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ABSTRACT 

bli xed stocks of sockeye salmon (Oncorhynchus nerka Wal baum) harvested in  the  
1984 D i s t r i c t  111 g i l l n e t  f i shery  were a l loca ted ,  using l i n e a r  discriminant 
function analys is  of sca le  pat terns  and age composition data,  t o  two groups, 
one composed of stocks or ig inat ing i n  the  Taku River drainage and another of 
stocks o r ig ina t ing  i n  drainages t h a t  empty i n to  Port  Snettisham. Approxi- 
mately 75% (58,653 f i s h )  of the  harvest  of 77,329 sockeye salmon were bound 
f o r  the  Taku River. The t o t a l  re turn  of the  Taku River run was estimated t o  
be 192,067 f i s h ,  of which 85,895 f i s h  (45%) were harvested in  the  D i s t r i c t  111 
and Canadian in - r ive r  f i she r i e s .  The t o t a l  re turn  of the  Port  Snettisham r u n  
was estimated t o  be 35,247 f ish,  of which 18,676 f i s h  (53%) were harvested in  
the  D i s t r i c t  111 f i shery .  

KEY WORDS: Sockeye salmon, Oncorhynchus nerka, stock separation,  l i nea r  
discriminant function analys is ,  catch a l loca t ion .  



INTRODUCTION 

The Dis t r ic t  111 d r i f t  g i l l ne t  fishery operates near Juneau in Southeastern 
Alaska (Figure 1 ) .  Fishing time in this  d i s t r i c t  i s  regulated based on 
sockeye salmon abundance from mid-June through mid-August, a f t e r  which time 
regulations a re  based on abundance of coho and f a l l  chum salmon. The aver- 
age annual commercial g i l l n e t  harvest of sockeye salmon in the d i s t r i c t  du r -  
ing the period 1962 to 1983 was 53,829 f i sh ;  yearly harvests ranged from 
17,735 to 123,081 f i sh .  Sockeye salmon in th i s  d i s t r i c t  originate from 
drainages tha t  empty into Taku In le t  and Port Snettisham (Figure 2).  Most 
Taku River f i sh  a re  bound for  spawning s i t e s  in western British Columbia, 
Canada, while Port Snettisham sockeye are  thought to  spawn almost exclusively 
in Southeastern Alaska in the Speel Lake and Crescent Lake drainages. A 
second commercial gi l l n e t  f ishery operates i n  the Canadian portion of the 
lower Taku River and has harvested an average of 13,460 sockeye salmon each 
year since i t s  inception in 1979. 

The principal purpose of th i s  report i s  to document methodology and resul ts  
obtained from an ongoing scale pattern analysis study of the origin of sockeye 
salmon harvested in Alaska" Dis t r ic t  111 g i l lne t  fishery. I use the catch 
a1 1 ocation by drai nage, together with escapement data, to reconstruct total  
r u n  strength by age. The data provide basic s t a t i s t i c s  for  use in regulating 
Alaska" and Canada's f isheries  on these stocks in accordance w i t h  conserva- 
t ion and allocation goals outlined in the Pacific Salmon Treaty of 1985. 

METHODS 

Catch and Escapement S t a t i s t i c s  

Catch s t a t i s t i c s  for  the Dis t r ic t  199 fishery were compiled by the Division 
of Commercial Fisheries, ADF&G, and originated from individual f i sh  t ickets  
tabulated as of 23 May 198%. Harvest s t a t i s t i c s  for  the Canadian in-river 
fishery were provided by the Canadian Department of Fisheries and Oceans. 
Weirs a t  the out lets  of Crescent and Speel Lakes enabled monitoring of escape- 
ment to  the major Port Snettisham systems. Mark-recapture methods were used 
to  estimate the escapement to  the Taku River drainage (Clark e t  a l .  1986). 

Age composition 

Age was determined by visual examination of scale impressions under moderate 
(40x1 magnification. Scales were collected from the l e f t  side of the f i sh  
approximately two rows above the la teral  Sine and on a diagonal row downward 
from the posterior insertion of the dorsal f in  (INPFC 1963). Scales were 
mounted on gummed cards and impressions were made in cellulose acetate (Clutter 
and Whitesel 1956). Ages were recorded in European notationg. Sex determina- 

European formula: Numerals preceding the decimal refer  to  the number of 
freshwater annuli, numerals following the decimal are  the number of marine 
annuli. Total age i s  the sum of these two numbers plus one. 



Figure 1 .  District 111 gillnet fishing area. 



Figure  2 .  Taku, Speel, and Whi t ing  R iver  drainages. 



t ion was made by examination of external morphological features or  gonads. 
Detailed age, sex, and s i ze  data of catches and escapements a re  presented 
in McGregor and McPherson (1986). 

Run Identification 

Estimates of the contributions of Taku River and Port Snettisham sockeye 
salmon to  the Dis t r ic t  11 1 conunercial harvest were made using a combination 
of l inear discriminant function (LDF) analysis (Fisher 1936; Dixon and Brown 
1979) of scale patterns and age composition data. 

Scale images were magnified to  100 power and projected onto a digi t iz ing 
t ab le t  using equipment similar to tha t  described by Ryan and Christie (1976). 
Measurements were taken along a standardized axis approximately perpendicular 
t o  the sculptured f i e l d  in each o f  four scale zones (Figure 31, and recorded 
with a microcomputer-controlled digi t iz ing system. I measured the distance 
between each c i rcu l i  within each zone and counted the number of c i r cu l i .  The 
zones measured were: (1)  the scale  focus to  the l a s t  circulus of the f i r s t  
freshwater annulus, (2)  the l a s t  circulus of the f i r s t  freshwater annulus to  
the 1 a s t  circulus of the second freshwater annulus (age 2.3 only),  (3 )  the 
l a s t  circulus of the l a s t  freshwater annulus to  the l a s t  circulus of fresh- 
water growth (plus growth), and (4)  the l a s t  circulus of freshwater growth 
to the l a s t  circulus of the f i r s t  ocean annulus. A s e t  of 108 scale variables 
were calculated from basic incremental distances and circul i counts (Appendix 
Table 1 ) .  

Linear discriminant functions were bu i l t  using scale pattern data from samples 
of known origin.  Scales used t o  represent the Taku River run  were selected 
randomly from throughout the en t i r e  return and i n  approximate proportion to  
the i r  abundance by age class through time in the Canyon Island catches. 
Scales from each of Crescent and Speel Lakes were chosen i n  proportion to  the 
re la t ive  contribution of each age class to the total  Snettisham escapement of 
tha t  age class.  Previous studies demonstrated the inabi l i ty  s f  scale pattern 
analysis to  adequately separate Port Snetti  sham stocks from one another 
(McGregsr e t  a1 . 1983). 

Separate models were developed for  age classes 1.2, 1 .3, and 2.3. 1 attempted 
to  use 200 scales per run but fewer scales were available for  f ish aged 1.2 
and 2.3. Models were not constructed for  f i sh  aged 0.3 and 2,2, despite the i r  
contribution to  the Dis t r ic t  11 1 catch (1 2.3% and 4.6%, respectively),  because 
s f  a lack of scales from these age classes in the Crescent and Speel Lake 
escapements. 

Stepwise l inear  discriminant function analysis was used t o  develop the age 
class specif ic  c lassif icat ion models. A leaving-one-out procedure was used 
to  es%imate the accuracy of each model (Lachenbruch 1967). 

Scale samples from the commercial catch were classif ied using the models and 
estimated contributions were adjusted for  misclassif ication errors (Cook and 
Lord 1978). The variances s f  the adjusted estimates were computed using pro- 
cedures of Pel l a  and Robertson (1979). 





A c r i t e r i on  of approximately 100 scales  per age c l a s s  from f i sh  of unknown r u n  
composition i n  the  commercial catch were used t o  denote s t r a t a .  Because of the  
l imited a v a i l a b i l i t y  of scales  from some age c lasses  i n  the  catch,  samples were 
pooled over f i sh ing  periods. Contribution r a t e s  were estimated fo r  age 1 .3  
f i s h  fo r  each of t he  f i r s t  e igh t  f i sh ing  periods, w i t h  the remaining f ishing 
periods pooled in to  one s t r a t a .  Two contribution r a t e s  were estimated through- 
out  the season fo r  age 1.2 and 2.3 f i s h .  Fish from a l l  b t h e r '  age c lasses  
represented 17.5% of the  catch. The catch of each of the  'o ther '  age c lasses  
were a l located t o  the  Taku and Snettisham runs using the  following formula: 

where: Ci = estimated catch of f i s h  aged j returning t o  r u n  i .  

Pj 
= estimated t o t a l  catch of f i sh  aged j during the  s t r a t a .  

j 
= estimated number of aged j f i s h  i n  the escapement of r u n  i . 

N = number of runs. 

RESULTS 

Numbers of Fi sh 

A t o t a l  of 77,329 sockeye salmon were harvested i n  the D i s t r i c t  191 g i l l n e t  
f i shery  i n  1984. Fishing began the  t h i rd  week of June and continued through 
the  f i r s t  week of October, although no sockeye salmon were taken a f t e r  the  
t h i  rd week of September (Table l ). Specif ic  time and area regulatory measures 
a r e  summarized i n  Table 1. Almost 77% (59,325 f i s h )  of the  catch was taken in  
Taku I n l e t  (191-321, while 20% (15,544 f i s h )  was taken i n  Stephens Passage 
( I  9 l -31 and 11 1-20). Catches i n  Port  Snettisham (1 11 -33 and 11 1-34) accounted 
f o r  only 3% (2,460 f i s h )  of the  harvest. Port Snettisham was closed t o  f i sh ing  
from 19 July  through 18 August t o  increase sockeye salmon escapements t o  Gres- 
cent and Speel Lakes and t o  protect  Snettisham Hatchery chum salmon brood 
stock (ADF&G 1985). Catches of between 9,000 and 13,000 f i sh  were made f o r  
s i x  consecutive weeks from 24 June through 4 August. 

The i n-river Canadian f i shery  harvested a record 27,242 sockeye salmon (Tabl e 
2 ) .  The maximum number of fishermen in any f i sh ing  period was 14. Catches 
of over 5,000 f i s h  a week were made between 8 and 2% July.  

An estimatedl06,172 sockeye salmon escaped t o  spawning grounds in the  Taku 
River drainage (Clark e t  a1. 1986). The escapement t o  Port Snettisham 
systems was only 55% (16,571 f i s h )  of t h a t  observed in 1983. A t o t a l  of 
9,764 sockeye salmon were counted through the  SpeeS Lake weir, and 6,807 
returned through the Crescent Lake weir (McGregor and McPherson 1986). The 
mean dates of return t o  Speel and Crescent Lake were 96 August and 8 August, 
respectively.  





Table 2. Canadian csmnercial g i l l n e t  harvest of sockeye salmon from the 
Taku River, 1984. 

- - 

Statistical Days 
Week Dates Fished Bsats Catch 



Age Composi ti on 

Weekly age composit ion est imates f o r  t h e  D i s t r i c t  111 harvest  a re  summarized 
i n  Table 3. F ive-year-o ld f i s h  were most common i n  the  catch throughout the 
season. Age 1.3 f i s h  were most common (73.0%), fo l lowed by age 0.3 (12.3%), 
age 2.3 (5. I % ) ,  age 2.2 (4.6%), and age 1,2 (4.4%). Other age classes com- 
p r i s e d  t h e  remaining 0.6% of t h e  catch. The p r o p o r t i o n  o f  age 1.3 f i s h  
decreased throughout t he  season w h i l e  t he  inc idence o f  O.+ and 2.+ f reshwater  
f i s h  increased du r ing  the  year.  These seasonal t rends were s i m i l a r  t o  t rends 
i n  t h e  age composit ion o f  t h e  1983 harvest .  

Age composit ion est imates fo r  t he  Canadian i n - r i v e r  harves t  (Table 4) show 
t h a t  age 1.3 f i s h  predominated (65.4%), fo l lowed by age 0.3 (15.5%), age 1.2 
(6.8%), age 2.2 (6.3%), and age 2.3 (4.8%). The p r o p o r t i o n  o f  age 1.3 f i s h  
i n  the  ca tch  decreased through the season. Age 0.3 f i s h  increased from 7.6% 
o f  the  catch i n  t he  f i r s t  sample pe r iod  t o  22.3% i n  the  f i n a l  sample per iod.  
A s i m i l a r  increase was noted d u r i n g  t h e  season f o r  age 2.2 f i s h ,  which rep- 
resented o n l y  0.7% o f  t he  catch i n  t he  i n i t i a l  pe r i od  b u t  increased t o  13.2% 
o f  t he  harvest  i n  t he  f i n a l  per iod .  Seasonal t rends i n  t h e  age composit ions 
o f  both the  Canadian i n - r i v e r  and D i s t r i c t  111 catches were remarkably s imi -  
l a r  i n  1983 and 1984 (see McGregor 1985). The sex composit ions o f  both t h e  
D i s t r i c t  11 1 and Canadian i n - r i v e r  harvests i n d i c a t e d  s l i g h t l y  more females 
were caught than males. 

S i g n i f i c a n t  d i f f e rences  i n  age composit ion were apparent w i t h i n  the  escape- 
ments t o  P o r t  Snettisham systems (Table 5). Five-year-o ld sockeye salmon 
predominated i n  both Speel (55.9%) and Crescent (82.0%) Lakes . Four-year-01 d 
f i s h  were f a r  more common i n  Speel Lake (43.1%) than i n  Crescent Lake (13.9%); 
t h e  reverse  was t r u e  i n  1983. F ish  w i t h  one f reshwater  annul us comprised the  
v a s t  m a ~ o r i t y  (94.3%) of the  combined P o r t  Snettisham escapement. Age 1.3 
sockeye salmon predominated (65.7%), fo l lowed by age 9 - 2  (28.4%), and smal l  
p ropor t ions  o f  seven o ther  age classes. The escapement was comprised of s imi -  
l a r  p ropor t ions  of males (47.7%) and females (52.3%). 

The age composit ions of the  Taku R iver  and P o r t  Snettisham escapements d i f f e r e d  
p r i m a r i l y  i n  t he  inc idence o f  zero f reshwater  age' sockeye salmon. Suck age 
classes were much more common i n  t h e  Taku R iver  (73.5%) than i n  t he  P o r t  Snet- 
t isham systems (2.7%; Table 5).  Age 1.3 f i s h  (54.3%) and age 1.2 f i s h  (16.9%) 
represented the  m a j o r i t y  of the Taku R iver  escapement, as was the case f o r  
Po r t  Snettisham. The escapement was comprised o f  s l  i g h t l  y fewer males (43.9%) 
than females (56.1%). 

Spawning stocks w i t h i n  the  Taku R iver  drainage e x h i b i t e d  an extreme d i v e r s i t y  
i n  age composit ion, p a r t i c u l a r l y  between r i v e r  and slough spawners and l a k e  
spawners (Table 6). Zero freshwater check f i s h  comprised 35% o f  a1 l ageable 
scales taken from r i v e r  and slough spawners, b u t  were absent from f i s h  t h a t  
spawned i n  l ake  systems. F i sh  w i t h  two f reshwater  annu l i  were scarce i n  both 

Zero f reshwater  age sockeye salmon a re  f i s h  t h a t  d i d  no t  spend a w i n t e r  i n  
f reshwater  a f t e r  emergence. 





Table 4. Percent age composit ion o f  t h e  Canadian c o m e r c i a l  g i l l n e t  catch o f  
sockeye salmon on t h e  Taku R ive r  by sample per iod,  1984. 

~ r w d  Year and Age Class 
- - 

1981 1980 1979 1978 
Stat is t ia l  Sanple - 

Wadr Dates Sirs 0.2 0.3 1.2 0.4 1.3 2.2 1 4  2.3 
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Table 6. Percent age composition of escapement collections from river and 
slough system spawners versus lake system spawners within the Taku 
River drainage, 1984. 

-- 
Brood Ycap and Age Class 

1981 1980 1979 1918 
Saaaple 

m t -  Size 0.2 1.1 0.3 1.2 1.3 2.2 1.4 2.3 

River an8 Slough System Spamers 

mainstem river slcughs 150 2.1 44.6 4.0 48.7 
Y & ~ r h g  Creek 102 2.9 9.8 10.8 23.5 51.0 2-0 
Nakina River 13 7.7 7.7 7.7 76.9 
Tatsammle River 124 19.4 21.0 41.9 16.1 0.8 0.8 - - 
totda(rfverandsloughs)389 8.0 2.8 27.0 21.3 3 0.8 0.3 



groups, but were more common among lake system spawners (3.7%) than r iver  and 
slough spawners ( 1  . I%) .  Fish tha t  had one freshwater annulus were most common 
in a l l  collections,  however. 

Model Performance 

Summary s t a t i s t i c s  f o r  basic measurements of scale growth for  the 1.2, l , 3 ,  
and 2.3 age classes are presented in Table 7. Scale growth trends were simi- 
l a r  for  a l l  three age classes.  Taku River f i sh  typically exhibit  greater 
freshwater growth and less growth in the i r  f i r s t  marine year than do Port 
Snettisham sockeye salmon. The var iab i l i ty  in scale patterns within the Taku 
River r u n  was greater than for  the returns t o  P o r t  Snettisham. Summary s t a t -  
i s  t i  cs of scale measurements from the 1984 escapement samples were very 
similar to  measurements from escapement samples taken in 1983 (McGregor 1985). 

Mean classif icat ion accuracies (Table 8 )  f o r  the age 1.3 and 2 . 3  models were 
93.9% and 93.0%, respectively. Lower accuracy (81.5%) was obtained with the 
age 1.2 model. These high accuracies a re  indicative of the f a c t  tha t  differ-  
ences in scale growth patterns between the Taku River and Port Snettisham 
sockeye salmon runs are  much greater than differences within each group. 

Catch Apportionment and Run Reconstruction 

Age class specif ic  run composition estimates were generated fo r  each time per- 
iod s t r a t a  (Table 9) .  Run composition estimates varied throughout the season 
for  a l l  three age classes, b u t  generally revealed much higher contribution 
rates of Taku River f i sh  than of Port Snettisham f i sh .  

Approximately three-quarters (75.8%) of the 9984 harvest of sockeye salmon i n  
Distr ic t  19% was allocated to  the Taku River (Table 10). The weekly catches 
for  each run are  shown in Figure 4. Taku River f i sh  comprised the majority 
of the catch in  each fishing period. The catch of Taku River f i sh  peaked 
during the week of 1-7 July ( s t a t i s t i c a l  week 27), when an estimated 10,389 
f ish destined for  th i s  drainage were harvested. A smaller peak (8,514 f i s h )  
s f  Taku River catches occurred three weeks 1 a te r  (22-28 July). Catches of 
Snettisham f i sh  peaked during the week of 15-21 July ( s t a t i s t i c a l  week 291, 
when an estimated 4,495 f i sh  destined fo r  these systems were taken. 

The percent contribution of the Taku River r u n  decreased in catches from the 
i n i t i a l  f ishing period in mid-June through the f i f t h  period i n  mid-July (Fig- 
ure 5). Concurrently, trends i n  CPUE indicate tha t  Taku River f i sh  were 
available in moderate to  high re la t ive  abundance during the early season 
fishing periods. A second peak in the CPUE of the Taku River run occurred 
during the period 22-28 July ( s t a t i s t i c a l  week 30). The CPUE of the Taku 
River run progressively declined during the l a s t  three fishing periods and 
reached a minimum value during the l a s t  period. Taku stocks comprised a 
greater fraction of catches during the l a s t  four fishing periods of the season 
than they did during mid-July. The contribution of the Port Snettisham run was 
highest in mid-season. A plot of the CPUE ~f the Port Snettisham r u n  resembled 
a normal dis t r ibut ion w i t h  a mean in mid-July. 

The total  estimated return (Table 11) of the Port Snettisham r u n  was 35,247 
f i sh ,  of which an estimated 18,696 f ish (53.0%) were harvested in the Dis t r ic t  
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Table 8. Class i f i ca t ion  accuracies f o r  the l i nea r  discriminant models used 
t o  c l a s s i f y  f i sh  aged 1.2, 1.3, and 2 . 3  in  1984. 

Age 1#2 
Variables used (14,65) 

Classified Graup of Origin 
Ac- Graug - m e  
of Origin Sf ze Taku slgttishaPn - 

Talat I43 74.1 25.9 

---- - 

Mean Pe~.eentage Correctly Cfasslibied = 81.5 

Classf fi& Grcxlp 0% QPigfra 
k- -Qw m l e  - 
of Origin Size ?xax snetti sham --- -- -------- 

T a l a  2W 93.6 6 - 5  

SsEttisb f 98 6.1 93.9 - -- 
Meal Percentage Csm=t%y Cfassfff& = 93.7 

CfassifJed G q  sf Qsigin 
i4.c- - Saanple 
of Orf gfn Size Tab Smttf - 
T a b  50 86.0 14.0 



Table 9. Age class specific run composition estimates and 90% confidence 
intervals calculated from scale pattern analysis of age 1.2 ,  1.3, 
and 2 . 3  sockeye salmon in the District 111 commercial gi l lnet  
fishery by period, 1984. 

Statistical Sanple 
Age Class Dates Week Size Taku Snettlsham 

1.2 6/17-7/7 25-27 98 .89*. 150 .107+. 150 
7/8-9/22 28-38 100 .444f. 139 .556_C. 139 
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Table 11, Run reconstruction statistics for the 1984 Taku River and Port Snettisham sockeye salmon 
returns. 

.................... --------------- ------ 
Bmocs Yeau gd llgC Claa, 

- ---- -------- ------ 
1982 1981 11980 1979 1978 1977 -- -- --------- --- 

Wtm 0 .1  0.2 1.1 0 .3  1.2 2.1 0.4 1.3 2.2 1.4 2.3 2.4 3.3  Tota l  --------- -- ---------------- --- ----------------- 
Taku R i v e r  

Harrrecst 
D i s t r i c t  111 

In-Riuer 
Total 

Total Return 6 6 348 6139 25851 229 46 1151 70  1 35247 -- ---- 



111 g i l l  net fishery. Exploitation rates  varied dramatically by age class ,  
and were much higher for  f ish of older ocean age (and larger body s i ze ) .  
Exploitation rates  of age 1.2, 1.3, and 2.3 f i sh  were 23.3%, 59.5%, and 71.6%, 
respectively. The total  estimated return of the Taku River r u n  was 192,067 
f i sh ,  of which an estimated 58,653 (30.5%) were harvested i n  the Dis t r ic t  111 
gi 11 net fishery. The i n-river Canadian fishery harvested 20.4% (27,242) of 
the 133,414 f ish tha t  were estimated to  have passed Canyon Island. The Dis- 
t r i c t  111 and in-river f isheries  combined harvested an estimated 44.7% of the 
Taku River return; 17.6% of age 1.2, 50.3% of age 1.3, and 64.5% of age 2.2 
returns. 

DISCUSSION 

Results of scale pattern analysis of Dis t r ic t  111 g i l lne t  catches i n  1983 and 
1984 have revealed some sa l i en t  trends in the run composition of harvests in 
th i s  fishery. The timing of the Taku River r u n  of sockeye salmon i s  more pro- 
tracted than the Port Snettisham r u n ;  the Taku r u n  begins e a r l i e r  (a s igni f i -  
cant portion of the r u n  may in f ac t  pass through the fishing d i s t r i c t  prior 
to  the s t a r t  of the fishing season) and continues longer than the Port Snetti-  
sham r u n .  During June and early July determination of kawestable surplus can 
be based principally on the strength of the Taku River r u n .  Since Port Snetti-  
sham stocks a re  most available from mid- t o  l a t e  duly, t h i s  time window i s  
available to  regulate the fishery in response to  r u n  strength of Spee1 and 
Crescent Lake stocks. The closure of Port Snettisham to  fishing from mid-July 
to  mjd-August (implemented by ABF&G i n  recent years) appears well timed t o  
allow increased passage of f ish into Speel and Crescent Lakes. During August 
an important f ract ion of the Taku run  i s  s t i l l  available in the fishery and 
regulations ought t o  focus once again on t h i s  run. Other opportunities t o  
selectively harvest o r  protect these runs may exis t .  Future sampling programs 
should be s t r a t i f i e d  by location w i t h i n  the fishery t o  identify principal 
interception areas for  each r u n .  

Exploitation ra te  estimates for  the Port Snettisham r u n  varied dramatically 
between 1983 (20.6%) and 1984 (53.0%). Several factors ,  includi ng age csmpo- 
s i t ion  of the returns and fishing e f fo r t  patterns, could be responsible fo r  
th i s  difference. Fishing e f fo r t  was much greater in 1984 than i n  1983. The 
number of hours open for  fishing in 1984 was 71% higher and more boats fished 
during every week of the sockeye salmon season than in 1983. The estimated 
age composition of the 1983 return of Port Snettisham f ish differed s igni f i -  
cantly from the 1984 return. In 1983 4-year-old (predominantly 2-ocean) f ish 
comprised 42% of the return, b u t  in 1984 they represented only 20% of the 
return. Because of the i r  smaller s ize,  2-ocean f i sh  a re  exploited a t  lower 
rates than 3-ocean f i sh  in g i l lne t  f isheries .  

Differences in scale patterns between Taku and Snettisham f i sh  were similar 
in 1983 and 1984. This consistency in scale patterns suggests that  his tor ical  
models (based on previous y e a r s q a t a )  may be used for  in-season estimation sf  
interception ra tes  of Taku and Snettisham runs. Biologists from the Canadian 
Department of Fisheries and Oceans have recently Pound tha t  the prevalence of 
a particular brain parasite,  M Y X O ~ O ~ ~ S  neurobius, varies between f ish of Taku 



and Snetti sham origin (Trans boundary Technical Committee 1986). Incorpora- 
t ion of brain parasite incidence with scale pattern data may allow us to 
improve the accuracy and precision of stock composition estimates i n  future 
years. 

Numerous spawning populations of sockeye salmon have been identified w i t h i n  
the Taku River drainage. Radio tagging and mark recapture studies (Trans- 
boundary Technical Committee 1986; Clark e t  a1 1986) indicate tha t  differ-  
ences in r u n  timing ex i s t  among stocks. We found tha t  age composition varied 
through time in the lower r iver  fishery (McGregor e t  a1 1984; McGregor and 
McPherson 1986). In addition, f ish aged 1.3 from two stocks studied (Kuthai 
and L i t t l e  Trapper Lakes) have d i s t inc t  scale patterns (McGregor 1983). 
Optimization of Taku River sockeye salmon production requires tha t  catches 
and escapements be appropriately distributed among component stocks. To es t i -  
mate production from each stock (or group of stocks) and regulate the f i sher ies  
to  achieve appropriate harvest dis t r ibut ion requires that  we estimate the con- 
tribution by stock through time. Research incorporating appropriate data 
sets ,  including scale pattern measurements, brain parasite incidence, and r u n  
timing, is needed to  determine the degree of resolution obtainable among 
stocks within the Taku River drainage. 
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Appendix Tab1 e 1. Sca le  p a t t e r n  v a r i a b l e s  considered f o r  p o s s i b l e  i n c l u s i o n  
i n  1 i n e a r  d i s c r iminan t  f u n c t i o n  a n a l y s i s  c l a s s i f i c a t i o n  
models f o r  sockeye salmon aged 9.2,  1.3, and 2 . 3 .  

----- 
Variable No. Description 

First Redwater JEW) Annular Zone - 
Mrmkr of c i d i  in the zone 
Distanoh across the zone 
Distance: scale f o w  (CO) to the second c i d u s  in zone (C2) 
Distance: CO to C4 
Distance: CO to C6 
DistaPlcc: CO to C8 
Distance!: C2 to C4 
Distance: C2 to C6 
Dista~ce: C2 to C8 
Distance: C4 to C6 
Distaneh: C4 to C8 
Distance: fourth fmm the last circulus of zone to end of zom 
Distmce: second frat the last circulus of zom to endl of zcme 
Distance: C2 to end of zone 
Distana: C4 to end of zam 
Relative Distance: (Variable =)/(Variable #2) 
Relative Distance: (Variable #4)/(Variable #2) 

18 mlativs ~istanm: (variable #~)/(~ariable a) 
19 %latiwe Distance: (Variable #6)/(Variable #2) 
20 -lati* Distance: i~ariab~e ~*l j / (variable ~2 j 
2 1 Relativw Distance: (Variable #8)/(Variable #2) 
22 Relative Distance: (Variable XZ)) / (Variable #2) 
23 Relative Distance: (Variable #1O)/(Variable #2) 

~clativw Distance: ivariable XII j / ivariable ~2 j 
Relative Distance: (Variable #12)l/(Variable #2) 
Relative Distance: (Variable #13)/(Variable #2) 
Awe- distance bctwecn cirdi: (Variable #%/var%abPe #2) 
Number of cinuli in the first 3/4 of the zoM 
Haxlmm distance betmen tvre adjacent c i r d i  in the zone 
F)Blative Distance: (Variable #29)/(Variable #2) 

Sccead Resbmter M a r  2nm 
Nlmber of cirnili in the 73me 
Distance across the %om 
Distance: last cixvxlue of first EW %one (CB) to secmd circulus of this z m e  (€2) 
Distance: m to C4 
Distaxe: CO to c6 
Dist-: CO to C8 
Distance: C2 to C4 
Distance: C2 +a C6 
Distance: C2 to C8 
Distance: C1 to C6 
Distmce: C4 to C8 
Distance: forPtth f m m  last cinulus of zone to grid. of zam 
Distancs: seami f m r  last circulus of zone ta cnd of zom 
Distance: C2 to emi of zcm 
Distana: C4 to and of zcm 

46 Relative Distance: (Variable M3)/(Variable X32) 
47 Falative Distance: (Variable X34)/(Variable M 2 )  

-Conti nued- 



Appendix Tab1 e I .  Scale pattern variables considered for possible inclusion 
in 1 inear discriminant function analysis classification 
models for sockeye salmon aged 1 .2 ,  1.3, and 2.3 (contin- 
ued). 

- 
Variable No. Descriptim 

48 Relative Dist-: (Variable #35)/(Variable X32) 
49 Relative Distance: (Variable #36)/(Variable X32) 

Relative Distance: ivariable -7 j / (Variable xi2 j 
Relative Distance: (Variable X38)/(Variable X32) 
Relatiw Distance: (Variable Mg)/(Variable X32) 
Ralatlve Distance: (Variable XQO)/(Variable xi2) 
Fslativs Distance: (Variable MI)/ (Variable -2) 

Relative Distarze: (Variable #43)/(Variable #32) 
A v a n w  distance be- circuli: (Variable Ml/(Variable *32) 
Nu&& of cirtuli in ths first 3/4 of the - 
Maslirmnn Distg~ls bb- tWO adjacent circuli in the zana 
Relative Distance: (Variable W9/ (Variable -2) 

-ter Plus Grawth IPG) 
61 tfmber of cirnrli in the z o ~  
62 Distance acmeis thb mw 

C c r m b i n d  FrestwateP 
Total Illrmbar of cirmll in the first two ~rnes (Variable #I + M I )  
Total distanm acrog the first two rimes (Variable X2 4 m 2 )  
Tote$ m m b r  of circulli of freshmter gxu#th (Variable #I 4 X3% 4 -1) 
'Petal distance across thc tmhvater gmwth zone (Variable X2 9 X92 9 -2) 
Relative Distancs: (Variable #2) / (Variable X66) 
blative Distance: (Variable -2)/(Varfable #66) 

a 

Relative Distance: (Variable #32)/(VariabPe #66) 

Bfmt wine Annular tana ---- 
70 Number of cirnrli in the aas 
71 Distance acmss the zone 
'12 Distance: emf of EW (WJ) to tho third cirnilua in zcnae, (C3) 
93 Distmaz: EFW to C6 
74 Distance: EFW to C9 
7% Dfstzma?: EEW to 6112 
76 Distance: EEW to CIS 
77 Distarrc: C3 to C6 
as ~istaace: c3 to e9 
as ~ i ~ t 8 s ~ a :  c3 to c12 
88 Distance: C3 to 615 
8 % Distance: Cg to C9 
82 Distazxe: 68 to C12 
83 Distance: C6 to C15 
84 Dilstame: C9 to CIS 
85 Distaach: shth frcP tha last circulua of zana to e& of .zone 
86 ~istmee: M frca~ t b  lamt cirtulus of ron to end of zclnc 

87 Dfsta~oa: C3 to end of zam 
88 Distaach: C9 to end of zme 
89 Distance: C15 to end of zaM 
90 Relative B i s w :  (Variable X?2) / (Variable X?l) 



Appendi x Table 1. Scale pattern variables considered for  possible inclusion 
in 1 inear discriminant function analysis c lassif icat ion 
models for  sockeye salmon aged I .2, 1.3, and 2.3 (contin- 
ued). 

- 
Variable No. Description 

9% Relative Distance: (Variable #73)/  (Variable YI1) 
92 Relative Distance: (Variable X?Q)/(Variable X?1) 
93 Relative Distance: (variable X?5) / (Variable Irll) 
94 Relative Distanca: (Variable X?6) / (Variable #71) 
95 Relative Dl stance: (variable X??) / (Variable #7l) 
96 Relative Distance: (Variable X?B) / (Variable YI1) 
97 Relative Distance: (Variable X?g)/(Variable #71) 
98 Rmlative Distance: (Variable X80) / (Variable m l )  
99 mlative Distws: (Variable Ml)/(Variable #71) 
100 Relative Distance: (variable X82) / (Variable Yll) 
101 Balative Distance: (Variable m 3 )  / (Variable XI%) 
102 Relative Distance: (Variable / (Variable mi) 
103 blative Distance: (Variable MS)/(Varfable IrIf) 
104 Relative Distance: (variable X86)/(Variable #TI) 
105 Average dtstanca batwean circuli: (Variable YIlMariable XaO) 
606 EAmabrr of c i d i  in the first 1/2 of the zme 
ioa thximm distana batwen t m  adja~ent circuli in the 
108 Relative Distance: (Variable #lO?)/(Variable Xal) -- 



T.-:a!j;o the &;ia:b c-:3?;;;:7c.t 5; Yidh &me receive 
k(113131 fufiding, a'l c i  i ls i;!ibllc proyaas and activities 
iiri! operzted free from discri;ri'::a!ion cil the basis of race, 
Cc:or, natirina! oiigiil, aye, or haxlicap. Any person who 
beiieves he cr slla has been discrimina!ed agalnst should 
write to: 

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