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ABSTRACT 

Management of sockeye salmon (Oncorhynchus nerka) f i sheries are usually based 
upon assessments of individual or conglomerate stocks. These assessments are 
usually accomplished by estimating the number of salmon which have escaped the 
fishery and entered the i r  parent stream. However, the lower reaches of a 
river may contain salmon from several stocks. Therefore, i t  i s  necessary to  
know how f a r  upstream non-natal stocks occur before designing a program to  
sample or enumerate the escapement of a particular stock. A study was under- 
taken to  determine the upstream limit of the Wood River sockeye salmon stock 
in the lower Nushagak River, Alaska. Five sampling s tat ions were chosen i n  
the study area, which was 52 km of the lower Nushagak River above the mouth of 
the Wood River. Sockeye salmon were captured daily by g i l lne t s  a t  each of the 
s tat ions throughout the 1978 r u n .  Sex and length were recorded and scale 
samples were collected from each salmon. Live f i sh  were tagged and released. 
Data from tag recoveries, age class composition, and scale pattern analysis 
were used to  assess the percentage of Wood River stock which occurred a t  each 
station. Tagging data indicated that  some f i sh  captured i n  the study area did 
return to  spawn within the Wood River drainage. Age composition data and scale 
pattern analysis indicated that  the percentage of Wood River salmon decreased 
as upstream distance increased. Salmon from the Wood River stock were estimated 
t o  occur as f a r  as 55.4 km upstream from the mouth of the Wood River. 

KEY WORDS: Sockeye salmon, Oncorhynchus nerka, escapement, stock separation. 



INTRODUCTION 

The management o f  sockeye salmon (Oncorhynchus nerka) f i s h e r i e s  i s  based on 
p roduc t i on  and e x p l o i t a t i o n  o f  i n d i v i d u a l  s tocks.  The term s tock  has been 
de f i ned  as a  group o f  f i s h  which t o  a  s u b s t a n t i a l  degree do n o t  i n t e r b r e e d  
w i t h  any o t h e r  group spawning i n  a  d i f f e r e n t  p l ace  o r  t ime  (R icker  1972, 1975). 
A s t ock  i s  a  g e n e t i c a l l y  d i s c r e e t  group and should be managed as such. I n  
r e a l i t y ,  i t  i s  o f t e n  d i f f i c u l t  t o  i d e n t i f y  what segment o f  a  sockeye salmon 
p o p u l a t i o n  i s  a  d i s c r e e t  spawning group. A p a r t i c u l a r  r i v e r  d ra inage  may con- 
t a i n  severa l  d i s c r e e t  spawning groups, y e t  f o r  p r a c t i c a l  reasons, t h e  e n t i r e  
r i v e r  p o p u l a t i o n  must be managed as a  s i n g l e  u n i t .  I n  t h i s  paper, I w i l l  
r e f e r  t o  a  s tock  as a  manageable group o f  sockeye salmon which m i g r a t e  t o  and 
spawn w i t h i n  a  s i n g l e  r i v e r  drainage. 

One s t r a t e g y  f o r  managing a  sockeye salmon s tock  i s  t o  a l l o w  a  t e rm ina l  f i s h e r y  
on mature a d u l t s  d u r i n g  t h e i r  m i g r a t i o n  t o  t h e  spawning grounds. F i s h e r y  bound- 
a r i e s  a r e  es tab l i shed  t o  i n t e r c e p t  t h e  salmon i n  coas ta l  bays and e s t u a r i e s  
p r i o r  t o  e n t e r i n g  t h e i r  n a t a l  streams. The o u t s i d e  boundary o f  a  f i s h e r y  i s  
es tab l i shed  t o  avo id  i n t e r c e p t i o n  o f  o t h e r  s tocks  which a r e  n o t  m i g r a t i n g  t o  
t h e  p a r t i c u l a r  bay o r  estuary .  The i n s i d e  boundary i s  e s t a b l i s h e d  a t  o r  near  
t h e  o u t l e t s  o f  t h e  f reshwater  stream f l o w i n g  i n t o  t h e  f i s h i n g  zone. Harvest  
i s  r e g u l a t e d  t o  a l l o w  an op t ima l  number o f  salmon t o  escape cap tu re  and m i g r a t e  
t o  t h e  spawning ground. Those f i s h  which a r e  surp lus  t o  t h e  escapement goal  a r e  
harves ted  p r i o r  t o  e n t e r i n g  f reshwater .  The management o f  a  t e rm ina l  f i s h e r y  i s  
s imp les t  i f  o n l y  one s tock  i s  i n t e r c e p t e d  by  the  f i s h e r y ,  b u t  many t e rm ina l  sock- 
eye salmon f i s h e r i e s  i n t e r c e p t  m u l t i p l e  s tocks.  The b e s t  management s t r a t e g y  f o r  
such mixed s tock  f i s h e r i e s  r e q u i r e s  o p t i m i z i n g  t h e  escapement o f  a l l  t h e  component 
stocks. 

R e a l i z a t i o n  o f  t h i s  management scheme r e q u i r e s  t h a t  t h e  number o f  f i s h  which have 
escaped t h e  f i s h e r y  be known o r  es t imated  as t h e  r u n  progresses. F i sh  we i r s ,  
coun t ing  towers, and sonar counters  a r e  t h e  most common methods o f  enumerat ing 
a  salmon r u n  as i t  progresses p a s t  a  s i n g l e  p o i n t  i n  t h e  m i g r a t i o n  r o u t e  t o  t h e  
spawni ng grounds (Cousens e t  a1 . 1982). 

An e f f e c t i v e  escapement enumerati on p r o j e c t  must meet t he  f o l  1  owing c r i t e r i a  
l i s t e d  below: 

1 )  The count  o r  es t ima te  must be complete. A l l  i n d i v i d u a l s  o f  t h e  t a r g e t  
s tocks which have escaped t h e  f i s h e r y  must be enumerated o r  est imated. 

2 )  The count  o r  es t ima te  should be t i m e l y .  The escapement should be 
enumerated o r  es t imated  as soon as p r a c t i c a l  a f t e r  i t  escapes t h e  
f i she ry .  

3 )  The count  o r  es t ima te  must be unique. Each i n d i v i d u a l  must be enum- 
e ra ted  o r  es t imated  o n l y  once. 

4) Once an i n d i v i d u a l  i s  enumerated o r  es t imated  i t  must n o t  r e t u r n  down- 
stream t o  t h e  f i s h e r y  and be captured. 

5) Only i n d i v i d u a l s  f rom t h e  t a r g e t  s t ock  may be enumerated o r  est imated.  



The f i r s t  two c r i t e r i a  a r e  best  met by an enumeration project  a t  the  ins ide  
f ishery boundary. All salmon which spawn within the  stream would be counted 
as they moved past  the enumeration s i t e  and the  escapement count would be 
immediately available t o  the manager. The f inal  three c r i t e r i a  a r e  best  met 
by an enumeration project  upstream from the f ishery boundary. Tidal currents 
and the tendency of sockeye salmon t o  mill about during t h e i r  t r ans i t ion  from 
saltwater t o  freshwater may cause the salmon to pass the f ishing boundary 
and/or the enumeration s i t e  more than once. Such f i sh  will  be susceptible to  
capture and/or enumeration more than once. Salmon which a r e  not members of 
the  t a rge t  stock may be washed by o r  s t ray  past  the enumeration s i t e ,  making 
them susceptible t o  being f a l s e ly  counted. Other fac tors  such as the physical 
propert ies of the r i ve r  (depth, veloci ty ,  tu rb id i ty ,  number of channels, e t c .  ) 
must be taken in to  consideration when choosing an escapement enumeration s i t e .  
The f ina l  choice will  of necessi ty be a compromise between competing fac tors .  

This paper addresses the  problem of determining how f a r  upstream non-natal f i sh  
occur within a r i ve r  or  stream. This problem must be considered before selecting 
an escapement enumeration s i t e .  

Salmon a r e  known t o  imprint upon the  organic odors of t h e i r  parent stream during 
the  transfornation from parr  t o  smolt (Ricker 1972; Hasler and Scholz 1983). 
Upon returning to  local waters, a f t e r  one o r  more years a t  sea, adu l t  salmon 
follow t h i s  bouquet of odors to t h e i r  natal spawning grounds (Hasler and Wisby 
1951; Hasler 1966; Foerster 1968; Harden-Jones 1968; Hara 1970; Hasler and 
Schol z 1983). However, salmon do not home without e r ro r .  Studies have suggested 
t ha t  "overshooting" or  bypassing the  natal stream i s  a common occurrence (Hasler 
and Scholz 1983). Salmon which have made a mistake and swum past t h e i r  parent 
stream o r  turned i n to  another t r ibu ta ry ,  eventually recognize t h e i r  e r ro r  and 
backtrack downstream unti l  they again pick up  the odor of t h e i r  natal stream. 
Other researchers have suggested t ha t  salmon exhibi t  rheotropic responses t o  
the  presence or  absence of the odor of t h e i r  natal  stream (Ricker and Robertson 
1935; Hasler 1966; DeLacy e t  a1 . 1969; Kleerekoper 1969; Hasler and Scholz 1983). 
When the odor of t h e i r  natal stream i s  present adul t  salmon migrate upstream 
and when the odor i s  absent they migrate downstream. 

There i s  1 i t t l e  evidence in the 1 i t e ra tu re  to  indicate  how f a r  upstream salmon 
will  proceed pr io r  t o  turning around and backtracking t o  f ind the l o s t  odor. 
Pink salmon (0. gorbuscha) tagged a t  the  mouth of what was assumed to  be t h e i r  
natal streams were found t o  return t o  other streams (Jones and Thomason 1984). 
Sockeye salmon captured and tagged 9.7 km u p  the Igushik River, Nushagak Bay, 
Alaska were found to "flush" or  backtrack out of the r i ve r  and return t o  other 
streams t o  spawn (McBride 1978). 

Background 

The Nushagak River flows into  Nushagak Bay, a portion of Bristol  Bay, near 
Dill ingham, Alaska (Figure 1 ) .  The Nushagak River drains a watershed of approxi- 
mately 36,500 km2,  which includes three  major t r i bu t a r i e s .  The three  t r ibu ta r -  
i e s  are  the Wood River, Mulchatna River, and Nuyakuk River. They converge with 
the Nushagak River 15 km, 174 km, and 206 km, respectively,  from i t s  ou t l e t  in 
Nushagak Bay. The ou t l e t  boundary i s  defined to  be Nushagak Point which i s  the 
ins ide  f ishing boundary. The Wood River watershed i s  3,663 km2 in s i z e  and 
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F i g u r e  1 .  Map showing t h e  Nushagak Rive r  d r a i n a g e .  



con ta ins  f o u r  l a r g e  lakes  t o t a l i n g  425 km2 i n  su r f ace  area. The Mulchatna R i v e r  
watershed i s  11,132 km2 b u t  con ta ins  no l a r g e  l akes .  The Nuyakuk R i v e r  watershed 
i s  5,333 km2 i n  s i z e  and con ta ins  f i v e  l a r g e  l akes  t o t a l i n g  471 km2 i n  su r f ace  
area (U.S. Army Corps of Engineers 1957). 

The Nushagak Bay commercial f i s h e r y  i s  one o f  t h e  l a r g e s t  and most v a l u a b l e  
t e rm ina l  salmon f i s h e r i e s  i n  Alaska. S i g n i f i c a n t  numbers o f  a l l  f i v e  Nor th  
American P a c i f i c  salmon (Oncorhynchus sp.) a r e  harvested by t h i s  g i l  l n e t  f i shery ,  
b u t  sockeye salmon have always been t h e  most impo r tan t  spec ies i n  bo th  numbers 
and va lue  (M idd le ton  1983). The sockeye salmon r u n  r e t u r n s  t o  Nushagak Bay i n  
l a t e  June and e a r l y  J u l y  each year .  The d u r a t i o n  o f  t h e  r u n  i s  s h o r t  w i t h  most 
o f  t h e  salmon pass ing through t h e  f i s h i n g  d i s t r i c t  w i t h i n  a 10-day p e r i o d  
(M idd le ton  1983). 

Two ma jo r  and two minor  spawning s tocks  o f  sockeye salmon occur w i t h i n  t h e  Nusha- 
gak R i ve r  dra inage.  These stocks, des ignated by p a r e n t  stream, a re :  Wood R i ve r ,  
Nuyakuk R iver ,  Mulchatna R iver ,  and Nushagak R iver .  I w i l l  r e f e r  t o  t h e  combined 
Nuyakuk, Mulchatna, and main Nushagak R i v e r  s tocks  as upper Nushagak R i v e r  s tocks .  
The escapement of sockeye salmon i n t o  t he  Wood R i v e r  and Nuyakuk R i ve rs  u s u a l l y  
comprises g r e a t e r  than 95% o f  t h e  t o t a l  escapement t o  t h e  Nushagak R i v e r  dra inage.  

I n  1946 t he  F i s h e r i e s  Research I n s t i t u t e  (FRI)  o f  t h e  U n i v e r s i t y  o f  Washington 
began spawning ground surveys i n  t h e  Nushagak dra inage (Thompson 1962; G i  1 b e r t  
1968). Spawning ground surveys have been con t inued  u n t i l  p resen t  by  bo th  t h e  
FRI and t h e  Alaska Department of F ish  and Game (ADF&G) (Church 1963a,b; Church 
and Nelson 1963; Math isen e t  a l .  1963; Nelson 1964, 1966, 1967; Metsker 1967). 
Spawning ground surveys p r o v i d e  an  index  o f  escapement abundance and spawning 
d i s t r i b u t i o n  b u t  n o t  an accura te  escapement enumeration. 

Dur ing t h e  1950s coun t i ng  towers were developed t o  enumerate salmon runs  on a 
h o u r l y  bas i s  as they  passed a s i n g l e  p o i n t  i n  t h e i r  m i g r a t i o n  upstream t o  t h e  
spawning grounds ( S t r a t y  1960; Becker 1962; Thompson 1962; Sei  be1 1 967). Salmon 
a r e  v i s u a l  l y  counted from towers l o c a t e d  on t he  stream banks as they  swim past .  
Counts a r e  made f o r  10 minutes ou t  o f  each hour  on bo th  s ides  o f  t h e  stream and 
expanded by a f a c t o r  o f  s i x  t o  es t imate  the t o t a l  number o f  salmon which passed 
d u r i n g  t h e  hour.  

I n  1953 a coun t ing  tower p r o j e c t  was es tab l i shed  on t h e  Wood River ,  approx imate ly  
31 km f rom t h e  i n s i d e  f i s h e r y  boundary, t o  enumerate t he  sockeye salmon escapement 
of t h e  Wood R i v e r  s tock  (Thompson 1962). I n  1959 a second coun t i ng  tower p r o j e c t  
was e s t a b l i s h e d  i n  t h e  Nushagak d ra inage  t o  enumerate t he  sockeye salmon escape- 
ment o f  t h e  Nuyakuk R i v e r  s tock  ( G i l b e r t  1968). Th i s  coun t ing  tower s i t e  i s  
l oca ted  on t h e  Nuyakuk R i ve r  approx imate ly  200 km f rom t h e  i n s i d e  boundary o f  
t h e  f i s h e r y .  These coun t i ng  tower p r o j e c t s  have con t inued  t o  operate every  yea r  
s i nce  t hey  began. I n  1966 a t h i r d  coun t i ng  tower was es tab l i shed  on t h e  main 
Nushagak R iver ,  downstream f rom i t s  conf luence w i t h  t h e  Mulchatna R i v e r  (Pennoyer 
1967). The purpose o f  t h i s  p r o j e c t  was t o  enumerate t h e  sockeye salmon escapement 
i n t o  t he  upper Nushagak drainage. The escapement counts from t h e  Nuyakuk coun t i ng  
tower c o u l d  then  be sub t rac ted  g i v i n g  a combined escapement t o  t he  main Nushagak 
R i v e r  and the  Mulchatna R i ve r  s tocks.  The Nushagak coun t ing  tower p r o j e c t  was 
d iscon t inued  i n  1975 because i t  had f a i l e d  t o  produce r e l i a b l e  es t imates  (Randal l  
and Yuen 1978). The problem was caused by poor  v i s i b i l i t y  because o f  t h e  t u r b i d -  
i t y  o f  t h e  water .  



During the 1970s sonar was developed to  count migrating adult salmon (Cousens e t  
a l .  1982). Sonar can be used for  escapement enumeration in r ivers  too turbid for  
counting towers. In 1978 ADF&G obtained funds fo r  sonar enumeration on the Nusha- 
gak River. The new enumeration project was to  be located somewhere upstream the 
confluence with the Wood River and would solve two management problems related to  
the Nushagak fishery. Firs t ,  the combined main Nushagak River and Mulchatna 
River sockeye salmon stocks could be accurately enumerated by subtraction of 
the Nuyakuk tower counts from the sonar counts. Secondly, a more timely e s t i -  
mate of the en t i re  upper Nushagak River escapement would be possible for  in-season 
management. The migration time for  sockeye salmon from the fishing d i s t r i c t  t o  
the Nuyakuk counting tower i s  estimated to  be 10 to  12 days (Van Alen 1981). 
Therefore, by the time the f i r s t  salmon were counted a t  the tower the commercial 
f ishery was almost over. 

The f i r s t  step in establishing this  new sonar enumeration project was to deter- 
mine the best s i t e  location for  the sonar counters. One factor  that  needed to 
be investigated was how f a r  upstream sockeye salmon from the Wood River stock 
mixed w i t h  the upper Nushagak River stocks. During the summer of 1978 I con- 
ducted a research project to  investigate th i s  matter. 

Objectives 

The objectives of th i s  study were as follows: 

1)  To determine i f  sockeye salmon from the Wood River stock occurred in 
the Nushagak River above the confluence w i t h  the Wood River, and 

2 )  If the Wood River stock d i d  occur in the lower Nushagak River, then 
determine how f a r  upstream i t  occurred. 

MATERIALS AND METHODS 

I defined the study area to  be the section of the Nushagak River from the mouth 
of the Wood River to  the v i  11 age of Portage Creek, 52.1 km upstream. The study 
area was chosen based on the assumption that  t h i s  portion of the r iver  would 
include the maximum possible range of straying by the Wood River stock. Addi- 
t ional ly ,  ADF&G personnel desired to  locate the sonar counters somewhere down- 
stream from Portage Creek i n  order to  achieve timely escapement estimates. 

A wide range of t idal  veloci t ies  and heights occurred within the study area. 
During a maximum high t ide  ( 7  m )  the r iver  current was completely reversed by 
the incoming t ide  i n  the lower 30 km of the study area. The r iver  level rose, 
b u t  the current was not reversed throughout the remainder of the study area. 
Tidal currents i n  the lower portion of the study area may have reached 4.5 m/sec 
i n  an upstream direction during incoming t ides .  Freshwater from the Wood River 
may have been pushed as f a r  as 30 km up  the lower Nushagak due to  th is  t idal 
action. 



Sampl i n g  Desi gn 

F i v e  sampl ing s t a t i o n s  were chosen w i t h i n  t h e  s tudy area ( F i g u r e  2) .  I chose 
t he  sampling s t a t i o n s  w i t h  t h e  ass is tance  o f  a  commercial salmon f isherman who 
had exper ience as a  t e s t  f isherman f o r  ADF&G i n  Nushagak Bay. We surveyed t h e  
s tudy  area by  boa t  and chose t h e  sampl ing s t a t i o n s  f rom p h y s i c a l  p r o p e r t i e s  of 
t h e  r i v e r  (e.g., number of channels, f l o w  pa t t e rn ,  t i d a l  f l u c t u a t i o n ,  wa te r  
depth, bank s l ope ) .  The p r imary  concern was t o  s e l e c t  p laces  i n  which g i l l n e t s  
cou ld  be s u c c e s s f u l l y  f i s h e d  t o  c o n s i s t e n t l y  cap tu re  m i g r a t i n g  salmon. Equal 
spacing between s t a t i o n s  was s t r i v e d  f o r  b u t  n o t  poss ib l e .  The d i s t a n c e  from 
the  mouth o f  t h e  Wood R i v e r  t o  each sampling s t a t i o n  v a r i e d  f rom 17.6 km t o  
52.1 km (Tab le  1 ) .  

Each s t a t i o n  was t o  be sampled d a i l y  w i t h i n  1  hour ( p l u s  o r  minus)  of t h e  h igh-  
e s t  h i gh  t i d e  throughout  t h e  1978 run .  The h i g h e s t  r u n  t i d e  was chosen on t h e  
assumption t h a t  Wood R i ve r  sockeye salmon would be most l i k e l y  t o  occur  i n  t h e  
s tudy area a t  t h i s  t ime. The d a i l y  sample s i z e  f o r  each s t a t i o n  was t o  be as 
many salmon as cou ld  be captured i n  30 minutes up t o  a  maximum o f  50 f i s h .  

I used t h r e e  techniques t o  eva lua te  t h e  o b j e c t i v e s  of t h i s  s tudy.  Tagging 
salmon a t  t h e  sampl ing s t a t i o n s  w i t h  subsequent s i g h t i n g s  a t  t h e  coun t i ng  towers 
p rov ided  da ta  t h a t  were used t o  eva lua te  t h e  r e l a t i v e  abundance o f  t h e  Wood 
R i v e r  s tock  throughout  t h e  e n t i r e  s tudy  area. These techniques were tagging,  
age composi t ion ana l ys i s ,  and sca le  p a t t e r n  ana l ys i s .  The p r o p o r t i o n  o f  t h e  
age 4,l age c l a s s  was used t o  es t ima te  t h e  percentage o f  Wood R i v e r  s tock  
o c c u r r i n g  a t  each sampl ing s t a t i o n .  L ikewise,  an independent es t ima te  o f  t h e  
percentage o f  Wood R i v e r  s tock  o c c u r r i n g  a t  each s t a t i o n  was t o  be ob ta ined  f rom 
s c a l e  p a t t e r n  a n a l y s i s  o f  t h e  5, age c lass .  Together t he  age composi t ion a n a l y s i s  
and sca le  p a t t e r n  a n a l y s i s  gave an i n d i c a t i o n  o f  t h e  e x t e n t  o f  Wood R i v e r  s tock  
s t r a y i n g  i n t o  t h e  lower  Nushagak R iver .  

Capture and F i e l d  Sampling 

Two f i e l d  crews were respons ib l e  f o r  t h e  cap tu re  o f  sockeye salmon and t h e  
b i o l o g i c a l  sampl ing p o r t i o n  of t h e  s tudy .  One crew was s t a t i o n e d  a t  D i l l i n g h a m  
and sampled s t a t i o n s  I and 11. Another crew s t a t i o n e d  a t  Por tage Creek and 
sampled s t a t i o n s  111, I V Y  and V .  Both crews worked from s k i f f s .  We at tempted 
t o  f i s h  each sampling s t a t i o n  d a i l y ,  a t  l o c a l  h i gh  s l a c k  t i d e .  T i de  stage was 
determined f rom l o c a l  t i d e  books p l u s  a  c o r r e c t i o n  f a c t o r  e s t a b l i s h e d  f o r  each 
s i t e  by observ ing  when l o c a l  h i g h  s l a c k  t i d e  occur red  r e l a t i v e  t o  book t ime. 

We captured m i g r a t i n g  sockeye salmon by f i s h i n g  one o r  two 45.7 m s e t  g i l l n e t s  
w i t h  13.6 cm ( s t r e t c h e d  d iameter )  mesh. The ne t s  were moni tored con t i nuous l y  
and salmon were removed as soon as p o s s i b l e  t o  min imize m o r t a l i t y .  

G i l b e r t - R i c h  formula f o r  age des igna t i on  - To ta l  years  of l i f e  a t  m a t u r i t y  
( l a r g e  t ype )  - yea r  of l i f e  a t  o u t m i g r a t i o n  from f reshwater  ( s u b s c r i p t ) .  

- 6- 



F i g u r e  2. Map showing t h e  l o c a t i o n  o f  t h e  f i v e  sampl ing s t a t i o n s  on t h e  
lower  Nushagak R i ve r .  



Table 1 .  Distance from the mouth of the Wood River up  the Nushagak 
River t o  the five sampling stations.  

Station 
Distance upstream from mouth 

of Wood River (km) 



The sampling crews measured and recorded the  mid-eye t o  f o r k  l eng th  o f  each 
sockeye salmon captured on standard AWL (age-weight- length) forms. Sex was 
a l so  recorded and f o u r  scales per salmon were taken and placed on gum cards 
corresponding t o  the  AWL forms. A l l  scales were taken from a p r e f e r r e d  area 
on the l e f t  s i de  o f  the  body below the  i n s e r t i o n  o f  the dorsal  f i n  and th ree  
rows above the  l a t e r a l  l i n e  ( i n t e r n a t i o n a l  North P a c i f i c  F i she r ies  Commission 
1963). S tandard iza t ion  o f  body l o c a t i o n  was necessary because scale character-  
i s t i c s  a r e  known t o  vary between d i f f e r e n t  body l o c a t i o n s  i n  P a c i f i c  salmon 
(Scarnecchia 1979). 

Tagging 

A l l  sockeye salmon which were recovered a l i v e  from the  g i l l n e t s  were h e l d  i n  
a ho ld ing  tank t o  be tagged and released. L i v e  f i s h  were anesthet ized us ing  
MS-222 p r i o r  t o  sampling and tagging. Numbered orange F loy  tags were i n s e r t e d  
through a 46 cm s t r i p  o f  p ink  surveyor 's  tape and then i n s e r t e d  i n t o  the  f i s h  
j u s t  below the  a n t e r i o r  end o f  the dorsal  f i n .  The salmon were h e l d  u n t i l  they 
recovered from the anesthet ic  and then re leased i n t o  a pool o r  eddy. Tagged 
salmon cou ld  be i d e n t i f i e d  t o  s t a t i o n  o f  re lease on l y  i f  t h e  F loy  tag was recov- 
ered. S igh t ings  o f  tagged f i s h  would o n l y  i d e n t i f y  t he  salmon t o  have been 
tagged somewhere i n  t he  study area. 

Tagging f i s h  s i g h t i n g s  a t  the Wood River  and Nuyakuk R iver  count ing towers were 
o f  pr imary concern. The tower crews were i n s t r u c t e d  t o  l ook  f o r  and r e p o r t  a l l  
tagged f i s h  s ighted.  Likewise, a1 1 ADF&G personnel throughout t he  B r i s t o l  Bay 
reg ion  were i n s t r u c t e d  t o  be a l e r t  f o r  tagged f i s h .  A l l  t ag  s igh t i ngs  and recov- 
e r i e s  were repor ted  on a standard form. 

Age Class Analys is  

Impressions o f  the  sca le  sur faces were made on aceta te  cards ( C l u t t e r  and Whitsel  
1956). The impressions were then examined and aged w i t h  the  a i d  o f  a m i c r o f i c h e  
reader by one o ther  person experienced i n  aging B r i s t o l  Bay sockeye salmon and 
mysel f .  The G i l b e r t  and Rich (1927) salmon aging system was used t o  designate 
ages. The designated ages were compared and scales which were n o t  aged the  same 
were reviewed again by bo th  people. Scales f o r  which aging could n o t  be agreed 
upon were discounted from f u r t h e r  ana lys i s  ( l e s s  than 1% o f  the  t o t a l  ). I tab- 
u l a t e d  t h e  age composit ion f o r  each sample s t a t i o n  by 4-day per iods and across 
the e n t i r e  run. 

I n  1978, the  age s t r u c t u r e  of the Wood and Nuyakuk R iver  escapements were e s t i -  
mated by ADF&G from sca le  samples c o l l e c t e d  from sockeye salmon captured by 
beach seine a t  the  count ing towers. ADF&G est imated the  age s t r u c t u r e  o f  t he  
combined Nushagak-Mulchatna stocks from spawning ground samples o f  prev ious 
brood years (Yuen and Nelson 1983). I weighted t h e  Nuyakuk and Nushagak-Mulchatna 
age composit ions by t h e i r  respec t i ve  escapement est imates t o  produce a combined 
age s t r u c t u r e  est imate f o r  the sockeye stocks o f  t he  upper Nushagak R iver  (Table 
2 ) .  I present  these data here i n  o rder  t o  f a c i l i t a t e  the  exp lanat ion  of the  age 
composit ion ana lys is .  

The two dominant age classes o f  t he  Nushagak R ive r  stocks a r e  ages 4, and 5,. 
I n  1978 94.1% o f  t h e  sockeye salmon escapement t o  the  Nushagak R iver  belonged 
t o  one o f  these age classes. However, the percentage o f  age 4, and 5, salmon 



Table 2. Escapement and age composi t ion es t imates  of t h e  1978 
escapement o f  sockeye salmon t o  segments o f  t h e  Nusha- 
ga k R i  ve r  sys tem. 

Stock 
Percent  age composi t i o n  

Escapement 4, 5 2  5 3 6 2 6 3  Other  

Wood R i ve r  

Nuya ku k R i  ve r  576,666 11.8 76.3 0.1 3.5 7.9 0.4 

Nushagak-Mu1 chatna 87,000 6.4 69.4 4.9 3.9 15.4 0.0 

Upper Nushagak R i v e r  
(Nuyakuk-Nushagak- 663,666 11.1 75.4 0.7 3.6 8.9 0.3 
Mulchatna) 

Entire Nushagak 2,930,904 61.3 32.8 0.9 1.1 2.4 1.5 R i v e r  

- 

Taken f rom Yuen and Nelson (1983).  



v a r i e s  d ramat i ca l l y  between stocks. The Wood R ive r  escapement was est imated 
t o  conta in  76.0% age 4, salmon w h i l e  the remainder o f  t he  Nushagak stock con- 
ta ined 11.1% age 4, salmon. The r e l a t i v e  composit ion was oppos i te  f o r  t he  5, 
age c lass,  the Wood River  escapement contained o n l y  20.3% of the  5, age c lass  
w h i l e  t he  upper Nushagak R iver  escapement contained 75.4% age 5, salmon. Since 
the magnitude f o r  the Wood River  escapement was much l a r g e r  than the  remainder 
o f  the  Nushagak River  escapement (2.3 m i l l i o n  f i s h  vs. 0.6 m i l l i o n  f i s h ) ,  t he  
4, age c lass  was the  dominant age c lass  en te r i ng  the  Nushagak R iver  (61.3%). 
The p r o p o r t i o n  o f  age 4, f i s h  i n  the mixed samples taken a t  t he  f i v e  sampling 
s t a t i o n s  was used t o  est imate the  percent  Wood River  s tock occu r r i ng  a t  each 
s t a t i o n .  

The procedure f o r  es t ima t ing  the stock composit ion o f  a  mixed sample from d i f f e r -  
ences i n  t he  propor t ions  o f  age classes was developed by Worland and Fred in  
(1  962). I modi f ied t h e i r  n o t a t i o n  t o  f a c i  1 i t a t e  understanding o f  my appl i ca t ion .  
The p r o p o r t i o n  o f  t he  age 4, salmon occu r r i ng  w i t h i n  a  mixed sample i s  a  combina- 
t i o n  of the  f r a c t i o n  o f  the  Wood River  s tock occur r ing  i n  t he  sample p l u s  the  
f r a c t i o n  of the upper Nushagak R iver  stocks, where these f r a c t i o n s  are  weighted 
by t h e i r  respec t i ve  age 4, p ropor t ions .  

Where: Rm = p ropo r t i on  o f  age 4, salmon i n  the mixed sample. 

Fw = 
f r a c t i o n  o f  Wood River  s tock i n  t he  mixed sample. 

Fn = 
(1  - Fw) = f r a c t i o n  o f  the  upper Nushagak stocks i n  

the  sample. 

Pw 
= p ropo r t i on  o f  age 4, salmon i n  the  Wood River  escape- 

ment. 

Pn = 
p ropo r t i on  o f  age 4, salmon i n  the  Nuyakuk R ive r  

escapement. 

Equation (1 )  may be solved f o r  t he  f r a c t i o n  o f  Wood River  s tock  i n  the mixed 
sampl e. 

The age 4, p ropor t ions  of t h e  1978 run  were s u b s t i t u t e d  i n t o  equat ion (2 )  t o  
g i v e  an e s t ~ m a t i o n  o f  t h e  percent  Wood R ive r  s tock occu r r i ng  i n  a mixed sample. 



This es t imator  was used t o  c a l c u l a t e  t h e  f r a c t i o n  of t h e  Wood River s tock  which 
occurred a t  t h e  f i v e  s t a t i o n s  on t h e  lower Nushagak River.  

The approximate var iance  of equat ion ( 2 )  was a l s o  given by Worlund and Fredin 
(1 962) : 

The age 4, proport ions were s u b s t i t u t e d  i n t o  equat ion ( 2 )  and t h e  r e s u l t s  were 
simp1 i f i e d  t o  produce t h e  fol lowing var iance  e s t ima to r  f o r  equat ion ( 3 )  : 

This var iance  e s t ima te  was l imi t ed  i n  t h a t  i t  i s  assumed t h a t  Pw and P n  were 
measured without  e r r o r .  Therefore,  t h i s  va r i ance  e s t ima te  i s  known t o  be 
l i b e r a l  ( t o o  sma l l ) .  Assuming Fw,to be normally d i s t r i b u t e d  a 90% confidence 
i n t e r v a l  was cons t ruc ted  around F, by t h e  fol lowing equat ion:  

Equation ( 6 )  was used t o  e s t ima te  t h e  approximate 90% confidence i n t e r v a l s  of 
t h e  f r a c t i o n  of Wood River s tocks  which occurred a t  each of t he  f i v e  s t a t i o n s  
on the  lower Nushagak River.  

Sca l e  Pa t t e rn  Analysis  

The p a t t e r n s  of c i r c u l i  on salmon s c a l e s  r e f l e c t  the  growth h i s t o r y  of t h e  f i s h  
( C l u t t e r  and Whitesel 1956; Major and Craddock 1962; Bil ton 1972; Bil ton and 
Robins 1971a, b ) .  I f  t h e  growth h i s t o r y  and thus the  s c a l e  p a t t e r n s  of two o r  
more s tocks  d i f f e r  a t  one o r  more s t a g e s  i n  t h e i r  1 i f e  h i s t o r y ,  then v a r i a b l e s  
measured from s c a l e  p a t t e r n s  may be used t o  d i s t i n g u i s h  ind iv idua l  s tocks .  The 
technique i s  based upon measuring da t a  from t h e  s c a l e  p a t t e r n s  of "known" s t cck  
o r i g i n  and using these  da t a  t o  develop a mathematical model t o  p r e d i c t  t h e  s tock  
o r i g i n .  

Sca le  p a t t e r n  a n a l y s i s  has been used t o  d i s t i n g u i s h  t h e  con t inen t  of  o r i g i n  of 
P a c i f i c  salmon (Fukuhara e t  a l .  1962, Amos e t  a l .  1963; Dark and Landrum 1964; 
Mason 1966; Anas and Murai 1969; Tanaka e t  a1. 1969; Mosher 1972; Major e t  a l .  
1975; and Cook 1982). The technique has a l s o  been used t o  d i s t i n g u i s h  between 
Canadian and United S t a t e s  s tocks  (Bi l  ton 1970, 1972; Bi l ton  and Messinger 1975; 



and Marshall e t  a l .  1984). Scale pattern data have also been used to distinguish 
between stocks in nearshore areas in Asia, Alaska, and Canada (Konovalof 1975; 
Cook and Lord 1978; Krasnowski and Bethe 1978; Bethe and Krasnowski 1979; Bethe 
e t  a l .  1980; Cross e t  a l .  1981; McGregor and Marshall 1982; McBride and Marshall 
1983; Sharr 1983; McGregor e t  a l .  1983; and Wilcock and McBride 1983). 

The techniques used for  measuring the scale character data from scale impressions 
are described by Krasnowski and Bethe (1 978) and br ief ly  out1 ined be1 ow. The 
scale impressions were projected a t  100 power onto a SIGMA Model 01 f i sh  scale 
digit izer1.  The scale character is t ics  were measured along a single axis of the 
scale. The scale measurements consisted of the number of circul i and the incre- 
mental distance (.02 cm/increment) for  each growth zone of the scale (Figure 3) .  
Scale character measurements were only taken from the dominant 5, age class .  
Sample s ize precluded the use of scale pattern analysis for  other age classes.  

Scales collected from sockeye salmon captured a t  the Wood River and Nuyakuk 
River counting towers were used as samples of known stock origin.  The data 
group from each known sample was randomly divided into a learning sample and 
a t e s t  sample. The learning samples were used to create a c lassif icat ion model 
using stepwise discriminant function analysis. The t e s t  samples were used to  
t e s t  the accuracy of the classif icat ion model. 

Linear discriminant function analysis i s  based upon a s e t  of orthogonal multi- 
variate regressions which maximize the differences between data groups (stocks) 
by minimizing the overall variance of the data s e t  (Fisher 1936). The stepwise 
1 i near-di scrimi nant functions of the SPSS computer programs (Nie e t  a1 . 1978) 
were used to create the classif icat ion models. This program uses a stepwise 
multivariate regression procedure to se lec t  and weight those variables which best 
discriminate between the known data groups (Johnson and Wichern 1982). The 1 earn- 
ing samples were used to  calculate an estimated variance-covariance matrix and a 
sum of squares and cross products matrix. These estimated parameters a re  then 
used in a least-squares technique to  derive orthogonal discriminant functions 
which maximize the difference between group means. Classification boundaries, 
which denote a space of most probable occurrence for  each group, are established 
along the discriminant functions. A data case i s  classified by determining in 
which group's space i t  1 ies  and assigning i t  t o  tha t  group. In this  way a data 
case i s  assigned to the group t o  which i t  most probably belongs. 

Once a classif icat ion model was established, i t s  accuracy was estimated by classi-  
f ic t ion of the t e s t  samples. The classif icat ion of the t e s t  samples produced a 
classif icat ion matrix or error  matrix. This matrix i s  an unbiased estimate of 
the accuracy of the classif icat ion model because the t e s t  samples were not used 
when creating the model. The designations were then switched between the learn- 
ing and t e s t  samples and the analysis was repeated creating and testing a second 
model . 

The SIGMA Model 01 fish scale d ig i t i ze r  i s  marked by H & A Computer Services, 
14401 - 31st N E ,  Suite K308, Bellevue, WA 98007. 
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Figure 3. Diagram of measurements taken from age 5, sockeye salmon 
s c a l e s  f o r  s c a l e  pa t t e rn  ana lys i s .  



Once the classif icat ion models were created and classif icat ion matrices estimated, 
data from the unknown samples collected a t  each of the f ive  sampling s tat ions 
were classif ied.  The resulting percent composi t ion of the unknown samples by 
stock were the f i r s t  order estimates. Second order estimates of stock composi- 
tion were then calculated by correcting the f i r s t  order estimates by the appro- 
pr iate  c lassif icat ion matrix. The procedures for making t h i s  correction were 
f i r s t  presented by Worlund and Fredin (1962), then modified and improved upon by 
Cook and Lord (1978) and Pella and Robertson (1979). Pella and Robertson's 5 
estimation formula was used because simulation studies indicated tha t  th i s  e s t i -  
mator had the leas t  bias and the smallest variance of a l l  the estimators studied. 

The variance and confidence intervals of the second order estimates were calcu- 
lated by the procedure described by Pel la and Robertson (1979). This variance 
estimate takes into consideration the following two sources of variation: (1 ) 
the sampling variation in estimating the f i r s t  order estimates, and (2)  the 
sampling variation in estimating the classif icat ion matrix. Monte Carlo simula- 
t ions have shown that t h i s  variance estimate i s  conservative (Cook 1982). The 
average of the two second order estimates i s  considered the best point estimate 
of percentage composition of the component stocks. A more detailed outline of 
the scale pattern analysis technique i s  given in Appendix A .  

RESULTS 

Sampling began on 24 June 1978 and continued until 11 July 1978. The numbers of 
sockeye salmon captured by s tat ion and date are  l i s t ed  in Table 3. A total  of 
1,802 sockeye salmon was captured and sampled. Rough water, due to storms, and 
mechanical problems prevented each s tat ion from being sampled every day. The 
height of the highest high t ide  varied from 5.4  m to 6.7 m during the sampling 
time frame. Small sample s ize and missing data precluded any comparison of 
stock composition by t ide  height. 

A total  of 307 sockeye salmon was tagged and released within the study area 
(Table 4 ) .  Whi 1e an e f fo r t  was made t o  release as  many tagged f i sh  as possible, 
i t  turned out that  91% of the sockeye salmon tagged were captured and released 
a t  s ta t ions 111, IV, and V .  The reasons for th i s  disproportionate dis t r ibut ion 
of tagged f i sh  releases were as follows: 

1 ) The crew sampling s tat ions I and I1 consisted of only two people, 
opposed to  a three-person crew sampling s tat ions 111, IV, and V ,  as 
processing f ish was slower a t  s ta t ions I and 11, and 

2) Rougher water conditions existing a t  s ta t ions I and I1 resulted in 
slower picking of the g i l lne t s  which increased sockeye salmon mortality 
rate.  

Forty tagged fish were sighted or recovered (Table 5 ) .  Sixteen tags were recov- 
ered from marked f i sh .  Eleven tags equaling 68.7% of the tag recoveries were 
from sockeye salmon captured in the upper Nushagak River drainage. Three tags 
equaling 18.8% of the tag recoveries were from salmon captured in the Wood River 



Table 3. Number of sockeye salmon captured a t  f i v e  sampling s t a t i o n s  
on the  lower Nushagak River,  1978. 

Date 
, S t a t i o n  

' I I I I11 I V v Total 

June 24 
25 
26 
2 7 
2 8 
29 
30 

J u l y  1 
2 

* No sampling e f f o r t  on this d a t e  due t o  weather o r  mechanical problems. 



Table 4. Number of sockeye salmon tagged and released a t  f ive  sampling 
s tat ions on the lower Nushagak River, 1978. 

Station 
Date I I I I I I I V V To ta 1 

June 24 
25 
26 
2 7 
2 8 
29 
3 0 

July 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Total 18 11 118 77 83 307 

* No tag e f fo r t  on th i s  date due to weather or mechanical problems. 



Table 5. S i g h t i n g  and recove r i es  of sockeye salmon tagged i n  t h e  lower  
Nushagak R i ve r ,  1978. 

Tagged Fish Sightings: 

Date Number Location River 
sighted sighted sighted drainage 

July 6 1 Nuyakuk counting tower Upper Nushagak River 
July 7 1 I, I 

July 8 2 I I 

July 9 2 I ,  ,I 

Ju ly  10 4 I t  I 

Ju ly  11 1 11 I1 

July 12 4 g o  

Ju ly  13 2 ,I I, 

July 15 1 I, I ,  

Ju ly  18 1 It  I, 

Total 19 Upper Nushagak River 

June 27 1 Wood River counting tower Wood River 
Ju ly  2 3 I I 

July 5 1 4 ,  I 1  

Total 5 Wood River 

Tagged Fish Recoveries: 

Date Stat ion Date Location River 
tagged tagged recovered recovered drainage 

June 26 IV July 3 Ekwok v i l l a g e  Upper Nushagak River 
Ju ly  4 V July 11 ,I ,I  

July 6 I11 Unknown ,I I, 

Ju ly  2 IV July 15 Koliganek v i l l a g e  Il 

Ju ly  2 V Unknown $0 I, 

Ju ly  3 I11 July 15 I, ,I 

Ju ly  3 111 Unknown I, I ,  

Ju ly  4 I11 July 15 I1 I, 

J u l y  4 IV Unknown 11 ,I 

Unknown Unknown July 15 II ,I 

July 5 I V July 13 Nuyakuk tower , 

Total 11 Upper Nushagak River 

Unknown Unknown June 29 Wood River tower Wood !?iver 
Unknown Unknown July 3 I, 

Unknown Unknown July 7 Agulowak River . I, 

Wood River 

June 24 V July 7 Scandinavian Beach Nushagak Bay 
July 10 I11 Aug. 8 Coffee Point 

Total 2 Nushagak Bay 



drainage. Two tags  equa l ing  12.5% o f  t h e  t a g  recove r i es  were from salmon cap- 
t u r e d  i n  Nushagak Bay. I n t e r p r e t a t i o n  o f  these data a r e  d i f f i c u l t  because 
recovery  e f f o r t  was n o t  q u a n t i f i a b l e .  Since t h e  commercial g i l l n e t  f l e e t  was 
f i s h i n g  i n  Nushagak Bay, r ecap tu re  e f f o r t  must have been h i g h e s t  t he re .  Only 
two tags were re tu rned  f rom Nushagak Bay i n d i c a t i n g  a smal l  p r o p o r t i o n  of t h e  
sockeye salmon tagged i n  t h e  s tudy area r e t u r n  t o  t h e  f i s h i n g  d i s t r i c t .  

Twenty-one tagged f i s h  were s igh ted ,  b u t  n o t  recovered, by t h e  crews of t h e  
Wood R i ve r  and Nuyakuk R i v e r  coun t ing  towers d u r i n g  t h e i r  ten-minute coun t i ng  
per iods .  These s i g h t i n g s  were o f  i n t e r e s t  because an equal e f f o r t  was expended 
l o o k i n g  f o r  tags a t  bo th  p laces.  F i v e  tagged salmon were s i g h t e d  a t  t h e  Wood 
R i v e r  coun t i ng  tower w h i l e  19 tags were s i gh ted  a t  t he  Nuyakuk R i v e r  tower.  Of 
t he  663,666 sockeye salmon which were es t imated  t o  have spawned i n  t h e  upper 
Nushagak R i v e r  (Nuyakuk, Nushagak, and Mulchatna s tocks)  o n l y  576,666 sockeye 
salmon were es t imated  t o  have passed t h e  Nuyakuk R i v e r  tower (Tab le  2 ) .  There- 
fore,  t h e  number o f  tags s i g h t e d  a t  t h e  Nuyakuk R i v e r  tower r ep resen t  o n l y  86.9% 
o f  t h e  t o t a l  which would have been s i g h t e d  had t h e  e n t i r e  upper Nushagak R i v e r  
escapement r u n  been enumerated f rom a  tower.  Thus a  c o r r e c t i o n  f a c t o r  of 1  . I 51  
was a p p l i e d  t o  t h e  19 tags s i g h t e d  a t  t h e  Nuyakuk coun t i ng  tower t o  produce an 
est imated 21.9 tags  which would have been s i g h t e d  had t he  e n t i r e  upper Nushagak 
R i v e r  sockeye salmon r u n  been observed. S ince  obse rva t i on  e f f o r t  was equal,  t h e  
e s t i m a t i o n  can be made t h a t  18.6% ( 5  o f  26.9) o f  t he  tagged f i s h  e v e n t u a l l y  
r e tu rned  t o  t h e  Wood R i v e r  drainage. 

Age Class Ana l ys i s  

The percentage age compos i t ion  of t h e  sockeye salmon cap tu red  a t  t h e  f i v e  sampl ing 
s t a t i o n s  f o r  f o u r  t ime  pe r i ods  and across t h e  e n t i r e  r u n  was c a l c u l a t e d .  Ove ra l l ,  
t he  percentage o f  4, age c l a s s  represented 31.1%, 23.7%, 23 .7%,  12.8%, and 15.5% 
a t  s t a t i o n s  I through V, r e s p e c t i v e l y  (Table 6 t o  10) .  The percentage o f  4, age 
c l a s s  d e c l i n e d  and t h e  percentage o f  t h e  5, age c l ass  inc reased  from s t a t i o n  I t o  
s t a t i o n  V .  The o v e r a l l  age composi t ion bes t  represen ted  t h e  make-up of  those  
sockeye salmon which occur red  a t  each s t a t i o n  because t h e  sample s i z e s  g e n e r a l l y  
r e f l e c t e d  c a t c h  pe r  u n i t  e f f o r t  o r  abundance a t  each s t a t i o n .  The es t imates  by 
t ime  p e r i o d  a r e  l i m i t e d  by sample s i z e  and m iss ing  data po in t s .  

The r e s u l t s  o f  t h e  age c l a s s  method o f  s t ock  a l l o c a t i o n  a r e  presented i n  Tab le  
11. These r e s u l t s  i n d i c a t e  a  d e c l i n e  i n  t h e  percentage o f  Wood R i v e r  s tock  f rom 
s t a t i o n  I t o  s t a t i o n  V .  The h i g h e s t  es t ima te  o f  t h e  percentage o f  Wood R i v e r  
was 30.8% a t  s t a t i o n  I, and t h e  l owes t  es t ima te  was 2.8% a t  s t a t i o n  I V .  These 
da ta  i n d i c a t e  t h a t  t h e  percentage o f  Wood R i v e r  s tock  which occur red  a t  s t a t i o n s  
I ,  11, 111, and V were s i g n i f i c a n t l y  g r e a t e r  than  zero  a t  an a lpha l e v e l  of 0.10. 
I p l o t t e d  these es t imates  o f  percentage o f  Wood R i v e r  s tocks a g a i n s t  r i v e r  k i l o -  
meter  ( F i g u r e  4 ) .  A  l i n e a r  r eg ress ion  o f  these da ta  y i e l d e d  an R va lue  o f  -0.93 
and i n t e r c e p t s  t h e  X a x i s  a t  55.4 km. Thus i n d i c a t i n g  t h a t  f i s h  from t h e  Wood 
R i v e r  s tock  were p resen t  i n  the  s tudy  area and may have occur red  as f a r  as 55.4 
km upstream. These da ta  i n d i c a t e  t h a t  some sockeye salmon f rom t h e  Wood R i v e r  
s tock  occur red  throughout  t h e  s tudy  area. 

I t would n o t  be a p p r o p r i a t e  t o  use age c l a s s  a n a l y s i s  on t ime  segments o f  t h e  r u n  
because sampl ing a t  t h e  coun t i ng  towers i n d i c a t e d  t h a t  t h e  4, age c l a s s  percen t -  
age v a r i e d  through t ime  (Yuen and Nelson 1983). As m igh t  be expected t h e  percen t -  
age o f  4, age c l a s s  inc reased  through t ime  a t  b o t h  coun t i ng  towers w h i l e  t h e  oppo- 
s i t e  was t r u e  f o r  t h e  5, age c lass .  



Table 6. Sample s i z e  and percent age composition of the  sockeye salmon 
captured a t  Sta t ion I of the lower Nushagak River, 1978. 

Time 
per i od 

Sample Percent age composition 
s i z e  4 2  5 2 5 3 6 2 6 3  Other 

Overall 589 31.1 65.0 1.0 1.0 1 .9  0.9 

Overall represents age composition taken across the e n t i r e  r u n ,  not 
the  average age composition of the four time periods. 



Table 7. Sample s i z e  and percent age composition of the sockeye salmon 
captured a t  Sta t ion I 1  of the lower Nushagak River, 1978. 

Time Sampl e Percent age composition 
period s i z e  4 2 5 2  5 3 6 2  6 3  Other 

Overall l 182 23.7 73.7 0.5 1.1 0.5 0.5 

Overall represents age composition taken across the e n t i r e  r u n ,  not 
the  average age composi t ion  of the four time periods. 



Table 8. Sample s i z e  and percent age composition o f  the sockeye salmon 
captured a t  Stat ion I11 of the  lower Nushagak River, 1978. 

Time Sampl e Percent age composition 
period s i z e  42 5 2 5 3 62 63 Other 

Overall 376 23.7 75 .2  0.3 0.8 0.0 0.0 

Overall represents age composition taken across the e n t i r e  r u n ,  not 
the average age composition of the  four time periods. 



Table 9. Sample s i z e  and percent age composition of the sockeye salmon 
captured a t  Sta t ion IV of the  lower Nushagak River, 1978. 

Time Sampl e Percent age composition 
period s i z e  42 5 2 5 3 6 2 6 3 Other 

Overall 224 12.8 85.4 0.0 1.8  0.0 0.0 

Overall represents age composition taken across the  e n t i r e  r u n ,  not 
the  average age composition o f  t h e  four periods. 



Table 10. Sample s i z e  and percent  age  composition of the  sockeye salmon 
captured a t  S t a t i o n  V of t he  lower Nushagak Rfver,  1978. 

Time 
period 

Sample Percent  age composi t i  on 
s i z e  42 5 2 5 3 6 2  6 3 Other 

Overall  43 1 15.5 78.4 0 .9  1 .9  4.2  0.0 

Overall  r ep re sen t s  age composition taken ac ros s  t h e  e n t i r e  run ,  no t  
t h e  average age composition o f  t h e  fou r  time per iods .  



Table 11. Estimated percent of Wood River stock and other Nushagak stocks 
a t  f i v e  sampling s t a t i ons  i n  the lower Nushagak River i n  1978 
a s  a l located by age c l a s s  analysis .  

Percent 90% 
Sta t ion Stock composi t i  on conf iPence factor1  

I Wood River 
Other Nushagak 

I I Wood River 
Other Nushagak 

I 1 1  Wood River 
Other Nushagak 

IV Wood River 
Other Nushagak 

V Wood River 
Other Nushagak 

90% confidence in terval  may be obtained by adding and subtract ing t h i s  
f a c to r  from the  average. T h i s  confidence in terval  i s  known t o  be l i b -  
e r a l .  



D i s t a n c e  U p  T h e  N u s h a g a k  R i v e r  

Figure 4. Plot  of estimated percentage of Wood River stock,  a s  al located 
by age composition analys is ,  vs dis tance  up  the Nushagak 
River. 



Scale Pattern Analysis 

I constructed the "known" samples from the scale pattern data of sockeye salmon 
captured a t  the Wood River and Nuyakuk River counting towers. A sample of 150 
age 5, scales was measured from each stock. Scale collections were taken from 
the spawning grounds of the Nushagak and Mulchatna Rivers b u t  these scales were 
too resorbed to  measure for  scale pattern analysis. This bias will be discussed 
l a t e r .  The known samples were randomly divided into learning and t e s t  samples, 
each of which contained data from 75 scales from each stock. The classif icat ion 
model was constructed using the stepwise l inear  discriminant function routine of 
the SPSS computer package. The classif icat ion model was then tested by classify- 
ing the t e s t  samples. The designations of the learning and t e s t  samples were 
then switched and the en t i re  procedure was repeated. The resulting two c l a s s i f i -  
cation matrices were estimates of the accuracy of these model s.  The f i r s t  model 
c lassif ied 83.3% of the t e s t  samples correctly and the second model correctly 
classif ied 84.0% of the t e s t  samples (Table 1 2 ) .  

The average accuracy of the models was 83.72 or 33.7% bet te r  than would have 
been classif ied by chance alone. 

The f ive most important variables in both models were from the following zones: 

1 ) Firs t  summer's growth, freshwater, 

2 )  Plus growth, growth of second summer prior to  seaward migration, 

3) Fourth winter 's  growth, growth during the final winter a t  sea, 

4) F i rs t  winter 's  growth, growth d u r i n g  the f i r s t  winter in freshwater, and 

5) Second winter 's  growth, growth during the f i r s t  winter a t  sea. 

One model might have chosen incremental distance of the zone while the other might 
have chosen number of c i r cu l i ,  b u t  these measures were highly correlated and i t  
was the zone of growth which was of most in te res t .  

The number of the unknown samples taken a t  the five s tat ions are  1 is ted in Table 
13. Results of classifying the unknown  samples of each s tat ion are  presented in 
Table 14 along with the 90% confidence intervals of the estimates. The average 
of the two models yielded the best point estimate of the stock composition a t  
each s tat ion.  These data indicated that  the percentage of Wood River stock which 
occurred a t  s ta t ions I ,  11, 111, and I V  were significantly greater than zero a t  
an alpha level of 0.10. The largest estimate of the percentage Wood River salmon 
occurred a t  s ta t ion  I 1  (34.7%) while the lowest estimate was a t  s ta t ion  V (7 .4%)  
The percentage Wood River estimate was plotted against distance upstream from the 
confluence with the Wood River in Figure 5. A l inear  regression of these e s t i -  
mates yielded an R value of -0.603. This low R value indicated a decline in the 
percentage of Wood River stock with upstream distance, b u t  a 1 inear mode1 was not 
adequate to predict how fa r  upstream zero percent Wood River f ish would have 
occurred. 



Table 12. Class i f icat ion matrices of the  two c l a s s i f i c a t i on  models 
created to determine the percent of Wood River stocks a t  
f i ve  s t a t i ons  on the lower Nushagak River in  1978. 

Known stock origin 
Classif ied stock or igin  # ( % )  

tllood River Nuya ku k River 
-- - 

Model 1 

Wood River 

Nuya k u  k River 

To ta l 

Overall accuracy 

Model 2 

Wood River 

Nuyakuk River 

Total 

Overall accuracy 



Table 13. Sample s i z e s  of the 5, age c lass  scales  measured f o r  sca le  
pat tern  analys is  a t  the  f i v e  s t a t i ons  on the lower Nushagak 
River in 1978. 

Date 
Sta t ion 

I I I I11 I v v Total 

June 24 
25 
2 6 
27 
28 
29 
3 0 

July 1 
2 

Total 183 95 195 90 190 753 

* No samples were col lec ted on these dates.  



Table 14. Estimated percent of Wood River stock and Nuyakuk stock a t  
f i v e  sampling s ta t ions  in the lower Nushagak River in 1978 
as  al located by scale  pat tern  analys is .  

Percent composi t.ion 
- 

90% confidence 
Sta t ion Stock Model 1 Model 2 X fac tor1  

I Wood River 15.9 27.7 21.8 11.6 

Nuyakuk River 84.1 72.3 78.2 11.6 

I I Nood River 

Nuyakuk River 

I11 Wood River 

Nuyakuk River 

I V Wood River 

Nuyaku k River 

V Wood River 

Nuya k u k  Ri ver 

90% confidence interval  may be obtained by adding and subtracting t h i s  
fac to r  from the  average. This confidence in terval  i s  known t o  be con- 
servative.  
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D i s t a n c e  U p  T h e  N u s h a g a k  R i v e r  

Figure 5. Plot o f  estimated percentage of Wood River stock, as allocated 
by scale pattern analysis, vs distance u p  the Nushagak River. 



DISCUSSION 

In th i s  section I will discuss the l imitations of each of the three approaches 
which I used to evaluate the objectives. I will point out how the study could 
be improved should i t  be carried out again. Finally, I will summarize the 
resul ts  and evaluate the objectives in l ight  of these resul ts .  

The sampling scheme of th i s  study could have been improved i f  an al ternate  capture 
gear were available. Gillnets are s ize  select ive,  and may have biased the age 
composition of the mixed stock samples. I believe that  beach seines would not 
have been an effective sampling gear in the lower Nushagak River due to  the depth 
and velocity of the river.  A series of stationary traps might have been the most 
effective means of sampling the r u n  without bias in th i s  r iver .  The traps would 
have been fished most effectively during the flood t ide  when strays from the Wood 
River would be most l ikely to occur in the study area. Unless a trap were damaged, 
i t  would have fished continuously and missing data would not have been a problem. 
Sampling and tagging salmon from the holding pen of a trap would have been rela- 
t ively easy and not so subject t o  the time constraints of the g i l l n e t  capture 
methodology. The drawback to traps i s  that  they would have been expensive to 
build and would have required instal la t ion prior to the beginning of the run. 

Tagging 

The tagging portion of the study demonstrated that  some sockeye salmon captured 
within the study area did return downstream and eventually migrated up the Wood 
River past the counting tower. Tagging may have affected the behavior of the 
f i sh ,  b u t  I do not believe that  tagging will induce a salmon to  spawn in another 
stream. 

This be1 ief  i s  supported by a study done by Ricker and Robertson (1935). They 
fin-clipped 100 sockeye salmon below a f i sh  weir on Swel tzer  Creek, British Col- 
umbia. Some marked f ish did backtrack downstream and were observed in downstream 
tr ibutar ies .  However, these f ish ascended the t r ibutar ies  no more than 0.4 km 
and eventually returned to  Sweltzer Creek. Ricker and Robertson eventually recov- 
ered a l l  100 marked f ish a t  the weir o r  on the spawning grounds. All of the recov- 
e r ies  were found in Sweltzer Creek. None of the salmon were induced to spawn in 
a non-natal stream by captured, hand1 i n g ,  or muti la t ion.  

The tagging data would have been more useful i f  the tags were released proportion- 
a te  to  the abundance and timing of the run and i f  different  color streamers were 
used a t  each sam~l ina s tat ion.  Mu1 t i ~ l e  colors of streamers were not available 
because of confl ;ctsdwi t h  other tagging studies occurring in Bri st01 Bay during 
1978. 

Age Class Analysis 

The use of g i l lne t  captured samples introduced an unknown bias into the age com- 
position estimates, b u t  the bias was constant throughout the study area. There- 
fore,  the trend of a decreasing proportion of age 4, sockeye salmon with respect 
t o  distance upstream from the confluence of the Wood River remains unchanged. 

The 13.6 cm (5-3/8 in )  mesh g i l lne t s  selected for  larger salmon of the older age 
classes. The estimates of the 4, age class were smaller than the actual percent- 



ages within the study area and the estimates of  the percentage of Wood River 
stock were too low. If  the g i l lne t s  captured only 90% of the actual 4, age 
salmon, relat ive to a 100% capture ra te  for  age 5, salmon, then the age 4, bias 
was 10%. I calculated the estimates of the Wood River stock for  age 4, biases 
of lo%, 20%, 30%, and 40% (Table 15).  These data indicate that  even i f  40% of 
the age 4, sockeye salmon were los t  from the g i l l n e t ,  the percentage of Wood 
River salmon estimated increased by a maximum of 11 .7% (s ta t ion  I ) .  The l inear  
trends change very l i t t l e  and s t i l l  indicate that  the Wood River stock occurred 
through the f ive  sampling s tat ions (Figure 6 ) .  I t  i s  my conclusion that  g i l lne t  
bias did n o t  seriously affect  the resul ts  of interpretation of the age class 
composition analysis. 

Scale Pattern Analysis 

The scale pattern analysis was limited in two ways. The analysis only applied to  
salmon of the 5, age class and the resul ts  were biased by not including known 
samples from the Nushagak and Mulchatna sockeye salmon stocks. The 5, age class 
was most abundant throughout the study area and in the escapement to  the upper 
Nushagak River drainages in 1978 while the age 4, age class was the most abundant 
age class in the Wood River stock (Table 2 and Tables 6 to 10).  Therefore, the 
highest proportion of Wood River salmon would be expected to  occur in the 4, age 
class.  The omission of known samples of the Nushagak and Mulchatna stocks from 
the classif icat ion model was a more serious problem. Since 12.1% of the age 5, 
salmon which spawned in the upper Nushagak River drainage belonged t o  one of 
these two stocks, then up  t o  12.1% of the samples taken in the lower Nushagak 
River were misclassified by the model. I f  a l l  sockeye which belonged to the 
Nushagak-Mulchatna stocks were classif ied as be1 ongi ng to  the Wood River stock 
then the estimates of the percentage of Wood River stock are  12.1% too high. If 
the opposite were true and a l l  of the Nushagak-Mulchatna stocks were assigned t o  
the Nuyakuk stock, then the estimates of the percentage of Wood River stock were 
12.1% too low. Most l ike ly ,  the bias was somewhere between these two cases. No 
matter what the actual level of the bias was, i t  was constant. Therefore, the 
trend of a decreasing proportion of the Wood River stock with respect to  distance 
upstream from the confluence with the Wood River would remain unchanged. I feel 
that  the two limitations of the scale pattern analysis were severe enough that  
the estimates of the percentage of Wood River salmon occurring a t  each s tat ion 
could not be themselves be used to determine the upstream l imi t  of straying. How- 
ever, the estimates of the percentage of Wood River stock a t  the f ive s tat ions 
obtained by scale pattern analysis do agree closely with the estimates obtained 
by age class composition analysis (Figure 7 ) .  This suggests that  the bias because 
of omission of the minor stocks from the classif icat ion model did not seriously 
a l t e r  the scale pattern analysis resul ts .  

Summary 

The tagging data,  age composition analysis,  and scale pattern analysis a1 1 indi- 
cate that  some Wood River sockeye salmon did occur in the study area during 1978. 
The f i r s t  objective i s  then clearly resolved. Sockeye salmon from the Wood River 
stock do s t ray past the confluence of the Wood and Nushagak Rivers into the study 
area. 

The age composition and scale pattern analysis both indicate a decling proportion 
of the Wood River stock with respect to distance upstream from the mouth of the 



Table 15. Percentage of Wood River s tock occurr ing a t  f i v e  s t a t i o n s  i n  t h e  
lower Nushagak River a s  a l l o c a t e d  by age  composition a n a l y s i s  and 
ad jus ted  f o r  four  l e v e l s  of g i l l n e t  b i a s .  

Original  Bias l eve l1  
S t a t i o n  es t imate  10% 20% 30% 40% 

Bias ca l cu la t ed  a s  follows-: 

- Example f o r  b i a s  leve l  of 20%. 

- S t a t i o n  I1 I : 89 salmon age 4,, from 376 t o t a l  samples. 

- 89 salmon x 1.20 b i a s  = 106.8 ad jus t ed  age 4, salmon. 

- (106.8 - 89)  + 376 = 393.8 ad jus t ed  t o t a l  samples. 

- 106.8 a d j .  age 4, 
393.8 a d j .  t o t a l  

= .271 ad jus t ed  propor t ion  age 4,. 

.271 - x 100% = 24.6% Wood River s tock .  .649 



D i s t a n c e  U p  T h e  N u s h a g a k  R i v e r  

F i g u r e  6. E f f e c t  of g i l l n e t  b i a s  on es t imates  o f  t h e  percentage o f  
Wood R i v e r  s tock  i n  t he  lower  Nushagak R iver ,  as a l l o c a t e d  
by age composit ion. 



A : A g e  C o r n p o s i t i  o n  

S : S c a l e  P a t t e r n  

D i s t a n c e  U p  T h e  N u s h a g a k  R i v e r  

Figure 7. Comparison of the resul ts  of scale pattern analysis and age 
composition analysis in estimating the percentage of Wood 
River stock a't. the f ive  sta.ti.ons on the lower Nushagak River. 



Wood River. The exact percentage of Wood River stack a t  any single point along 
the r iver  must vary with t ide  stage, stage of the run, and certainly between 
years. A precise estimate of the percentage of Wood River stock occurring a t  
any point along the river i s  of l i t t l e  value. I t  i s  the trend that  indicates 
the upstream 1 imi t of the occurrence of the Wood River stock. 

The age class analysis trend indicated that  some Wood River sockeye salmon 
occurred in lower Nushagak River as f a r  as  55.4 km above the mouth of the Wood 
River. I t  i s  my conclusion that  the sonar enumeration project should be located 
a t  l eas t  th i s  f a r  upstream. I f  the sonar project must be located downstream 
from th i s  point, then i t  can be expected that  some sockeye salmon of the Wood 
River stock will be enumerated. 

The s i tuat ion of non-natal salmon stocks occurring in the lower reaches of r ivers  
i s  probably wide spread and should be considered in designing any escapement 
sampling or enumeration projects. The resu l t s  of this  investigation can not 
be applied direct ly  to  other s i tuat ions b u t  might be used as an example of the 
extent of straying which can occur. The methodology presented here could be 
applied to other s i tuat ions t o  resolve similar objectives. 
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APPENDIX A 

The following i s  an overall outline of the generalized scale pattern analysis 
methodology. A flow diagram i s  a lso included to demonstrate the dynamics of 
the process. 

1. A random unbiased scale sample i s  collected from known numbers of each 
stock which might possibly occur in the mixed population. These samples 
a re  designated as  known sampl es. 

2.  The scale samples a re  aged and the age composition of each stock i s  
calculated. Because scale character is t ics  vary between age classes,  
only samples of the dominate age class taken across a l l  stocks, are 
used for  the remainder of the analysis. 

3.  One or more scale character is t ics  a re  measured from each remaining sample. 
The group membership and each scale character is t ic  measurement i s  recorded 
as a variable, thus establishing a data case f o r  each f i sh ,  a data group 
for  each stock, and a -- data s e t  f o r  t h e e n t i r e  population. 

4. Descriptive s t a t i s t i c s  a re  calculated f o r  each variable across each data 
group and the en t i re  data se t .  Upon review of these s t a t i s t i c s ,  the 
researcher may wish to  modify the data s e t  in one of the following ways: 

A.  Transformations; modifying variables to  reduce the variance or 
improve conformity to  normality. 

(1)  Scaling 

( 2 )  Weighting 

B. Reductions; selecting only the best variables. 

C. Combinations; combining variables to  create new ones. 

5. Each data group i s  then randomly divided into two subgroups. One sub- 
group i s  designated as a learning sample and the other i s  designated as 
a t e s t  sampl e. 

6. The learning samples a re  used to create a c lassif icat ion model. This 
model is some s e t  of mathematical rules which then a p p l i e x a  data 
case, predict the most probable group (stock) origin. Techniques for  
creating these rules include discriminant function analysis,  Bayesian 
c lass i f ica t ion ,  and nearest neighbor classif icat ion.  

7. The accuracy of the model i s then tested by classifying the t e s t  sampl es. 
Thus, a c lassif icat ion matrix, an unbiased estimation of c lassif icat ion 
errors ,  i s  calculated fo r  the model. 

8. I f  the accuracy of the model i s  suf f ic ien t  t o  reliably distinguish 
between the stocks, the stock composition of an unknown sample, obtained 
from a population of mixed stocks, may be c a l c u l a t e d .  
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Flow char t  o f  stock ident i f icat ion methods. 



9. The unknown sample i s  collected and processed exactly as described in 
steps 1 through 4 above thus creating an unknown data group. 

10 .  . A -- f i r s t  order estimate of stock composition i s  created by classifying 
the unknown data group with the classif icat ion model. 

11. A second order estimate of stock composition i s  then calculated by 
correcting the f i r s t  order estimate by the estimate of c lassif icat ion 
errors (classif icat ion matrix). 

12. Estimates of the variance and confidence intervals of the second order 
estimates may a1 so be calculated. 

A few 1 imitations of th i s  technique should be noted. Each data case may only be 
classif ied to one of the groups which were included within the model. If an 
unknown sample contains scales from salmon of stocks which a r e n ' t  included i n  
the known samples, an erroneous stock composi tion estimation w i  11 be calculated. 
If  the percentage of external samples within an unknown data group i s  small, the 
resulting error  will a1 so be small. The total  contribution of minor stocks and 
stocks from other geographical areas must be considered when designing a stock 
identification program. 

The accuracy of th is  technique and thus i t s  re1 i ab i l i  ty i s  d i rec t ly  related to 
the number of groups represented in the classif icat ion model. As the number of 
groups represented i n  the model increases, the number of possible errors  in 
classif icat ion also increases. If everything e l se  i s  equal, a model containing 
two groups will c lassify more accurately than a model containing three or  more 
groups. 

Once a stock composition estimate i s  calculated for  an uknown sample based upon 
a l l  possible stocks, i t  i s  possible to eliminate from the model the groups which 
e i ther  a r e n ' t  present in the estimate or  a re  present a t  very low frequencies, the 
model may then be recalculated. The revised estimate will contain a small bias 
due to  the minor occurrence of external groups b u t  the composition estimates of 
the remaining groups will be more precise. In most cases, t h i s  i s  an acceptable 
trade-off because management decisions are  usually based on the stocks which are 
most abundant in a mixed stock population. However, this procedure i s  not advis- 
able i f  the researcher i s  interested i n  an accurate estimation of the percentage 
of a stock which occurs a t  a low frequency in the mixed stock population. 
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