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ABSTRACT 

Est imates  o f  P a c i f i c  salmon (Oncorhynchus sp.) r e t u r n i n g  t o  t h e  Nushagak R iver ,  
B r i s t o l  Bay, A laska were determined by hydroacous t i c  procedures f rom June 5 
th rough  August 21, 1991. Salmon were cap tu red  w i t h  d r i f t  g i l l  n e t s  and beach 
se ines f o r  spec ies composi t ion,  and age, sex, and s i z e  i n f o r m a t i o n .  F i n a l  
es t ima tes  f o r  each spec ies were; 135,054 ch inook (0. tshawytscha) ,. 495,106 
sockeye (0. nerka),  252,436 chum, (0. keta) ,  and 41,153 coho salmon (0. k i s u t c h ) .  

KEY WORDS: P a c i f i c  salmon, sonar, Nushagak R i ve r ,  Por tage Creek, B r i  s t01  Bay, 
spawning escapement, es t ima t i on ,  f i s h e r i e s  management, Oncorhynchus 



INTRODUCTION 

The Nushagak R i v e r  d ra inage  suppor ts  1  arge runs o f  f i v e  spec ies o f  P a c i f i c  salmon 
(Oncorhynchus sp.) which a re  harvested i n  commercial, spo r t ,  and subs is tence 
f i s h e r i e s .  Accurate escapement est imates i n t o  t h i s  system a re  essen t i  a1 t o  make 
t i m e l y  f i s h e r y  management dec i s i ons .  In 1979, t h e  Alaska Department o f  F i s h  and 
Game (ADF&G) i n i t i a t e d  a  p r o j e c t  t o  assess t h e  f e a s i  b i l  i t y  o f  us i ng  hydroacous t i c  
equipment and procedures (sonar)  t o  count a d u l t  salmon i n  t h e  Nushagak R i v e r  
(McBride 1979). Dur ing  subsequent years,  t h e  p r o j e c t  has p rov ided  i n f o r m a t i o n  
impo r tan t  t o  t h e  management of t h e  Nushagak Commercial F i s h i n g  D i s t r i c t .  Du r i ng  
t h e  i n i t i a l  yea rs  o f  t h e  p r o j e c t ,  many changes were i nco rpo ra ted  i n t o  t h e  
o p e r a t i o n  methods (McBride and Mesiar 1981, 1982; Minard 1983; Minard and 
F r e d e r i  ckson 1983 ; M i  na rd  1985) . Few changes have been made i n  sonar ope ra t i ons  
s i nce  1985; b u t  changes have been made i n  t e s t  f i s h i n g  methods th roughout  t h e  
years  (Morstad and Minard 1986, 1988; Bue 1988a, 1988b; Wool i n g t o n  and Bue 1989; 
Wool i ngton  i n  p r e s s ) .  

The Nushagak R i v e r  i s  l o c a t e d  i n  southwestern Alaska, and f l ows  approx imate ly  390 
km f rom i t s  headwaters i n t o  Nushagak Bay, o f  B r i s t o l  Bay. Two main t r i b u t a r i e s  
c o n t r i b u t e  t o  t h e  waters  of t h e  Nushagak. The Nuyakuk R iver ,  d r a i n i n g  T i k c h i k  
Lakes, e n t e r s  f rom t h e  west, and t h e  Mulchatna R i ve r  f l ows  i n t o  t h e  Nushagak f rom 
t h e  eas t .  

The sonar enumerat ion s i t e  was l o c a t e d  on t h e  Nushagak R iver ,  approx imate ly  60 
km upstream f rom t h e  c i t y  o f  D i l l i ngham,  and 4 km downstream f rom t h e  v i l l a g e  o f  
Por tage Creek ( F i g u r e  1). Th i s  area was chosen because i t  i s  t h e  o n l y  p l ace  i n  
t h e  l owe r  Nushagak R i v e r  where t he  e n t i r e  r i v e r  i s  con ta ined  w i t h i n  one channel 
(approx imate ly  300 m), and t h e  1978 Nushagak R i v e r  s tock  sepa ra t i on  s tudy  
concluded t h a t  salmon reach ing  Portage Creek were a t  l e a s t  93% Nushagak, 
Mulchatna, and Nuyakuk R i v e r  s tocks (McBride and Mesiar 1981). F i e l d  camp 
f a c i l i t i e s  were housed i n  canvas w a l l  t e n t s ,  on l and  used under a  Spec ia l  Use 
Permi t  f rom Choggiung L im i t ed ,  a  l o c a l  v i l l a g e  co rpo ra t i on .  

P r o j e c t  o b j e c t i v e s  i n  1991 were t o  es t imate  f rom e a r l y  June th rough mid-  
August t h e  spawning escapements f o r  chinook, sockeye, chum, and coho salmon and 
t o  es t ima te  t h e  age, sex, and s i z e  composi t ion o f  these escapements. P ink  salmon 
r e t u r n  i n  even years  o n l y .  

METHODS 

Escapement Estimates 

E s t i m a t i n g  numbers o f  P a c i f i c  salmon w i t h  sonar i nvo l ves  t h r e e  ma jo r  s teps:  

1) e s t i m a t i n g  t h e  number o f  hydroacoust ic  t a r g e t s  pass ing  t h e  sonar s i t e ,  
2 )  e s t i m a t i n g  species composi t ion o f  m i g r a t i n g  salmon a t  t h e  s i t e ,  and 
3) combining es t imates  o f  hydroacoust ic  t a r g e t s  and spec ies compos i t ion  t o  

es t ima te  numbers o f  salmon by species pass ing t h e  sonar s i t e .  



Hydroacous t i c  Count ing 

Sonar equipment used f o r  t h e  p r o j e c t  i n c l u d e d  f o u r  Bendix ~ o r ~ o r a t i o n '  s ide -  
scanning salmon coun te rs .  Design c h a r a c t e r i s t i c s  o f  t h e  Bendix coun te rs  were 
desc r i bed  i n  K ing  and Tarbox (1989).  Gaudet (1983) p rov i ded  a d e t a i l e d  
d e s c r i p t i o n  o f  t h e  use o f  sonar equipment and rocedures f o r  coun t i ng  salmon. P Two coun te rs  were i n s t a l l e d  on t h e  r i g h t  bank and two were i n s t a l l e d  on t h e  
l e f t  bank o f  t h e  r i v e r .  The coun te rs  on each t h e  r i g h t  and l e f t  banks were 
models i n  which one coun te r  d i v i d e d  t h e  coun t i ng  range i n t o  12 sec to r s ,  and t h e  
o t h e r  which d i v i d e d  t h e  coun t i ng  range i n t o  16 sec to r s .  A l l  coun te rs  operated 
a t  515 kHz w i t h  a  p u l s e  w i d t h  o f  100 ps .  Pu lse r e p e t i t i o n  r a t e ,  c o u n t i n g  range, 
and s e n s i t i v i t y  were ad jus tab le .  

Pu lse r e p e t i t i o n  r a t e  was ad jus ted  on each coun te r  t o  m a i n t a i n  coun t i ng  p r e c i s i o n  
a t  + 90 pe rcen t  u s i n g  c a l  i b r a t  i on procedures d e s c r i  bed by M i  n a r d  and F r e d e r i  ckson 
( 1 9 3 ) .  Counters were c a l i b r a t e d  by comparing counts  produced by a  sonar coun te r  
t o  those  recorded  by a  t r a i n e d  t e c h n i c i a n  observ ing  an o s c i l l o s c o p e  p a t t e r n  o f  
t h e  s i g n a l  generated by t h a t  coun te r .  Counts f rom t h e  o s c i l l o s c o p e  were hand 
t a l l i e d  f o r  e i t h e r  a  ten-minute p e r i o d  o r  one hundred counts,  which ever  came 
f i r s t .  A t  t h e  end o f  t h e  coun t i ng  i n t e r v a l ,  t h e  machine count  was d i v i d e d  i n t o  
t h e  coun t  f rom t h e  o s c i l l o s c o p e  t o  y i e l d  a  percen t  agreement between t h e  two. 
I f  t h e  pe rcen t  agreement was c o n s i s t e n t l y  l e s s  than  90% o r  g r e a t e r  than  110%, t h e  
p u l s e  r e p e t i t i o n  r a t e  ( i n d i c a t e d  as " F i s h  Swimming Speed" on t h e  coun te r )  was 
ad jus ted  u n t i  1  an accep tab le  pe rcen t  o f  agreement was achieved. Counters were 
c a l i b r a t e d  th roughou t  t h e  day between 0600 h and 2400 h .  Frequency o f  
c a l i b r a t i o n s  was somewhat dependent upon f i s h  passage r a t e s  and t h e  v a r i a b i l i t y  
o f  f i s h  swimming speeds, w i t h  a t  l e a s t  one c a l i b r a t i o n  p e r  hour  d u r i n g  pe r i ods  
o f  peak f i s h  passage. 

Count ing range o f  t h e  equipment, and t h e  placement and number o f  t ransducers  were 
determined by t h e  r i v e r  bot tom con tour  (F i gu res  2  and 3 ) .  The r i v e r  bot tom a t  
t h e  r i g h t  and l e f t  banks each s loped downward toward t h e  m idd le  o f  t h e  r i v e r  a t  
even r a t e s  f o r  approx imate ly  15 t o  20 m, then  s loped away a t  a  s teeper  r a t e .  
Because o f  t h i s  bot tom c o n f i g u r a t i o n ,  two t ransducers  were used on each s i d e  o f  
t h e  r i v e r .  One ( t h e  o f f s h o r e  t ransducer  f o r  each t h e  r i g h t  and l e f t  banks) was 
l o c a t e d  where t h e  bot tom con tour  changed, and counted outward. The i nsho re  
t ransducers  were p l aced  between t h e  shore and t h e  o f f s h o r e  t r ansduce rs  i n  water  
o f  s u f f i c i e n t  dep th  f o r  f i s h  passage, and counted f i s h  o u t  t o  t h e  o f f s h o r e  
t ransducers .  

Both i n s h o r e  t ransducers  were deployed w i t h i n  10 m o f  shore.  Changes i n  water  
l e v e l  o f  t h e  r i v e r  d u r i n g  t h e  1991 f i e l d  season n e c e s s i t a t e d  occas iona l  
r e p o s i t i o n i n g  o f  t h e  t r ansduce r  t r i p o d s  and changes i n  c o u n t i n g  ranges (Tab1 e 1 ) .  
The r i g h t  bank i nsho re  t ransducer  had a coun t i ng  range o f  4.9 t o  9.8 m , w h i l e  
t h e  o f f s h o r e  t r ansduce r  coun t i ng  range was between 11.9 and 12.2 m (F i gu re  2 ) .  

' Ment ion o f  a  p roduc t  name does n o t  cons t  
Department o f  F i s h  and Game. 

R i g h t  bank i s  t h e  bank t o  t h e  r i g h t  when 

i t u t e  an endorsement by t h e  

f a c i n g  downstream. 



Combined r i g h t  bank coun t i ng  range va r i ed  f rom 17.1 t o  22.0 m. The l e f t  bank 
inshore  t ransducer  e n s o n i f i e d  7.6 t o  19.4 m o f  t h e  r i v e r ,  w h i l e  t h e  l e f t  bank 
of fshore t ransducer  e n s o n i f i e d  between 4.9 and 11.6 m (F igu re  3 ) .  Combined l e f t  
bank coun t i ng  range v a r i e d  between 12.2 and 24.0 m. To ta l  e n s o n i f i c a t i o n  f o r  
r i g h t  and l e f t  banks combined ranged from 32.8 t o  42.6 m, approx imate ly  12 t o  18% 
o f  t h e  t o t a l  r i v e r  w id th .  

Transducers were mounted on metal t r i p o d s  such t h a t  t hey  would count  f rom t h e  
l owe r  p o r t i o n  o f  t h e  water  column. Minard (1985) determined t h a t  over  88% o f  t h e  
f i s h  t r a v e l  occur red  i n  t h e  lower  t w o - f i f t h s  o f  t h e  water  column. A l l  
t ransducers  were aimed f o r  op t ima l  coun t i ng  ( i e .  so t h a t  t h e  sonar beam was 
tangent  t o  t h e  r i v e r  bottom) w i t h  t he  a i d  o f  an osc i l l oscope .  The o f f s h o r e  
t ransducers  were aimed w i t h  r e y o t e - c o n t r o l l e d  pan and t i l t  r o t a t o r s  manufactured 
by E r i n  Manufactur ing,  I n c .  Inshore t ransducers were aimed by manual ly  
a d j u s t i n g  t h e  angle o f  t h e  t ransducer  mounts on t h e  t r i p o d s .  Weirs were 
cons t ruc ted  between t h e  bank and t h e  inshore  t ransducers  on bo th  s i des  o f  t h e  
r i v e r  t o  p reven t  f i s h  passage behind t h e  t ransducers.  

Species Composit ion Es t ima t i on  - Test F i sh ing  

D a i l y  sonar counts  were appor t ioned among salmon species us ing  samples c o l  l e c t e d  
w i t h  18.3 m (10 fathom) d r i f t  g i l l  ne t s  w i t h  mesh s i zes  o f  20.7 cm and 13.0 cm, 
and a 45.7 m (25 fathom) beach seine. An 18.4 cm mesh g i l l  n e t  was a l s o  f i s h e d  
t o  c o l l e c t  da ta  f o r  e v a l u a t i n g  t he  need t o  a d j u s t  catches f o r  n e t  s e l e c t i v i t y .  
Sampling occur red  j u s t  upstream and downstream of t ransducers  so t h a t  catches 
would rep resen t  t h e  re1  a t i v e  abundance o f  f i shes  pass ing th rough t h e  sonar beams. 
Because o f  t h e  p o s s i b i l i t y  t h a t  species composi t ion was d i f f e r e n t  between t h e  
i nsho re  and o f f s h o r e  coun t i ng  areas, sampling was conducted i n  i nsho re  and 
o f f s h o r e  s t r a t a .  Beach se ine se ts  sampled o n l y  f rom the  inshore  s t r a t a .  Inshore  
s e t s  w i t h  g i l l  n e t s  were s t a r t e d  w i t h  one end on t h e  bank, w h i l e  o f f s h o r e  s e t s  
were s t a r t e d  w i t h  t h e  near  shore end o f  t he  n e t  approx imate ly  t h e  same d i s tance  
f rom shore as t h e  o f f s h o r e  t ransducer .  Each s i z e  o f  g i l l  n e t  was f i s h e d  f o r  a  
minimum o f  two d r i f t s  i n  t h e  inshore  s t r a t a  and two d r i f t s  i n  t h e  o f f s h o r e  s t r a t a  
o f  each bank d u r i n g  each s e t  o f  d r i f t s .  Sets o f  d r i f t s  began two hours be fo re  
each h i g h  t i d e  o r  low t i d e ,  as pub1 ished i n  t h e  Nushagak D i s t r i c t  t i d e  t a b l e s .  
There were a minimum o f  two se ts  o f  d r i f t s  each day. D a i l y  catches were pooled 
by s t r a t a .  

Data recorded  f o r  each g i l l  n e t  d r i f t  i nc luded :  1 )  date,  2) boa t  opera to r ,  3) 
d r i f t  number, 4 )  mesh s i ze ,  5) r i v e r  bank ( r i g h t  o r  l e f t ) ,  6) c o u n t i n g  area 
( i nsho re  o r  o f f s h o r e ) ,  7) n e t  l e n g t h  i n  fathoms, 8) f i s h i n g  t ime, 9) number o f  
each spec ies o f  f i s h  caught, 10) l eng th ,  mid-eye t o  f o r k  o f  t a i l  o f  each f i s h  
caught ( nea res t  5  m).  The f o l l o w i n g  t imes were recorded f o r  each d r i f t :  

Time n e t  s t a r t e d  ou t  - Hr:Min:Sec 
Time n e t  f u l l  ou t  - Hr:Min:Sec 
Time n e t  s t a r t e d  i n  - Hr:Min:Sec 
Time n e t  f u l l  i n  - Hr:Min:Sec 
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When t h e  f i s h  passage r a t e  of t h e  r i g h t  o r  l e f t  bank exceeded 500 f i s h  p e r  hour, 
beach se ines were used t o  sample t h e  inshore  s t r a t a  w h i l e  g i l l  n e t s  were used t o  
sample t h e  o f f s h o r e  s t r a t a .  

P ropo r t i ons  by spec ies used i n  t h i s  r e p o r t  were n o t  based on r e l a t i v e  c a t c h  p e r  
u n i t  e f f o r t  da ta  (CPUE) o r  ad jus ted  f o r  n e t  s e l e c t i v i t y .  Ins tead ,  p r o p o r t i o n s  
by spec ies were c a l c u l a t e d  by s imply  d i v i d i n g  species ca t ch  by t o t a l  ca t ch  o f  
combined g i l l  n e t  o r  beach se ine se ts  through t ime  and l o c a t i o n .  CPUE and f i s h  
1  ength da ta  were c o l l  ec ted  t o  eva lua te  t h e  appl i c a t i o n  o f  spec ies apport ionment 
techn iques  used on t h e  Yukon R i ve r  (Mesiar e t  a1 1991 and Fleishman e t  a1 . 1992) 
and w i l l  be r e p o r t e d  i n  a  separate p u b l i c a t i o n  a t  a  l a t e r  da te .  Consequently, 
f i n a l  escapement es t imates  by species f o r  Nushagak R i ve r  i n  1991 may change i n  
t h e  f u t u r e  depending on r e s u l t s  f rom CPUE and n e t  s e l e c t i v i t y  analyses.  

Salmon Escapement Es t ima t i on  

A  s t r a t i f i e d  sampl ing des ign was used t o  make escapement es t imates .  S t r a t a  were 
d e f i n e d  by r i v e r  bank ( l e f t  and r i g h t )  and t ransducer  l o c a t i o n  ( i nsho re  and 
o f f s h o r e  coun t i ng  areas) .  On days when beach s e i n i n g  was n o t  e f f e c t i v e ,  sonar 
counts  were appor t ioned  by species based on t h e  g i l l  n e t  ca t ch  f rom each s t r a t a .  
On days o f  h i g h  salmon passage, beach se ine catches were used t o  a p p o r t i o n  
i nsho re  counts,  and o f f s h o r e  g i l l  n e t  catches were used f o r  o f f s h o r e  sonar 
counts .  

Sonar counts  f o r  each l o c a t i o n  ( r i g h t  and l e f t  r i v e r  bank, i nsho re  and o f f s h o r e )  
were appor t ioned  t o  species on a  d a i l y  bas is .  The d e s i r e d  sample s i z e  f o r  each 
t ime -1  o c a t i o n  s t r a t a  was 100 salmon (Appendix A. 1 ) .  Based on Thompson's (1987) 
"wo rs t  case" parameter va lue  f o r  a  mu l t inomia l  d i s t r i b u t i o n ,  a  sample s i z e  o f  100 
salmon would r e s u l t  i n  s imul taneously  e s t i m a t i n g  t h e  t r u e  p r o p o r t i o n  f o r  each 
spec ies w i t h i n  10 percentage p o i n t s  90% o f  t h e  t ime.  I f  l e s s  than  100 salmon 
were cap tu red  each day i n  a  s p a t i a l  s t r a t a ,  catches f rom t h e  same gear  t ype  
(beach se ine  o r  g i l l  n e t )  f rom subsequent days were pooled by l o c a t i o n  u n t i l  100 
salmon were obta ined.  P ropo r t i ons  based on catches pooled th rough t ime  by 
l o c a t i o n  were a p p l i e d  t o  d a i l y  sonar counts.  A  new temporal s t r a t a  was begun 
once 100 salmon were cap tu red  w i t h i n  each s p a t i a l  s t r a t a ,  o r  when a  d i f f e r e n t  
gear  t y p e  was used. I f  t h e  sample goal  o f  100 salmon p e r  s p a t i a l  s t r a t a  p e r  gear  
t ype  was n o t  a t t a i n e d  w i t h i n  approx imate ly  seven days, a  new temporal  s t r a t a  was 
begun rega rd less  o f  sample s i ze .  

D a i l y  es t imates  f o r  each salmon species were determined f o r  each s t r a t a  u s i n g  t h e  
r e 1  a t i o n s h i p :  



where: 

N,,, = t h e  es t imated  number of P a c i f i c  salmon of spec ies i on day j, which 
m ig ra ted  pas t  s t r a t a  k, 

cjk = t h e  number o f  sonar counts recorded on day j f o r  s t r a t a  k,  and 

nik, = t h e  number o f  P a c i f i c  salmon o f  species i caught i n  s t r a t a  k and 
t ime  p e r i o d  1 us ing  beach se ine o r  20.7 cm and 13.0 cm mesh g i l l  
ne t s .  

D a i l y  escapement f o r  each species was determined by summing s t r a t a  es t imates :  

Cumulat ive numbers o f  P a c i f i c  salmon were es t imated  by summing d a i l y  es t imates :  

Age, Sex, and Size Samp7ing 

Age, sex, and s i z e  da ta  (AWL) were c o l l e c t e d  f rom sockeye, chum, chinook, and 
coho salmon m i g r a t i n g  pas t  t h e  sonar s i t e .  Only sockeye and chum salmon cap tu red  
w i t h  beach se ines  were sampled f o r  AWL da ta  t o  avo id  s i z e  s e l e c t i v i t y  o f  g i l l  
n e t s .  A1 1 ch inook  and coho salmon captured by e i t h e r  gear  t y p e  were sampled t o  
inc rease  t h e  number o f  AWL samples 

Sampling goa l s  by species f o r  t h e  e n t i r e  season were: 1,200 sockeye, 600 
chinook, 400 chum, and 250 coho salmon. The des i red  l e v e l  o f  accuracy and 
p r e c i s i o n  f o r  sockeye and chinook salmon age composi t ion was 0.05. Based on 
Thompson's (1987) work, a sample s i z e  o f  510 readab le  sca les  would s imu l taneous ly  
es t ima te  t h e  t r u e  percentage o f  each major age c l a s s  w i t h i n  5 percentage p o i n t s ,  
95% o f  t h e  t ime .  A sample s i z e  o f  600 pe r  s t r a t a  was s e t  f o r  sockeye and ch inook  
t o  account f o r  regenerated and unageable sca les.  Two t ime  s t r a t a  were d e s i r e d  
f o r  sockeye salmon, t h e r e f o r e  t h e  goal  f o r  t h e  season was s e t  a t  1,200. A sample 
s i z e  o f  400 chum and 250 coho salmon sca les ensured s imu l taneous ly  e s t i m a t i n g  t h e  
t r u e  percentage o f  each major  age c l a s s  w i t h i n  5 percentage p o i n t s ,  90% o f  t h e  
t ime.  

Because o f  t h e  h i g h  r a t e  o f  sca le  regenera t ion  among ch inook and coho salmon, 



t h r e e  sca les  were c o l l e c t e d  from each f i s h .  Only one sca le  p e r  f i s h  was 
c o l l e c t e d  f rom sockeye and chum salmon. F i s h  were measured t o  t h e  neares t  
m i l l i m e t e r  f rom t h e  midd le  o f  t h e  eye t o  t h e  f o r k  o f  t h e  t a i l .  Sex was 
determined f rom e x t e r n a l  c h a r a c t e r i s t i c s .  AWL da ta  were recorded on Mark-Sense 
forms, which were read  by an o p t i c a l  scanner ( S t r a t t o n  1990). Age, expressed 
i n  European n o t a t i o n ,  was determined pos t  seasona l l y  f rom sca le  samples. 

C7imato7ogica1 Data 

Weather d a t a  were c o l l e c t e d  a t  080f and 2000 hours each day. P r e c i p i t a t i o n  was 
measured u s i n g  a Tay lo r  C lea r  View r a i n  gauge; wind d i r e c t i o n  and v e l o c i t y  were 
es t imated ;  and a i r  and water  temperatures were measured w i t h  a hand-held mercury 
thermometer. 

RESULTS 

Count ing began on June 5 and cont inued through August 21 (Appendices B. l -B.4).  
More counts  were recorded from t h e  l e f t  bank (531,539) than  f rom t h e  r i g h t  bank 
(392,213). A t o t a l  o f  3,253 d r i f t s  w i t h  g i l l  n e t s  and 66 se t s  w i t h  a se ine  
cap tu red  3,274 salmon f o r  species apport ionment da ta  and AWL i n f o r m a t i o n .  The 
f i r s t  salmon was caught June 7, w h i l e  t h e  f i r s t  sockeye salmon was caught June 
16. Counts p r i o r  t o  June 15 were assumed t o  be 100% chinook salmon. Only 13.0 
cm mesh n e t s  were f i s h e d  a f t e r  J u l y  25. The l a s t  salmon was caught on August 13 
and t e s t  f i s h i n g  was te rmina ted  August 14. Counts a f t e r  August 13 were assumed 
t o  be 100% coho salmon. C l  ima to log i ca l  observa t ions  recorded d u r i n g  t h e  1991 
f i e l d  season a re  l i s t e d  i n  Appendix C . 1 .  

Distribution of Sonar Counts 

S p a t i a l  D i s t r i b u t i o n  

I n f o r m a t i o n  on t h e  d i s t r i b u t i o n  o f  f i s h  i n  t h e  r i v e r  i s  impor tan t  i n  c o n s i d e r i n g  
t h e  r e 1  i a b i l  i t y  o f  t h e  es t imates  generated by t h e  sonar counts .  I f  app rec iab le  
numbers o f  f i s h  were m i g r a t i n g  upstream i n  areas o f  t h e  r i v e r  n o t  e n s o n i f i e d  by 
t h e  sonar, t hen  t h e  es t imates  would be low. 

Most sonar counts  f o r  t h e  r i g h t  (F i gu re  4) and l e f t  ( F i g u r e  5) banks were 
recorded  by t h e  i nsho re  sonar counters  (87% and 93% r e s p e c t i v e l y ) .  The o u t e r  
h a l f  o f  t h e  r i g h t  bank o f f s h o r e  coun t ing  range accounted f o r  o n l y  2.9% o f  t h e  
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t o t a l  r i g h t  bank sonar counts (F igure 6) ,  and the  ou ter  h a l f  o f  the  l e f t  bank 
o f f sho re  count ing  range accounted f o r  on ly  2.6% o f  t he  t o t a l  l e f t  bank sonar 
counts (F igure  7 ) .  Few counts occur r ing  a t  the  end o f  the  count ing  range 
suggests t h a t  t h e  m a j o r i t y  o f  f i s h  passage u p r i v e r  occurred w i t h i n  t h e  count ing 
ranges o f  t he  sonar equipment. Counts d i d  occur a t  t he  end o f  t he  r i g h t  bank 
o f f sho re  count ing  range f o r  one day i n  each June and Ju l y ,  and f o r  several days 
du r ing  June a t  t h e  end o f  the  l e f t  bank o f f sho re  count ing range. 

The d i s t r i b u t i o n  o f  each species w i t h i n  the  count ing ranges i s  d i f f i c u l t  t o  
determined because the  sonar equipment does no t  have the  a b i l i t y  t o  d i f f e r e n t i a t e  
between species. F igures 4 through 7 show peak counts occu r r i ng  on June 2 4 ,  June 
29, and J u l y  4 ;  days o f  peak passage o f  chinook, chum, and sockeye salmon as 
suggested by t e s t  f i s h  catches. The d i s t r i b u t i o n  o f  counts on June 29 and J u l y  
4 suggests t h a t  chum and sockeye tend t o  migrate c lose  t o  the  shore. 

The offshore d i s t r i b u t i o n  o f  chinook salmon i s  o f  g rea t  concern i n  regards t o  the  
r e l i a b i l i t y  o f  t he  chinook salmon escapement est imate. Minard and Frederickson 
(1983), and Minard (1985) suggested t h a t  chinook salmon occurred f u r t h e r  ou t  i n  
t he  r i v e r  than t h e  o the r  species. Figures 4 and 5 show peak o f f sho re  sonar 
counts occu r r i ng  on June 24, t he  same day as peak chinook passage. R e l a t i v e l y  
few counts occurred i n  t he  ou ter  sectors o f  the  r i g h t  o f f sho re  transducer, bu t  
counts peaked on t h i s  day i n  the  ou ter  sectors o f  the  l e f t  o f f sho re  transducer. 
Although the re  were a few days dur ing  which appreciable counts occurred i n  t h e  
ou ter  sec tors  o f  t he  o f f sho re  transducers, t he  vast  m a j o r i t y  o f  counts occurred 
i n  t he  inshore  transducers o r  inshore sectors o f  the  o f f sho re  transducers. 

Temporal D i s t r i b u t i o n  

In fo rma t ion  on pa t te rns  o f  hou r l y  f i s h  passage are o f  i n t e r e s t  t o  determine 
opt imal  t imes f o r  schedul i n g  t e s t  f i s h i n g  and equipment ca l  i b r a t i o n .  Any, o r  a l l  
o f  a combinat ion o f  va r i ab les  such as: t i d e ;  weather (winds, r a i n f a l l ,  e tc . ) ;  
t ime, date, and du ra t i on  o f  commercial f i s h i n g  per iods;  and hours o f  d a y l i g h t ,  
might i n f l u e n c e  when m ig ra t i ng  f i s h  would pass the  sonar s i t e .  No c l e a r  p a t t e r n  
o f  f i s h  passage through t ime was discerned. Trends o f  hou r l y  counts from both 
s ides o f  t he  r i v e r  seemed comparable (Table 2; Figures 8 and 9) .  

F igures 10 shows the  hou r l y  d i s t r i b u t i o n  o f  counts recorded by the  inshore  and 
o f f sho re  counters f o r  each bank. Again, no c l e a r  p a t t e r n  o f  f i s h  passage through 
t ime seemed ev ident .  

Previous work a t  t h e  sonar s i t e  suggested t h a t  counts tended t o  peak d u r i n g  t h e  
lower o f  t h e  two high t i d e  stages each day (McBride and Mesiar 1981). Water 
l e v e l s  a t  t he  sonar s i t e  were in f luenced by t i d e .  Times o f  h igh  and low water 
a t  t he  sonar s i t e  were t y p i c a l l y  2 t o  3 hours a f t e r  t h e  t imes o f  h igh  and low 
t i d e s  pub l ished i n  the  t i d e  tab les  f o r  Nushagak Bay. Fur ther  work i s  needed t o  
i n v e s t i g a t e  the  r e l a t i o n s h i p  between the  times o f  peak water l e v e l s  and the  
e f f e c t s  on f i s h  passage. 



Chinook Salmon 

The 1991 escapement es t ima te  f o r  ch inook salmon was 135,054 (Table 3 and Appendix 
D . l ) .  Th i s  es t ima te  was 180% o f  t h e  escapement goal  o f  75,000; exceeding t h e  
management range o f  50,000 t o  100,000 chinook salmon. 

Run t i m i n g  o f  ch inook salmon f o r  1991 appeared s i m i l a r  t o  p rev ious  e i g h t  years  
(Appendix D.2). Chinook salmon were est imated t o  pass t h e  sonar s i t e  f rom June 
5 u n t i l  August 13. The peak day o f  chinook salmon passage occur red  on June 24 
w i t h  an es t ima te  o f  24,266. Th is  was t h e  h i ghes t  d a i l y  es t ima te  f o r  ch inook  
salmon s i nce  sonar es t imates  began i n  1980. 

Th i s  was t h e  f o u r t h  year  i n f o r m a t i o n  on age, sex, and s i z e  o f  ch inook salmon was 
c o l l e c t e d  a t  t h e  sonar s i t e  (Table 4 ) .  Age, sex, and l e n g t h  were determined f o r  
542 o f  t h e  664 ch inook salmon sampled. Three ma jo r  age c lasses  were p resen t :  
age-1.3 (1986 brood y e a r ) ;  -1.4 (1985 brood year ) ;  and -1.2 (1987 brood yea r ) .  
These age c lasses  represen ted  37%, 33%, and 28% o f  t h e  ch inook  salmon escapement. 
The percentages o f  males and females were 58% and 42% r e s p e c t i v e l y .  Mean l e n g t h  
by age ranged f rom 371 t o  922 mm (Table 4 ) .  

Sockeye Salmon 

Though t h e  sonar equipment was ope ra t i ona l  by June 5, spec ies p r o p o r t i o n  d a t a  
i n d i c a t e  t h e r e  were no sockeye salmon u n t i l  June 15 (Table 3 and Appendix E. 1). 
The 1991 escapement es t ima te  f o r  sockeye salmon was 495,106. Th i s  es t ima te  was 
90% o f  t h e  escapement goal  o f  550,000; w i t h i n  t h e  management range o f  340,000 t o  
760,000 sockeye salmon. 

Run t i m i n g  o f  sockeye salmon f o r  1991 appeared s i m i l a r  t o  p rev ious  years  
(Appendix E.2). Sockeye salmon were es t imated  t o  pass t h e  sonar s i t e  f r om June 
15 u n t i l  August 13. The peak day o f  sockeye salmon passage occur red  on J u l y  4 
w i t h  an es t ima te  o f  97,608 sockeye, 20% o f  t h e  e n t i r e  1991 escapement es t imate .  

Th i s  was t h e  t h i r t e e n t h  yea r  i n fo rma t i on  on age, sex, and s i z e  o f  sockeye salmon 
was c o l l e c t e d  a t  t h e  sonar s i t e  (Table 5 ) .  Age, sex, and l e n g t h  were determined 
f o r  632 o f  t h e  827 sockeye salmon sampled. High water  c o n d i t i o n s  d u r i n g  t h e  peak 
o f  t h e  r u n  made beach s e i n i n g  d i f f i c u l t  which r e s u l t e d  i n  l e s s  sockeye salmon 
sampled than  t h e  goa l .  Age-0.3 (1987 brood year )  and -1.3 (1986 brood yea r )  
sockeye salmon predominated (39% and 52%). The percentages o f  ma1 es and females 
were 62% and 38% r e s p e c t i v e l y .  Mean l e n g t h  by age ranged f rom 414 t o  600 mm 
(Tab1 e 5 ) .  

Chum Salmon 

Run t i m i n g  o f  chum salmon i n  1991 was s i m i l a r  t o  t h a t  o f  sockeye salmon i n  t h a t  
chum salmon were n o t  es t imated  t o  be present  u n t i l  June 15 (Table 3 and Appendix 



F. 1 ) .  The 1991 escapement es t imate  f o r  chum salmon was 252,436. T h i s  e s t  
was 72% o f  t h e  escapement goal  o f  350,000. 

imate 

Seasonal r u n  t i m i n g  appeared s i m i l a r  t o  p rev ious  years  (Appendix F.2).  The peak 
day f o r  chum salmon passage occurred on J u l y  4; t h e  same day as peak sockeye 
salmon es t imates .  Chum salmon were counted pas t  t h e  sonar s i t e  f rom June 15 
th rough August 8. 

Th i s  was t h e  t w e l f t h  yea r  i n f o r m a t i o n  on age, sex, and s i z e  o f  chum salmon was 
c o l l e c t e d  a t  t h e  sonar s i t e  (Table 6 ) .  Age, sex, and, l e n g t h  were determined f o r  
364 o f  t h e  422 chum salmon sampled. Age-0.3 (1987 brood yea r )  and -0.4 (1986 
brood y e a r )  chum salmon predominated (59% and 39%). The percentages o f  males and 
females were 57% and 43% r e s p e c t i v e l y .  Mean l e n g t h  by age ranged f rom 551 t o  628 
mm (Tab1 e 6 ) .  

Coho Salmon 

Coho salmon were es t imated  t o  have s t a r t e d  m i g r a t i n g  pas t  t h e  sonar s i t e  on J u l y  
15 (Table 3 and Appendix G. l ) .  Test f i s h i n g  was te rmina ted  on August 14 and 
coun t i ng  a c t i v i t y  ended on August 21. A l l  counts  recorded between these  dates 
were assumed t o  be 100% coho salmon. The 1991 escapement es t ima te  f o r  coho 
salmon was 41,153 through August 21. Th i s  was 27% o f  t h e  escapement goal  o f  
150,000. 

Run t i m i n g  f o r  coho salmon i n  1991 appeared s i m i l a r  t o  p rev ious  years  (Appendix 
6 .2 ) .  The peak day o f  coho salmon passage occurred J u l y  29, w i t h  an es t ima te  o f  
7,552 coho salmon. 

Th i s  was t h e  n i n t h  yea r  i n f o r m a t i o n  on age, sex, and s i z e  o f  coho salmon was 
c o l l e c t e d  a t  t h e  sonar s i t e .  Age, sex, and l e n g t h  were determined f o r  147 o f  t h e  
182 coho salmon sampled (Table 7 ) .  The 1991 coho salmon r u n  c o n s i s t e d  o f  12% 
age-1.1 (1988 brood yea r )  and 88% age-2.1 (1987 brood yea r )  f i s h .  The 
percentages o f  ma1 es and females were 56% and 44% r e s p e c t i v e l y .  Mean l e n g t h  by 
age ranged f rom 525 (age-2.1) t o  533 mm (age 1.1; Table 7) .  
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e 1. Counting ranges for  sonar counters on r ight  and l e f t  banks, Nushagak 
River sonar, 1991. 

Right Bank Left Bank 

Inshore Offshore Inshore Offshore 

Oates Distancea(m) Oates Distance (m) Dates Distance (m) Dates Distance (m) 

a Total distance from the transducer that the sonar beam could count f i sh .  

Left bank offshore transducer inoperative on July 2 ,  so the inshore counting 
range was extended. 



Table 2. D a i l y  sonar counts,  r i g h t  and l e f t  banks, Nushagak R i v e r  
sonar, 1991. 

Right Bank 
Daily Sonar Counts 

Time. Midnight through: 

Left Bank 
Daily Sonar Counts 

Time. Midnight through: 



T a b l e  2 .  

Right Bank 
Da i ly  Sonar Counts 

Time, Midnight through: 

L e f t  Bank 
Da i ly  Sonar Counts 

Time, Midnight through: 

Date 0600 1000 1400 1800 2400 0600 1000 1400 1800 2400 

Total 111,491 178,148 236,358 300,423 392,213 155,181 240,813 330,421 389,490 531,539 





T a b l e  3 .  (p  2 o f  2 )  

C h i  nook Sockeye C h u m  C o h o  

Date Daily C u m .  Daily C u m .  Oaily C u m .  Oaily C u m .  



Table 4. Age, sex, and s i z e  composit ion of chinook salmon escapement, Nushagak River  
sonar, 1991. 

Age Group 

1.1 1.2 1.3 1.4 1.5 2 .4  To ta l  

Ma1 es 
Percent 
Mean Length (mm) 
Std. E r r o r  
Sample Size 

Females 
Percent 

w 
w Mean Length (mm) 

Std. E r r o r  
Sample Size 

Both Sexes 
Percent 
Mean Length (mm) 
Std. E r r o r  
Sample Size 



r w  
W I N  
m o .- 
C L V )  

C I w L  
C A Y  w  

VI w  
2 2 56g 
m a w u r n  
a L n . I V ) V )  



Table 6. Age, sex, and s i z e  composi t ion of chum salmon escapement, Nushagak 
R i v e r  sonar, 1991. 

Age Group 

0.2 0.3 0.4 0.5 To ta l  

Ma1 es 
Percent  
Mean Length (mm) 
Std.  E r r o r  
Sample S i ze  

Females 
Percent  
Mean Length (mm) 
Std.  E r r o r  
Sample S i ze  

Both Sexes 
Percent  
Mean Length (mm) 
Std.  E r r o r  
Sample S i ze  



Table 7 .  Age, sex, and s i z e  composi t ion o f  coho salmon 
escapement, Nushagak R i v e r  sonar, 1991. 

Age Group 

1.1 2.1 T o t a l  

Ma1 es 3,079 
Percent  7.5 
Mean Length (mm) 534 
Std.  E r r o r  15 
Sample S ize  11 

Femal es 1,680 
Percent  4.1 
Mean Length (rnm) 53 1 
Std .  E r r o r  17 
Sample S ize  6 

Both Sexes 4,759 
Percent  11.6 
Mean Length (mm) 533 
Std.  E r r o r  11 
Sample S ize  17 









NLiblBER OF COUNTS IN EACH SECTOR 
J U N E  5 - AUGUST 21, 1991 

10 J u n e  20 25 30 5 July 15 ZO July 30 5 10 Aug 20 

RIGKT BANK - OFFSHORE 

F i g u r e  4 .  Sonar counts by sec tor ,  f o r  t h e  r i g h t  bank, inshore and o f f s h o r e  
counters ,  on t h e  Nushagak R i v e r ,  June 5 - August 21 ,  1991.  

2 4 



LEFT BANK - INSHORE 

N U M B E R  OF COUNTS IN EACH SECTOR 
JUNE 5 - AUGUST 21,  1991 

F igure  5 .  Sonar counts by sector ,  f o r  the  l e f t  bank, inshore and o f f sho re  
counters, on the  Nushagak River ,  June 5 - August 21, 1991. 

2 5 



DAILY PROPORTION OF SECTOR COUNTS 
JUNE 5 - AUGUST 21, 1991 

RIGHT BANK - OFFSHORE 

F i g u r e  6 .  D a i l y  p r o p o r t i o n  of sonar counts by sec tor ,  f o r  t h e  r i g h t  bank, 
inshore  and o f f s h o r e  counters,  on t h e  Nushagak R i v e r ,  June 5 - 
August 21,  1991. 



DAILY PPGPORT iGN OF SECTOR COUNTS 
JUNE 5 - AUGUST 21, 1991 

LEFT BANK - INSHORE 

LEFT BPNK - OFFSHORE 

F i g u r e  7 .  D a i l y  p r o p o r t i o n  o f  sonar counts by sec tor ,  f o r  t h e  l e f t  bank, 
inshore  and o f f s h o r e  counters ,  on t h e  Nushagak R i v e r ,  June 5 - 
August 21, 1991. 



HOURLY COUNTS F O R  EACH DAY 
JUNE 5 - AUGUST 21, 1991 

RIGHT BPNK - INSHORE 

RIGHT BANK - OFFSHORE 

F igure  8. Number o f  sonar counts by hour f o r  the  r i g h t  bank, inshore  and 
o f f sho re  counters, on the  Nushagak River,  June 5 - August 21, 1991. 
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HOURLY COUNTS FOR EACH DAY 
JUNE 5 - AUGUST 21, 1991 

LEFT BANK - INSHORE 

1 0  J u n e 2 0  25 3 0  5 10  July 20 25 30 5 10  Aug 20 

LEFT BPNK - OFFSHORE 

F i g u r e  9. Number o f  sonar counts by hour,  f o r  t h e  l e f t  bank, i nsho re  and 
o f f s h o r e  coun te rs ,  on t h e  Nushagak R i ve r ,  June 5 - August 21, 1991. 

29 





Appendix A.1. Beach seine and g i l l  n e t  catches by t ime- locat ion  s t r a t a ,  Nushagak River  
sonar, 1991. 

Right Bank Left Bank 

Inshore Off shore Inshore Off shore 

Stratum Stratun stratum Stratun 
Nunber Dates Catcha Nunber Dates Catch" Number Dates Catcha Nunber Dates Catch" 

a Beach seine catch i n  parentheses. 



Appendix B. 1. D a i l y  sonar counts,  number o f  t e s t  f i s h  se ts ,  and number o f  
f i s h  caught, r i g h t  bank - inshore,  Nushagak R i v e r  sonar, 1991. 

Catch by Species 

Sonar Number o f  
Date Counts D r i f t s  and seinesa Chinook Sockeye Chum P ink  Coho To ta l  



Appendix B.1.  (p  2 o f  2) 

Catch by Species 

Sonar Number o f  
Date Counts D r i f t s  and Seinesa Chinook Sockeye Chum P ink  Coho To ta l  

To ta l  342,700 540 83 388 459 0 87 1,017 
- - 

a Beach seine se ts  i n  parentheses. Number o f  d r i f t s  represents  g i l l  n e t  
d r i f t s  conducted w i t h  20.7 cm and 13.0 cm mesh nets.  



Appendix B.2.  D a i l y  sonar counts,  number o f  t e s t  f i s h  se ts ,  and number of  
f i s h  caught,  r i g h t  bank - o f f sho re ,  Nushagak R i v e r  sonar, 1991. 

-- 

Catch by Species 

Sonar Number of 
Date Counts G i l l  Net D r i f t s a  Chinook Sockeye Chum P ink  Coho To ta l  



Appendix B.2. ( p  2 o f  2 )  

Catch by Species 

Sonar Number o f  
Date Counts G i l l  Net D r i f t s a  Chinook Sockeye Chum P ink  Coho T o t a l  

- -- 

T o t a l  49,513 630 

a Number o f  d r i f t s  represen ts  g i l l  n e t  d r i f t s  conducted w i t h  20.7 cm and 
13.0 cm mesh ne ts .  
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Appendix B.3. D a i l y  sonar counts,  number o f  t e s t  f i s h  se ts ,  and number of 
f i s h  caught, l e f t  bank - inshore,  Nushagak R i v e r  sonar, 1991. 

Catch by Species 

Sonar Number o f  
Date Counts D r i f t s  and Seinesa Chinook Sockeye Chum P i n k  Coho T o t a l  



Appendix 8.3. (p  2 o f  2 )  

Catch by Species 

Sonar Number o f  
Date Counts D r i f t s  and Seinesa Chinook Sockeye Chum P ink  Coho To ta l  

- -  - 

T o t a l  495,889 565 

a Beach se ine  s e t s  i n  parentheses. Number o f  d r i f t s  r ep resen ts  g i l l  net 
d r i f t s  conducted w i t h  20.7 cm and 13.0 cm mesh ne t s .  



Appendix B.4. D a i l y  sonar counts,  number o f  t e s t  f i s h  se ts ,  and number o f  
f i s h  caught, l e f t  bank - o f f sho re ,  Nushagak R i v e r  sonar, 1991. 

Catch by Species 

Sonar Number o f  
Date Counts G i l l  Net D r i f t s a  Chinook Sockeye Chum P ink  Coho T o t a l  



Appendix 8.4.  (p 2 of 2 )  

Catch by Species 

Sonar Number of 
Date Counts Gill Net Driftsa Chinook Sockeye Chum Pink Coho Total 

Total 35,650 
- -- 

a Number of d r i f t s  represents g i l l  net d r i f t s  conducted with 20.7 cm and 
13.0 cm mesh nets. 



Appendix C . 1 .  C l i m a t o l o g i c a l  observa t ions ,  Nushagak R i v e r  
sonar, 1991. 

Wind Velocity Air Temp. Water Temp. 
Cloud Covera (klhr) ("C) ("CI 

Preci p. Water 
Date 0800 2000 0800 2000 0800 2000 0800 2000 (rrm) Color 

4 0-5 NW 0-5 NW 
2 calm 5-10 S 
3 0-5 SE 5 SE 
2 5 SE 5-10 SE 
1 5-10 NNE 0-5 E 
3 0-5 S 5-10 S 
4 0-5 S 5-10 SW 
1 variable 0-5 SW 
2 0-3 E 0-5 SW 
2 0-5 W 10-15 W 
4 0-5 W 15-20 SW 
4 5-10 S 5-10 SW 
4 5-10 SE 10-15 S 
0 variable 0 
4 10-15 SE calm 
3 5-10 SE 0-5 E 
2 variable 0-5 S 
4 0-5 E 15-20 SE 
4 5-10 SE variable 
4 0-5 E 0-5 E 
4 variable variable 
4 calm 0-5 SE 
3 0-5 W 0-5 NW 
3 0-5 S 
2 variable 0-5 SE 
3 0-5 S 5-10 SW 
1 0-5 SE 5-10 S 
3 0-5 ESE 0-5 S 
1 - variable 
2 variable - 
4 5-10 SSE 0-5 S 
2 0-5 SSE variable 
3 0-5 NE 0-5 W 
2 0-5 W 5-10 WNW 
3 variable 5-10 SE 
1 calm 5-10 SW 
1 10-15 SE 10 S 
2 calm 5-10 SW 
3 5-10 SE 5-10 SE 
3 0-5 S 0-5 S 
4 10-15 SE 8-10 S 
4 20-25 SSE 15-18 SW 
3 variable 15-20 WSW 

4 0-5 SW 5-6 SW 
2 0-5 SW 0-3 SW 
1 calm 5 NW 
2 calm variable 
3 1-2 5-10 E 
3 1-2 0-5 E 
1 calm 5 N 

19 
4 

trace 
0.5 

0 
0 
0 
0 

10 
0 
0 
4 
6 
- 
3 
2 

0 .5  
0 

15 
7 
8 

12 
4 
6 

0 .5  

0.5 
0 
0 
0 

13 
0 
0 
0 
3 

10 
0 
0 

trace 
trace 
3 

11  
0.5 
- 

15 
trace 

- 
- 

trace 
- 

- 
brown 
brown 
brown 
brown 
brown 

1 t brown 
It brown 
1 t brown 
1 t brown 
It brown 
brown 

dk brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 

It brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 
It brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 
It brown 
It brown 
1 t brown 
It brown 
1 t brown 
1 t brown 
1 t brown 



Appendix C.1. (p 2 of 2) 
-- 

Wind Velocity Air Temp. 
Cloud Cover' (h lhr )  ("C) 

Oate 0800 2000 0800 2000 0800 2000 

7 26 5 1 calm 5-10 SSW 9.5 16.0 
7 27 5 - 5-10 SSW - 13 .0  - 
7 28 3 - 5-10 SE - 12.0 - 
7 29 - 4 - 5 - 1 0 s  - 14.0 
7 30 4 4 calm 0-5 W 12.5 12.0 
7 3 1  1 2 5 NW 5-10 SW 10.0 11.5 
8 0 1  1 3 5-10 W 5-10 SW 10.0 11.0 
8 02 3 1 5 SE calm 11.0 16 .0  
8 03 3 2 5 NW - 10.0 - 
8 04 4 1 cat m - 1 7 . 0  
8 05 1 3 0-5SW 5 - 1 0 s  9 . 0  18.5 
8 06 4 2 calm 5 NW 12.0 19.0 
8 07 4 3 0-5SW 8-9SW 10.0 15.0 
8 08 4 4 5-7 S 7-9 S 10.5 12.0 
8 09 4 4 0-5 NNE - 10.0 - 
8 10  3 3 5 - 7 E S E 1 0 - 1 3 s  11.0 14 .5  
8 11 4 4 0 - 5 N E  5 - 7 s  12.0 14.5 
8 12 4 - calm - 11.5 - 
8 13 4 - calm - 11.0 - 
8 14 3 4 0-5 NE 0-5 SE - 12.0 
8 15 4 4 0-5 NE 5-10 S 10.0 1 4 . 0  
8 16  4 - 0-5 ENE - 15.0 - 
8 17 4 3 calm 5 S 13 .0  1 3 . 0  
8 18  1 4 calm calm 15.0 15.0 
8 19 4 4 calm calm 12.0 17 .0  
8 20 5 - 0-5W 5-1OSW 13.0 13.0 
8 2 1  5 - calm - 13.0 - 

Water Temp 
("C) 

Precip. 
(ml 

Water 
Color 

- 

0 
1 
4 
1 

t r ace  
- 
- 

t r ace  
- .  

- 
0.5 
- 
1 
8 

0.5 
3 
8 
8 

t r ace  
8 
4 
3 

t r ace  
t race  

I t  brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 
I t  brown 
I t  brown 
I t  brown 
I t  brown 
1 t brown 
1 t brown 
1 t brown 
I t  brown 
I t  brown 
1 t brown 
I t  brown 
I t  brown 
1 t brown 
1 t brown 
I t  brown 
I t  brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 
1 t brown 

al = clouds covering less than 1/10 of sky 
2 = not more than 1/2 
3 = more than 1/2 
4 = completely overcast 
5 = fog or thick haze 



c, 
V ) .  



Appendix D . l  (p 2 o f  3) 

Average Proporti ona 

Date 1980 1981 1982 1983 1985 1986 1987 1988 1989 1990 1991 Daily Cumulative 





CHINOOK SALMON - DAILY ESTIMATE 
Nushagak  River Sonar,  1980 - 1991 

CHINOOK SALMON - NUSHAGAK SONAR 1991 
Exoccted Run Timinq (1 983 - 1990 ~ a t a )  

- Expected Escapement  + 1991 Estimate 

Appendix 0 . 2  D a i l y  chinook salmon escapement est imates and average r u n  t i m i n g ,  
Nushagak R i v e r  sonar, 1983 - 1991. 
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Appendix E. 1 D a i l y  sockeye salmon escapement est imates and average run  propor t ions ,  
Nushagak R iver  sonar, 1980 - 1991. 

Average Proport i ona 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Daily Cumulative 



Appendix E . l  (p 2 o f  3)  

Average Proporti ona 

Oate 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 D a i l y  Cumulative 



m m m m o  
m m m m o  . . . . .  
m m m m o  
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SOCKEYE SALMON - DAILY ESTIMATE 
Nushagak River Sonar,  1 9 8 0  - 1991  

SOCKEYE SALMON - NUSHAGAK SONAR 1991 

- E x p e c t e d  Escapement  + 1 9 9 1  Estimate 

i x  E.2  D a i l y  sockeye salmon escapement es t imates  and average r u n  t i m  
Nushagak R i v e r  sonar, 1980 - 1991. 

4 9 



Appendix F . l  Daily chum salmon escapement estimates and average run proportions, Nushagak 
River sonar, 1980 - 1991. 

Date 1980 

Average Proportion" 

Daily Cumulative 



Appendix F .  1 (p 2 o f  3) 

Average Propor t i  ona 

Date 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Dai 1 y Cumulative 



q h m m o  
m s m m o  . . .  
m m m m o  
m m m m o  
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C H U M  SALMON - DAILY ESTIMATE 
Nushagak River Sonar, 1980 - 1991 

CHL ' c l  SALMON - NUSHAGAK SONAR 1991 
Expected Run Timing (1980-1990 Data) 

- E x p e c t e d  Escapement + 1991 Estimate 

Appendix F . 2  D a i l y  chum salmon escapement est imates and average run  t i m i n g ,  
Nushagak R i v e r  sonar, 1980 - 1991. 
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Appendix G.l Daily coho salmon escapement estimates and average run proportions, Nushagak 
River sonar, 1982 - 1991. 

Average Proport i ona 

Date 1982 1 983 1984 1985 1986 1987 1988 1989 1990 1991 Dai ly  Cunulative 



Appendix G. 1 (p 2 of 2) 

Average Proport i ona 

Date 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 Dai l y  Cumulative 

8 07 
8 08 
8 09 
8 10 
8 1 1  
8 12 
8 13 
8 14 
8 15 
8 16 
8 17 
8 18 
8 19 
8 20 
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8 22 
8 23 
8 24 
8 25 
8 26 
8 27 
8 28 
8 29 
8 30 
8 31 
9 01 
9 02 
9 03 
9 04 
9 05 
9 06 
9 07 
9 08 
9 09 
9 10 
9 1 1  
9 12 

Totals 

a Average proportions for 1982 - 1991, July 2 through August 17. 



COHO SALMON - DAILY ESTIMATE 
Nusnagak River Sonar 1982 - 1991 

5 10 July 20 25 30 5 10 Aug 20 25 301 Sept  10 

C O H O  SALMON - NUSHAGAK SONAR 1991 
Expected Run Timing (1 982-1 990 Data) 
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Appendix G.2 D a i l y  coho salmon escapement es t imates  and average r u n  t i m i n g ,  
Nushagak R i v e r  sonar, 1982 - 1991. 
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