


ERRATA SHEET 

for  

Informational Leaflet No. 37 -- March 11, 1964, Alaska Department of Fish and 

Game - Abundance, Size and Age of Red Salmon Smolts from the ldood River System, 

The following changes i n  Informational Leaflet No. 37 were brought 
about by weighting the  age composition and length of each age group by the 
index net catch: 

1. Page 15, fourth paragraph, second sentence. 

Reads: Age I smolts comprised 81.15 percent of the t o t a l  run and averaged 
84.5 mm i n  length; Age I1 srnolts comprised 18.85 percent of the run 
and averaged 102.9 mm i n  tlength. 

Change t o  read: Age I smolts comprised 84.27 percent of the t o t a l  run and 
averaged 82.6 i n  length; Age I1 smolts comprised 15.73 percent 
of the run and averaged 102.1 rnrn i n  length. 

2. Page 17, table  4, 11th column, Mean Length Percent 
I Age I1 Age I Age I1 

Reads: Season t o t a l  - 84.5 102 -9 81.15 18.85 

Change t o  read: Seasonr s Weighted - 
Total - 82.6 - 102.1 - 84.27 - 15.73 

3 ,  Page 18, table  5 (years of seaward migration) 

1959 Reads: 88.0 ( th i rd  column) 

Change t o  r.ead: 87-9; add 105.0 t o  f i f t h  column 

1961 Reads: 82.0 ( th i rd  column) 

Change t o  read: 81.7 

1963 Reads: 8122, 84.5, 18.8 and 102.9 (second through f i f t h  column) -..~ 

Change t o  read: 84.3, 82.6, 15.7 and - 102.1 

Amrage Reads: 87-1, 84.1, 12.9 and 100.7 (second through f i f t h  column) 

Chawe t o  read: 87.3, 83.9, 12.7 and 101.3 



Footnote 1/ reads: Number winters i n  freshwater 

Change t o  read: Number winters i n  freshwater; weighted& -- index catch,, 

4, Page 19, Smolt Production Versus Escapement Levels, second paragraph, 
fourth l ine.  

Reads: 81.2 percent 

Chawe t o  read: 84.3 percent 

5. Page 21, table  7. Second column, Age I length. 

1963 reads: 84.5 

Change t o  read: 82.6 

Fourth column, Age I1 length. 

1963 reads.: 102 .9 

Change t o  read: 102.1 

6. Page 21, table  8, Index Values of Smolts Produced. 

1960 reads: 16.7 (Age 11) and 169.3 ( total)  

Change t o  read: 14..0 (Age 11) and 166.6 ( total)  

1961 reads: 72.2 (Age I)  

Change t o  read: 74.9 (Age I )  - 
7. Page 22, seventh paragraph. 

Reads: Age I smolts comprised 81.15 percent of the t o t a l  run and averaged - 
84.5 mrn i n  length, Age I1 smolts comprised 18.85 percent of the 
run and averaged 102.9 mm i n  length. 

Charge t o  read: Age I smolts comprised - 84.27 percent of the t o t a l  run 
and averaged 82.6 mm i n  length, Age I1 smolts comprised 15-73 
percent of the run and averaged 102.1 mrn i n  length. 



ABUNDANCE,  SIZE, AND A G E  OF R E D  SALMON SMOLTS FROM THE 

WOOD RIVER SYSTEM 

INTRODUCTION 

In 1963 the Alaska Department of Fish and Game continued the red salmon 
(Oncorhynchus nerka) smelt program of enumeration and sampling a t  Mosquito 
Point,  Lake Aleknagi k .  

Smol t enumeration and sampling a t  the ou t l e t  of Lake Aleknagi k was begun by 
the Fisheries Research I n s t i t u t e  i n  1951 and continued by them through 1960. 
This i s  the Alaska Department of Fish and Game's t h i rd  consecutive year of 
operating t h i s  program. 

The abundance, s i z e ,  age, and condition of red salmon smolts, determined over 
a period of years ,  provide one basis f o r  predict ing return runs on which man- 
agement regulat ions can be made. The magnitude of the smolt r u n  a l so  provides 
basic data f o r  the establishment of the highly var iable  freshwater survival ,  
and consequently the optimum escapement. 

This repor t  i s  a summary of the data obtained i n  1963. Results a re  comparable 
with pas t  records,  s ince methods developed and used by the Fisheries Research 
I n s t i t u t e  have been continued without major modifications. 

OBJECTIVES 

The primary objective i s  t o  measure the r e l a t i ve  abundance of red salmon 
smol t s  migrating seaward from the  Wood River Lakes by es tabl ishing a numerical 
index which i s  comparable from year t o  year.  Other objectives a r e  as follows: 
( 1 )  t o  study the index hour f luctuat ion and seasonal timing of the  migration; 
( 2 )  t o  study the age and s ize  composition of the r u n ;  ( 3 )  t o  a r r i ve  a t  a con- 
d i t ion  fac to r ;  and ( 4 )  t o  evaluate the smolt production versus escapement 
levels .  

DESCRIPTION OF THE AREA 

The Wood River Lakes system comprises four major lakes of which Lake Nerka 
i s  the l a rges t  (Table 1 ) .  

Wood River, the o u t l e t  of the Wood River Lakes system, i s  about 25 miles long 
and empties i n to  Nushagak Bay on the western shore of Bristol  Bay. Tidal 
influence extends t o  the ou t l e t  of the f i r s t  lake. 



The smolt sampling s i t e  i s  located a t  Mosquito Point ,  on the o u t l e t  of Lake 
Ale knagi k (Fi gure 1 ) . 
Escapements 06 red salmon in to  the Wood River Lakes has varied great ly  during 
the period from 1953 t o  1963. The low escapement of 288,727 occurred in 1957 
and the  high escapement of 2,209,266 occurred in  1959, while the average fo r  
t h i s  period has been 888,416. 

Table 1.  Physical data on principal  lakes of the Wood River system. 

Maximum Surface 
Length recorded Area elevation 

Name (miles)  depth ( f t )  (square miles)  ( f t )  

Aleknagi k 2 0 360 3 4 3 4 

Ner ka 2 5* 538 78 70 

Beverley 2 2 617 3 8 100 

Kul i  k 17 525 2 4 1 40 

* Longest arm only 

METHODS 

Fyke Net Design 

A fyke net  constructed of 4 inch mesh cotton webbing throughout was used t o  
t r ap  the  smolts. The net  was hung from a so l id  s t e e l  frame &foot square and 
was provided with two 10-foot lead-in wings (Figure 2 ) .  The two wings were 
held open by the force of the r i v e r  current  and two connecting spacer l i ne s  
allowed the net  t o  f i s h  a consis tent  9-foot wide section of the r ive r .  

The body of the net  tapered from the frame t o  a s ingle  rectangular  funnel 2 "  
x 10" a t  the throat .  A second funnel of the same dimenstions was located in 
the detachable cod-end. A heavy dutyzipper f a c i l i t a t e d  i n  emptying the  catch 
from the  cod-end. 

Fyke Netting Procedure 

The fyke net  was s e t  before 9 p.m. each night  and commenced f i sh ing  on the 
hour. The ne t  was tended from an 18-foot sk i f f  by one or more men. 

To check the catch,  the cod-end was detached by removing a s ingle  locking p i n  
and an empty cod-end was immediately put in place and lowered in to  the water 
t o  continue f ishing.  

If  the catch was small,  the smolts were counted by hand and returned immediately 
t o  the r ive r .  I f  the catch was over f i ve  pounds, they were placed in  a large 
weighing basket t ha t  was immersed in a t u b  of water. This weighing basket 
was then removed from the t u b  of water. This weighing basket was then removed 
from the  t u b  and hung on a spring balance of 60-pound capacity,  suspended from 
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F igure  2. Cot ton f y k e  n e t  used t o  sample r e d  salmon s m o l t s ,  Wood R i v e r ,  1962. 



a weighing stand in the sk i f f .  The total  catch in pounds was then recorded 
from each cod-end check during each night 's  fishing. When the catches were 
weighed, one-pound sample counts were made in order t o  convert total  weight 
into numbers of f i sh .  Fish were released a t  the fyke net s i t e  except when 
specimens were needed for  parasite or scale studies. 

Collection of Biological Data 

A representative sample of smolts was saved from each cod-end check and placed 
in containers. A t  the end of the fyke netting period, one pound sub-sample was 
taken for each hour that  the net fished. These f i sh  were anesthetized in MS- 
222 ( T r i c a i n e  m e t h a n e s u l f o n a t e )  , measured (snout to  t a i  l-fork) , and returned 
to  the water unharmed. 

A t a l l y  was also kept from each sample to  determine the percentage of parasit-  
ized smolts. 

Every f i f t h  day a one-pound sample was preserved in formal in t o  be used in age 
determination of the smolt outmigration. 

A condition sample was taken from the peak of the run. 

RESULTS 

Fishing Si te  and Schedule 

The location of the fyke net remained a t  the previously established index 
s i t e ,  the south shore of Lake Aleknagik, a t  Mosquito Point. The position of 
the net varied according to fluctuation of lake level ,  maintaining, in general, 
a depth of just  less than four fee t .  

The fyke net was fished each night from 9 p.m. t o  11 p.m.,  the previously 
established index hours. Field operations commenced on May 30 and continued 
through July 21. 

The breakup of lake ice occurred on June 3, which was consistent with past 
records of breakup on Lake Aleknagi k .  The breakup hindered operations for  
several days and the fishing schedule on June 3 was missed because of the large 
floes of ice in the r iver .  

The index fishing hours were also missed on July 17 because o f  an extremely 
high wind. 

Index of Abundance 

The total  catch of red salmon smolts during the index hours for the en t i re  
season was 151,206 (Table 2 ) .  Using 1952 as the base year with the assigned 
value of 100.0 index points, the 1963 season catch was equivalent to  88.93 
index points (Tables 2 and 5 ) .  



Table 2. Wood River red salmon smolt catch by hour and day, 1963. 

Index Hours 
2100-2200 2200-2300 

Total Inde:: Catch 
Daily Cunulative 

Index Points 
Daily - Cm.ulative Date 

May 30 

31 
June 1 

2 
4 

30 
July 1 

2 
3 
4 



Table 2. Wood River red salmon srnolt ca tch  by hour and day, 1973 (cont inued) .  

Index Hours Total  Index Catch Index Points  

Date 2100-2200 2200-2300 Daily Cumulative Dai lg Cumulative 

July 5 .-;. o 27 27 143,730 0.02 84.53 
6 o 84 84 143,814 0.05 84.58 
7 244 478 7 22 144,536 0.42 85 .oo 
8 o 53 5 3 144,589 0.03 85.03 
9 3 122 125 144,714 0.08 85.11 

Tota l  

Percent 

1700.34 = 1 index p o i n t  



The peak of the migration occurred on June 15, when 26,512 smolts were caught 
during the index hours; however, heavy migration occurred throughout the sea- 
son from June 11 t o  July 2 (Figure 3 ) .  Late season peaks in 1963 account f o r  
over 20 percent of the  migration and a r e  probably due t o  the l a t e r  a r r iv ing  
smolts from the upper lakes.  

The 1963 index i s  well below the  average index value of 220.0 obtained over 
a 13-year period. 

W i t h  the exception of 1951, t h i s  y e a r ' s  r u n  a t  Wood River was the second lowest 
in 13 years of recorded smolt outmigrations. Figure 4 shows in graph form the 
r e l a t i ve  magnitude of the smolt runs from the  Wood River system from 1951 
through 1963. 

Timing of the Migration 

The catches during the  index hours followed the usual pat tern .  Migration was 
lowest during the f i r s t  hour (30.14%), and increased during the second hour 
(69.86%). Catches were larger  in the f i r s t  hour on a few occasions, b u t  t h i s  
seldom occurred during nights of heavy migration. 

Perhaps the most important f ac to r  in the  overall timing of the  seasonal migra- 
t ion pat tern  a t  Wood River i s  the weather. Timing of the  ea r l y  season migration 
was c losely  associated w i t h  breakup of lake i c e ,  and water temperatures. The 
beginning of the heavy seasonal migration was delayed unt i l  the  lake o u t l e t  
temperatures reached 38"-39" F.  following breakup of lake ice  i n  ea r ly  June. 

Other influences which may have had a s ign i f i can t  e f f ec t  on timing of migration 
were: 

1. Changes in r e l a t i v e  numbers in the sub-population of smolts from 
the lakes. 

2 .  Differences between s ize  and age of smolts. 

3. Differences in  r a t e  of growth in ea r ly  summer. 

Cessation of seaward migration coincided very c losely  with the lake surface 
waters warming t o  over 50" Fahrenheit. 

Size and Age Composition 

Length frequency and age data were grouped in to  ten periods. All were five-day 
periods with the exception of the l a s t  period which was s i x  days. The number 
of smolts caught in each period, percentage of the  season catch by period, 
number of samples taken, number of f i s h  measured, and the number of scales  
read a r e  shown in  Table 3. 

Combined length frequencies f o r  each period are  shown in Figure 5 ,  with the 
dividing l i n e  between age I and I1 smolts a s  determined by scale  readings, 
( indicated by a ve r t i ca l  dash). These frequencies were calculated in percent- 
ages. 



June July  
- -Da te - -  

F i g u r e  3. Daily catches of red salmon smolt in percent of t o t a l  ca tch,  from 
the  Wood River system, 1963. 
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Figure 4. Rela t ive  magnitude of  red salmon smolt runs from t h e  Wood River 
system, 1951-1963. 



Table 3. Wood River smolt sampling data, 1963. 

Pct .  o f  N o .  of 1# NO. o f  No. of 
Per iod Smolt Seasons Samples F ish  Sca le s  

N o  o Date Catch To ta l  Measured Neasured Read 

1 May 30-June 4 8,5,48 5 -65 5 235 2 1  

2 June 5-9 4,380 3 -23 6 464 28 

4 June 15-19 53,013 33.03 10 82 7 35 

5 June 20-24 18,327 12,12 6 477 28 

6 June 25-29 1 ,461  0.97 4 330 27 

7 June 30-July420,535 13.58 3 721 16 

8 J u l y  5-9 1 ,  011 0-67 2 137 27 

10 J u l y  15-21 368 0.24 - 1 60 - 0 

To ta l  151,206 100,OO 55 4 ,091  240 
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Progression in s ize during the season i s  evident in b o t h  age groups. Evident 
also i s  the dominance of age I f i sh  throughout the season, with the exception 
of the f i r s t  period when age I1 smolts were in greater numbers. 

The season's weighted length frequency distribution i s  shown in Figure 6. 

Size composition was determined from length measurements of 4,091 smolts con- 
tained in 55 one-pound samples. Age determination was based on readings of 240 
scales contained in 10 scale samples, one taken each five-day period. 

The percentage and mean length of each age group were calculated for  each per- 
iod and for  the en t i r e  season (Table 4) .  Age I smolts comprised 81.15 percent 
of the total  run and averaged 84.5 mm in length; age I1 smolts comprised 18.85 
percent of the r u n  and averaged 102.9 mm in length. 

The lack of increase in s ize  during the season and fluctuation of mean lengths 
of both age groups in the mid-periods i s  probably due to  the presence of differ-  
ent populations of smol ts.  

The pattern of seasonal changes in smolt length frequency i s  cause for specula- 
tion of possible migration trends within t h i s  multi-lake system. Smolt work 
conducted by the Fisheries Research Ins t i tu te  in 1961 showed tha t  the Kulik 
and L i t t l e  Togiak Lake, age I smolts migrated during the same period of time 
(or  even s l ight ly  l a t e r )  than did the same age f i sh  as Mosquito Point. If  i t  
i s  assumed that  smolts from each lake are approximately the same size a t  
beginning of migration, the gradual increase in s ize of age I smolts during 
the season could be interpreted as plus-growth. Thus the f i r s t  age I f i sh  
caught a t  Mosquito Point would be from Lake Aleknagik and the l a s t  f i sh  from 
the upper lakes. As the age I1 smolts are the f i r s t  t o  migrate a t  Mosquito 
Point, they are l ikely to  be f ish from the extreme upper lakes which encountered 
a l a t e  season temperature block a t  Mosquito Point and have wintered in Lake 
Aleknagik until suitable temperatures the following spring. 

The further observed pattern of decrease in size of yearling smolts during 
each evening migration may be due to  difference in swimming speed or migration 
stimulus. 

Table 5 summarizes the comparative age, length, and index catches of the years 
1951 through 1963. 

Condition of Smol t s  

The condition index of the smolt run was calculated on the basis of weight per 
f i sh  of a given length. Fish were measured in millimeters and collected in 5 
mm groupings. Each group of 10 f ish (or fewer in extreme size groups where 
10 f ish were not available) was weighed in grams and weight per f ish was cal- 
culated and compared with the previous nine year mean (Table 6) .  

The condition sample was taken from the smolt catch of June 17, one of the peak 
nights. 
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Table 4.  Length and age of red salmon smolts from Wood River system, 1963. 

L ine  $lean Length Percentage 
Period Dividing of A g e  Group of As& Group 
No. D a t e  A g e I & A q e I I  I I1 I I1 

1 Nay 30-June 4 88.5 73.6 102.4 30.51 63,43 

2 June 5-9 83.5  81-4  '38.0 69.18 30.82 

3 June 10-14 92 -5  81,6 100.3 76-29 23 -71  

4 June 15-13 94,5  82.2 101.6 90,81 9.19 

6 June 25-29 96.5 8 4 - 3  102.4 94.85 5 -15  

7 June 30-July 4- 98.5 83-2  104.7 96-26 3.74 

8 J u l y  5-3 98.5 85-2 102.8 83.05 10.95 

9 J u l y  10-14 102.5 91-9  108.9 85.46 14.54 

10 J u l y  15-21 102.5 91.7 105.4 88.33 11.67 

Season T o t a l  8 4 - 5  102.3 81-15 18.85 



Table  5. Comparative a g e ,  l e n g t h ,  and i n d e x  c a t c h e s  o f  r e d  salmon s m o l t  from 
Wood R i v e r ,  1951-1963. 

Year o f  A g e  I 
L/ 1/ Aqe II- 

Seaward Pie an 2/ i deanu  Index- '/ Index N e t  
l u g r a t i o n  Pe rcen t  Length Percen t  Ebnqth P o i n t s  Catch 

Average 87.1 84.1  12 ,3  100.7 220.0 373,736 

U N u m b e r  w i n t e r s  i n  Prcshwater.  

vPlean l e n g t h  i n  mm. 

2/Base y e a r ;  a s s igned  va lue  o f  100.00. 

vOne index  p o i n t  = 1.700.34 srnolt. 



Table  6 .  C0ncI.i t i o n  index o f  r e d  salmon smol t s  from Wood River sys tem,  1963. 

Deviation of 
Mid-Point of  ems. Per Fish Gms. Per Fish 1963 Sample from 
5 mm Grouping, 1954-62 Mean 1.363 1954-62 Mean 



The 1963 smol t  were l a r g e r  and i n  b e t t e r  c o n d i t i o n  than e i t h e r  t he  1961 o r  
1962 smo l t  runs  (Table 7 ) .  Th is  would be expected, as increased growth i s  
u s u a l l y  assoc ia ted  w i t h  sma l l e r  popu la t i ons  w i t h i n  t he  lake.  

The p a r a s i t i c  cestode, Triaenophorus crassus, was found t o  be a common para- 
s i t e  among the  smol ts  i n  1963. A l l  of  t h e  smolts anesthes ized and measured 
(4,091) were examined f o r  t h i s  p a r a s i t e .  It was found t h a t  26.9 percen t  were 
i n f e s t e d .  The 1963 percentage o f  i n f e s t a t i o n  compares c l o s e l y  w i t h  t he  va lue  
o f  22.8 percen t  found i n  1962. 

Smolt P roduc t ion  versus Escauement Levels  

The 1963 smol t  r u n  o r i g i n a t e d  f rom the  a d u l t  escapements o f  1,016,000 i n  1960 
and 461,000 i n  1961. 

As t he  Wood R i ve r  smol t  a re  predominate ly  one-check f i s h  when they  leave f r e s h  
water,  i t  was a n t i c i p a t e d  t h a t  t he  low escapement i n  1961 would p rov ide  the  
bu l  k  o f  t h e  run. Th i s  proved t o  be t h e  case when 81.2 ?ercen t  o f  t he  t o t a l  
o u t m i g r a t i o n  was determined t o  be f rom t h e  1961 spawning. 

As shown i n  Table 8, t h e r e  i s  no c l ose  r e l a t i o n s h i p  between t h e  s i z e  o f  escape- 
ment and t he  smol t  i nd i ces .  There i s ,  however, an i n d i c a t i o n  t h a t  t h e  years  of 
l a r g e  escapements produce more smo l t s -  It can be concluded t h a t  seasona l l y  
f l u c t u a t i n g  c o n d i t i o n s  o t h e r  than escapement s i z e  may g r e a t l y  e f f e c t  s u r v i v a l  
t o  smol t  stage and must be cons idered i n  an e v a l u a t i o n  o f  optimum escapement 
f o r  t h i s  system. 

SUMMARY 

Nineteen hundred and s i x t y - t h r e e  was t h e  1 3 t h  consecut ive year  f o r  smo l t  
enumeration and sampl ing a t  t he  o u t l e t  o f  Lake Aleknagik ,  and t h e  t h i r d  year  
t h a t  t h e  s tud ies  have been conducted by t he  Alaska Department o f  F i s h  and 
Game. 

The index  o f  abundance was ob ta ined  by use o f  t h e  s tandard- type f y k e  n e t  and 
o t h e r  equipment comparable w i t h  p rev ious  years.  

The n e t  was f i s h e d  d u r i n g  t h e  p r e v i o u s l y  e s t a b l i s h e d  index  hours o f  9  p.m. t o  
11 p.m. each n i g h t  f rom May 30 th rough J u l y  21. 

Breakup occur red  on June 3 a t  Lake Aleknagik  and h indered opera t ions  f o r  sev- 
e r a l  days. 

The t o t a l  ca t ch  o f  151,206 smol ts  o r  88.93 index  p o i n t s  was t h e  second lowes t  
recorded f o r  t h e  Wood R i ve r  system i n  13 years  o f  smo l t  index ing.  

Weather p layed  an i n t e g r a l  p a r t  i n  t he  t i m i n g  o f  t he  m i g r a t i o n .  M i g r a t i o n  
began as t he  l ake  water warmed t o  38" - 39" Fahrenhei t .  Cessat ion o f  t h e  sea- 
ward m i g r a t i o n  co inc ided  w i t h  t h e  l a k e  waters  warming t o  over  50' Fahrenhei t .  



1 / 2 / Table 7 .  Average length- and weight- of Wood River red salmon smol t ,  1961 - 
1963. 

Age Group 
Age I Age I 1  

Year LGngth Weight Length Weight 

1/ Length--in mm. - 

2/  Weight in grams. - 



Table 8. wood River escapements and smol ts  produced. 

Index values of Index uni ts  
Wood River smol t s  produced per 1,000 

Year escapement Age I Age I1 Total spawners 

1 /  The Age I1 smolts from the 1961 escapement will not leave freshwater unt i l  - 
1 964. 



Size composition was determined from length  measurements of  4,091 smolts con- 
ta ined  in  55 one-pound samples. Age determinat ions were based on readings of 
240 s c a l e s  contained in  10 samples. 

Age I smolts comprised 81.15 percent  of t h e  t o t a l  r u n  and averaged 84.5 mm 
i n  length .  Age I1 smolts comprised 18.85 percent  of t h e  r u n  and averaged 102.9 
mm in  length .  

From the  condi t ion  sample on June 17 i t  was concluded t h a t  smolts from t h e  
1963 outmigrat ion were l a r g e r  and i n  b e t t e r  condi t ion t h a t  from t h e  two pre- 
vious yea r s .  

The p a r a s i t i c  ce s tode ,  Triaenophorus c rassus ,  wds  found i n  26.9 percent  of t he  
smolts examined. 

The 1963 smolt run o r ig ina t ed  from t h e  a d u l t  escapement of  1,016,000 in 1960 
and 461,000 in  1961. 

I t  was concluded t h a t  i n  t h i s  system t h e r e  i s  no c lose  r e l a t i o n s h i p  between 
the  s i z e  of parent  escapement and the  smolt index produced. 
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