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ABSTRACT 

The s t o c k  compos i t i on  o f  t h e  1983 sockeye salmon (Oncorhynchus nerka)  r u n  t o  t h e  
C h i g n i k  R i v e r  system, Alaska,  was e s t i m a t e d  u s i n g  s c a l e  p a t t e r n s  and l i n e a r  d i s -  
c r i m i n a n t  f u n c t i o n  a n a l y s i s .  Scale samples c o l l e c t e d  i n  Ch iqn i k  Lagoon were 
used t o  e s t i m a t e  t h e  age and s t o c k  compos i t i on  o f  t h e  commercial  c a t c h  and d a i l y  
escapements. The s t o c k  compos i t i on  o f  t h e  1.2, 1.3, and 2.3 age c l a s s e s  was 
m o n i t o r e d  t h roughou t  t h e  p e r i o d  o f  t r a n s i t i o n  f rom t h e  B lack  Lake s t o c k  t o  t h e  
C h i g n i k  Lake s t o c k  ( 5  June t o  22 J u l y ) .  Mean c l a s s i f i c a t i o n  a c c u r a c i e s  o f  t h e  
a g e - s p e c i f i c  l i n e a r  d i s c r i l n i n a n t  f u n c t i o n s  f o r  t h e  1.2,  1 .3,  and 2.3 age c l a s s e s  
were 83%, 71%, and 83%, r e s p e c t i v e l y .  The t o t a l  r e t u r n  o f  sockeye salmon t o  t h e  
C h i g n i k  l a k e s  i n  1983 was 2,977,012 f i s h ,  wh ich  was t h e  l a r g e s t  r e t u r n  s i n c e  1947. 
The e s t i m a t e d  escapement and commercial c a t c h  t o t a l s  f o r  each s t o c k  were: B lack  
Lake, 426,177 escapement, 856,292 ca t ch ,  and 1,282,469 t o t a l  r un ;  and Ch iqn i  k  
Lake, 409,458 escapement, 1,285,085 ca t ch ,  and 1,694,543 t o t a l  r u n .  The c o n t r i -  
b u t i o n  o f  t h e  1.2 age c l a s s  t o  t h e  B lack  Lake r u n  was t h e  l a r g e s t  e v e r  recorded,  
b o t h  i n  number (487,004) and by p e r c e n t  o f  r u n  (38%) .  

KEY WORDS: Ch ign i  k ,  B lack  Lake, s t o c k  compos i t i on ,  1  i n e a r  d i s c r i m i n a n t  f u n c t i o n ,  
age composi t i  on, ca t ch ,  escapement 



INTRODUCTION 

The Ch ign i k  lakes  watershed i s  274 km west  o f  Kodiak I s l a n d  on t h e  south s i d e  of 
t h e  Alaska Pen insu la .  There a r e  two l a r g e ,  i n te rconnec ted  l akes  i n  t h e  watershed, 
Black Lake and Ch ign ik  Lake, w i t h  a  s i n g l e  o u t l e t  r i v e r  which empties i n t o  a  
n e a r l y  enclosed es tua ry ,  Ch ign i  k  Lagoon ( F i g u r e  1 ) .  The two ma jo r  sockeye salmon 
(Oncorhynchus nerka)  s tocks  i n  t h e  Ch ign i k  R ive r  system spawn i n  d i f f e r e n t  areas 
and have a  d i f f e r e n t  t ime  o f  spawning m i g r a t i o n ,  1  eng t h  o f  f r eshwa te r  res idence 
as j u v e n i l e s ,  and age a t  m a t u r i t y  (H igg ins  1934; Narver  1963). The r e t u r n i n g  
a d u l t s  o f  one s tock  pass th rough t h e  f i s h e r y  m o s t l y  i n  June and spawn i n  t h e  t r i b -  
u t a r i e s  t o  B lack  Lake (B lack  Lake s t o c k ) .  A d u l t s  f rom t h e  o t h e r  s tock  pass th rough  
t h e  f i s h e r y  m o s t l y  i n  J u l y  and spawn i n  t h e  t r i b u t a r i e s  t o  Ch ign i k  Lake, i n c l u d i n g  
B lack  R ive r ,  and Ch ign ik  Lake beach areas (Ch ign i k  Lake s t o c k ) .  

Narver  ( 1  966) and Dahl be rg  (1  968) independent ly  es t ima ted  t h e  optimum escapement 
goa ls  f o r  t h e  Ch ign i k  s tocks  as 400,000 f o r  B lack  Lake and 200,000 f o r  Ch ign ik  
Lake. S ince 1966, t h e  sockeye salmon r u n  t o  Ch ign ik  has been managed t o  ensure 
t h a t  these escapement goa ls  a r e  met. The e f f e c t i v e n e s s  o f  t h i s  management s t r a t e g y  
i s  e v i d e n t  f rom t h e  increases i n  t he  annual Ch ign i k  sockeye salmon runs  d u r i n g  t h e  
l a s t  30 yea rs  ( F i g u r e  2 ) .  For  t h e  t h r e e  most r e c e n t  ten-year  pe r i ods ,  t h e  average 
t o t a l  annual r e t u r n s  a r e :  

1953-1962, 0.87 m i l l i o n ;  
7963-1972, 1.28 m i l l i o n ;  
1973-1982, 2.04 m i l l  i o n .  

The recovery  o f  t h e  Ch ign ik  sockeye salmon r u n  f rom a  p e r i o d  o f  r e c o r d  low abun- 
dance s t r o n g l y  suppor ts  t h e  c o n t i n u a t i o n  o f  p resen t  management s t r a t e g i e s .  

Al though t h e  p e r i o d s  o f  peak passage o f  t h e  Ch ign ik  sockeye salmon s t ~ c k s  a r e  
u s u a l l y  two o r  t h r e e  weeks a p a r t ,  enumerating t h e  ca tch  and escapement o f  each 
s tock  i s  compl ica ted because t h e r e  i s  a  p e r i o d  o f  ove r lap ,  f rom about  mid-June 
t o  mid-Ju ly ,  when b o t h  s tocks  pass th rough t h e  f i s h e r y  and e n t e r  t h e  escapement. 
To manage t h e  r u n  f o r  optimum escapements f o r  two s tocks  s imul taneous ly ,  in-season 
es t imates  o f  t h e  numbers o f  each s tock  i n  t he  d a i l y  escapement a r e  r e q u i r e d .  
Post-season es t ima tes  o f  t h e  t o t a l  ca tch  and escapement f o r  each s tock ,  and t h e  
age c o n ~ p o s i t i o n  o f  each of these components, a r e  needed t o  compi le  brood-year 
t a b l e s  f o r  each s tock  and t o  f o r e c a s t  t h e  r e t u r n  by s tock  i n  subsequent years .  

Dahlberg (1968) developed t h e  f i r s t  techn ique f o r  sepa ra t i ng  t h e  two s tocks  i n  
t h e  ca tch  and escapement u s i n g  data f rom tagg ing  exper iments conducted f rom 1962- 
1966. The p r o p o r t i o n  o f  each s tock  p resen t  on each day o f  t h e  r u n  was es t ima ted  
by f i t t i n g  a  l o g i s t i c  curve  t o  a  y e a r ' s  t agg inq  data.  These curves a r e  u s u a l l y  
r e f e r r e d  t o  as t ime-o f -en t r y  (TOE) curves.  Conrad (1  984) sunimar i z e d  Dahl b e r g ' s  
method o f  deve lop ing  a  TOE curve  f rom a  y e a r ' s  t agg ing  data  and sunirnarized t h e  
methodology by a p p l y i n g  s tock  compos i t ion  es t imates  t o  t h e  r u n  t o  es t ima te  t h e  
t o t a l  numbers and age compos i t ion  o f  each s t o c k  i n  t h e  ca tch  and escapement. A 
TOE cu rve  which i s  t h e  average o f  t h e  curves c a l c u l a t e d  from the  1962-1969 tagg ing  
exper iments has been used t o  es t ima te  t h e  s tock  compos i t ion  o f  t h e  Ch ign i k  sockeye 
salmon r u n  u n t i l  r e c e n t l y .  







Conrad (1982; 1984) devel oped an a1 ternate  method for  estimating the stock 
composition of the Chignik sockeye salmon run using scale patterns and l inear  
discriminant function analysis.  This method provides year-specific stock com- 
position estimates and i s  based on information col 1 ected throughout the main 
portion of the r u n .  The 1978-1982 Chigni k sockeye salmon runs were analyzed 
with t h i s  procedure, and an in-season application of the technique was evaluated 
(Conrad 1984). 

This report presents the resul t s  of a post-season scale pattern analysis of the 
1983 sockeye salmon run to  Chignik. Basic run s t a t i s t i c s  and the resul t s  of the 
intermediate steps of the scale pattern analysis method of separating the stocks 
are  given. Estimates of the numbers of f i sh  from each stock in the catch and 
escapement, and the age composition of each component, a re  presented. 

METHODS 

The Chignik management area i s  divided into four management d i s t r i c t s .  For t h i s  
report the Central Dis t r i c t  i s  divided into two smaller sub-dis t r ic ts ,  Hook Bay/ 
Kujulik and Aniakchak (Figure 3 ) .  Connnercial f ishing in the Chignik management 
area i s  exclusively by purse seine. The dai ly sockeye salmon catch in each dis-  
t r i c t  or sub-dis t r ic t  i s  summarized from f ish  t i cke t  information provided by 
salmon processors. Tradit ionally,  80% of the sockeye salmon caught by the Cape 
Igvak purse seine f ishery have been allocated to the Chignik r u n  and tha t  procedure 
i s  followed fo r  t h i s  report.  The to ta l  escapement of sockeye salmon t o  the Chignik 
system i s  estimated from counts made a t  the weir located on Chignik River. 

The scale samples used to  estimate the stock and age composition of the Chignik 
r u n  were collected in Chignik Lagoon. Because the commercial catch in areas out- 
s ide of Chigni k Lagoon and the escapement to Chigni k River must be adjusted t o  
coincide with the dai ly catch in the Lagoon before these estimates can be applied, 
the following migration times from the outside areas were assumed and consequently 
used: Hook Bay/Kujul i k ,  1 day; Aniakchak, 2 days; Western, 2 days; Eastern, 3 days; 
Perryvil le ,  3 days; and Cape Igvak, 5 days. A one-day migration time from Chignik 
Lagoon t o  the weir was used to adjust  the escapement estimates. To determine the 
to ta l  dai ly run abundance, each escapeliient estimate and catch from an outside area 
was adjusted to coincide with a Chignik Lagoon date and then summed for  each day of 
the r u n .  

Scale samples t o  monitor the age and stock composition of the run were periodically 
collected in Chignik Lagoon throughout June, July, and August. During the c r i t i c a l  
period of t rans i t ion  between the Black Lake stock and the Chiqnik Lake stock, 
samples were usually collected every th i rd  or  fourth day. Scale samples were 
collected from the catches made by two o r  three boats as they delivered to  tenders 
in Chignik Lagoon. I f  the f ishery was closed and scale samples were needed, a boat 
was chartered and two or three areas of the Lagoon were sampled. 

Approximately 300 scales were col 1 ected during each sainpl ing session. The pre- 
ferred scale (Clutter  a n d  lJhitese1 1956), or a scale near i t ,  was removed froill 
the l e f t  s ide of each f i sh  sampled. Each scale was mounted on a gurnrrred card, and 
the sex and mideye-to-fork-of-tail length of the f i sh  was recorded. A permanent 



Figure 3. The Chignik area fishing d i s t r i c t s  and the modifications made for  
th i s  report.  



impression of each gummed card was l a t e r  made in  c e l l u l o s e  ace t a t e .  Scale images 
were projected a t  82X on a microfiche reader  f o r  aging. 

Linear di scrimi nant funct ion ( L D F )  analysi  s  and measurenients made in the  1 a cus t r i ne  
zone of t he  s ca l e s  were used t o  es t imate  t he  stock composition of t he  Chignik sock- 
eye salmon run. Scale impressions were projected a t  210X and de t a i l ed  measurements 
of t he  l a c u s t r i n e  zone were made using a tnicrocomputer control  1 ed d i g i t i z i n g  system 
(Conrad 1984).  For each l a c u s t r i n e  annular  zone, t he  t o t a l  number of c i r c u l i  in  
the  zone, t he  t o t a l  width of the  zone, and t he  d i s tance  from the  s ca l e  focus to  
each c i r cu lu s  in  the  annular zone were recorded. The number of c i r c u l i  of lacus-  
t r i n e  plus growth ( s e e  Mosher [I9691 f o r  d e f i n i t i o n )  and the  width of the  zone of 
l a c u s t r i n e  plus growth were recorded. The s ca l e  charac te r s  examined f o r  the  L D F  
ana ly s i s  included those measured d i r e c t l y  from each s ca l e  and combinations of t he  
charac te r s  (Conrad 1984).  

Scale samples represen ta t ive  of t he  Black Lake and Chignik Lake s tocks  ( s tandards )  
were constructed f o r  t h e  1 .Z1, 1 .3 ,  and 2.3 age c l a s se s  i n  1983. Scales  f o r  the  
Chignik Lake s tandards  were randomly se lec ted  from the samples co l lec ted  i n  Chig- 
nik Lagoon a f t e r  27 July .  The Black Lake s tandards  were s ca l e s  randomly se lec ted  
from those co l l e c t ed  by beach seining a t  the  o u t l e t  of Black Lake. A l i n e a r  d i s -  
criminant funct ion was ca lcu la ted  f o r  each age c l a s s  following t he  procedure of 
Fisher  (1936). Se lec t ion  of s ca l e  charac te r s  t o  be used i n  each ana ly s i s  was 
through a forward s tepping technique with an F-to-enter of 4.0 (Dixon and Brown 
1979). A near ly  unbiased es t imate  of t he  c l a s s i f i c a t i o n  accuracy of each age- 
s p e c i f i c  LDF was determined using a 1 eaving-one-out procedure (Lachenbruch 1967).  

Scale samples co l l e c t ed  i n  Chignik Lagoon during the  period of t r a n s i t i o n  ( 5  June 
t o  22 J u l y )  were used t o  es t imate  the  proportion of each stock i n  t he  ca tch .  A 
maximum of 100 s c a l e s  were measured f o r  each age c l a s s  on a sample da te .  I f  l e s s  
than 15 s c a l e s  f o r  an age c l a s s  were ava i l ab l e ,  t h a t  age c l a s s  was omitted f o r  t h a t  
sample da te .  For each age c l a s s ,  t h e  appropria te  LDF was used t o  c l a s s i f y  t he  
s ca l e s  of unknown stock composition. The es t imates  of the  proportion of Black 
Lake and Chignik Lake s tocks  present  on a sample da t e  f o r  an age c l a s s  were ad jus ted  
by t h e  c l a s s i f i c a t i o n  matrix cor rec t ion  procedure of Cook and Lord (1 978),  and t he  
var iance of each adjusted stock composition es t imate  was ca lcu la ted  (Pe l la  and 
Robertson 1979). The adjusted s tock composition es t imates  f o r  each age c l a s s  were 
then smoothed by a moving average of t h r ee  sample da tes  (Conrad 1984) t o  reduce t h e  
e f f e c t s  of any b i a s  from unrepresentat ive  sampling i n  the Lagoon. The stock compo- 
s i t i o n  on days between sampling da t e s  was estimated by l i n e a r  i n t e rpo l a t i on  of t he  
smoothed es t imates .  

The t o t a l  catch o r  escapement on each day of the  r u n  ( ad jus ted  t o  Chignik Lagoon 
d a t e )  was a l l oca t ed  by age c l a s s  using the  da i l y  age composition es t imates .  The 
age composition of the  run f o r  days between sampling da tes  was estimated by l i n e a r  
i n t e rpo l a t i on .  Catch and escapement by age c l a s s  f o r  each s tock  was estimated f o r  

' European forinu?.a: Nutllber of f reshwater  annul i  , d e c i ~ ~ ~ d l  po in t ,  nulnhcr of 111ar-i ne 
annul i .  The t o t a l  age i s  the  sutli of these  two null~bers plus one. 



each day o f  t h e  r u n  by app ly ing  t h e  snioothed s tock  compos i t ion  es t ima te  t o  t h e  
numbers i n  t h e  age c l a s s .  For  the  age c lasses which had no s tock  compos i t ion  
es t imates ,  > t h e  average o f  t he  a v a i l a b l e  es t imates  was used. Seasonal es t imates  
o f  ca tch  and escapement,by s tock  were t h e  sum o f  t h e  d a i l y  es t imates .  

RESULTS 

The sockeye salmon run  t o  Ch ign ik  i n  1983 was the  l a r g e s t  s i n c e  1947 t o t a l i n g  
2,977,012 f i s h  (Appendix Table 1 ) .  The es t imated escapement was 835,635 and t h e  
ca tch  was 2,141,377. U s u a l l y  t h e r e  a r e  two d i s t i n c t  peaks i n  t h e  d a i l y  abundance 
o f  t h e  Ch ign ik  sockeye salmon runs, one i n  June and one i n  J u l y .  I n  1983, a  d i s -  
t i n c t  peak i n  June was n o t  apparent, b u t  a  s e r i e s  o f  n e a r l y  equal peaks from 15 
June t o  30 June occur red ( F i g u r e  4 ) .  The second p e r i o d  o f  h i g h  d a i l y  abundances 
occur red f rom 10 J u l y  t o  25 J u l y ,  w i t h  a  peak d a i l y  m i g r a t i o n  o f  n e a r l y  100,000 
f i s h  on 12 J u l y .  

Age Composit ion 

Scale samples were c o l l e c t e d  i n  Ch ign i  k  Lagoon on 18 separate days between 5  June 
and 23 August (Appendix Table 2 ) .  Sampling was even ly  d i s t r i b u t e d  throughout  t h e  
pe r iods  o f  peak d a i l y  abundances i n  June and J u l y .  I n  e a r l y  June, t h e  1.3 age 
c l a s s  dominated t h e  catch,  b u t  i t s  dominance d e c l i n e d  r a p i d l y  and by 17 June t h e  
1.2 age c l a s s  was t h e  most abundant ( F i g u r e  5 ) .  The 1.2 age c l a s s  remained t h e  
dominant age c l a s s  f o r  about  10 days f rom mid t o  l a t e  June, I n  l a t e  June, t h e  2.3 
age c l a s s  increased r a p i d l y  i n  abundance and was t h e  dominant age c l a s s  th roughout  
J u l y  and August. The 2.2 age c l a s s  increased i n  abundance i n  l a t e  J u l y  and remained 
t h e  second most  abundant age c l a s s  f o r  t h e  d u r a t i o n  o f  t h e  sampling. 

The d e c l i n e  i n  abundance of age 1 - f reshwa te r  a d u l t s  d u r i n q  t h e  season, p a r a l l e l e d  
by an i nc rease  i n  abundance of age 2- f reshwater  a d u l t s ,  i s  c o n s i s t e n t  w i t h  p a s t  
obse rva t i ons  o f  t h e  Ch ign ik  sockeye salmon run.  That  i s ,  t h e  m a j o r i t y  of t h e  
e a r l y  a r r i v i n g  segment o f  t h e  r u n  c o n s i s t s  o f  B lack  Lake s tock  which produces age 
1- f reshwater  sockeye salmon, and t h e  l a t e r  a r r i v i n g  segment o f  t h e  r u n  c o n s i s t s  
m o s t l y  o f  Ch ign i  k Lake s tock  which produces t h e  m a j o r i t y  o f  t h e  age 2- f reshwater  
f i s h .  A l though t h e  1983 documented change i n  t h e  f reshwa te r  coniponent o f  t h e  age 
compos i t ion  i s  t y p i c a l  o f  t h e  Chigni  k run,  t h e  ocean age compos i t ion  o f  t h e  age 
1- f reshwater  f i s h  was ve ry  unusual. The r e l a t i v e  abundance o f  t h e  1.2 age c l a s s  
i n  June was n e a r l y  t w i c e  t h a t  observed d u r i n g  t h e  prev ious twenty years.  

Scale samples were c o l l e c t e d  a t  B lack  Lake o u t l e t  on f i v e  separa te  days between 
19 June and 2  J u l y  (Appendix Tab1 e  3 ) .  The 1.3 and 1 . 2  age c lasses were t h e  most 
abundant account ing  f o r  56% and 31 % o f  t h e  sca les  c o l l e c t e d ,  r e s p e c t i v e l y .  

Stock Composit ion 

Mean c l a s s i f i c a t i o n  accurac ies  of t h e  l i n e a r  d i s c r i m i n a n t  f u n c t i o n s  f o r  t h e  1.2, 
1.3, and 2.3 age c lasses were 83.0%, 71.4%, and 82.5%, r e s p e c t i v e l y  (Tab le  1 ) .  
Scale samples o f  unknown s tock  compos i t ion  c o l l e c t e d  i n  Ch ign i  k  Lagoon between 5 
June and 22 J u l y  were c l a s s i f i e d  us ing  the  a p p r o p r i a t e  a g e - s p e c i f i c  LDF ana lys i s .  
The ad jus ted  s tock  composi t ion es t imates ,  t h e  smoothed es t imates ,  and t h e i r  s tandard  







Table 1 .  C l a s s i f i c a t i on  matr ices  f o r  ages 1 .2 ,  1 . 3 ,  and 2 .3  sockeye salmon. 

Age 1.2 

Actual Stock Sanple -ied Stock of Oriuin 
of Origin Size Black Lake Chignik Lake 

Black Lake  200 
Chignik Lake 43 

Mean classification accuracy = 0 -830 

Age 1.3 

Actual Stock Sanple CLassif ied Stock o f  Origin 
of Origin Size Black Lake  mignik Lake 

Black Lake 200 
Chignik Lake 60 

Mean classification accuracy = 0.714 

Age 2.3 

A c t u a l  Stock . . 
Sanple Classified Stock of O r i g n  

of Origin Size Black Lake Chignik Lake 

Black Lake 91 
Chignik Lake 200 

Mean classification accuracy = 0.825 



e r r o r s  were c a l c u l a t e d  f o r  each age c l a s s .  The B lack  Lake s tock  represented from 
90.6% t o  98.4% of t h e  age 1.2 ca tch  samples (Table 2 ) .  The B lack  Lake s tock  rep -  
resented from 15.8% t o  100% of t h e  age 1.3 ca tch  samples w i t h  i t s  s tock  c o n t r i b u -  
t i o n  d e c l i n i n g  th rough t ime  (Tab le  3) .  A s i m i l a r  t r e n d  was observed f o r  f i s h  aged 
2.3 w i t h  B lack  Lake c o n t r i b u t i o n  t o  t h e  ca tch  changing from 93.6% e a r l y  i n  t h e  
season t o  o n l y  11.8% l a t e  i n  t h e  season (Tab le  4 ) .  Because o f  i n s u f f i c i e n t  sample 
s i zes ,  t h e  s tock  compos i t ion  f o r  t h e  1.2 age c l a s s  cou ld  n o t  be es t ima ted  a f t e r  7  
J u l y  and t h e  1.3 age c l a s s  a f t e r  11 J u l y .  The temporal change i n  t h e  s tock  compo- 
s i t i o n  o f  t h e  1.3 and 2.3 age c lasses c l o s e l y  resembled t h a t  p r e d i c t e d  by a l o g i s t i c  
t i m e - o f - e n t r y  cu rve  ( F i g u r e  6 ) .  T h i s  was n o t  t r u e  f o r  t h e  1.2 age c lass ,  however, 
as a t  l e a s t  90% o f  each sample c l a s s i f i e d  was es t imated t o  belong t o  t h e  B lack  Lake 
s tock .  

Catch and Escapement by Stock 

The d a i l y  sockeye salmon ca tch  and escapement u s i n g  the  age-spec i f i c  s tock  compo- 
s i t i o n  es t ima tes  were c a l c u l a t e d  by age c l a s s  and s tock .  The B lack  Lake r u n  was 
1,282,469 f i s h  w i t h  an escapement o f  426,177 and c a t c h  o f  856,292 (Tab le  5 ) .  
Approximately 38% o f  t h e  B lack  Lake r u n  was assigned t o  t h e  1 .2  age c l a s s .  T h i s  
was t h e  l a r g e s t  c o n t r i b u t i o n  o f  t h e  1.2 age c l a s s  t o  t h e  B lack  Lake r u n  ever  
recorded, t h e  prev ious h i g h  be ing  33% i n  1931 (Tab1 e  6 ) .  The 1.3 and 2.3 age 
c lasses were t h e  n e x t  most abundant w i t h  about 32% and 24% o f  t h e  Black Lake run,  
r e s p e c t i v e l y .  The d a i l y  escapement, catch,  and t o t a l  d a i l y  abundance f o r  t h e  B lack  
Lake r u n  was c a l c u l a t e d  and 50% o f  t h a t  r u n  passed through Ch ign ik  Lagoon by 22 
June (Tab le  7) .  

The Ch ign ik  Lake r u n  was 1,694,543. The escapement t o  Ch ign ik  Lake spawning areas 
was 409,458 f i s h  and t h e r e  were 1,285,085 f i s h  of Chigni  k  Lake o r i g i n  i n  the  
ca tch  (Table 5) .  Age 2.3 salmon were t h e  most abundant age group i n  t h e  Ch ign ik  
Lake r u n  (63%), f o l l o w e d  by  t h e  2.2 (17%) and 1.3 (14%) age c lasses.  The d a i l y  
escapement, catch,  and t o t a l  d a i l y  abundance f o r  t he  Ch ign i  k  Lake r u n  was c a l c u l a t e d  
and 50% o f  t h a t  r u n  en te red  Ch ign ik  Lagoon by  19 J u l y  (Table 8 ) .  The t o t a l  d a i l y  
abundance by s tock  was p l o t t e d  and as can be seen, abundance o f  Ch ign ik  Lake sock- 
eye salmon surpassed abundance of B lack  Lake sockeye salmon by e a r l y  J u l y  ( F i g u r e  
7 )  - 

DISCUSSION 

The s a l i e n t  f ea tu re  of t h e  1983 sockeye salmon r u n  t o  t h e  Ch iqn ik  R i v e r  system 
was t h e  c o n t r i b u t i o n  o f  t h e  1.2 aqe c l a s s  t o  t h e  B lack  Lake run .  Both t h e  t o t a l  
number o f  f i s h  a l l o c a t e d  t o  t h a t  age c l a s s  and i t s  percentage o f  t h e  t o t a l  B lack  
Lake r u n  exceeded a l l  h i s t o r i c a l  es t imates .  The p a t t e r n  o f  change i n  s tock  com- 
p o s i t i o n  o f  t h e  1.2 age c l a s s  d u r i n g  t h e  season was s i g n i f i c a n t l y  d i f f e r e n t  f rom 
t h e  e n t r y  p a t t e r n s  o f  t h e  1.3 and 2.3 age c lasses.  The s tock  compos i t ion  e s t i -  
mates f rom t h e  sca le  p a t t e r n  a n a l y s i s  o f  t h e  1.2 age c l a s s  i n d i c a t e d  t h a t  n e a r l y  
a l l  age 1.2 f i s h  were o f  B lack  Lake o r i g i n .  T h i s  was a  s i g n i f i c a n t  depar tu re  f rom 
t h e  e n t r y  p a t t e r n  p r e d i c t e d  by  t h e  average TOE curve,  which ass igns t h e  same d a i l y  
s tock  compos i t ion  es t ima te  t o  a l l  age c lasses,  and consequent ly  t h i s  depar tu re  
s t resses  t h e  importance o f  age -spec i f i c  s tock  compos i t ion  es t imates .  The average 
TOE curve would have s e r i o u s l y  underest imated t h e  c o n t r i b u t i o n  o f  t h e  1 . 2  age c l a s s  



Tab le  2. S tock  c o m p o s i t i o n  e s t i m a t e s  f r o m  t h e  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  
1.2 age c l a s s .  

san@e musted S t a n d a r d  Smoothed S t a n d a r d  
Date  N S t o c k  Estimate Error1 Estimate Error 

Black Lake 
Ch iqn i  k Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
Chignik  Lake 

Black Lake 
Ch ign ik  Lake 

Black Lake 
C h i c p i k  Lake 

Standard  e r r o r s  a r e  t h e  same f o r  b o t h  p r o p o r t i o n s .  

The f i r s t  e s t i m a t e  i s  smoothed w i t h  t h e  assumpt ion  t h a t  t h e  f i r s t  f i s h  
coun ted  a t  t h e  w e i r  a r e  e n t i r e l y  B l a c k  Lake s t o c k  (a  p r o p o r t i o n  o f  1.00 
B l a c k  Lake s t o c k  and 0.0 v a r i a n c e  a r e  assumed). 



Table 3. Stock compos i t ion  es t ima tes  f rom t h e  sca le  p a t t e r n  a n a l y s i s  o f  t h e  
1.3 age c l a s s .  

san@e AQusted Standard Smoothed S tandard  
Date N Stock Estimate Error1 Estimate Error  

Black Lake 
Chignik  Lake 

Black Lake 
Chignik Lake 

Black Lake 
Ol ign ik  Lake 

Black Lake 
Ol ign ik  Lake 

Black Lake 
Chignik  Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
Chignik Lake 

Black Lake 
&ignik Lake 

l Standard e r r o r s  are  t h e  same f o r  b o t h  p r o p o r t i o n s .  

2 The f i r s t  e s t i m a t e  i s  smoothed w i t h  t h e  assumption t h a t  t h e  f i r s t  f i s h  
counted a t  t h e  w e i r  a r e  e n t i r e l y  B lack  Lake s t o c k  ( a  p r o p o r t i o n  o f  1.00 
B lack  Lake s tock  and 0.0 va r i ance  a r e  assumed). 



Table 4 .  Stock composition es t imates  from the  s ca l e  pa t t e rn  ana ly s i s  of 
t he  2 .3  age c l a s s .  

Sam@ e A ~ J  usted Standard Smoothed Standard 
Date N S t o c k  E s t i m a t e  ~ r r o r l  E s t i m a t e  Uror 

Black  Lake  
Ol ic jn ik  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
& i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C n i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

B lack  Lake  
C h i g n i k  Lake  

Standard e r r o r s  a r e  t he  same f o r  both proport ions .  

The f i r s t  e s t imate  i s  smoothed with t he  assumption t h a t  t he  f i r s t  f i s h  
counted a t  t he  weir a r e  e n t i r e l y  Black Lake stock (a  proportion of 
1.00 Black Lake s tock and 0 .0  var iance a r e  assumed). 





T a b l e  5. The escapement, c a t c h ,  and r e t u r n  by age c l a s s  and s t o c k  e s t i m a t e d  by a n a l y s i s  of  s c a l e  
p a t t e r n s  . 

- 
AS l 

1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other Total 

B l a c k  Lake 

Total 233 613 487,004 56,401 0 409,551 308,146 305 6,386 0 13,830 1,282,469 
% 0.02 0.05 37.97 4.40 0.00 31.93 24.03 0.02 0.50 0.00 1.08 100.00 

I 
--1 

01 
I 

Cn ign ik  L a k e  

The s t o c k  c o m p o s i t i o n  o f  ages o t h e r  t h a n  1.2,  1.3,  and 2.3 e s t i m a t e d  by a v e r a g i n g  t h e  c o m p o s i t i o n  
o f  t h e s e  ages. 

T race ,  l e s s  t han  0.005%. 



Table  6 .  Con t r ibu t ion  of  t h e  1 . 2  age  c l a s s  t o  t h e  Black Lake sockeye salmon 
r u n ,  1922-1937, 1939, 1955-1983l 3 .  

Year Year Nunbers % 

l Dahlberg 1968. 

2 Nicholson e t  a1 . 1982. 

3 Conrad 1984. 



Table  7 .  D a i l y  and cumu la t i ve  r e t u r n  o f  sockeye salmon t o  B lack  Lake ( a d j u s t e d  
t o  Chi gn i  k  Lagoon d a t e ) .  

PRIOR 5/29 
5/29 
5/30 



Tab le  8. D a i l y  and c u m u l a t i v e  r e t u r n  of sockeye salmon t o  C h i g n i k  Lake ( a d j u s t e d  
t o  C h i g n i k  Lagoon d a t e ) .  



Tab le  8. D a i l y  and c u m u l a t i v e  r e t u r n  o f  sockeye salmon t o  C h i g n i k  Lake ( a d j u s t e d  
t o  C h i g n i k  Lagoon d a t e )  - con t i nued .  





t o  t h e  B lack  Lake r u n  and assigned a much l a r g e r  p o r t i o n  o f  these 1.2 age c l a s s  
sockeye salmon t o  t h e  Ch ign ik  Lake run.  

An accu ra te  e s t i m a t e  o f  t h e  number o f  age 1.2 f i s h  i n  the  B lack  Lake r u n  i s  
impor tan t  because i t  i s  t y p i c a l l y  t h e  major  component o f  t h e  f o r e c a s t  f o r  t h e  
nex t  y e a r ' s  B lack  Lake r u n  (Parker  1983). There i s  a p o s i t i v e  c o r r e l a t i o n  
between t h e  number o f  1.2s i n  the  B lack  Lake r u n  and t h e  n e x t  y e a r ' s  r e t u r n  of 
1.3s. Because t h e  number o f  age 1.2 f i s h  i s  t he  b e s t  i n d i c a t o r  o f  t h e  n e x t  y e a r ' s  
B lack  Lake r u n  s t r e n g t h ,  i t  i s  impor tan t  t h a t  t h i s  component o f  t h e  r u n  be accur -  
a t e l y  assessed. 

An obvious ques t i on  i s  whether t h e  es t ima te  o f  t h e  number o f  1.2s i n  t h e  B lack  
Lake r u n  i s  r e p r e s e n t a t i v e  o f  t h e  r u n  o r  an a r t i f a c t  o f  t h e  method o f  a l l o c a t i o n .  
The age composi t ions o f  t h e  s c a l e  samples c o l l e c t e d  a t  t h e  o u t l e t  of B lack  Lake 
i n d i c a t e  t h a t  t h e  es t imated percentage o f  1.2s i s  reasonable. The es t ima ted  per-  
centage o f  1.2s i n  t h e  Black Lake r u n  (33%) i s  w i t h i n  t h e  range o f  t h e  percentages 
i n  t h e  B lack  Lake s c a l e  samples (22%-37%). A l though the  age compos i t ion  o f  t h e  
Black Lake samples cannot  be compared d i r e c t l y  t o  t h e  age compos i t ion  es t imated by 
t h e  s c a l e  p a t t e r n  a n a l y s i s  method (Conrad 1984), i t  does p r o v i d e  suppor t i ng  e v i -  
dence. I t  can be reasonably s t a t e d  w i t h  c e r t a i n t y  t h a t  t h e  r e c o r d  number of 1.2s 
i n  t h e  B lack  Lake r u n  was n o t  an a r t i f a c t  o f  t he  method o f  a l l o c a t i o n .  
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APPENDICES 



Appendix Tab le  1. D a i l y  sockeye salmon escapement, ca tch  by area, and t o t a l  r u n  a d j u s t e d  t o  Ch ign i  k Lagoon 
date .  

Date Escapement Chignik Hook Bay/  Aniakchak Eastern Qpe Western Perryvi l le  Stepvak Daily 
Lagoon Kujulik District Igvak District Mstrict  Total 

5/27 0 0 0 0 0 0 0 0 0 0 
5/28 0 0 0 0 0 0 0 0 0 0 
5/29 461 0 0 0 0 0 0 0 0 46 1 
5/30 2,427 0 0 0 0 0 0 0 0 2,427 
5/31 1,370 0 0 0 0 0 0 0 0 1,370 
6/ 1 3,417 0 0 0 0 0 0 0 0 3,417 
6/ 2 5,737 0 0 o 0 0 0 o 0 5,737 
6/ 3 7,272 0 0 0 0 0 0 0 0 7,272 
6/ 4 15,466 0 0 0 0 0 0 0 0 15,466 
6/ 5 15,507 0 0 0 0 0 0 0 0 15,507 
6 / 6  16,618 0 0 0 0 0 0 0 0 16,618 
6 / 7  12,983 0 0 0 0 0 0 0 0 12,983 
6 / 8  11,096 20,177 0 0 0 0 0 0 0 31,273 
6/ 9 18,228 23,978 2,474 0 0 0 0 0 0 44,680 
6/10 24,511 0 57 9 1,867 0 0 0 0 0 26,957 
6/11 14,119 0 0 207 222 0 0 0 0 14,548 
6/12 18,430 9,686 0 0 6 U  0 0 0 0 28,729 
6/U U,656 34,784 2,112 0 0 0 0 0 0 50,552 
6/14 32,126 0 12,402 3,511 0 4,253 0 0 0 52,292 
6/15 67,748 0 0 2,657 0 8,098 0 0 0 78,503 
6/16 28,462 2,859 0 0 9,149 0 0 0 0 40,470 
6/ 17 5,300 49,266 0 0 0 0 0 0 0 54,566 
6/18 2,169 47,498 3,813 388 0 0 0 0 0 53,868 
6/19 984 29,858 280 6,926 839 11,436 0 0 0 50,323 
6/ 20 5,311 23,350 13,243 4,350 5,6 92 7,781 0 0 0 59,727 
6/ 21 3,742 28,035 1,886 3,628 4,910 0 0 0 0 42,201 
6/22 5,300 34,683 15,606 2,044 2,439 0 0 0 0 60,072 
6/23 13,462 29,137 9,356 3,563 0 22,158 0 0 0 76,676 
6/24 26,096 0 143 3,268 0 37,770 0 0 0 67,277 
6/25 33,890 0 0 85 6 0 2,047 0 0 0 36,793 
6/26 16,071 50,811 0 0 0 6,898 0 0 0 73,780 
6/27 4,931 61,116 0 0 0 1,489 0 0 0 67,536 
6/28 1,504 47,384 5,106 0 0 0 0 0 0 53,994 
6/29 1,508 39,879 4,008 2,957 0 0 0 0 0 48,352 
6/30 3,265 37,994 2,361 1,311 0 0 0 0 0 44,931 
7/ 1 3,157 32,140 4,059 806 0 0 0 0 0 40,162 



Appendix Table 1 .  Daily sockeye salmon escapement, catch by area, and to ta l  run adjusted t o  Chignik Lagoon 
date (continued). 

Date Escapement Chigplik Hook B q /  Aniakchak Eastern Cape Western Eerryville Stepvak Daily 
Idgoon Kujulik M a r i c t  Igvak Diar i c t  M a r i c t  Total 

-Con t i  nued- 





Appendix Table 1. D a i l y  sockeye salmon escapement, c a t c h  by area, and t o t a l  r u n  a d j u s t e d  t o  Ch ign ik  Lagoon 
d a t e  ( con t inued)  . 

Date Esc.m& o l i g n i k  Book Bay/ Aniakchak Eastern a p e  Western Ferryville Stepvak Daily 
La-n Kujulik D i t r i c t  Igvak DiiBrict M a r i a  Total 

Total 835,635 1,596,391 116,920 56,175 24,140 318,049 25,246 4,456 0 2,977,012 

Escapements a f t e r  7/31 es t imated (Pe te r  Probasco, personal  communication). 



Appendix Table 2. Age compos i t ion  of sockeye salmon s c a l e  samples c o l l e c t e d  i n  Ch ign ik  Lagoon, by percent  o f  
sample. 

san@e Age Class 
Date Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other 



Appendix Table 3. Age composition of sockeye salmon scale  samples c o l l e c t e d  a t  the o u t l e t  of B l a c k  t ake ,  
by percent of sample. 

San@e San@e Age class 
mte Size 1.1 2.1 1.2 2.2 3.2 1.3 2.3 3.3 1.4 2.4 Other 



Becaure the Alaaka Department of Firh and Game receives federal funding, all of itr 
public program and activities are operated free from discrimination on the barir of race, 
religion, color, national origin, age, sex, or handicap. Any perron who believes he or rhe 
haa been discriminated againrt rhould write to: 

O.E.O. 
U.S. Department of the Interior 
Waahington, D.C. 20240 
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