing eyed embryos approximately 11 mm long were found in 
two redds gear point D where intragravel temperatures ranged from 
5.6 to 5.9 C. 

On 9 January 1981 the water level had not changed. Alevins 22-24 
mm long were found in 3 redds near point D. In one of them eggs 
containing eyed embryos approximately 16 mm long were also found 
indicating that superposition of spawning had occurred. Intra- 

0 gravel temperatures were now 3.2 to 3.6 C. A thermograph placed 
in the gravel over the period 13 November to 9 January appeared 
to read low, but it showed a nearly linear decrease in tempera- 
ture. 

Spawning and development--general 

A summary of salmon eggs, alevins and fry collected at sites 4, 
5, 9 and 12 is given in Table 1. Attempts to find eggs at sites 
1-3, 6-8, 10 and 11 were unsuccessful. The collections revealed 
large differences in the stages of development of the chum eggs 
and alevins. For example, alevins that had consumed nearly all 
their yolk were found on 31 January at site 9 and on 24 April at 
site 12. 

Although the stages of development of eggs and alevins at these 
sites at any particular time were characterized by a wide range, 
the data in Table 1 suggest that the peaks of spawning, eyeing, 
hatching and emergence occurred, respectively, in mid to late 
September, early November, late December through January, and 
early May. 

Many of the eggs recovered on the spawning grounds were dead 
(Table 1). Both pH (7.56-7.97) and conductivity (24fl-630 umhos 
/cm) in the spawning areas were in their normal ranges. However, 
dissolved oxygen concentrations measured at some of the sites 
were low (3 to 5 ppm) and may have been the cause of mortality. 
The sites with the lower oxygen levels were generally those with 
low water velocities. Dissolved oxygen concentration, pH, con 
ductivity, and surface current measurements are given in Appendix 
Table 1. 

Freshwater feeding 

The guts of several alevins collected on 31 January were examined 
for evidence of intragravel feeding. The yolk in these alevins 
was almost completely consumed. None of the guts contained any 
food but six of them contained small gravel fragments (Appendix 
Tables 2 and 3). 

On 13 March stonefly (Order Plecoptera) and cranefly (Order 
Diptera) larvae 3-8 mm long were found within the top 3 cm of 
gravel at site 9. Larger Plecoptera larvae (15 mm long) were 
found in the gravel at site 5. On 10 April, adult Plecoptera 
were found on the water surface under the ice at site 5. On 24 



T a b l e  1. O b s e r v a t i o n s  o f  chum sa lmon  e g g s ,  a l e v i n s  and f r y  a t  
spawning  s i t e s  on t h e  Noatak  R i v e r .  L o c a t i o n s  o f  s i t e s  a r e  shown 
i n  F i g .  3. 

I t e m s  c o l l e c t e d  
Da te  S i t e  o r  o b s e r v e d  Comment 

.................... 1979 Brood Year----------------------------- 

26 Sep  79 9  

3  O c t  79 9  
27 Nov 79  9 
31  J a n  80 9  

1 2  Feb 80 9  

1 2  Feb 80 5  
1 3  Feb 80 4  
1 3  Mar 80  5 
26 Mar 80 5  
26 Mar 80 9  
26 Mar 8 0 .  9  
10  Apr 80 5  
10  Apr 80  1 2  

1 6  May 80 1 2  
16 May 80 9  

1 2  e g g s  

200 e g g s  
60 e g g s  
30 a l e v i n s  

30 a l e v i n s  

200 e g g s  
5 e g g s  
50 e g g s  
50 e g g s  
1 2  e g g s  
1 k i n g  sa lmon 
50 e g g s  
67 a l e v i n s  

50 a l e v i n s  

1 0  f r y  
20 f r y  
2  a l e v i n s  

Dead ( p e r i o d i c  e x p o s u r e  a b o v e  
w a t e r  l e v e l ) .  
Almost  eyed 
Eyed 
37 m m ,  y o l k  consumed, i n  
g r a v e l  
37 m m ,  y o l k  consumed, i n  
g r a v e l  
Dead 
Dead 
Dead 
Dead 
Dead 
95  mm s m o l t  
Dead 
34 m m ,  s tomach  u n s e a l e d ,  
i n  g r a v e l  
34 m m ,  s tomach  u n s e a l e d ,  
i n  g r a v e l  
Swimming 
Swimming 
Dead, i n  g r a v e l  

..................... 1980 Brood Year---------------------------- 

1 3  Nov 80 1 2  many e g g s  Eyed 
9 J a n 8 1  1 2  1 2  e g g s  Dead, p r o b a b l y  f rom 1 3  Nov 

d i g g i n g  
e g g s  Eyed i n  r edd  C 
30 a l e v i n s  i n  g r a v e l  i n  r e d d s  A ,  B & C 



A p r i l  a d u l t  D i p t e r a  were  s e e n  f l y i n g  n e a r  t h e  w a t e r  s u r f a c e  a t  
s i t e  12 .  

I n  a g r e e m e n t  w i t h  t h e s e  o b s e r v a t i o n s ,  s tomach  c o n t e n t s  o f  chum 
f r y  c a u g h t  i n  t h e  Noatak  R i v e r  were  p r i m a r i l y  D i p t e r a  and P l e c o p -  
t e r a  b u t  s e v e r a l  o t h e r  t y p e s  o f  p r e y  were  a l s o  found  (Appendix 
T a b l e s  2  and 3 ) .  About 96% o f  t h e  p r e y  were  i n s e c t s  and t h e  re- 
m a i n d e r  were  z o o p l a n k t o r s .  Chum f r y  were c a u g h t  b o t h  i n  t h e  main 
stem and i n  c l e a r  t r i b u t a r i e s  and b a c k w a t e r s  o f  t h e  Noatak R i v e r .  
However, s a m p l e  s i z e s  were  i n s u f f i c i e n t  t o  d e t e c t  s i g n i f i c a n t  
d i f f e r e n c e s  i n  s tomach c o n t e n t s  i n  t h e s e  two g r o u p s .  

The f u l l n e s s  o f  t h e  s t o m a c h s  o f  chum f r y  c a u g h t  i n  t h e  Noatak  
R i v e r  (see M a t e r i a l s  and Methods)  a p p e a r e d  t o  i n c r e a s e  t h r o u g h  
t h e  s p r i n g  and summer ( p o i n t s  marked w i t h  + i n  F i g .  7 ) ,  s u g g e s t -  
i n g  t h a t  food  was becoming more a v a i l a b l e  a s  t h e  summer p r o g r e s -  
s e d .  A s t r o n g  c o r r e l a t i o n  be tween  f u l l n e s s  and d a t e  was found  
( r  = . 71 ,  P < . 0 1 ) .  

The l e n g t h s  and w e i g h t s  o f  chum f r y  c a u g h t  i n  t h e  Noatak ~ i v e r  
a r e  shown i n  F i g s .  8 a  and 8 b  ( s o l i d  l i n e s )  a s  a  f u n c t i o n  o f  d a t e .  
S t e a d y  i n c r e a s e s  i n  mean l e n g t h  and  mean w e i g h t  were  o b s e r v e d  i n  
chum f r y  c a u g h t  be tween  e a r l y  A p r i l  and e a r l y  J u l y ,  b u t  t h e  
i n d i v i d u a l  s i z e s ,  a s  shown by  t h e  v e r t i c a l  b a r s  i n  F i g .  8 a ,  
v a r i e d  w i d e l y .  

Noatak  R i v e r  w a t e r  q u a l i t y  

T e m p e r a t u r e ,  w a t e r  l e v e l  and t u r b i d i t y  o f  t h e  Noatak  R i v e r  d u r i n g  
t h e  p e r i o d  o f  chum sa lmon downst ream m i g r a t i o n  a r e  shown i n  
F i g .  9 .  The w a t e r  t e m p e r a t u r e  r o s e  f rom a b o u t  5 ' ~  t o  a b o u t  1 2 ' ~  
d u r i n g  t h i s  p e r i o d .  The w a t e r  l e v e l  peaked i n  e a r l y  J u n e  a t  
a b o u t  2  m above  t h e  normal  low w a t e r  l e v e l  and s m a l l e r  p e a k s  
o c c u r r e d  d u r i n g  t h e  r e s t  o f  t h e  month.  The t u r b i d i t y ,  which 
r anged  f rom n e a r  0  t o  9 5  n e p h e l o m e t r i c  t u r b i d i t y  u n i t s  ( N T U ) ,  
c l o s e l y  f o l l o w e d  c h a n g e s  i n  t h e  w a t e r  l e v e l .  C o r r e l a t i o n s  
be tween  t h e s e  q u a n t i t i e s  a r e  g i v e n  e l s e w h e r e  (Raymond 1 9 8 1 b ) .  

1 9 8 1  o b s e r v a t i o n s  

Twenty unspawned f e m a l e  chum sa lmon  t a k e n  from t h e  Lower Noatak  
R i v e r  on 1 Sep tember  had an  a v e r a g e  f e c u n d i t y  o f  3 ,120  e g g s .  
I n d i v i d u a l  f e c u n d i t i e s  r anged  from 1 , 8 6 0  t o  4190 e g g s .  The e g g s  
i n  e a c h  o f  t h e s e  f e m a l e s  were  s t i l l  f i r m l y  i n  t h e i r  s k e i n s .  

S e v e r a l  t h o u s a n d  Noatak  R i v e r  chum sa lmon spawn e v e r y  y e a r  i n  
K e l l y  R i v e r  Lake,  a  s p r i n g - f e d  l a k e  on t h e  w e s t  bank o f  t h e  K e l l y  
R i v e r  1 3  km f rom i t s  mouth ( F i g .  1 ) .  On 3  Sep tember  1981  t h e  
s p r i n g s  a t  t h e  n o r t b  end o f  t h e  l a k e  were  f l o w i n g  a t  t e m p e r a t u r e s  
be tween  2.5  and 2.9 C. S i n c e  i t  is  u n l i k e l y  t h a t  w i n t e r  t empera-  
t u r e s  would b e  a n y  h i g h e r ,  i t  a p p e a r s  t h a t  t h e  s p r i n g s  would pro-  
v i d e  a  maximum o f  a b o u t  7 0 0  T.U. f rom 1 September  t o  30  A p r i l .  
F o u r t e e n  f e m a l e s  were c o l l e c t e d  n e a r  t h e  s p r i n g s  and a l l  were  
found t o  be  p a r t i a l l y  spawned.  The r i p e n e s s  o f  K e l l y  R i v e r  Lake 



FULLNESS OF KOTZEBUE CHUM FRY 

+ + * = KOTZEBUE SOUND I 
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F i g u r e  7 .  F u l l n e s s  o f  s t o m a c h s  o f  c h u m  f r y  c a u g h t  i n  t h e  N o a t a k  
R i v e r  a n d  i n  K o t z e b u e  S o u n d .  F u l l n e s s  i s  e x p r e s s e d  a s  s t o m a c h  
c o n t e n t s  a s  a  p e r c e n t  o f  b o d y  w e i g h t .  
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F i g .  8 .  L e n g t h s  ( A )  a n d  w e i g h t s  ( B )  o f  c h u m  f r y  c a u g h t  i n  t h e  
N o a t a k  R i v e r  a n d  K o t z e b u e  S o u n d  i n  1 9 8 0 .  
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DATE (1980) 

F i g .  9 ( c o n t i n u e d ) .  T u r b i d i t y  i n  t h e  N o a t a k  R i v e r  i n  May a n d  
J u n e ,  1980 .  



f e m a l e s  c o n t r a s t e d  w i t h  t h a t  o f  f e m a l e s  c o l l e c t e d  two d a y s  
e a r l i e r  i n  t h e  Lower Noatak  ~ i v e r .  These  chum sa lmon t h u s  
a p p e a r e d  t o  spawn e a r l i e r  t h a n ,  and i n  c o o l e r  w a t e r  t h a n  t h o s e  
t h a t  spawn i n  t h e  s l o u g h s  o f  t h e  Noatak R i v e r  f a r t h e r  downstream. 

KOTZEBUE SOUND 

Our s t u d i e s  i n  Ko tzebue  Sound were  m o s t l y  c o n f i n e d  t o  an  a r e a  
w i t h i n  25  km o f  Ko tzebue  ( F i g .  1 0 ) .  T h i s  a r e a  is  c h a r a c t e r i z e d  
by many s a n d  b a r s  and  w a t e r  d e p t h s  t y p i c a l l y  u n d e r  5 m .  

T e m p e r a t u r e s  and s a l i n i t i e s  

Water  t e m p e r a t u r e s  a t  s e v e r a l  l o c a t i o n s  n e a r  Ko tzebue  a r e  shown 
i n  F i g .  11. Water  t e m p e r a t u r e s  g e n e r a l l y  r o s e  r a p i d l y  d u r i n g  
J u n e  and e a r l y  J u l y .  T h r e e  o f  t h e  l o c a t i o n s ,  L o c k h a r t  P o i n t ,  t h e  
mouth o f  Ko tzebue  Lagoon and t h e  s h o r e  n e a r  t h e  ADF&G o f f i c e ,  a r e  
s t r o n g l y  i n f l u e n c e d  b y  t h e  main Noatak  R i v e r  c u r r e n t .  A d d i t i o n a l  
t e m p e r a t u r e s  f o r  l o c a t i o n s  on t h e  n o r t h  c o a s t  o f  Ko tzebue  Sound 
a r e  shown i n  F i g .  12.  S h e s h a l i k  Lagoon and S h e s h a l i k  S p i t ,  which  
a r e  r e l a t i v e l y  s h a l l o w  and c l o s e  t o  t h g  Noatak R i v e r  o u t f l o w ,  
r e a c h e d  t e m p e r a t u r e s  be tween  16  and 1 8  C i n  J u l y .  However, f a r -  
t h e r  w e s t  be tween  Aukukak Lagoon and  Cape K r u s e n s t e r n  t h e  tem- 
p e r a t u r e  was l o w e r ,  p r o b a b l y  b e c a u s e  o f  a  s m a l l e r  i n f l u e n c e , f r o m  
t h e  Noatak  R i v e r .  

S a l i n i t i e s  a t  v a r i o u s  l o c a t i o n s  i n  Ko tzebue  Sound a r e  shown i n  
F i g .  13 .  Near  Ko tzebue  t h e y  g e n e r a l l y  remained  be low 5 p p t ,  
e x c e p t  a t  S o u t h  Ko tzebue  which  is p r o t e c t e d  form t h e  main Noatak  
R i v e r  c u r r e n t .  The n o r t h  c o a s t  o f  Ko tzebue  Sound n e a r  Cape 
K r u s e n s t e r n ,  which was a l s o  d i s t a n t  f rom t h e  Noatak R i v e r  
c u r r e n t ,  had h i g h e r  s a l i n i t i e s  (22-34 p p t ) .  

A d d i t i o n a l  w a t e r  t e m p e r a t u r e s  and s a l i n i t i e s  were  t a k e n  i n  e a r l y  
Augus t  1 9 8 1  a t  l o c a t i o n s  s o u t h  o f  Ko tzebue  and a r e  g i v e n  i n  
Appendix Tab leo4 .  Water  t e m p e r a t u r e s  were  g e n e r a l l y  i n  t h e  
r a n g e  11 t o  16 C and s a l i n i t i e s  were  g e n e r a l l y  be low 21  p p t .  
However, gn o n e  o c c a s i o n  a f t e r  24 h r  o f  s t r o n g  w i n d s ,  a  body o f  
c o l d  (4.7 C ) ,  h i g h  s a l i n i t y  (29 p p t )  w a t e r  was found  s e v e r a l  km 
s o u t h  o f  Kotzebue .  

P l a n k t o n  abundance  

The d e n s i t y  o f  z o o p l a n k t o n  i n  Ko tzebue  Sound i n  1980 ,  measured  a t  
s e v e r a l  p o i n t s  n e a r  Ko tzebue ,  is shown j n  F i g .  14 .  A l a r g e  peak 
was o b s e r v e d  i n  J u l y  (7 ,400  organisms/m ) and3a  s m a l l e r  one  was 
o b s e r v e d  i n  l a t e  September  (4 ,000  organisms/m ) .  I n  t e r m s  o f  
b j o m a s s ,  t h e  z o o p l a n k t o n  d e n s i t y  ranged  from 1 . 3  t o  1 4 3  mg p e r  
m . The h i g h e r  r a t i o  o f  number o f  z o o p l a n k t e r s  t o  b iomass  



F i g u r e  1 0 .  Map o f  t h e  Ko tzebue  a r e a  i n  which j u v e n i l e  chum 
salmon were  c o l l e c t e d .  



KOTZEBUE AREA WATER TEMPERATURES 

MAY JIB4 JUL Affi SEP DCT 

DATE (1980) 

F i g .  1 1 .  W a t e r  t e m p e r a t u r e s  i n  K o t z e b u e  S o u n d  n e a r  K o t z e b u e  f o r  
t h e  p e r i o d  J u n e - A u g u s t  1980 .  

5 
JUN JUL ALK; SEP 

DATE (1980) 

NORTH COAST WATER TEMPERATURES 

SHESHALIK LAGCON b\,.*1 
SHESHALIK SPIT 

AUKULAK TO KRUSENSTERN i-\ 
F i g .  12 .  W a t e r  t e m p e r a t u r e s  i n  t h e  n o r t h e r n  p a r t  o f  K o t z e b u e  
S o u n d  d u r i n g  J u l y  a n d  A u g u s t  1 9 8 0 .  
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F i g u r e  1 3 .  S a l i n i t i e s  a t  s e v e r a l  p o i n t s  n e a r  K o t z e b u e  f o r  t h e  
p e r i o d  J u n e - A u g u s t  1 9 8 0 .  L o c a t i o n s  o f  s a m p l i n g  a r e a s  a r e  shown 
i n  F i g u r e  1 0 .  



JULY A U C W T  

DATE (1980) 

F i g u r e .  1 4 .  Z o o p l a n k t o n  n u m b e r  d e n s i t y  ( A )  a n d  m a s s  d e n s i t y  ( 8 )  
i n  K o t z e b u e  S o u n d  d u r i n g  t h e  p e r i o d  J u l y - S e p t e m b e r  1 9 8 0 .  
L o c a t i o n s  a n d  c o n t e n t s  o f  p l a n k t o n  h a u l s  a r e  g i v e n  i n  A p p e n d i x  
T a b l e  5 .  



o b s e r v e d  i n  t h e  J u l y  peak r e s u l t e d  f rom t h e  p r e s e n c e  o f  many 
l i g h t - w e i g h t  r o t i f e r s  i n  two o f  t h e  J u l y  s a m p l e s .  O v e r a l l ,  
c a l a n o i d  c o p e p o d s  a c c o u n t e d  f o r  91% o f  t h e  z o o p l a n k t o n  ( ~ p p e n d i x  
T a b l e  5 ) .  Two p l a n k t o n  tows  i n  l a t e  J u l y  and e a r l y  Augus t  1981  
o b t a i n e d  h i g h  t o  m o d e r a t e l y  h i g h  p l a n k t o n  d e n s i t i e s .  Polyphemus 
a c c o u n t e d  f o r  23 and 97% o f  t h e  z o o p l a n k t o n  i n  t h e s e  s a m p l e s  
(Appendix  T a b l e  5 ) .  

On o c c a s i o n ,  z o o p l a n k t o n  d e n s i t y  was o b s e r v e d  t o  v a r y  w i d e l y  o v e r  
a  s h o r t  d i s t a n c e  and o v e r  a  s h o r t  time p e r i o d .  Near Cape Blos-  
som, z o o p l a n k t o n  d e n s i t i e s  o b t a i n e d  on 2 2  Augus t  1980  w i t h i n  h a l f  
a  k i l o m e t e r  o f  e a c h  o t h e r  d i f f e r e d  b y  a  f a c t o r  o f  two,  and o t h e r s  
o b t a i n e d  on 3 1  J u l y  1 9 8 1  w i t h i n  5  km o f  e a c h  o t h e r  d i f f e r e d  by  a  
f a c t o r  o f  f i v e .  A t  Ko tzebue ,  z o o p l a n k t o n  d e n s i t i e s  o b t a i n e d  on  
16  and 1 7  J u l y  1980  d i f f e r e d  by  a  f a c t o r  o f  2.5. 

J u v e n i l e  chum sa lmon c a t c h e s  

The l e n g t h s  and w e i g h t s  o f  chum sa lmon c a u g h t  i n  Kotzebue  Sound 
n e a r  t h e  mouth o f  t h e  Noatak R i v e r  a r e  shown i n  F i g .  8 a s  a  func -  
t i o n  o f  d a t e .  Both t h e  l e n g t h  and w e i g h t  d a t a  i n d i c a t e  t h a t  
g rowth  is more r a p i d  o n c e  t h e  chum s m o l t s  l e a v e  t h e  Noatak R i v e r  
and e n t e r  Ko tzebue  Sound. The l e n g t h  d a t a  a l s o  i n d i c a t e  t h a t  
chum sa lmon s m o l t s  c a u g h t  i n  Ko tzebue  Sound v a r y  w i d e l y  i n  s i z e .  

F i g u r e  1 5  shows t h e  c a t c h  o f  chum sa lmon  f r y  p e r  u n i t  e f f o r t  i n  
Ko tzebue  Sound a s  a  f u n c t i o n  o f  t h e  d a t e .  These  c a t c h e s ,  which 
were  m o s t l y  o b t a i n e d  i n  s h a l l o w  a r e a s  be tween  L o c k h a r t  P o i n t  and 
t h e  Ko tzebue  dump, show t h a t  t h e  s m o l t s  e n t e r e d  t h e  Sound be tween  
e a r l y  J u n e  and e a r l y  J u l y .  A f a i l u r e  t o  c a t c h  chum s m o l t s  a f t e r  
7 J u l y  i n  t h e  1980  summer s e a s o n  s u g g e s t e d  t h a t  t h e y  had moved 
i n t o  d e e p e r  w a t e r .  

I 

A t t e m p t s  t o  c a t c h  j u v e n i l e  chum sa lmon  w i t h  a  tow n e t ,  a  t r a w l ,  
minnow t r a p s  and  a  g i l l  n e t  were u n s u c c e s s f u l .  The tow n e t  was 
used  9  t i m e s  i n  1980  and 5  times i n  1981  and t h e  t r a w l  was used  
11 t i m e s  i n  1980  (Appendix T a b l e  6 ) .  Four  minnow t r a p s  were s e t  
f o r  a  t o t a l  o f  2 4  t r a p - d a y s  i n  mid-June and l a t e  J u l y  1980  b u t  
c a u g h t  no f i s h .  A v a r i a b l e  mesh g i l 1 , n e t  was used  t w i c e  i n  1 9 8 1  
and c a u g h t  s t a r r y  f l o u n d e r  ( P l a t i c t h y s  s t e l l a t u s ) ,  s a f f r o n  cod 
( E l e g i n u s  g r a c i l i s ) ,  r a inbow smelt (Osmerus mordax) and o t h e r  
f i s h ,  b u t  no chum salmon.  

A t t e m p t s  t o  c o l l e c t  j u v e n i l e  chum sa lmon from t h e  s t o m a c h s  o f  
p o t e n t i a l  p r e d a t o r s  were  a l s o  u n s u c c e s s f u l .  The s t o m a c h s  o f  69 
s h e e f i s h  ( S t e n o d u s  l e u c i c t h y s ) ,  25 a r c t i c  c h a r  ( S a l v e l i n u s  
a l p i n u s ) ,  1 8  l e a s t  c i s c o  (Coregonus  s a r d i n e l l a )  and o t h e r  f i s h  
were  examined (Appendix T a b l e  7 ) .  

S e v e r a l  a t t e m p t s  t o  c a t c h  j u v e n i l e  chum sa lmon were  made i n  1 9 8 1  
i n  n e a r s h o r e  and o f f s h o r e  w a t e r s  s o u t h  o f  Kotzebue .  On 4 Augus t  
35 chum sa lmon j u v e n i l e s  a v e r a g i n g  55.46 mm i n  l e n g t h  and 1.22 g  
i n  w e i g h t  were  c a u g h t  w i t h  a  beach  s e i n e  n e a r  Cape Blossom. The 
c a t c h  p e r  u n i t  e f f o r t  a t  t h i s  l o c a t i o n  was 4 2  f i s h  p e r  h e c t a r e .  



F i g u r e  1 5 .  C a t c h  o f  chum f r y  p e r  u n i t  e f f o r t  (CPUE) i n  K o t z e b u e  
S o u n d  d u r i n g  t h e  p e r i o d  J u n e - A u g u s t  1 9 8 0 .  CPUE i s  e x p r e s s e d  a s  
t h e  n u m b e r  o f  chum f r y  c a u g h t  p e r  h e c t a r e  s e i n e d .  C a t c h  p e r  u n i t  
e f f o r t  i s  e x p r e s s e d  a s  chum s a l m o n  f r y  c a u g h t  p e r  h e c t a r e  s e i n e d .  
N o t e  t h a t  Y - a x i s  i s  l o g a r h y t h m i c .  P o i n t s  o n  t h e  X - a x i s  r e p r e s e n t  
z e r o  c a t c h e s  p e r  s e i n e - h a u l .  
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Seven additional beach seines between the mouth of Sadie Creek 
and the Choris Peninsula failed to catch chum salmon between 3 
and 5 August. 

The catch of chum salmon fry per unit effort caught in beach 
seines in Kotzebue Sound in June and July 1980 is shown as a 
function of habitat tyge in Fig. 16. The fry appeared to prefer 
temperatures around 10 C, salinities below 5 ppt, water visibili- 
ties near 50 cm, and areas having currents in the range 6 to 9 
cm/s6 Also the fry appeared to prefer bays with gentle slopes 
((10 ) and relatively coarse gravel bottoms. 

Feeding 

As in the Noatak River, the food of chum fry caught in brackish 
water areas in Kotzebue Sound through early July consisted 
largely of insects (58%). Zooplankton, which made up most of the 
remainder, were mostly copepods (Appendix Tables 8 and 9) . 
However, fry caught in August in more saline water were found to 
be feeding primarily on cladocerans (Chydorinea) and copepods. 

The fullness of the stomachs of chum salmon caught in Kotzebue 
Sound (see Materials and Methods) is plotted as a function of the 
date in Fig. 7. Unlike chum fry caught in the Noatak River, the 
Kotzebue Sound chum fry did not show any correlation (r = -.12, 
P > .l) between the fullness of their stomachs and the date. 
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F i g u r e .  1 6 .  C a t c h  o f  chum f r y  p e r  u n i t  e f f o r t  i n  K o t z e b u e  S o u n d  
a s  a f u n c t i o n  o f  w a t e r  t e m p e r a t u r e  ( A )  a n d  t u r b i d i t y  (B). F i g u r e  
c o n t i n u e s  o n  n e x t  p a g e .  
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C S A L I N I T Y  

SALINITY CPPT) 

1% - 
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VELOCITY (CM/SEC) 

F i g u r e  1 6  ( c o n t i n u e d ) .  C a t c h  o f  c h u m  f r y  p e r  u n i t  e f f o r t  i n  
K o t z e b u e  S o u n d  a s  a  f u n c t i o n  o f  s a l i n i t y  ( C )  a n d  s u r f a c e  c u r r e n t  
v e l o c i t y  (D) . F i g u r e  c o n t i n u e s  o n  n e x t  p a g e .  



CP
UE

 
(C

H
U

M
S/

H
EC

TA
R

E)
 

m
 

N
 

ln
 

0 
Y 

ii 
i 

i 

S
A

N
D

l'G
R

A
V

E
L 

<
2.

5C
M

 

G
R

A
V

E
L 

~
2

.
 

5
 

CM
 

@
g

J
 

- 
U

) 

!
 5 

M
U

D
/G

R
A

V
E

L 
0

.5
 

TO
 

2
.5

 
CM

 
C
 

m
 

2 1
 

fJ
Y 

4
 

* 
6 

P 
G

R
A

V
E

L 
0

.5
 

TO
 

5
.0

 C
M

 
m

 
--
I 

1 

C
PU

E 
(C

H
U

M
S/

H
EC

TA
R

E)
 

6
l

 
C1 

I
 

Y
. 

ii 
ii 

5 

- 

m
 

B
E

A
C

H
 

LA
G

O
O

N
 

-
 

B
A

Y
 

cn
 
I
 

0
 

X
I m
 

-4
 

<
 

-0
 

rn
 

S
TR

E
A

M
 

-J 

T
IP

 O
F

 S
P

IT
 



DISCUSSION 

P r e v i o u s  work i n  t h e  Ko tzebue  Sound a r e a  

P r i o r  t o  t h i s  s t u d y ,  l i t t l e  i n f o r m a t i o n  was a v a i l a b l e  on j u v e n i l e  
chum sa lmon i n  t h e  Ko tzebue  Sound a r e a .  B i r d  (1980b)  c o l l e c t e d  
chum f r y  i n  t h e  Noatak  R i v e r  a b o u t  1 3  km from i t s  mouth from 9  
J u n e  t o  11 Augus t  1979.  H i s  h i g h e s t  c a t c h e s  p e r  u n i t  e f f o r t  oc-  
c u r r e d  be tween  14  and 24 J u n e .  F i s h  c o l l e c t e d  i n  t h p  Chukchi  Sea 
and Ko tzebue  Sougd by A l v e r s o n  and Wil imovsky (1966)  , W o l o t i r a  
(1977)  and Lowry d i d  n o t  i n c l u d e  j u v e n i l e  chum sa lmon.  Exten-  
s i v e  s e i n i n g  f o r  h e r r i n g  by  B a r t o n  (1977)  and Flhitmore and 
Dinocenzo  ( 1 9 8 0 )  i n  Ko tzebue  Sound a l s o  f a i l e d  t o  c a t c h  chum 
salmon.  However, B a r t o n  (1977)  c a u g h t  o n e  188  mm chum sa lmon o f f  
t h e  n o r t h w e s t  c o a s t  o f  t h e  Seward P e n i n s u l a  on 6  Sep tember .  

Water  l e v e l s  

The s h a r p  d r o p  i n  w a t e r  l e v e l  t h a t  w e  o b s e r v e d  a t  s i t e  9  d u r i n g  
t h e  1979-1980 w i n t e r  a p p e a r e d  t o  c a u s e  h i g h  m o r t a l i t y  s i n c e  a r e a s  
i n  which chum sa lmon  spawned i n  Sep tember  were  f r o z e n  o r  d r y  by  
March. The lowered  w a t e r  l e v e l  a l s o  may h a v e  r e d u c e d  i n t r a g r a v e l  
w a t e r  f l ow.  I n  a r e a s  where  d e n s e  spawning  o c c u r r e d ,  a  r educed  
f l o w  c o u l d  h a v e  c a u s e d  t h e  low d i s s o l v e d  oxygen c o n c e n t r a t i o n s  
and  egg  m o r t a l i t y  t h a t  w e  o b s e r v e d .  Decomposing e g g s  may h a v e  
f u r t h e r  r e d u c e d  t h e  d i s s o l v e d  oxygen  l e v e l s .  E r i c k e l  (1971)  
found  t h a t  d e a d  p i n k  sa lmon  e g g s  consumed f o u r  times a s  much 
oxygen  a s  l i v e  e g g s  i n  t h e  e a r l y  s t a g e s  o f  deve lopmen t .  

The d r o p  i n  w a t e r  l e v e l  d u r i n g  t h e  1979-1980 w i n t e r  a p p e a r e d  t o  
b e  a  r e s u l t  o f  t h e  u n u s u a l l y  h i g h  w a t e r  l e v e l s  i n  September  1979 .  
A l though  a  r e l a t i v e l y  s m a l l  d r o p  i n  w a t e r  l e v e l  was o b s e r v e d  i n  
t h e  f o l l o w i n g  w i n t e r ,  i t  is u n c l e a r  w h e t h e r  t h i s  would h a v e  r e -  
s u l t e d  i n  r e d u c e d  egg  m o r t a l i t y  s i n c e  low f l o w s  f o l l o w i n g  spawn- 
i n g  h a v e  a l s o  b e e n  shown t o  c a u s e  h i g h  egg m o r t a l i t y  [ f o r  a  
r e v i e w ,  see Bakka la  ( 1 9 7 0 ) ,  p .  541.  

1 Chum sa lmon were  c a u g h t  b u t  t h e i r  s i z e s  were n o t  r e p o r t e d .  
R e c o r d s  o f  mesh s i z e s  (4  and 6 i n c h e s )  o f  g i l l n e t s  used i n  t h e i r  
c a p t u r e  (Norman P a r k s ,  N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c e ,  
S e a t t l e ,  p r i v a t e  communica t ion )  i n d i c a t e  t h a t  t h e  f i s h  were 
a d u l t s .  

2 
Four 20-min ( b o t t o m  t i m e )  tows  were  made w i t h  Gn o t t e r  

t r e w l  (2 .5  c m  s t r e t c h  mesh on t h e  cod end)  be tween  66 31 '  and 
68  07'N i n  w a t e r  8-19 m d e e p  d u r i n g  t h e  p e r i o d  18-21 Sep tember  
1 9 8 1  (L loyd  Lowry, A laska  Depa r tmen t  o f  F i s h  and Game, F a i r b a n k s ,  
u n p u b l i s h e d  d a t a )  . 



I n c u b a t i o n  t e m p e r a t u r e s  

Water  t e m p e r a t u r e s  shown i n  F i g u r e s  4 and 5  may be  upward ly  
b i a s e d  b e c a u s e  w e  c o n f i n e d  o u r  w i n t e r  i n v e s t i g a t i o n s  t o  a r e a s  
h a v i n g  e i t h e r  open  w a t e r  o r  a  t h i n  i c e  c o v e r .  However, t h e  p r e -  
s e n c e  o f  i c e  i n  o t h e r  spawning  a r e a s  may b e  a r e s u l t  o f  h i g h e r  
s u r f a c e  f l o w s  t h a t  d i l u t e  and c o o l  t h e  u p w e l l i n g  g r a v e l  f l o w s .  
The a r e a s  t h a t  w e  i n v e s t i g a t e d  were  c h a r a c t e r i z e d  by low s u r f a c e  
f l o w s .  Thus ,  t h e  p r e s e n c e  o r  a b s e n c e  o f  a n  i c e  c o v e r  may n o t  
p r o v i d e  much i n f o r m a t i o n  a b o u t  i n t r a g r a v e l  t e m p e r a t u r e s .  A l s o ,  
d u r i n g  a  f l i g h t  o v e r  t h e  c e n t r a l  p a r t  o f  t h e  Noatak R i v e r  i n  l a t e  
J a n u a r y  1 9 8 0  w e  o b s e r v e d  many open  w a t e r  a r e a s  i n  a d d i t i o n  t o  
t h o s e  d e s c r i b e d  h e r e .  A d d i t i o n a l  open  w a t e r  a r e a s  be tween  Noatak  
V i l l a g p  and t h e  K e l l y  R i v e r  a r e  d e s c r i b e d  by cunningham e t  a l .  
( 1976)  . 
Water  t e m p e r a t u r e s  a t  t h e  s i t e s  w e  o b s e r v e d  i n  t h e  m i d d l e  Noatak  
R i v e r  p r o v i d e d  a n  a v e r a g e  o f  1 , 1 3 0  T.U. be tween  1 5  September  and 
38 A p r i l .  T h i s  t h e r m a l  e x p o s u r e  is e q u a l  t o  o r  h i g h e r  t h a n  t h a t  
e x p e r i e n c e d  by  chum sa lmon i n  more s o u t h e r l y  p a r t s  o f  A l a s k a ,  and  
t h u s  i t  a p p e a r s  t h a t  chum sa lmon  i n  t h e  Midd le  Noatak  R i v e r  a r e  
n o t  a d a p t e d  t o  l o w e r  t e m p e r a t u r e s .  However, w e  c a n ' t  r u l e  o u t  
t h e  p o s s i b i l i t y  t h a t  t h e r e  a r e  some s i tes  i n  t h e  Middle  Noatak  
R i v e r  i n  which  chum sa lmon a r e  c a p a b l e  o f  s u c c e s s f u l l y  i n c u b a t i n g  
w i t h  l o w e r  t h e r m a l  e x p o s u r e s .  

The l o w e r  t e m p e r a t u r e s  ( -2 .5-2 .9 '~)  o b s e r v e d  i n  t h e  K e l l y  R i v e r  
Lake s p r i n g s  i n  e a r l y  Sep tember  a p p e a r e d  c a p a b l e  o f  p r o v i d i n g  a  
t h e r m a l  e x p o s u r e  o f  o n l y  a b o u t  700  d e g r e e  d a y s  f rom 1 Sep tember  
t o  30 A p r i l .  T h i s  l o w e r  t h e r m a l  e x p o s u r e  is  s t i l l  w i t h i n  t h e  
r a n g e  e x p e r i e n c e d  by  o t h e r  A l a s k a n  chum sa lmon (Raymond 1 9 8 1 a ) ,  
which i n d i c a t e s  t h a t  no s p e c i a l  t e m p e r a t u r e  a d a p t a t i o n  is p r e -  
s e n t .  These  sa lmon  a p p e a r  t o  h a v e  a d j u s t e d  t o  t h e  l o w e r  tempera-  
t u r e s  by  spawning  e a r l i e r .  However, i t  is i n t e r e s t i n g  t h a t  t h e s e  
chum sa lmon  spawn i n  w a t e r  t h a t  is  i n i t i a l l y  s o  c o o l .  P r e v i o u s  
work [ f o r  a  r g v i e w ,  see Raymond ( 1 9 8 1 a ) l  h a s  shown t h a t  t empera-  
t u r e s  be low 5 C d u r i n g  t h e  i n i t i a l  s t a g e  o f  deve lopmen t  o f  s a l -  
monid e g g s  r e s u l t  i n  i n c r e a s e d  m o r t a l i t y .  F u r t h e r  work is n e c e s -  
s a r y  t o  see i f  t h i s  is t r u e  f o r  t h e  K e l l y  R i v e r  Lake chum salmon.  

P o s s i b l e  a d a p t a t i o n s  

A l t h o u g h  t h e r e  is no s t r o n g  e v i d e n c e  t h a t  t h e  Noatak R i v e r  chum 
sa lmon a r e  a d a p t e d  t o  low i n c u b a t i o n  t e m p e r a t u r e s ,  o t h e r  a d a p t a -  
t i o n s  t o  t h i s  e n v i r o n m e n t  a r e  p o s s i b l e .  

Cunningham J1976)  r e p o r t e d  w a t e r  s u r f a c e  t e m p e r a t u r e s  
be tween  0  and -g.5 C f o r  s e v e r a l  open  w a t e r  s i t e s .  H i s  t emper-  
a t u r e s  were  most  l i k e l y  i n c o r r e c t  b e c a u s e  h e  used a t h e r m i s t o r  
a t t a c h e d  t o  a  d i s s o l v e d  oxygen m e t e r  t h a t  was n o t  p r o p e r l y  
w o r k i n g ,  and b e c a u s e  i t  is u n l i k e l y  t h a t  enough s a l t s  wouad be  
p r e s e n t  i n  t h e  w a t e r  t o  d e p r e s s  i t s  f r e e z i n g  p o i n t  by 0.5 C. 



The Noatak  R i v e r  chum sa lmon e x h i b i t  many o f  t h e  c h a r a c t e r i s t i c s  
found  i n  t h e  f a l l  r u n s  o f  chum sa lmon  i n  t h e  Yukon R i v e r  ( A l a s k a  
Depa r tmen t  o f  F i s h  & Game 1980)  and i n  t h e  Amur R i v e r  i n  ~ i b e r i a  
(Birman 1 9 5 3 ) .  Chum sa lmon i n  t h e  Yukon and Amur f a l l  r u n s  d i f -  
f e r  f rom t h o s e  i n  t h e  summer r u n s  by  t h e i r  l a r g e r  s i z e ,  h i g h e r  
f a t  c o n t e n t ,  l a t e r  spawning ,  l o n g e r  r i v e r  m i g r a t i o n s  and p r e f e r -  
e n c e  f o r  s h a l l o w  s p r i n g - f e d  a r e a s  f o r  spawning  h a b i t a t .  The l a r -  
g e r  s i z e  and  h i g h e r  f a t  c o n t e n t  a r e  p r e s u m a b l y  a d a p t a t i o n s  t o  t h e  
l o n g e r  r i v e r  m i g r a t i o n s  ( d u r i n g  which t h e  sa lmon do n o t  f e e d ) ,  
and  t h e  p r e f e r e n c e  f o r  s p r i n g s  (whose t e m p e r a t u r e s  u s u a l l y  r ema in  
a  few d e g r e e s  above  a m b i e n t  w a t e r  t e m p e r a t u r e s  i n  w i n t e r )  is p r e -  
sumab ly  a n  a d a p t a t i o n  t o  c o m p e n s a t e  f o r  t h e  l a t e r  spawning  
p e r i o d .  

Noatak  R i v e r  chum s a l m o n ,  i n  a d d i t i o n  t o  t h e i r  r e l a t i v e l y  l a t e  
(September-November) spawning  p e r i o d  and s e l e c t i o n  o f  s p r i n g - f e d  
a r e a s  f o r  spawning ,  t e n d  t o  b e  l a r g e r  ( A l a s k a  Depa r tmen t  o f  F i s h  
& Game 1977 and 1978)  and h a v e  a  h i g h e r  f a t  c o n t e n t  t h a n  o t h e r  
w e s t e r n  A l a s k a n  chum sa lmon ,  T h e i r  r i v e r  m i g r a t i o n  ( 9 0  t o  160  
km) is m o d e r a t e l y  l o n g .  The h i g h e r  f a t  c o n t e n t  m i g h t  have  f u r -  
t h e r  u s e  i f ,  a s  some s t u d i e s  s u g g e s t  ( A n d r i e v s k a y a  1957;  A l l e n  
and Aron 1 9 5 8 ) ,  f e e d i n g  i s  r e d u c e d  d u r i n g  t h e  o c e a n  p h a s e  o f  t h e  
spawning  m i g r a t i o n .  Because  Ko tzebue  Sound chum sa lmon f e e d  n e a r  
t h e  A l e u t i a n  I s l a n d s  and  i n  t h e  Gu l f  o f  A l a s k a  w i t h  o t h e r  A l a s k a n  
chum sa lmon  ( F r e n c h  e t  a l .  1 9 7 5 ) ,  t h e i r  o c e a n  m i g r a t i o n  is a t  
l e a s t  600 km l o n g e r  t h a n  t h a t  o f  Yukon R i v e r  chum sa lmon.  

A n o t h e r  p o s s i b l e  a d a p t a t i o n  o f  Noatak  R i v e r  chum sa lmon is t h a t  
t h e i r  f e c u n d i t y  ( B i r d  1980a ;  t h i s  r e p o r t )  is  g r e a t e r  t h a n  t h e  
f e c u n d i t i e s  r e p o r t e d  f o r  o t h e r  A l a s k a n  chum sa lmon ( B a k k a l a  
1 9 7 0 ) .  A somewhat s i m i l a r  r e s u l t  was found i n  t h e  Amur R i v e r  
where  f a l l  chum sa lmon were  found  t o  h a v e  a  h i g h e r  f e c u n d i t y  t h a n  
summer chum sa lmon  ( L o v e t s k a y a  1 9 4 8 ) .  A h i g h e r  f e c u n d i t y  would 
p r e s u m a b l y  a l l o w  a  f e m a l e  t o  spawn i n  a  g r e a t e r  number o f  l o c a -  
t i o n s .  T h i s  would b e  u s e f u l  i n  an  e n v i r o n m e n t  where  i n t e r r u p -  
t i o n s  i n  t h e  w a t e r  s u p p l y  a r e  common. 

T h i s  is based  on r e c o l l e c t i o n s  o f  food  p r o c e s s o r s  who 
canned  Ko tzebue  chum sa lmon i n  t h e  y e a r s  1962-1964, t h e  o n l y  
y e a r s  i n  which t h e y  were canned .  We were  u n a b l e  t o  l o c a t e  t h e  
a c t u d l  r e c o r d s .  Accord ing  t o  H. W. Bodey ( B e r i n g  Sea  F i s h e r i e s ,  
I n c . ,  S e a t t l e ,  W A ) ,  Ko tzebue  chum sa lmon a v e r a g e d  1 2  t o  1 5  cc 
" f r e e  o i l "  ( o i l  t h a t  c a n  b e  d r a i n e d  from t h e  c a n )  p e r  1 l b  can .  
T h i s  compared t o  l e v e l s  o f  4 t o  1 0  c c  f r e e  o i l  p e r  c a n  f o r  o t h e r  
A l a s k a  chum sa lmon.  O c c a s i o n a l l y  h i g h e r  v a l u e s  were  s e e n  e lse-  
where .  Yukon R i v e r  f a l l  chum sa lmon o n c e  were  found  t o  c o n t a i n  
21  c c  f r e e  o i l  p e r  c a n .  A c c o r d i n g  t o  Donald C r o s g r o v e  ( N a t i o n a l  
Food P r o c e s s o r s  A s s o c i a t i o n ,  N o r t h w e s t  R e s e a r c h  L a b o r a t o r y ,  S e a t -  
t l e ,  W A ) ,  mos t  chum sa lmon c o n t a i n  be tween  2  and 6.7% f a t .  The 
a v e r a g e  i s  a b o u t  4 . 2 % .  Kotzebue  chum sa lmon were  r e c a l l e d  t o  
h a v e  a  f a t  c o n t e n t  n e a r  t h e  u p p e r  l i m i t  and p o s s i b l y  a s  h i g h  a s  
1 0 %  



P r e d a t i o n  

Al though  p r e d a t i o n  b y  s h e e f i s h  on chum f r y  may b e  i n t e n s e  i n  some 
p a r t s  o f  A l a s k a  ( A l t  1 9 7 2 ) ,  i t  is a p p a r e n t l y  n o t  an  i m p o r t a n t  
c a u s e  o f  m o r t a l i t y  i n  Ko tzebue  Sound. S h e e f i s h  c a u g h t  i n  May and 
June  i n  Ko tzebue  Sound (Appendix T a b l e  7 )  and i n  J u n e  i n  t h e  
Kobuk R i v e r  and  a t  t h e  mouth o f  t h e  S e l a w i k  R i v e r  ( F r e d  DeCica ,  
p r i v a t e  communica t ion )  c o n t a i n e d  many s m a l l  f i s h  b u t  no chum 
sa lmon f r y .  A r e p o r t  t h a t  t h e  s t o m a c h s  o f  two s h e e f i s h  c a u g h t  i n  
t h e  Noatak  R i v e r  c o n t a i n e d  chum f r y  was n o t  c o n f i r m e d  a t  t h e  time 
o f  t h i s  w r i t i n g .  C h a r ,  which a r e  a b u n d a n t  i n  t h e  Ko tzebue  Sound 
a r e a ,  a r e  a l s o  known t o  f e e d  on chum f r y  i n  s a l t  w a t e r  ( B l a c k b u r n  
e t  a l .  1 9 7 9 ) .  However mos t  o f  t h e  c h a r  s t o m a c h s  t h a t  w e  examined 
were c a u g h t  i n  Ko tzebue  Sound i n  l a t e  Augus t  a t  a  t i m e  when t h e  
chum f r y  may n o t  h a v e  b e e 2  p r e s e n t  and when t h e  c h a r  d i d  n o t  
a p p e a r  t o  b e  f e e d i n g .  We t h u s  do n o t  know t o  what  e x t e n t  t h e  
c h a r  were f e e d i n g  on chum f r y .  A s e a r c h  o f  t h e  l i t e r a t u r e  f a i l e d  
t o  f i n d  a n y  e v i d e n c e  o f  p r e d a t i o n  on chum sa lmon f r y  b y  s e a l s  
( J o h n s o n  e t  a l .  1966)  o r  b i r d s  ( S w a r t z  1966;  Schamel  e t  a l .  1978)  
i n  t h e  Ko tzebue  Sound a r e a .  

I n  t h e  Amur R i v e r ,  s e v e r a l  p r e d a t o r s  o f  f a l l  chum sa lmon  have  
been  r e p o r t e d  (Abramov 1949;  Dis ler  1 9 5 3 ) .  They i n c l u d e  mergan- 
s e r s ,  k i n g f i s h e r s ,  w h i t e f i s h ,  p i k e ,  b u r b o t ,  g r a y l i n g ,  l a r g e  
minnows and two S i b e r i a n  s a l m o n i d s  (Brachymstax  l e n o k  and Hucho 
t a i m e n )  . 
F e e d i n g  and  g r o w t h  

Al though  w e  d i d  n o t  f i n d  a n y  food  items i n  t h e  s t o m a c h s  o f  chum 
a l e v i n s  r e s i d i n g  i n  t h e  spawning  g r a v e l s ,  o t h e r  w o r k e r s  have .  
Dis ler  ( 1 9 5 3 )  r e p o r t e d  t h a t  t h e  s t o m a c h s  o f  f a l l  chum sa lmon 
a l e v i n s  i n  t h e  Amur R i v e r  c o n t a i n e d  d e t r i t u s ,  d i a t o m s ,  C y c l o p s ,  
and c h i r o n o m i d  l a r v a e .  B a i l e y  e t  a l .  ( 1975)  found  t h a t  chum 
sa lmon a l e v i n s  i n  S o u t h e a s t e r n  A l a s k a  i n g e s t e d  s a n d  g r a i n s ,  p l a n t  
d e t r i t u s  and some c h i r o n o m i d s .  

The r e d u c e d  f e e d i n g  t h a t  w e  o b s e r v e d  i n  chum f r y  i n  t h e  Noatak  
R i v e r  a p p e a r s  t o  b e  normal  b e h a v i o r .  Levanidov  and Levanidova  
(1957)  who s t u d i e d  j u v e n i l e  summer chum sa lmon i n  t h e  Amur R i v e r  
o b s e r v e d  t h a t  be tween  l a t e  May and e a r l y  J u l y  t h e  f r e q u e n c y  w i t h  
which  empty s t o m a c h s  were  found  s t e a d i l y  d e c r e a s e d  from 71% t o  
10%, t h e  f r e q u e n c y  w i t h  which y o l k  was found  s t e a d i l y  d e c r e a s e d  
f rom 77% t o  4 %  and t h e  i n d e x  o f  f u l l n e s s  i n c r e a s e d  from 137  t o  
228 ( t h e i r  u n i t s ) ,  a l t h o u g h  n o t  s t e a d i l y .  B a i l e y  e t  a l .  ( 1975)  
found  t h a t  chum f r y  i n  o n e  s t r e a m  i n  S o u t h e a s t e r n  Alaska  a t e  
l i t t l e  w h i l e  m i g r a t i n g  downst ream (48% had empty s t o m a c h s )  b u t  
f e d  h e a v i l y  o n c e  t h e y  r e a c h e d  t h e  e s t u a r y .  P o s s i b l e  c a u s e s  o f  
t h e  i n c r e a s e  i n  s tomach f u l l n e s s  a r e  a  g r e a t e r  a v a i l a b i l i t y  o f  
f o o d ,  and a  g r e a t e r  a p p e t i t e  b r o u g h t  on by i n c r e a s e d  t e m p e r a t u r e  
and t h e  d i s a p p e a r a n c e  of  y o l k .  I n c r e a s e d  s k i l l s  a t  c a t c h i n g  p r e y  
may a l s o  b e  a  f a c t o r .  L e b r a s s e u r  (1969)  and Levy ( 1 9 7 9 )  found 
t h a t  chum sa lmon f r y  unaccustomed t o  c e r t a i n  f o o d s ,  d i d  n o t  f e e d  
on them a s  h e a v i l y  a s  d i d  f r y  t h a t  had been  accus tomed t o  t h e m .  



The r e d u c e d  s l o p e  i n  t h e  l e n g t h - v s - d a t e  c u r v e  f o r  chum f r y  i n  t h e  
Noatak  R i v e r  compared t o  Ko tzebue  Sound ( F i g .  8a)  is t h u s  p ro -  
b a b l y  a  r e s u l t  o f  t h e  chum f r y ' s  r educed  f e e d i n g  a c t i v i t y .  

The p r i n c i p a l  food  o f  t h e  chum f r y  w h i l e  m i g r a t i n g  i n  t h e  Noatak  
R i v e r  was c h i r o n o m i d s .  S i m i l a r  r e s u l t s  were  found  f o r  chum f r y  
i n  S o u t h e a s t e r n  A l a s k a  ( B a i l e y  e t  a l .  1 9 7 5 ) ,  B r i t i s h  Columbia 
(Spa r row 1 9 6 8 ) ,  J a p a n  (Kaer iyama e t  a l .  1978;  Kaeriyama and S a t o  
1 9 7 9 )  and i n  t h e  Amur R i v e r  ( L e v a n i d o v  and Levanidova  1 9 5 7 ) .  

Food i n  t h e  s t o m a c h s  o f  chum sa lmon f r y  c a u g h t  i n  t h e  Noatak  
R i v e r  w h i l e  m i g r a t i n g  downst ream d o e s  n o t  n e c e s s a r i l y  mean t h a t  
t h e y  f e e d  w h i l e  i n  t h e  main r i v e r .  The food  may have  been  
o b t a i n e d  i n  c l e a r  b a c k w a t e r s  and t r i b u t a r i e s  where  many chum f r y  
were  found  a t  t h e  same t i m e  o t h e r s  were  moving downstream. 
A l though  o u r  s a m p l e  s i z e s  were  n o t  l a r g e  enough t o  show t h i s ,  i t  
a p p e a r s  r e a s o n a b l e  i n  v i ew o f  e v i d e n c e  t h a t  chum f r y  r e q u i r e  good 
v i s i b i l i t y  f o r  f e e d i n g .  B a i l e y  e t  a l .  ( 1975)  found  t h a t  chum f r y  
d i d  n o t  f e e d  d u r i n g  t h e  n i g h t  and Kaeriyama e t  a l .  (1978)  found  
t h a t  chum f r y  m i g r a t i n g  i n  c o l d e r  t u r b i d  w a t e r s  were  s m a l l e r  t h a n  
f r y  m i g r a t i n g  i n  warmer c l e a r e r  w a t e r s .  Hoar (1958)  a l s o  
c o n c l u d e d  t h a t  chum f r y  were  s i g h t  f e e d e r s .  

We d i d  n o t  f i n d  a n y  e v i d e n c e  t h a t  chum f r y  i n  Kotzebue  Sound were  
h a v i n g  d i f f i c u l t y  f i n d i n g  f o o d .  No s i g n i f i c a n t  c h a n g e  i n  f u l l -  
n e s s  o f  t h e i r  s t o m a c h s  was found  d u r i n g  J u n e  and J u l y  and t h e i r  
l e n g t h - v s - d a t e  c u r v e  was s i m i l a r  t o  t h o s e  o f  o t h e r  A laska  chum 
sa lmon  (see  b e l o w ) .  A l s o  z o o p l a n k t o n  d e n s i t i e s  which a v e r a g e d  
a b o u t  2 ,000  o r g a n i s m s  p e r  c u b i c  m e t e r  i n  Ko tzebue  Sound,  were  
c o m p a r a b l e  t o  t h o s e  found  i n  o t h e r  w a t e r s  o f  A laska  where chum 
sa lmon j u v e n i l e s  r e a r  [ P r i n c e  W i l l i a m  Sound (Cooney e t  a l .  1 9 8 1 ) ,  
Cold Bay (Bricker  1 9 8 0 ) ,  K i t o i  Bay ( P r o b a s c o  and B l a c k e t t  1980)  
and T u t k a  Bay ( N i c k  Dudiak ,  m a n u s c r i p t  i n  p r e p a r a t i o n ) ] .  I n  
T r a i t o r s  Cove e s t u a r y  i n  S o u t h e a s t e r n  A l a s k a ,  however ,  zoop lank-  
t o n  d e n s i t i e s  v a r i e d  w i d e l y  and  o c c a s i o n a l l y  exceeded  100 ,000  
o r g a n i s m s  p e r  c u b i c  meter ( B a i l e y  e t  a l .  1 9 7 5 ) .  

I t  s h o u l d  b e  n o t e d  t h a t  b e c a u s e  chum f r y  f e e d  s e l e c t i v e l y  ( B a i l e y  
e t  a l .  1975;  Cooney e t  a l .  1 9 8 1 ) ,  z o o p l a n k t o n  d e n s i t i e s  c a n  pro-  
v i d e  o n l y  a  rough  a p p r o x i m a t i o n  o f  food  a v a i l a b i l i t y .  

A c o m p a r i s o n  o f  l e n g t h s  o f  j u v e n i l e  chum sa lmon c a u g h t  i n  s a l t  
w a t e r  n e a r  Ko tzebue  and i n  o t h e r  p a r t s  o f  A l a s k a  is  shown i n  F i g .  
17.  Because  t h e  d a t a  on which  t h i s  f i g u r e  is based  a r e  o b t a i n e d  
from a  c h a n g i n g  p o p u l a t i o n  o f  f i s h ,  t h e  c u r v e s  p r o v i d e  a  measu re  
o f  t h e  a v e r a g e  l e n g t h  o f  chum f r y  c a u g h t  a t  a n y  p a r t i c u l a r  t i m e  
and do  n o t  n e c e s s a r i l y  i n d i c a t e  t h e  r a t e  a t  which t h e  chum f r y  
grow. The l e n g t h  c u r v e  f o r  chum sa lmon i n  Kotzebue  Sound was 
s i m i l a r  t o  t h a t  found  b y  B a r t o n  ( 1 9 7 7 )  f o r  chum sa lmon i n  Nor ton  
Sound. The s l o p e  o f  t h e  c u r v e s  f o r  t h e s e  two n o r t h e r n  s t o c k s  o f  
chum sa lmon  was s i m i l a r  t o  t h o s e  o b s e r v e d  f o r  chum sa lmon i n  Cook 
I n l e t  ( B l a c k b u r n  e t  a l .  1979)  and i n  S o u t h e a s t e r n  A l a s k a  ( J a c k  E.  
B a i l e y  and H e r b e r t  W. J a e n i c k e ,  N a t i o n a l  V a r i n e  F i s h e r i e s  
S e r v i c e ,  Auke Bay L a b o r a t o r y ,  p r i v a t e  c o m m u n i c a t i o n ) .  However, 



F i g u r e  17.  Compar 
w a t e r  i n  d i f f e r e n t  
1980b )  i s  i n c l u d e d  
E .  B a i l e y  and H.  W 
Auke Bay L a b o r a t o r  
B l ackbu rn  e t  a l .  ( 
S o u n d ) ;  t h i s  r e p o r  

' i s o n  o f  l e n g t h s  o f  chum f r y  c a u g h t  i n  s a l t  
A l a skan  w a t e r s .  Noatak R i v e r  d a t a  ( B i r d  
f o r  c o m p a r i s o n .  O t h e r  s o u r c e s  o f  d a t a  a r e  

. J a e n i c k e ,  N a t i o n a l  Mar ine  F i s h e r i e s  S e r v i c  
y ,  p r i v a t e  commun ica t i on  ( S o u t h e a s t e r n  Alask  
1 9 7 9 )  (Cook I n l e t ) ;  B a r t o n  ( 1 9 7 7 )  ( N o r t o n  
t ( K o t z e b u e  S o u n d ) .  



t h e  p e r i o d  o f  r a p i d  i n c r e a s e  i n  l e n g t h  o f  t h e  Cook I n l e t  and 
S o u t h e a s t e r n  chum sa lmon a p p e a r e d  t o  p r e c e d e  t h a t  o f  t h e  n o r t h e r n  
chum sa lmon  b y  s e v e r a l  w e e k s .  

The i m p o r t a n c e  o f  D i p t e r a  i n  t h e  d i e t  o f  chum f r y  o n c e  t h e y  
r e a c h e d  Ko tzebue  Sound remained  h i g h  d u r i n g  J u n e  b u t  a p p e a r e d  t o  
d e c r e a s e  i n  J u l y .  P o s t  w o r k e r s  h a v e  found  t h a t  chum f r y  f e e d  
m o s t l y  on c o p e p o d s ,  c l a d o c e r a n s ,  and amphipods when t h e y  e n t e r  
s a l t  w a t e r  (Manzer 1969;  Okada and T a n i g u c h i  1971;  B a i l e y  e t  a l .  
1975;  F e l l e r  and Kaczynsk i  1975 ;  S i b e r t  e t  a l .  1977;  Kayev 1979;  
S i m e n s t a d  e t  a l .  1980;  Cooney e t  a l .  1 9 8 1 ) .  The i m p o r t a n c e  o f  
i n s e c t s  i n  t h e  d i e t  o f  chum f r y  i n  Ko tzebue  Sound m i g h t  b e  a  
r e s u l t  o f  t h e  low s a l i n i t y  ( m o s t l y  be low 5 p p t )  and t h u s  more 
r i v e r - l i k e  e n v i r o n m e n t  i n  t h e  a r e a s  i n  which t h e y  were c o l l e c t e d .  
C o n g l e t o n  ( 1 9 7 9 )  a l s o  found  t h a t  D i p t e r a  were  t h e  m a j o r  p a r t  o f  
t h e  d i e t  i n  chum f r y  i n  a  t i d a l  marsh.  Because  t h e  s a l i n i t i e s  
f l u c t u a t e d  w i d e l y  i n  t h e  mar sh ,  t h e s e  f r y  p r o b a b l y  had n o t  com- 
p l e t e d  t h e i r  t r a n s i t i o n  t o  s a l t  w a t e r .  F e l l e r  and ~ a c z y n s k i  
(1973)  found  t h a t  i n  o n e  o f  t h r e e  a r e a s  i n v e s t i g a t e d  i n  P u g e t  
Sound i n s e c t s  were t h e  m a j o r  food  o f  chum f r y  b u t  s a l i n i t i e s  were  
n o t  r e p o r t e d .  

Our o b s e r v a t i o n  t h a t  chum f r y  a p p e a r e d  t o  p r e f e r  a r e a s  i n  Kotze-  
bue Sound w i t h  c u r r e n t s  be tween  6  and  9  cm/s is c o n s i s t e n t  w i t h  
t h o s e  o f  B a i l e y  e t  a l .  ( 1 9 7 5 ) .  T h e s e  w o r k e r s  found  t h a t  chum f r y  
f e d  more a c t i v e l y  i n  c u r r e n t s  be low 10.7 cm/s and s t o p p e d  f e e d i n g  
i n  c u r r e n t s  a b o v e  19.9 cm/s. 

Seaward a i g r a t i o n  

Noatak  R i v e r  chum f r y  a p p e a r e d  t o  m i g r a t e  downst ream l a t e r  t h a n  
chum f r y  found  i n  more s o u t h e r l y  l o c a t i o n s .  The c a t c h  p e r  u n i t  
e f k o r t  i n  t h e  Noatak  R i v e r  ( B i r d  1989b)  and i n  Ko tzebue  Sound 
( t h i s  r e p o r t )  i n d i c a t e d  a  peak  o f  m i g r a t i o n  i n  mid t o  l a t e  J u n e .  
Kirkwood (1962)  found  t h a t  i n  O l s e n  C r e e k  i n  P r i n c e  W i l l i a m  Sound 
t h e  peak  o f  t h e  m i g r a t i o n  o c c u r r e d  i n  mid May and was o v e r  b y  
e a r l y  J u n e .  F a r t h e r  s o u t h  i n  Wash ing ton  t h e  p e a k s  o f  t h e  chum 
f r y  m i g r a t i o n  o c c u r r e d  e v e n  e a r l i e r :  i n  mid A p r i l  i n  t h e  S a t s o p  
and Humptu l ip s  R i v e r s  ( B r i x  1 9 8 1 )  and be tween  l a t e  A p r i l  and 
e a r l y  May i n  Big  Beef C r e e k  ( S e i l e r  e t  a l .  1 9 8 1 ) .  

The t i m e  a t  which Ko tzebue  Sound chum f r y  a p p e a r e d  t o  s t a r t  l e a v -  
i n g  t h e  n e a r s h o r e  a r e a  f o r  d e e p e r  w a t e r s  (mid - Ju ly )  was s i m i l a r  
t o  t h a t  o b s e r v e d  e l s e w h e r e  i n  A l a s k a .  I n  P r i n c e  W i l l i a m  Sound 
n e a r  O l s e n  C r e e k ,  j u v e n i l e  chum sa lmon c o u l d  be  found i n  n e a r -  
s h o r e  w a t e r s  u n t i l  a s  l a t e  a s  mid J u l y  ( H e l l e  1 9 7 9 ) .  I n  I c y  
S t r a i t  i n  S o u t h e a s t e r n  A l a s k a  chum f r y  were  a b u n d a n t  i n  n e a r s h o r e  
w a t e r s  d u r i n g  May and  J u n e ,  were  l e s s  a b u n d a n t  i n  J u l y  and were  
g o n e  i n  Augus t .  F a r t h e r  s o u t h  a t  L i t t l e  P o r t  W a l t e r ,  chum f r y  
were  a b u n d a n t  i n  n e a r s h o r e  w a t e r s  t h r o u g h  J u l y  b u t  were less 
a b u n d a n t  i n  Augus t  ( J a c k  B a i l e y  and J o y c e  Landingham, N a t i o n a l  
Mar ine  F i s h e r i e s  S e r v i c e ,  Auke Bay L a b o r a t o r y ,  p r i v a t e  
communica t ion )  . 



O t h e r  t h a n  t h e  s i n g l e  j u v e n i l e  chum sa lmon c a u g h t  by B a r t o n  
(1977)  o f f  t h e  n o r t h w e s t  c o a s t  o f  t h e  Seward P e n i n s u l a  on 6  Sep- 
t e m b e r ,  n o t h i n g  is known a b o u t  when and by which r o u t e  t h e  chum 
sa lmon l e a v e  Ko tzebue  Sound. A l though  Ko tzebue  Sound w a t e r  i s  
t h o u g h t  t o  move g e n e r a l l y  n o r t h w a r d  i n  t h e  Chukchi  S e a ,  t h e r e  i s  
e v i d e n c e  t h a t  some o f  i t  moves s o u t h  t o w a r d s  S h i s h m a r e f f  (Coach- 
man e t  a l .  1 9 7 5 ,  p. 1 1 5 ) .  S i m i l a r l y ,  c u r r e n t s  t h r o u g h  t h e  B e r i n g  
S t r a i t  a r e  p r e d o m i n a t l y  n o r t h w a r d ,  e s p e c i a l l y  i n  summer, b u t  
e v e n t s  o f  s o u t h e r l y  c u r r e n t s  become more f r e q u e n t  i n  t h e  f a l l  and  
w i n t e r  (Bloom 1964 ;  S h a p i r o  and Burns  1975;  Coachman and Aagaard 
1 9 8 1 ) .  Thus i t  may b e  p o s s i b l e  f o r  j u v e n i l e  chum sa lmon t o  mig- 
r a t e  i n t o  t h e  B e r i n g  Sea  w i t h o u t  h a v i n g  t o  s w i m  a g a i n s t  n o r t h e r l y  
c u r r e n t s .  

F a c t o r s  l i m i t i n g  chum sa lmon p r o d u c t i o n  

S e v e r a l  l i n e s  o f  e v i d e n c e  s u g g e s t  t h a t  t h e  a v a i l a b i l i t y  o f  spawn- 
i n g  h a b i t a t  is t h e  f a c t o r  l i m i t i n g  chum sa lmon p r o d u c t i o n  i n  t h e  
Noatak  R i v e r :  (1) t h e  h i g h  f e c u n d i t y  o f  t h e  chum sa lmon f e m a l e s ,  
( 2 )  t h e  a p p a r e n t  c o n f i n e m e n t  o f  spawning  t o  s p r i n g  a r e a s ,  ( 3 )  t h e  
o b s e r v e d  f r e e z i n g  and d r y i n g  o f  t h e s e  a r e a s ,  ( 4 )  t h e  normal  f e e d -  
i n g  and  g r o w t h  o f  t h e  f r y ,  ( 5 )  t h e  no rma l  p l a n k t o n  d e n s i t i e s  i n  
Ko tzebue  Sound and ( 6 )  t h e  a b s e n c e  o f  a n y  ma jo r  p r e d a t o r s .  

Spawning g r o u n d  m o r t a l i t i e s  h a v e  a l s o  b e e n  t h o u g h t  t o  l i m i t  t h e  
p r o d u c t i o n  o f  chum sa lmon i n  t h e  Amur R i v e r  (Birman (1957)  and i n  
t h r e e  s t r e a m s  i n  S o u t h e a s t e r n  A l a s k a  (McNeil 1 9 6 5 ) .  McNeil 
e s t i m a t e d  t h a t  egg  and a l e v i n  m o r t a l i t y  i n  t h e s e  s t r e a m s  was 
se ldom l e s s  t h a n  75% and o f t e n  o v e r  90%.  
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Appendix Table 1. Physical and chemical characteristics of open- 
water study sites on the Noatak River. Locations of sites are 
shown in Fig 3. Site 13 is the Noatak River at Noatak village. 
"-" indicates no data taken. 

Surface Conductivity 
D. 0. current (U mhos/cm 

Date Site (PP~) (cm/s) @ 25 c) P H 

11-27-79 9 - - 230 7.84 
1-31-80 9 8 4.7* - 7.84 
2-12-80 4 - - 630 - 
2-12-80 5 4 0.0 630 7.56 
2-12-80 6 3 1.2 520 7.56 
2-12-80 8 5 1.8 540 7.72 
2-12-80 10 8 2.1 570 7.79 
4-10-80 12 6 2.1 370 7.97 
4-24-80 12 - 3.3 350 7.72 
4-25-80 13 - - 320 7.80 
5-16-80 9 6 6.4 500 7.73 
5-16-80 12 9 7.6 500 7.76 
5-16-80 13 11 36.6 188 7.20 
5-17-80 13 - - - 7.43 
11-14-80 12 5 2.5 
1-9-81 12 7 3.8 

* units are liters per second 



Appendix T a b l e  2. Sample l o c a t i o n s  and l e n g t h s  o f  chum sa lmon 
f r y  c o l l e c t e d  f o r  s tomach  c o n t e n t  a n a l y s i s  i n  t h e  Noatak R i v e r .  
F r y  were  c o l l e c t e d  by  a u t h o r s  ( A )  and F rank  B i r d  o f  t h e  Commer- 
c i a l  F i s h e r i e s  D i v i s i o n  ( B ) .  S tomach c o n t e n t s  were  a n a l y s e d  by 
T e r r i  T o b i a s  o f  t h e  FRED Limnology L a b o r a t o r y ,  S o l d o t n a  (T) and 
by  J o y c e  Hanson Landingham o f  t h e  N a t i o n a l  Mar ine  F i s h e r i e s  
S e r v i c e ,  Auke Bay ( L ) .  Stomach c o n t e n t s  were  g i v e n  a s  d r y  w e i g h t  
(D.W.) p e r  f i s h  by  T o b i a s  and  a s  f u l l n e s s  ( 0  = empty ,  5  = f u l l ,  
6  = d i s t e n d e d )  b y  Landingham. The a v e r a g e s  o f  t h e  f u l l n e s s e s  
r e p o r t e d  by Landingham a r e  g i v e n  below.  " D i s t . "  is  t h e  d i s t a n c e  
f rom t h e  mouth o f  t h e  Noatak  R i v e r .  

Ave. s tomach  
Samp D i s t .  No. Length  D.W. F u l l -  
No. D a t e  L o c a t  i o n  ( K m )  F i s h  ( m m )  ( ug )  n e s s  Ref .  

1 1/31/80 i n  g r a v e l  @ s i t e  9 1 0 1  3* 34.3 0  A ,  T 
2  1/31/80 i n  g r a v e l  @ s i t e  9 1 0 1  10* 35.1 0.0 A , L  
3  5/16/80 Noa tak  V i l l a g e  106  3 32.7 0  A ,  T 
4  5/19/80 Noatak  V i l l a g e  106  5 36.4 878 APT 
5 5/23/79 s h a l l o w  b a c k w a t e r  118  lrir 35.1 1.4 A , L  
6  6/04/80 Noatak  V i l l a g e  106  4 36.4 1130  A,T 
7 6/04/80 Noatak  V. C r k .  106  5 38.5 408 A,T 
8 6/08/80 1 5  35.5 1030  B , T 
9 6/14/79 n e a r  mouth Aggie  R. 50 1 2  36.8 5 .1  B , L  

1 0  6/18/80 1 5  38.2 4050 B,T 
11 6/25/80 1 5  38.9 4740 B,T 
1 2  7/02/79 n e a r  mouth Hugo Ck. 1 3  1 0  38.5 5.0 B , L  
1 3  7/03/80 Noa tak  V i l l a g e  106  5 43.1 3610 A,T 
14  7/21/80 11 38.9 2660 B,T 
1 5  8/07/79 n e a r  Big B l u f f  7  1 0  50.7 5.7 B , L  

* a l e v i n s  



Append 
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River. 

ix Table 3. Stomach contents (expressed as numbers of 
sms per fish) of chum salmon fry collected in the Noatak 
Descriptions of samples are given in Appendix Table 2. 

Sample Diptera 
No. larv pup adlt Plec Eph Cop Ins Other 

1 No identifiable organisms 
2 small gravel fragments 
3 0.3 0.7 
4 12.0 1.4 0.2 Amphipoda 
5 0.7 0.3 0.2 
6 0.2 0.2 
7 3.4H 0.6 Nema, 2.5 Clad 
8 0.1 0.1 0.3 
9 20.8 0.1 5.6 3.2 0.5 0.1 

10 1.5 0.2 0.3 4.5 0.2 0.1C 0.3 Hym, 0.3 Hom 
0.1 Collembula 

11 0.3 30.1 1.3 0.2 0.1 Hom, 0.1 Nema 
12 4.1 2.4 27.6 2.1 1.2 
13 1.2 0.6 2.0 0.2 Hym 
14 9.4 4.9 0.6 0.4 0.1 0.2 Hym, 1.4 Hom, 

0.1 Arachnida 
15 196.4 17.4 0.3 21.1H 4.3 

Abbreviations: 

Clad Cladocera (Chydorinea) Hom Homoptera 
COP Copepoda HYm Hymenoptera 

C = Cyclopoid Ins Insect Parts 
H = Harpacticoid N em Nematoda 

E P ~  Ephemeroptera Plec Plecoptera 



Appendix Table 4. Nearshore oceanographic data for ~ o t z e b u e  
Sound. Temperatures and salinities are for surface waters. 

Longigude Latigude 
162 W 66 N Depth Tgmp. Salinity 

Date Time I I (m ( c) ( P P ~ )  

Continued 



Appendix T a b l e  4 .  ( c o n t . )  

Longigude  L a t i t u d e  
162  W 6 6 ' ~  Depth  Tgmp. S a l i n i t y  

D a t e  Time t I (m) ( C )  ( P P ~ )  

* L o n g i t u d e  1 6 1 ' ~  



Appendix Table 5. Horizontal plankton tows and contents (rounded 
to nearest percent) taken in Kotzebue Sound in 1980 and 1981 with 
243  u mesh nets. Vol. is the product of the distance of the 
plankton tow and the cross sectional area of the net. No. is the 
number of organisms. 

Long. Lag. Voj. Contents ( %  
Date Time 162 W 66 N (m ) 7 Cal Cy Poly Sn Cm Ather 

Abbreviations: 

B Bosminidae (Cladocera) CY Cyclopoid copepod 
Cal Calanoid copepod Daph Daphnidae (Cladocera) 
CE Copepod eggs Harp Harpacticoid copepod 
Chy Chydorinea (Cladocera) K Kellicottia (Rotifer) 
CLE Cladocera eggs N Naupl i i (Copepoda) 
Cm Clams (Pelecypoda) Poly Polyphimidae (Cladocera) 
C Conochiloides (Rotifer) Sn Snail 



Appendix T a b l e  6. Tow n e t  and t r a w l  d a t a  f o r  Ko tzebue  s o u n d ,  
1980 and 1981.  ' l D i s t . l l  i s  t h e  d i s t a n c e  i n  m e t e r s  ( m )  t h a t  t h e  
n e t s  were p u l l e d .  "Vol ." ,  t h e  p r o d u c t  o f  d i s t a n c e  and t h e  
c r o s s - s e c t i o n a l  a r e a  o f  t h e  n e t ,  is a n  e s t i m a t e  o f  t h e  volume o f  
w a t e r  s ampled .  

Long. La&. 
162  FI 66 N D i s t .  Vog 

Da te  Time I I ( m  ( m  j C o n t e n t s  

........................ Tow net---------------------------------- 

s m ,  s h  
f, c a ,  s h ,  c i  
s h ,  c a ,  h  
C 

j f  o r  s a l p s ,  
2 5 0 c a , 7 s t , 2 h , 2 9 c  
l a r v ,  j f  o r  s a l p s  
empty 
l a r v ,  s t  
l a r v  < 5  c m  
1 2  juv .  f i s h  

2340 f ,  sc ,  s m ,  c a ,  c ,  
s h ,  c i  

4540 f  

1148  w ,  c ,  c i ,  f ,  s m ,  
S C  

121B f ,  sc ,  s h ,  c ,  c a  
4158 f ,  s ,  s c ,  c ,  

c a ,  s h ,  s m ,  P ,  SP 
3120 f ,  sc 

510 f , s , s h  

A b b r e v i a t i o n s :  

s a f f r o n  cad  
c a n d l e f i s h  
c i s c o  
f l o u n d e r  
h e r r i n g  
s t i c k l e b a c k  
j e l l y  f i s h  
s t u r g e o n  poache r  

P  p i p e f  i s h  
s s o l e  
sc s c u l p i n  
s h  s h r i m p  
s m  s m e l t  
w w h i t e f i s h  
l a r v  l a r v a l  f i s h  



Appendix Table 7. Stomach analyses of potential predators of 
juvenile chum salmon in Kotzebue Sound in 1980. "n" is the 
number of fish in each sample. Ages of sheefish were based on 
length using the method of Alt (1973). 

Date Average 
Sampled Ag e length 

Species (1980) (yr) n (mm) Stomach contents 

Sheef ish 

Arctic Char 

Least Cisco 
Flounder 
Boreal smelt 
Sculpin 
Saffron Cod 
Herring 
Pike 

btl 
ca, sh, st, sm 
ca, sm, st 
sh 
hf c 
h, st, c, 
unident. fish 
C, h, sm, ci, w 
No ID 
c, w, ci 
C, W, sm 
h, 
empty 
empty 
btl ,ins,aw,sh,cop 
aw 
sh, 
sh, ins, btl 
ca, sh, 
No ID 
No ID 

* 1979 sample 

Abbreviations: 

aw annelid worms 
btl beetle 
c 'saffron cod 
ca candlefish 
ci cisco 
COP copepods 
h herring 

ins insects 
No ID, no identifiable organisms 
sh shrimp 
sm smelt 
st stickleback 
w white£ ish 



Appendix T a b l e  8.  Chum sa lmon j u v e n i l e s  c o l l e c t e d  f o r  s tomach  
c o n t e n t  a n a l y s e s  i n  Ko tzebue  Sound. A l l  s a m p l e s  were  c o l l e c t e d  
w i t h  b e a c h  s e i n e s .  L o c a t i o n s  a r e  shown i n  F i g .  1fl. 

Ave. S a l i -  
Sample No. Length  Tgmp. n i t y  
No. D a t e  L o c a t i o n  f i s h  ( m m )  ( c9 ( P P ~ )  

1 6/06/80 Ko tzebue  dump 
2 6/06/80 Ko tzebue  
3 6/11/80 Ko tzebue  
4 6/15/80 L o c k h a r t  P o i n t  
5 6/15/80 L o c k h a r t  P o i n t  
6  6/16/80 Ko tzebue  
7 6/17/80 Kotz .  Lagoon mouth 
8 6/23/80 Kotz .  Lagoon mouth 
9 6/23/80 I l i v a k  

1 0  6/23/80 L o c k h a r t  P o i n t  
11 6/26/80 S h e s h a l i k  Lagoon 
1 2  6/26/80 S h e s h a l i k  Lagoon 
1 3  6/27/80 S h e s h a l i k  S p i t  
14  7/02/80 Kotz .  Lagoon mouth 
1 5  7/02/80 Kotz .  Lagoon mouth 
1 6  7/03/80 S a d i e  Ck, 100  m i n  
1 7  7/03/80 Ko tzebue  
1 8  7/07/80 S h e s h a l i k  Lagoon 
1 9  8/04/81 Cape Blossom 

* s l i g h t  s a l t  t a s t e  
# f r e s h  t a s t e  



Appendix Table 9. Stomach contents (expressed as numbers of 
organisms per fish) of chum salmon fry collected in ~otzebue 
Sound. Descriptions of samples are given in Appendix Table 8. 
Samples were collected by beach seine and analyzed by Terri 
Tobias of the FRED Limnology Laboratory, Soldotna. 

Sample Diptera 
No. larv pup adlt COP Clad Other 

1 0.2 0.6 0.4 Plec 
2 0.2Ca 0.6 Ins 

0.2Cy 
0.2H 

3 No identifiable organisms 
4 0.4 0.2 0.6C 0.2 Nem, 0.6 Thy 
5 0.3 2-3 0.3 Ins 
6 0.4 
7 0.2 4 
8 0.8 9.2 36.4 0.2P 
9 31.2 7.6 2.6 Amph, 0.2 Fish 

10 0.5 29.0 1.0 Amph, 1.5 Hem 
4.5Ca 

11 23.3 2.3 
12 1.0 20.0 1.0 
13 2.0 13.0 

1.0H 
14 1.0 
15 5.0 
16 2.0 
17 2.0 
18 0.5 
19 0.1 0.3 0.6H 151.9C 5.8 Bos, 0.8 Eub 

13.6Ca 

1.0 Ins 

Abbreviations: 

adlt Adult 
Amph Amphipodas 
Bos Bosminidae 
COP Copepoda 

Ca = Calanoid 
Cy = Cyclopoid 
H = Harpacticoid 

Clad Cladocerans 
C = Chydorinea 
P = ~olyphemidae 

Eub 
Hem 
Ins 
Larv 
Nem 
Plec 
PUP 
Thy 

Eubranchiopoda 
Hemiptera 
Insect parts 
Larvae 
Nematoda 
Plecotera 
Pupae 
Thysanoptera 
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