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ADF&G TECHNICAL DATA REPORTS 

This ser ies  of reports i s  designed to  f a c i l i t a t e  prompt 
reporting of data from studies  conducted by the Alaska 
Department of Fish and Game, especially studies which 
may be of d i r ec t  and immediate in t e res t  t o  sc i en t i s t s  of 
other agencies . 
The primary purpose of these reports i s  presentation of 
data. Description of programs and data collection methods 
i s  included only t o  the extent required for  interpretat ion 
of  the data. Analysis i s  generally limited to  tha t  neces- 
sary fo r  c l a r i f i ca t ion  of data collection methods and 
interpretat ion of the basic data. No attempt i s  made i n  
these reports to  present analysis of the data re la t ive  to  
i t s  ultimate or  intended use. 

Data presented in these reports i s  intended to  be f i n a l ,  
however, some revisions may occasionally be necessary. 
Minor revisions will be made via e r ra ta  sheets.  Major 
revisions will be made in  the form of revised reports.  
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BRISTOL BAY SOCKEYE SALMON STUDIES 

ABSTRACT 

Sockeye salmon (Oncorhynchus nerka) smolt p ro jec t s  were conducted on th ree  
Br i s to l  Bay r i v e r s  i n  1980. Estimates of outmigrating sockeye salmon smolt 
were 172.7 mil l ion from the  Kvichak, 48.3 mil l ion from the  Wood, and 2.0 
mil l ion from the  Snake River system. Age composition was 94% Age I and 6% 
Age I1 smolt from the  Kvichak, 96% Age I and 4% Age I1 from the  Wood, and 
99% Age I and 1 % Age I I from the  Snake River. 

INTRODUCTION 

This Technical Data Report represents  a continuation in  t he  documentation 
of sockeye salmon smolt data co l l ec ted  from various Bris to l  Bay r i v e r  systems. 
In 1980, smolt p ro jec t s  were conducted on th ree  systems, Kvichak, Wood, and 
Snake. Sonar biomass counters were used t o  est imate m o l t  abundance on the  
Kvichak and Wood Rivers while a fyke net  program was used on t he  Snake River. 
Length and weight data were co l l ec ted  from each age c l a s s  of srnolt on each of 
the  th ree  r i v e r s  sampled. Infect ion r a t e  by T. crassus was documented f o r  
smolt emigrating down the  Wood River. Cl imatological data a r e  presented f o r  
each m o l t  s i t e .  

Smolt data i s  used t o  f o r eca s t  r e tu rns  of adu l t s  and t o  a s s i s t  in es tab l i sh ing  
optimum escapement l eve l s .  These data  a r e  a l so  used in assess ing the  e f f e c t s  
of salmon r ehab i l i t a t i on  and enhancement p ro jec t s  located i n  t h e  Wood and 
Snake River systems. 

As used in  t h i s  r epo r t ,  Age I smolt r e f e r  t o  smolt in  t h e i r  second year of 
freshwater residency a t  the  time of outmigration and possessing one winter  
s ca l e  annulus. Age I1  smolt r e f e r  t o  those m o l t  i n  t h e i r  t h i r d  year of 
freshwater residency and possessing two winter  s ca l e  annul i .  

1980 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Daniel J .  Bergstrom and Henry J .  Yuen 
Alaska Department of Fish and Game 

Division of Commerci a1 Fisher ies  
Anchorage, Alaska 

INTRODUCTION 

Data on age composition, s i z e ,  and numbers of Kvichak River sockeye salmon 
srnolt migrating t o  sea a r e  used in  forecas t ing the  age composition and numbers 



of subsequent adult  returns to  the Naknek/Kvichak fishery and t o  evaluate 
escapement levels and smolt production. Total smolt outmigration estimates 
from sonar eiumeration began in 1971 , replacing outmigration indices e s t i -  
mated from fyke net catches which were in i t i a t ed  in 1955 (Russell 1972; 
Paulus and McCurdy 1972; Parker 1974a and 1974b). Collection of smol t age 
and s i ze  data as well as sonar enumeration of the Kvichak River smolt out- 
migration continued in 1980. 

METHODS AND MATERIALS 

Sonar Arrays 

Instal la t ion and operation of the sonar counting system was similar t o  t ha t  
of 1976 with the few changes noted below (Randall 1977). The system consisted 
of three 3.2 m p las t ic  ladder arrays,  each holding 14 sonar transducers. Each 
array was independently anchored. The transducers were attached t o  the arrays 
and t h e i r  cables gathered together into three separate bundles of 100 m in 
length which were connected t o  a single control unit housed in a t en t  on the 
r iver  bank. 

On 16 May 1980 the inshore and center arrays were placed in the r iver .  Heavy 
ice flow from the lake followed soon afterward, delaying deployment of the 
offshore array. The center array anchor dragged downstream and was operated 
intermit tent ly  because of e f fo r t s  t o  reposition i t .  Ice hampered the operation 
until  1200 hours 21 May when a l l  3 arrays were in position and became fu l ly  
operational. The daily counts over the offshore array and center array prior 
to  21 May were interpolated by applying the average proportion of counts between 
the inshore and the other two arrays during the en t i r e  season t o  the inshore 
array count when the other two arrays were not operational. 

Adjustment of Sonar Counts 

The system was monitored 24 hours per day. Every 15 minutes counts were 
electronical ly  totaled for  each array and recorded on paper tape. To in ter -  
pret  the sonar counts as smolt, the following adjustments were required: 
subtract fa1 se  counts, interpolate fo r  missed time, adjust  fo r  r iver  velocity,  
expand counts for  r iver  w i d t h ,  and multiply by 10. 

Known fa l se  counts caused by wind, ra in ,  i c e ,  boats, e t c . ,  were subtracted 
from the counts printed on the paper tape. The normal procedure, however, 
was t o  disable to  en t i r e  system when a known source of fa l se  counts appeared, 
e.g., boats, i ce ,  e tc .  The control unit  printed the number of seconds the 
system was disabled. Counts during missed time were estimated by l inear  in te r -  
polation. The control u n i t  was temperature sensi t ive and there was approxi- 
mately a 3% error  in the disable time printed on the paper tape during the 
f i r s t  5 days of the project. The actual disable time was less  than the dis- 
able time printed by the control unit .  After 20 May th i s  e r ror  was negligible,  
and no adjustment was made in the expanded outmigration counts. During the 
same time period a difference was also noticed between the printed counts 
and the number t a l l i e d  on the control unit t o t a l i ze r s .  The printed counts 
were approximately 5% lower than the to t a l i ze r  counts. Since the pr inter  



was more accurate than the  t o t a l i z e r s ,  t he  only e r r o r  occurred i n  the  number 
of f a l s e  counts t a l l i e d  by the  t o t a l i z e r s .  This e r r o r  was considered negli-  
gi b l e ,  the re fore ,  no adjustment was made in the  outmigration est imate.  

The counting r a t e  of the  control u n i t  was dependent on water veloci ty .  The 
control un i t  was i n i t i a l l y  s e t  a t  5.40 fps  and r e s e t  t o  5.20 fps  on 20 May 
f o r  the  remainder of t he  project .  Actual water ve loc i t i e s  were measured 
w i t h  a Gurley meter over the  inshore and center arrays  f i v e  times, and over 
the  offshore a r ray  four  times during t he  project .  Average ve loc i t i e s  were 
5.32, 5.74, and 5.70 fp s  over the  inshore,  c en t e r ,  and offshore a r rays ,  
respect ively .  These water ve loc i t i e s  were used t o  make l i nea r  adjustments 
in the  sonar counts. 

The counts from each a r ray  were expended t o  est imate the  number of smolt 
migrating i n  sect ions  of the  r i v e r  not covered by t he  arrays .  The sonar 
signal  from each a r ray  was approximately 3.7 m wide. The surface  width of 
the  r i ve r  was measured a t  85 m .  A s ide  scanning sonar system was used t o  
determine the  l im i t s  of the  l a t e r a l  d i s t r i bu t i on  of smolt i n  the  r i v e r .  
Based on data obtained from the  s i de  scanning sonar,  smolt did not u t i l i z e  
the f i r s t  14 m from the west bank nor the f i r s t  8 m from the  e a s t  bank. 
Figure 1 i l l u s t r a t e s  the  posit ion of the  arrays  i n  t h e  r i v e r  and t h i s  season 's  
l a t e r a l  smolt d i s t r i bu t i on  across the  r i ve r .  Daily counts were then expanded 
t o  est imate the  t o t a l  da i ly  outmigration based on the  da i ly  l a t e r a l  di s t r i  bu- 
t ion  of sonar counts over the  th ree  arrays .  Mean expansion f ac to r s  derived 
from the  area under the  l a t e r a l  d i s t r i bu t i on  curve were 5.65, 3.85, and 4.13 
fo r  the  inshore,  cen te r ,  and offshore s ec to r ,  respect ively .  

The sonar system functioned a s  a biomass counter and was designed t o  r e g i s t e r  
one count f o r  the  biomass equivalent  t o  10 smolt passing over the  sonar 
equipped a r rays  (~rasnowski  1975). Daily counts were therefore  mu1 t i p l  ied 
by 10 a s  the  f i n a l  adjustment i n  est imating the  numbers of outmigrating smolt. 
A sample of a completed da i l y  outmigration est imate w i t h  adjustments f o r  d i s -  
able  time, water ve loc i ty ,  expansion f o r  unsonified a reas ,  and mu1 t i p l  i ca t ion  
by 10 f i s h  per count was presented by Randall (1977). 

Age-Wei ght-Length Sampling 

Samples from fyke net  catches were used t o  determine mean lengths ,  weights, 
and age composition of the  outmigrating smolt. A standard 1.2 x 1.2 m fyke 
ne t  was f ished i n  about 1.2 m sf water in  approximately the  same location as  
the index s i t e  of previous years .  An e f f o r t  was made t o  c o l l e c t  30 smolt 
f o r  age, length,  and weight data a t  0600, 1200, 1800, and 2400 hours dai ly .  
The estimated age proportion was 94% Age I1 and 6% Age I1 , the re fore ,  the  
smolt age samples were pooled i n to  sample s i ze s  of 60 f i s h  or  more which 
a1 lowed detection of a 5% change i n  the  age composition a t  the  95% confidence 
1 imi t (Snedecsr and Cochran 1967 ) . 

-- - 

In second year of freshwater residency - one winter annul us. 
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As a resil t t h e r e  were 18  sample pe r iods  between 1 t o  9 days each.  E s t i -  
mated age composi t ion of  the t o t a l  ou tmigra t ion  was weighted by t h e  ou t -  
migra t ion  e s t i m a t e  f o r  each  of  t h e  sample pe r iods .  Estimated mean l e n g t h  
and weight  f o r  t h e  e n t i r e  ou tmigra t ion  was ob t a ined  by summing t h e  d a i l y  
mean l e n g t h s  and weights ,  a l s o  weighted by t h e  cor responding  d a i l y  outmigra- 
t i o n  e s t i m a t e .  

RESULTS 

Cl imato logica l  and Hydrological Observat ions 

Weather and r i v e r  c o n d i t i o n s  were recorded a t  t h e  sona r  s i t e  from 16 May 
through 18  June 1980 (Table  1 ) .  There was heavy i c e  flow from 16 May t o  20 
May. Over the d u r a t i o n  o f  t h e  p r o j e c t ,  t h e  mean a i r  and wa te r  t empera tures  
were 12.1 and 5.5"C, r e s p e c t i v e l y .  Water t empera tures  du r ing  the smolt  
s t u d i e s  i n  the p a s t  1 8  y e a r s  have averaged 5.13"C. Water t empera ture  d a t a  
from 1963 t o  1980 a r e  presen ted  i n  Appendix Table  1 .  During t h e  peak of t h e  
ou tmig ra t i on ,  26-28 May, t h e  mean water  t empera ture  was 5.25"C. The water  
l e v e l  r o s e  approximately 0.5 m du r ing  t h e  p r o j e c t .  

Outmi g r a t i  on Es t imate  

A t o t a l  o f  3,616,280 sona r  coun t s  was t a l l e d  du r ing  the 1980 sona r  enumeration 
p r o j e c t  (Table  2 ) .  This  l e ad  t o  an e s t i m a t e d  outmigra t ion  o f  172.7 m i l l i o n  
smolt  (Table  3 ) .  The peak o f  t h e  ou tmigra t ion  occur red  between 26 May and 28 
May and r ep re sen t ed  39% o f  t h e  t o t a l  ou tmig ra t i on .  Figure 2 i l l u s t r a t e s  t h e  
d a i l y  ou tmig ra t i on  e s t i m a t e  f o r  1980. There were 162.6 m i l l i o n  Age I smolt  
enumerated from the 1978 escapement of  4.1 m i l l i o n  spawners. Th i s  was n e a r l y  
twice  t h e  p r i o r  l a r g e s t  Age I smol t  ou tmigra t ion  s i n c e  1969. The remaining 
10.1 m i l l i o n  smolt  were Age I 1  and were t h e  progeny o f  1 .3  m i l l i o n  a d u l t s  
spawning i n  1977. The 10.1 m i l l i o n  Age I1 smolt  added t o  26.6 m i l l i o n  Age I 
smol t t h a t  emigrated i n  1979 equal  a t o t a l  product ion of  27.4 smol t pe r  spawner 
from t h e  1977 brood y e a r  (Table  4 ) .  Smol t t o  a d u l t  marine s u r v i v a l  has been 
c a l c u l a t e d  f o r  Age I and Age I 1  smolt  from brood y e a r  1968 through brood y e a r  
1976 (Table  5 ) .  Average marine s u r v i v a l  f o r  Age I smol t i s  8.3% and f o r  Age 
I 1  smolt  i s  13.1%. 

Age-Weight-Length 

A t o t a l  o f  1,971 smol t was measured t o  determine mean weight ,  l e n g t h ,  and 
age. Dai ly  mean weights  and l e n g t h s  a r e  presen ted  i n  Table  6. The e s t ima ted  
age composition o f  t h e  t o t a l  ou tmigra t ion  was 94% Age I and 6% Age 11. The 
e s t ima ted  mean weights  of the t o t a l  ou tmigra t ion  were 5.9 g f o r  Age I smol t 
(20 y e a r  mean = 6.0 g)  and 10.7 g f o r  Age I I smol t (20 y e a r  mean = 9 1.1 g)  . 
Mean l e n g t h s  were 88.4 mm f o r  Age I smol t (20 y e a r  mean = 88.8 mm) and 109.9 
mm f o r  Age I I smol t (20 y e a r  mean = 109.3 mm) . Appendix Table  2 provides  
smolt  age compos i t ion ,  we igh t ,  and l e n g t h  d a t a  f o r  the y e a r s  1955 through 
1 980. 



Table 1. C l i m a t o l o g i c a l  and stream observat ions ,  Kvichak R ive r ,  16 May - 18 June 1980. 

Sky Wind (MPH)' O i  rect* 
Date 0800 2000 0800 2000 

A i r  Tem~. Water Temp. Prec ip i ta t ion  Water Level ' 
" C -- " C ( c ~ )  (m) Turb id i ty  

Max. Min. 0800 2000 24 hrs. 0800 hr. 0800 hr. 

5/16 3 2 1 OSE 
5/17 3 4 ZONE 5NE 
5/18 3 4 l O S E  15NE 
5/19 4 3 4NE. Calm 
5/20 3 3 Calm 8SW 

1 OSW 
4SW 
3NE 

13NE 
3NE 

1 lNE 
3N E 

Calm 
6NE 

13SW 

1 OSW 
Calm 
25NE 
4NE 
8NE 

Calm 
3N E 
3NE 
8NE 

13SW 

3 1 l0SW 5sw 
1 4 Calni Calm 
4 2 Calm 3NE 
4 3 5NE 3NE 
3 4 Calm 3SW 

4 4 3NE 7SW 
4 4 3NE 8SW 
3 2 3sw 3SW 
1 3 8s 3SW 
4 4 Calm 3NE 

4 4 3SW 7SW 
4 4 8SW 
4 4 Calm 3N 
3 1 1 0 N  6N 
1 3 8SW 3NE 

6/15 3 2 3NE 3NW 24 2 8.0 9.0 0 3.44 1 
6/16 2 3 3NE Calm 24 4 8.5 9.0 0 3.44 1 
6/17 3 4 3SW 1 OSW 22 2 8.0 8.0 0 3.43 1 
6/18 4 7SW 8.0 3.44 1 

Depth o f  i nshore  h a l f  o f  cen te r  a r ray .  

Sky Codes: 1 - c l e a r  sky, c loud  cove r ing  n o t  more t h a n  1/10 o f  sky. T u r b i d i t y  Codes: 
2 - c loud cove r ing  n o t  more than 1/2 o f  sky. 1 - c l e a r  
3 - c loud  cove r ing  more than 112 o f  sky. 2 - l i g h t  t u r b i d i t y  
4 - complete overcast .  
5 - fog.  



Table 2 . -  Kvichak River sockeye salmon smolt counts  by a r r a y  l e s s  f a l s e  
coun t s ,  p lus  i n t e r p o l a t i o n  f o r  missed t ime,  1980. 

Date Inshore Center Off shore  Total 

TOTAL 930,186 9 ,732,492 953,602 3,616,280 
% OF TOTAL 0.2572 0.4791 0.2637 

12 hours on ly ,  from 0001 t o  12QO on 16 May. 



Table 3. - Daily smolt outmigration est imate by age c l a s s  with percent age 
composi t i  on and accumulated t o t a l  s , Kvichak River, 1980. 

DATE AGE1 % ACCUM . AGE I1 % ACCUM. TOTAL ACCUM. 
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Table 5. Kvichak River sockeye salmon escapement, smolt production, and adu l t  re turns  ( i n  mi l l ions  o f  f i s h ) ,  
and marine survival  by brood year .  

Brood Age I 2-freshwater Percent Age I 1  3-fres hwater Percent 
year1 Escapement Smol t Adult Return Survival Smo 1 t Adult Return Survival 

Incomplete data .  

2 Ages 43 and !i3 only. 

3 Ages 32 and 42 only. 



2 
Table 6. Mean l e n g t h  (mm), mean weight  ( g ) ,  var iance ( 1, and sample s i z e  (n )  f o r  

sockeye salmon smol t  by age c l a s s  and sample date, Kvichak R iver ,  1980. 

AGE I AGE I 1  

Mean Mean 
s 

Mean 
s 

Mean 
Date Length Var. Weight n Length Weight s2 n 



LITERATURE CITED 

Krasnowski, Paul. 1975. 1974 Kvichak River sockeye salmon smolt s tud ies .  
In 1974 Bris tol  Bay sockeye salmon smolt s tud ies .  (Ed. P .  Krasnowski). - 
Alaska Department of Fish and Game Technical Report No. 20, pp. 1-13. 

Parker, Kenneth P .  1974a. 1972 Kvichak River sockeye salmon smolt s tud ies .  
In 1972 Bris tol  Bay sockeye salmon smolt s tud ies .  (Ed. Kenneth P .  Parker) .  - 
Alaska Department of Fish and Game Technical Data Report No. 13, pp. 1-37. 

Parker, Kenneth P .  1974b. 1973 Kvichak River sockeye salmon smolt s tud ies .  
In 1973 Br i s to l  Bay sockeye salmon smolt s tud ies .  (Ed. Kenneth P .  Parker) .  - 
Alaska Department of Fish and Game Technical Data Report No. 14, pp. 1-22. 

Paulus, Robert D .  and Michael L .  McCurdy. 1972. 1970 Kvichak River sockeye 
salmon smol t s tud ies .  - In 1970 Bris tol  Bay sockeye salmon smol t s tud ies .  
(Ed. P h i l l i p  Russe l l ) .  Alaska Department of Fish and Game Technical 
Data Report No. 4 ,  pp. 1-13. 

Randall, Richard C .  1977. 1976 Kvichak River sockeye salmon smolt s tud ies .  
In 1976 Bris tol  Bay sockeye salmon smolt s tud ies .  (Ed. N .  Newcome). - 
Alaska Department of F i s h  and Game Technical Data Report No. 33, pp. 1-13. 

Russell ,  P h i l l i p  A .  1972. 1971 Kvichak River sockeye salmon smolt s tud ies .  
In 1971 Bris tol  Bay sockeye salmon smolt s tud ies .  (Ed. P .  Russell and - 
M .  McCurdy) . Alaska Department of Fish and Game Technical Data Report 
N O .  2 ,  pp. 1-28. 

Snedecor, G .  W .  and W. G .  Cochran. 1967. S t a t i s t i c a l  Methods. 592 pp. 
Iowa S t a t e  University Press.  Arnes, Iowa. 

Yuen, Henry J . 1980. 1979 Kvichak River smol t s tud ies .  In 1979 Bris tol  
Bay sockeye salmon smolt s tud ies .  (Ed. Charles P .  ~eacham) .  Alaska 
Department of F i s h  and Game Technical Data Report No. 46, pp. 1-11. 



AppendikTable 1 . Water temperatures ( O C )  during smol t s tud i e s ,  Kvichak 
River, 1963 t o  1980. 

- -- 

Year S t a r t  End Mi nimum Maximum Mean 

Mean 5.13 



Appendix Table 2. Comparative age, length ,  weight ,  and ou tm ig ra t i on  es t imate  o f  
sockeye salmon smol t  f rom t h e  Kvichak R iver .  

Year o f  AGE I AGE I 1  AGE I 1 1  Out- 
seaward Length W t .  Length W t .  Length W t .  m i g r a t i o n  

m i g r a t i o n  % (mm) (g )  % (mm) ( g )  % (mm) ( g )  est imate1 

Fyke n e t  i n d i c e s  from 1955 through 1970; near est imates o f  t o t a l  smol t  ou tm ig ra t i on  
1971 through 1980. 



1980 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

Wes 1 ey Buc her 
Alaska Department o f  F ish  and Game 

Divi si on of  Commerci a1 F i s h e r i e s  
Dill ingham, Alaska 

INTRODUCTION 

Annual sockeye (Oncorhynchus nerka) smol t mig ra t i ons  o u t  o f  the Wood: River 
Lakes system range between 20 and 100 m i l l i o n  f i s h  over  about  a 90-day pe r iod  
(approximately 1 June - 30 August) each summer. Re l i ab l e  e s t i m a t e s  o f  t h e  
numbers of smol t s  l e a v i n g  t h e  system a r e  r equ i r ed  f o r  f o r e c a s t i n g  f u t u r e  
a d u l t  r e t u r n s  and s tudy ing  optimum escapement t o  t h e  spawning grounds. Annual 
ou tmigra t ion  e s t i m a t e s  combined w i t h  d a t a  on smolt  age composition and mean 
l eng th  and weight  provide a means f o r  e v a l u a t i n g  smolt  p r eda t ion  and l ake  
f e r t i l i z a t i o n  s t u d i e s  a l s o  being conducted i n  the Wood River  system. 

A program t o  enumerate smolt  by sona r  was i n i t i a t e d  i n  1975 because va r ious  
index programs ope ra t ed  p r i o r  t o  t h a t  time proved t o  be o f  l i m i t e d  va lue  i n  
f o r e c a s t i n g  f u t u r e  runs .  The sona r  p r o j e c t  has cont inued through 1980 w i t h  
the fo l lowing  o b j e c t i v e s :  (1  ) e s t i m a t i n g  numbers o f  ou tmig ra t i ng  smolt ;  ( 2 )  
de te rmin ing  t h e  q u a l i t a t i v e  a s p e c t s  o f  t h e  smol t run (age  composi t ion,  mean 
l e n g t h ,  weight ,  i nc idence  of t h e  p a r a s i t e  Triaenophorus crassus); and ( 3 )  
c a l i b r a t i n g  t h e  sonar  coun te r  t o  t e s t  the accuracy of  t h e  hydroacous t ic  counts .  

METHODS A N D  MATERIALS 

Sonar Arrays 

The same f o u r  t r a n s d u c e r  a r r a y s  and e l e c t r o n i c  c o n t r o l  u n i t  used s i n c e  1976 
(Krasnowski 1976, 1977) were used aga in  i n  1980. The system c o n s i s t s  of  40 
t r a n s d u c e r s  mounted i n  fou r  l a d d e r - l i k e  a r r a y s ,  each monitored s e p a r a t e l y  on 
the r i v e r  bottom. The 10 t r ansduce r  c a b l e s  from each a r r a y  a r e  taped t o g e t h e r  
and t h e  e n t i r e  bundle i s  secured t o  the r i v e r  bank w i t h  a s a f e t y  l i n e .  The 
f o u r  c a b l e  bundles a r e  connected t o  t h e  e l e c t r o n i c  count ing  u n i t  which i s  
powered by a 12 -vo l t  b a t t e r y .  The coun te r  i s  kept  i n  a wal l  t e n t  where tech-  
n i c i a n s  con t ro l  and monitor  t h e  system. Placement of  the gear  has been i n  
t h e  same l o c a t i o n  i n  the r i v e r  each y e a r  s i n c e  1975. 

I n s t a l l a t i o n  and ope ra t i on  of t h e  gear  was s i m i l a r  t o  methods used i n  1979 
(Bucher 1980).  The a r r a y s  were o r i g i n a l l y  pos i t i oned  i n  t h e  r i v e r  s o  t h a t  
d i s t a n c e s  from t h e  no r th  bank o f  Arrays I ,  11, 111, and IV were: 20.4,  34.1,  
46.6, and 70.7 m ,  r e s p e c t i v e l y .  A f t e r  t h e  underwater gear  was damaged by a 
submerged boa t  on 6/18,  Arrays I11 and IV were brought t o  t h e  s u r f a c e  f o r  
r e p a i r s  and were l a t e r  r e p o s i t i o n e d  s o  t h a t  Array I11  was 55.7 m and Array IV 
was s t i l l  70.7 m from t h e  n o r t h  bank. 



The arrays were ins ta l led  in the r iver  on 1 June and the counter was operated 
from 2100 until  0300 tha t  night. The daily random counting schedule was 
begun on 2 June and continued through 0600 on 16 August. The sampling design 
and sonar data collection procedures were consistent with those used in 1979 
(Bucher 1980). The sonar gear was operated 75 hours (25 randomly selected 
3-hour blocks) per 5-day sample period. Array I11 was designated as the 
index array and operated during a l l  sampling hours. The other three arrays 
were operated in a random sequence f o r  15-minute intervals  within each hour, 
and these 15-minute counts were expanded t o  yield hourly counts fo r  each 
array. 

Adjustment of Sonar Counts 

The sonar counter was operated a t  one velocity se t t ing  (4.5 fps)  a l l  season. 
During periods of t i da l  influence, velocity factors  were applied t o  the raw 
sonar counts to  yield corrected counts (Bucher 1980). Appendix Table 1 pro- 
vides a summary of velocity data used to  adjust  the counts throughout the 
season. Adjusted counts were then expanded for  the en t i r e  width of the r iver  
by expansion factors  which were assigned to  each array. The expansion factors  
were a function of distance between the individual arrays. When the arrays 
were moved in-season for  repa i rs ,  the expansion factors  were recalculated. 
In i t i a l  expansion factors  were Array I - 5.35, Array I1 - 3.92, Array I11 - 
5.46, and Array IV - 6.02. These were l a t e r  changed as follows: Array I - 
5.53, Array I1 - 5.10, Array I11 - 5.28, and Array IV - 5.66. 

Because the sonar system was not monitored 24-hours per day, counts were e s t i -  
mated by l inear  interpolation for  those time periods not sampled. After in te r -  
polation, counts were summed to  yield a dai ly  to ta l  expanded count. Since the 
sonar system i s  a biomass counter designed t o  reg is te r  one count f o r  the bio- 
mass equivalent of f ive  smol t ,  the daily to ta l  expanded count was mu1 t ip l i ed  
by f ive  to  estimate the actual daily m o l t  count. 

Sonar Cali brat i  on Tests 

Several t e s t s  were made during July in an attempt t o  determine i f  the sonar 
system was, in f a c t ,  counting a t  the designed ra te  (one count per f ive  smol t ) .  
Catches from a fyke ne t ,  anchored immediately behind Array I ,  were compared 
with the sonar counts fo r  given periods of time. Similar calibration work 
was performed by Clark and Robertson (1980) which indicated tha t  the sonar 
unit  was essent ia l ly  counting a t  the proper ra te .  This season, several modi- 
f icat ions and improvements t o  the fyke net technique were made. 

The t e s t s  were conducted with a large fyke net that  sampled a l l  b u t  the 
deepest portion of the water column which was insonified or  sampled by sonar. 
Due to the water depth, tha t  portion of the water column immediately above 
the sonar array (about 1 m )  was not sampled by the fyke net. However, i t  
was determined by visual observation of the oscilloscope that  few, i f  any, 
smolt occur a t  that  depth in the r iver .  

Absence of f loatat ion devices such as styrofoam col la rs  used by Clark and 
Robertson (1980) reduced much of the backwash previously noted. The t e s t s  



were conducted during periods when weather condit ions (wind and r a i n )  would 
not influence the counts and when adequate numbers of smolt were emigrating. 

Age-Weight-Length Sampling 

Smolt samples were co l l ec ted  f o r  age-weight-length ana lys i s  during each 5-day 
sampling period. During most of June, samples were obtained by beach se ine  
near the  o u t l e t  of Lake Aleknagik. However, the  preferred method f o r  co l l e c t -  
ing samples i s  by fyke ne t  in  the  Wood River (Bucher 1980). This method, 
es tabl ished i n  l a t e  June a f t e r  high water condit ions began t o  subside was 
used f o r  the  remainder of the  p ro jec t .  

Sampling goals were s e t  a t  300 smolt per 5-day period or 60 f i s h  per day. A 
fork  length measurement and s ca l e  samples were taken from each smolt. Weights 
were measured from a t  l e a s t  12 smolt per day and a l l  smolt were ex te rna l ly  
examined f o r  presence of the  pa r a s i t e  Triaenophorus crassus. 

RESULTS 

Climatological and Hydrological Observations 

Daily water temperatures and lake level  measurements recorded a t  the  sonar s i t e  
during the  smolt outmigration a r e  presented i n  Table 1. Maximum and m i n i m u m  
seasonal water temperatures were 17.8O C (26 Ju ly )  and 4.4" C (30 May), res-  
pect ively .  Mean lake depth recorded a t  the  ADF&G camp was 1.07 m (3.50 f t ) .  
A comparison of water temperatures and mean lake depth measurements f o r  the  
years  1975-1 980 i s  presented in  Appendix Table 2. 

Outmi gra t ion Estimates 

The  sonar counter was operated f o r  15 five-day periods f o r  a t o t a l  of 75 days. 
A t o t a l  of 1,814,000 raw counts was enumerated. Of t h i s  t o t a l ,  34% were 
recorded by Array I ,  35% by Array 11, 21% by Array 111, and 10% by Array IV. 
This seasonal d i s t r i bu t i on  of smolt across  the  r i v e r  i s  shown r e l a t i ve  t o  the  
pas t  5 years  i n  Appendix Table 3. Expansion of the  raw counts yielded an 
estimated t o t a l  outmigration of 48,295,932 smol t. Table 2 l i s t s  the  e s t i -  
mated smolt outmigration by age c l a s s  and sample period. The estimated da i l y  
t o t a l  outmigration i s  i l l u s t r a t e d  in Figure 1.  

Age-Weight-Length 

A t o t a l  of 3,916 smol t was measured t o  determine mean length and age. Age 
composition es t imates  and mean lengths )by sample period derived from beach 
se ine  and fyke ne t  sampling a r e  given i n  Table 3. Mean lengths f o r  the  sea- 
son of Age I and Age I1 smolt were 77.8 mm and 94.6 m m ,  respect ively .  Age I 
smolt comprised 96% of the outmigration; Age I1 smolt comprised 4%, the  maj- 
o r i t y  of which emigrated during June and ea r ly  July.  A comparison of the  
mean length of smolt by year and age c l a s s  f o r  the  years 1951-1980 i s  presented 
in Table 4. Mean weights f o r  the  1980 season a r e  presented by sample period 
i n  Table 5. Mean weight of Age I smolt was 4.0 g while t h a t  of Age I1 smolt 



Table 1 . Water temperatures and lake depths recorded a t  ADF&G cabin, Wood River, 1980. 

Surface Lake Surface Lake 
Date Temperature ( O C )  Depth ( F t .  ) Date Temperature ( O C )  Depth ( F t . )  

5.3 
5 .3  
5.4 
5.4 

(Over gauge) 

1 . I 5  
1 .I0 

(Be1 ow gauge) 
(Be1 ow gauge) 
(Below gauge) 



Table 2.  Estimated srnolt outmigrat ion by age c l a s s  and sample pe r iod ,  Wood 
Ri v e r y  1980. 

Samp 1 e Age I 
Peri od n No. % -+%7 Total 

June 2- 6 289 699,440 94 44,645 6 744,085 

June 7-11 278 445,928 99 4,504 1 450,432 

June 12-16 238 531,707 99 5,371 1 537,078 

June 17-21 294 122,718 89 11,167 11 137,885 

June 22-26 298 1,046,724 84 199,376 16 1,246,100 

J u l y  2- 6 300 6,151,700 90 683,522 10 6,835,222 

J u l y  7-11 300 8,750,210 97 270,625 3 9,020,835 

J u l y  12-16 300 9,535,629 97 294,916 3 9,830,545 

J u l y  17-21 300 5,806,351 99 58,650 1 5,865,001 

J u l y  22-26 300 4,349,739 98 88,770 2 4,438,509 

Ju ly  27-31 215 2,599,182 97 80,387 3 2,679,569 

August 1- 5 177 2,418,143 93 .  49,350 2 2,467,493 

August 6-10 126 1,005,602 98 20,522 2 1,026,124 

August 11-15 195 1,238,228 97 38,296 3 1,276,524 

Total 3,911 46,302,587 96 1,993,345 4 48,295,932 

Age composition of  t h e  t o t a l  outmigrat ion weighted by outmi g ra t ion  e s t ima te  
f o r  each sample period.  





Table 3. Sample s i z e s  ( n ) ,  mean l eng th  (m), and var iances  ( s 2 )  f o r  Age I 
and Age I 1  sockeye salmon smol t ,  by sample pe r iod ,  Wood River ,  
1 980. 

Age I Age I1  
Mean Mean 

Sampl e Peri od n Length s n Length s 

June 2- 6 27 1 72.0 67.66 18  91.4 80.00 

June 

June 12-16 238 68.9 67.52 2 88.0 144.00 

June 17-21 264 68.3 82.48 3 0 90.1 65.27 

June 22-26 252 77.8 60.97 46 91.3 58.51 

June 27-July 1 275 78.4 55.21 2 6 96.9 104.75 

Ju ly  2- 6 27 1 82.0 45.64 2 9 103.8 99.52 

J u l y  7-11 291 74.1 70.16 9 85.9 24.32 

J u l y  12-16 291 76.8 23.77 (9 89.3 75.56 

J u l y  17-21 2 96 75.7 23.03 4 84.8 4.69 

J u l y  22-26 2 94 78.7 22.01 6 87.5 62.92 

Ju ly  27-31 21 0 79.5 16.81 6 94.5 26.58 

August 1- 5 177 82.8 14.89 3 93.0 24.00 

August 6-10 124 86.6 18.72 2 92.5 12.25 

August 11-15 190 88.4 12.18 5 91.2 31.36 

June 2 - 
August 15 l  3,719 77.8 

Mean length  f o r  t h e  e n t i r e  season was der ived  by weighting t h e  mean length  
f o r  each sample period by the t o t a l  outmigrat ion e s t ima te  f o r  t h a t  per iod  
(Table 3 ) .  



Table 4.  Mean l e n g t h  of  sockeye salmon smol t  by y e a r  and age c l a s s ,  Wood 
River ,  1951-19801. 

Year of  Age I Age I1 
Seaward Mean Lensth Mean Lenqth - - 

Migrat ion Percent  i n  mm Percent  i n  mm 

1951-80 Average 89.6 
1951-66 Average 89.6 
1975-80 Average 89.6 

1951-1974 Data Source:  ADF&G B r i s t o l  Bay Annual Management Report ,  1974. 
Age and l e n g t h  weighted by e s t ima ted  ou tmig ra t i sn  f o r  a given sample 
per iod  based on a fyke  n e t  index program. 

2 Program n o t  i n  ope ra t i on  o r  incomplete  da t a .  

3 Percentage  n o t  weighted by e s t ima ted  outmigra t ion  by pe r iod .  



Table 5. _ Sample s i z e  ( n )  , mean weight  i n  grams, and va r i ance  ( s 2 )  on Age I 
and Age I 1  sockeye salmon smol t ,  by sample pe r iod ,  Wood River ,  1980. 

Age I Age I 1  
Mean Mean 

Sample Peri  od n Wei ght  s n Nei ght  s * 
June 2- 6  112 3 .5  1.17 10 6.2 2.21 

June 7-11 

June 12-16 

June 17-21 

June 22-26 4 8 3.8 .82 12 5.4 1.57 

June 27-July 1 5 6 4.3 1 .73  4 6.8 4.37 

J u l y  2- 6  

J u l y  7-11 

J u l y  12-16 

J u l y  17-21 

J u l y  22-26 

J u l y  27-31 

August 1- 5  

August 6-10 

August 11-15 

June 2 - August 1 5 l  844 4.0 55 6 .8  

Mean weight  f o r  t h e  e n t i r e  season was de r ived  by weight ing  t h e  mean weight  f o r  
each sample per iod  by the t o t a l  ou tmigra t ion  e s t i m a t e  f o r  t h a t  per iod  (Table  3 ) .  



was 6 .8  g. Age composi t ion and mean weight  and l e n g t h  of  the t o t a l  outmigra- 
t i o n  was weighted by t h e  ou tmigra t ion  e s t i m a t e  f o r  each sample pe r iod .  

Table  6 l i s t s  the e s t ima ted  percentage  of  sockeye smol t  i n f e c t e d  by the 
ces tode  Triaenophorus crassus. Overal l  , 11 . l %  o f  t h e  Age I smol t and 17.3% 
o f  the Age I 1  smolt  were e s t ima ted  t o  be i n f e c t e d  by the p a r a s i t e .  

Sonar C a l i b r a t i o n  T e s t s  

A summary of sona r  counts  vs fyke  n e t  c a t c h e s  f o r  t h r e e  s e p a r a t e  c a l i b r a t i o n  
t e s t s  du r ing  J u l y  i s  provided i n  Appendix Table  4.  One of t hose  tests was 
i n f luenced  by r a i n .  In t h e  o t h e r  two t e s t s  t h e  number of smolt  per  sona r  
count  ranged from 0 t o  4.49, w i t h  a mean of  2.32. The smolt  pe r  count  d a t a  
i n d i c a t e s  t h a t  t h e  sonar  gear  was no t  count ing  a t  t h e  designed r a t e  o f  f i v e  
smolt  p e r  count .  However, i t  was determined t h a t  the tes t  d a t a  d i d  no t  pro- 
v ide  s u f f i c i e n t  accuracy  t o  war ran t  a d j u s t i n g  t h e  hydroacous t ic  counts  by a 
f a c t o r  o t h e r  t han  f i v e .  T e s t  d a t a  d i d  show t h a t  s e r i o u s  d e f i c i e n c i e s  e x i s t  
i n  fyke  n e t  des ign  and a p p l i c a t i o n  which prec lude  an a c c u r a t e  c a l i b r a t i o n  o f  
t h e  sona r  equipment by t h i s  method ( s e e  Discussion below). 

DISCUSSION 

Smol t Product ion 

The 1980 outmigra t ion  of  Age I 1  smol t (1 -99  m i l l i o n )  combined wi th  the 1979 
Age I ou tmigran ts  (60.84 m i l l i o n ) ,  equa l s  a t o t a l  of  62.83 m i l l i o n  smol t  
produces from t h e  1977 escapement i n t o  t h e  Wood River  system. A summary o f  
smolt  ou tmigra t ion  e s t i m a t e s  by age c l a s s  f o r  1975-1980 i s  given i n  Table  7. 
These d a t a  a r e  shown r e l a t i v e  t o  brood y e a r  escapements i n  Table  8 .  

Smolt p roduct ion  from the 1977 escapement o f  560,000 was c a l c u l a t e d  t o  be 
112.19 smolt  per  spawner, t h e  h i g h e s t  recorded s i n c e  t h e  i n i t i a t i o n  o f  sonar  
sampling i n  t h e  Wood River .  I t  i s  i n t e r e s t i n g  t h a t  the e x c e p t i o n a l l y  low 
1973 escapement o f  330,000 produced t h e  next  h i g h e s t  smolt  pe r  spawner r a t i o  
of  99.24. In c o n t r a s t ,  t h e  1978 escapement of 2.27 m i l l i o n  produced only  
46.30 m i l l i o n  Age I smolt  t h i s  season .  Age I1 smolt  from t h e  l a r g e  1978 
escapement must be enumerated i n  1981 be fo re  t h e  smol t  product ion pe r  spawner 
can be c a l c u l a t e d .  

Marine Surv iva l  

Surv iva l  o f  smol t  enumerated from the Wood River  sonar  s i t e  i n  1975 and 1976 
has been c a l c u l a t e d  us ing  t h e  two and three-ocean a d u l t  r e t u r n s ,  s i n c e  t h e s e  
age c l a s s e s  comprise v i r t u a l l y  100% o f  the Wood River  run (Table  9 ) .  Marine 
su rv iva l  f o r  t h e  1973 and 1974 brood y e a r s  was c a l c u l a t e d  t o  be 4.30% and 
4.32%, r e s p e c t i v e l y .  The three-ocean f i s h  from t h e  1975 escapement r e t u r n e d  
i n  1980 f o r  a combined a d u l t  r e t u r n  o f  3.806 m i l l i o n  from t h a t  brood y e a r .  
The 1975 escapement o f  1.27 m i l l i o n  produced an e s t ima ted  69.15 m i l l i o n  smol t .  
Marine s u r v i v a l  o f  t h e s e  smolt  can then  be c a l c u l a t e d  t o  be a t  l e a s t  5.50% 
and perhaps h igher  i f  a s i g n i f i c a n t  number of  four-ocean a d u l t s  r e t u r n  i n  
1981. 



Table 6. Samples s i z e s  and estimated in fec t ion  by the  cestode Tr iaenophorus  
c r a s s u s  of Age I and Age I1 sockeye salmon smolt by sample period,  
Wood River, 1980. 

Age I Age I1 
Sample Period n % T.C.  n % T.C. 

June 2- 6 

June 7-11 

June 12-16 

June 17-21 

June 22-26 

June 27-July 1 

July 2- 6 

July  7-11 

July 12-16 

July 17-21 

July 22-26 

July 27-31 

August 1- 5 

August 6-10 

August 11-15 

June 2 - August 15l  3,719 71.1 197 17.3 

The overal l  percentage of smol t infected by the  pa r a s i t e  T .  c r a s s u s  was 
derived by weighting the  percentage of in fec t ion  i n  each sample period 
by t h e  t o t a l  outmigration es t imate  f o r  t h a t  period (Table 3 ) .  Infect ion 
was only determined by gross external  observations.  



Table 7 .  ,- Summary of  smolt  ou tmigra t ion  by y e a r  and age c l a s s ,  Wood River ,  
1975-1980, i n  m i l l i o n s  of smol t l .  

Year of 
Outmi g r a t i  on Age I Age I1  Total  

T o t a l l y  expanded sona r  coun t s ,  de r ived  by expansion f a c t o r  of ( 5 )  smol t 
per  count .  

Table 8. Summary o f  smolt  ou tmigra t ion  by brood y e a r  escapements,  by age 
c l a s s ,  i n  m i l l i o n s  of smolt  and smolt  product ion per  spawner, 
Wood River , ,1972- 1 978. 

Brood Smol t Product ion 
Year Escapement Age I Age I 1  Total Per Spawner 



Table 9. Wood River sockeye salmon escapement, smolt production and adu l t  re turns  ( i n  mil l ions  of f i s h )  and 
marine survival by brood years .  

Brood Age I 2-freshwater Percent Age I 1  3-fres hwater Percent 
Year Escapement Smol t Adul t Return2 Survival Smol t Adult Return2 Survival 

Incomplete data .  

2 Figures r e f l e c t  s l i g h t  d i f ferences  from those published i n  Bucher (1980) due t o  more complete data on 
adu l t  r e tu rns .  

3 53 only. 

32 and 42 only. 



Sonar Cal i brati  on 

Several problems during the t e s t s  were ident i f ied as a function of the actual 
fyke net design. In order t o  cover the en t i r e  width of the sonar array,  i t  
was necessary t o  spread the wings  of the net to  cover approximately 3.3 m.  
This allowed the net t o  f i sh  a t  an angle more perpendicular t o  the r i v e r ' s  
current. As a r e su l t  of the n e t ' s  or ientat ion,  smolt were gi l led in the web. 

Size of the mesh was also a c r i t i c a l  factor .  Not only was the mesh large 
enough t o  g i l l  smolt, b u t  some smaller f i s h  were actually observed passing 
through the mesh, although the number appeared to  be minimal. As an al terna-  
t i v e ,  smaller mesh would prevent g i l l i ng  of the smolt, b u t  the advantage 
would be outweighed by the s ignif icant  "backwash" created i n  f ront  of the 
net which causes some smolt t o  completely avoid the net. In addition, the 
smaller mesh nets a re  extremely d i f f i c u l t  t o  handle in f a s t  current. 

Another major d i f f i cu l ty  involved the large number of smolts tha t  had to  be 
hand-counted a f t e r  being captured in the fyke net. According to  Bendix 
engineer A1 bert  Meni n (personal communications) , h i  ghest preci sion i s obtained 
from the sonar a t  maximum smolt passage ra tes .  Thus, counting individual f i sh  
i s  nearly impossible a t  the passage r a t e s  required f o r  the desired precision 
of the t e s t .  Any technique fo r  estimating fyke net catches by subsampling 
was dismissed as being too inaccurate fo r  calibration purposes. 

Before the fyke net calibration technique may be employed, a t  l e a s t  three 
basic assumptions are  required: 

(1 ) Smolt do not see (o r  sense) the fyke ne t ,  which would cause 
them t o  pass back over the array and thus be counted more 
than once. 

( 2 )  All smolt t ha t  pass over the array are  eventually captured in 
the l ive  box and t a l l i e d  by hand. This implies tha t  smolt do 
not escape, e i the r  by passing through the web, becoming g i l led  
i n  the web, or avoiding the net en t i re ly .  

(3) The column of water sampled by the fyke net corresponds to  the 
same area hydroacoustically sampled by sonar. 

From our t e s t s  t h i s  summer i t  was determined tha t  the above assumptions did 
not hold t rue.  Therefore, i t  was concluded tha t  fyke netting as accomplished 
t h i s  season i s  not a viable method of cal ibrat ing the sonar counts, and other 
means must be investigated. 
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Appendix Table 1 .  Standard v e l o c i t y  f a c t o r s  by sample period and a r r a y  r a t i o  
f a c t o r s  by sample period and a r r a y ,  Wood River sonar  s i t e ,  
Alaska, 1980. 

Sarnpl e 
Peri od 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13  

14 

Standard 
Veloci ty 

Factor  

1 .43  

1.41 

1.41 

1.33 

1.32 

1.27 

1.26 

1.24 

1.25 

1.22 

1.15 

1.09 

1.03 

1.03 

Array Ratio Factor  

I v 

.98 

1.02 

1 .O1 

1 .OO 

.97 

1 .OO 

1.01 

.98 

1.03 

1 .O1 

.99 

.92 

1.02 

1.05 

I 

.96 

.90 

.93 

.89 

.89 

.86 

.90 

.89 

.86 

.90 

.89 

.88 

-86 

-81 

I I 

.98 

.98 

1 . O O  

.98 

.95 

.95 

.97 

-95 

-93  

.97 

.98 

.98 

-95 

-94 



Appendix Table 2.  Mean water temperature and lake  depth,  Wood River sonar  
s i t e ,  1975-1980. 

Temperature ( O C )  Depth (m) 
Year P ro jec t  Dates Minimum Maximum Mean Mean Range 

1975 5/29 - 7/19 2.0 9.5 5.0 0.368 .567 - ( - )  .238 

Appendix Table 3. Smolt d i s t r i b u t i o n  from raw sonar counts ,  by a r r a y  and y e a r ,  
Wood River. 

Percentage of  Total Counts 
Year Array I Array I 1  Array 111 Array IV 

-- 

I Only two a r r a y s  were used in  1975. 



Appendix Table 4.  Comparison of Wood River smolt sonar  counts  vs. fyke ne t  
ca tches  behind Array I ,  1980. 

Minutes fvke Number Number of 
Date Time n e t  f i shed  of smolt sonar  counts1 Smolt/Count 

Total o r  Mean 131 14,131 5,346 2.64 

Total o r  Mean 

Total o r  Mean 10 6,808 2,932 2.32 

Counts ad jus t ed  f o r  r i v e r  v e l o c i t y ,  but not expanded by ( 5 ) .  

2 Not ac tua l  counts ;  der ived  by sub-sampling. 

3 Counts inf luenced by r a i n .  
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Dillingham, Alaska 

INTRODUCTION 

Lake Nunavaugaluk was chosen as  the  s i t e  f o r  a sockeye salmon (Oncorhynchus 
nerka) f r y  production f a c i l i t y  t o  supplement severely depressed natural  
production. Preliminary s tud ies  on the lake were i n i t i a t e d  in  1974 t o  e s t i -  
mate the  number of sockeye salmon juveni les  t h a t  the  lake was capable of 
supporting. While these  s tud ies  i den t i f i ed  the locat ion and ex ten t  of 
important shallow water rear ing a r ea s ,  no est imate was made of how many 
f r y  the  lake could suppor t . (Jaenicke,  Mattson, and Hoffman 1978). The num- 
ber and age of sockeye salmon smolts migrating from the  lake was determined 
t o  evaluate  freshwater survival  and production of sockeye salmon juveniles.  
Unfortunately, es t imates  of the  t o t a l  number of smolts leaving the  lake were 
not considered t o  be r e l i a b l e  s ince  fyke ne t  sampling could not be i n i t i a t e d  
un t i l  a f t e r  the  lake was ice-f ree .  I t  was hypothesized t h a t  50% of the  t o t a l  
migration had occurred p r i o r  t o  t h i s  time (Thomason. and Jaenicke 1979). 

METHODS AND MATERIALS 

During i c e  breakup i n  1980 smolt sampling was conducted a t  two s i t e s  near the  
o u t l e t  of Lake Nunavaugaluk. Outlet  width was about 100 m and water depth 
ranged from 1 .5  m t o  3.7 m.  After i c e  breakup smolt sampling was conducted 
within Snake River, about 100 m below the  o u t l e t .  River cha r ac t e r i s t i c s  were 
measured in  1979 and were a s  follows: r i v e r  width approximately 45 m ,  depth 
ranged from 0.3-0.9 m y  and cur ren t  speed varied from 2.9-4.9 fps .  This s i t e  
was the  same used in a l l  previous Lake Nunavaugaluk smolt s tud ies  (Fried and 
Laner 1 980 ; Thomason and Jaeni c ke 1979). 

During i c e  breakup smolt were captured using sinking var iab le  mesh (3 .8 ,  3.2, 
2.5,  1 .9 ,  and 1 .3  cm square mesh) mult if i lament g i l l  ne ts .  Two g i l l  nets 
were f ished continuously from 2100 hours 17 May un t i l  0800 hours 18 May. 
Arct ic  char (sa lvel inus  a l p i n u s ) ,  a l so  captured,  were examined t o  determine 
whether they had been feeding upon sockeye salmon smolt. 

Fyke ne t  sampling was conducted from 18 May un t i l  17 June using 1 .2  x 1.2 m 
nets  f i t t e d  with f l o a t i n g  l i v e  boxes. Between 18 May and 15 June each 
sampling day consisted of four  1 -hour periods (2300-2400, 2400-0100, 0100- 
0200, and 0200-0300 hours) and one 20-hour period (0300-2300 hours). Since 
spa t i a l  d i s t r i bu t i on  of smolts across  the  width of the  r i v e r  was not known, 



three locations were fished a t  the sampling s i t e :  one in mid-river and one 
near each r iver  bank (Figure 1 ) .  A s ingle  location was fished during each 
period of a sampling day. The actual sampling schedule was determined prior 
to the f i e l d  season by randomly assigning one of s ix  combinations of location 
and period to  each sampling day (Appendix Table 1 ) .  The fyke net was fished 
fo r  6 minutes a t  the assigned location during each of the 1-hour sampling 
periods. The net was fished continuously a t  the assigned location during 
the 20-hour sampling period. Seven 20-hour sampling periods (18, 19, 20, 23, 
25, 28, and 29 May) were not fished continuously because of accumulation of 
debris within the net. On 17 June an index fyke net was fished continuously 
a t  S i te  3. Catches made between 18 May and 15 June were used to  estimate 
actual number of migrating smolt. Catches made before and a f t e r  these dates 
were used as migration indices. 

Upon completion of each fyke net sampling period a l l  smolt were removed from 
the l ive  box, transported to  shore in buckets, counted, and placed in a hold- 
ing pen. Toward the end of each sampling day a random sample of 20 smolt was 
taken from the pen, anesthetized with t r ica ine  methanesulfonate, measured fo r  
fork length, weighed ( a f t e r  blot t ing dry) ,  and a scale smear taken. On days 
when the to t a l  catch was l e s s  than 20 smolt, a11 smolt i n  the pen were 
sampled. All smolt were returned t o  Snake River, below the fyke net f ishing 
s i t e ,  pr ior  to  the s t a r t  of each new sampling day. 

Total smolt emigration from 18 May unt i l  15 June was estimated using the 
following formula: 

T = t o t a l  number of smolt leaving lake during sampling season, 

w = proportion of to ta l  r iver  width covered by fyke net = 0.049, 

P = number of minutes fished during an hourly sampling period = 6 ,  

d = number of days in sampling season = 48, and 

n = number of smolt captured in the jt"ay d u r i n g  the i t h  
i j sampl i ng period. 

Smolt scales were mounted on glass microscope s l ides  in the f i e l d  and l a t e r  
viewed under a microfiche reader. Scale patterns were interpreted using 
c r i t e r i a  developed by Thomason (1979) fo r  Snake River sockeye salmon smol t. 
To estimate age composition, mean length, and mean weight for  the to ta l  
smolt migration, the sampling season was divided into three periods of 8 . 
days duration, and one period of 5 days duration. Age composition by period 
was estimated from scale  samples. These values were then multiplied by the 
total  smol t migration estimates fo r  corresponding periods to  obtain the e s t i -  
mated number of each age class  present by period. A seasonal total  fo r  each 
age class  was obtained by adding a l l  period to t a l s .  Mean length and weight 
fo r  each age class  by period were calculated in a similar manner, and weighted 
by period t o t a l s  to  provide a seasonal mean. 



L A K E  N U N A V A U G A L U K  

Figure 1.  Area where Lake Nunavaugaluk drains in to  Snake River showing 
location of g i l l  net and fyke net sampling s i t e s  f o r  sockeye 
salmon smol ts . 
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RESULTS 

Cl imatologi  c a l  and Hydrological Observat ions 

Daily water  t empera tures  recorded from Snake River near  the o u t l e t  o f  Lake 
Nunavaugaluk a r e  presen ted  i n  Table  1 .  Maximum and minfmum seasona l  water  
t empera tures  were 7'C and 4'C, r e s p e c t i v e l y ,  w i t h  a seasonal  mean of  4.8"C. 
All t empera tures  were recorded between 2400 and 0100 hours.  

Outmigration Est imate  

S ix  sockeye salmon smol t and e i g h t  A r c t i c  cha r  were cap tured  i n  index gi 11 
n e t s  du r ing  t h e n i g h t  o f  17-18 May. All  sockeye smolt  were Age I .  No sockeye 
smolt  remains were found i n  any cha r  stomach. Small c a t c h e s  of  smol t  and 
the absence o f  smol t  remains i n  c h a r  stomachs sugges t s  on ly  small  numbers 
of  smolt  l e f t  t h e  l a k e  be fo re  i ce -ou t .  

Fyke n e t  sampling t o  e s t i m a t e  t o t a l  sockeye smolt  ou tmigra t ion  began a t  2300 
hours 18  May and cont inued  u n t i l  2300 hours 15 June.  An e s t ima ted  1,972,102 
sockeye salmon smolt  migrated seaward du r ing  t h i s  time per iod  (Table  2) .  
Peak mig ra t i on  occur red  0 ~ 2 0  May and r ep re sen t ed  22% of  t h e  t o t a l  m ig ra t i on .  
Approximately 84% o f  t h e  t o t a l  m o l t  c a t ches  occur red  between 1 8  May and 3 
June (F igu re  2 ) .  Nearly 80% of  t h e  smol t ca t ches  occur red  between 2400-0200 
hours (Table  3 ) .  Water t empera ture  du r ing  t h e  peak of  smol t migra t ion  ranges 
from 4.2' t o  5'C wi th  a mean of  4.5"C. 

Smolt p roduct ion  per  spawning a d u l t  was 109.2 Age I smolt  and 2.53 Age I 1  
smolt  (based upon escapements of  18,074 i n  1978 and 9,304 a d u l t s  i n  1977) .  
These f i g u r e s  r e p r e s e n t  a minimum smolt  p roduct ion  of  129.7 smolt  per  spawner 
from the 1977 brood y e a r  escapement. 

Age-Wei ght-Length 

A t o t a l  of  514 m o l t  was sampled t o  de te rmine  mean weight ,  l e n g t h ,  and age 
composi t ion.  Ninety-nine pe rcen t  of  the t o t a l  e s t ima ted  migra t ion  c o n s i s t e d  
of Age I smol t  (Table  2 ) .  Peak mig ra t i on  o f  both Age I and Age I 1  smol t  
occur red  on 20 May. 

Mean l e n g t h s  were 105 mm f o r  Age I smolt  and 129 mm f o r  Age I 1  smolt .  Mean 
weights  o f  Age I and Age I 1  m o l t  were 10.1 g and 18.0 g, r e s p e c t i v e l y  
(Tab1 e 4 ) .  These compare t o  a 7 y e a r  mean o f  94.1 mm and 7.4 g f o r  Age I I 
smolt ;  11.5 mm and 12.7 g f o r  Age I1 smolt .  Annual mean l eng ths  and weights  
from 1973 through 1980 a r e  presen ted  i n  Table  5 .  



Table 1 .  Surface  temperatures  recorded from Snake River ,  near  Lake Nuna- 
vaugaluk o u t l e t ,  dur ing  fyke n e t  sampling f o r  sockeye salmon 
smolts  i n  1980. 

Date Temp. 
( " C  1 Date 

Temp. 
("C) 

May 18/19 

19/20 

20/21 

21 122 

22/23 

23/24 

24/25 

25/26 

26/27 

27/28 

28/29 

29/30 

- 30131 

31 June 1 

1 1  2 

21 3 

June 3/ 4 

41 5 

5 1  6 

6 1  7 

71  8 

8 1  9 

911 0 

10/11 

11/12 

1211 3 

1311 4 

14/15 

1511 6 

1611 7 

17/18 

Mean 4.8 



Table 2. Sockeye salmon srnolt migra t ion  e s t ima tes  by age c l a s s  grouped 
by sample per iods  from Snake River ,  1980. 

Number Number Total Sam1 e Percent  Percent 
Date Age I Age I1  Number ~i ze  Aqe I Age I 1  

May 18  - 25 1 ,050,620 21 ,441 1,072,061 160 98 2 

May 25 - June 2 659,857 

June 3 - 10 204,769 2,068 206,837 124 99 1 

June 11 - 15 33,347 0 33,347 70 100 0 

TOTALS 1,948,593 23,509 1,972,102 514 9 9 1 





T a b l e  3. Fyke net catches of sockeye salmon smolts, Snake 
River, 1980. 

CATCH PER TIicLF PERIOD 

2300- 2100- 0100- 0200- 0300- DAILY 
DATE CN 2400 0100 0200 0300 2300 TOTAL 

MAY 
18/19 
19/20 
20/21 
21/22 
22/23 
23/24 
24/25 
25/26 

TOTALS 

MAY 
26/27 
27/28 
28/29 
29/30 
30/31 
3 1,'JE'NE 
112 
2/3 

TOTALS 

Comb.ination number: speci f ic  fyke net locations fished, per Appendix fable 9 .  

* Catches shown are hourly estimates based upon 6 minutes of sampling per hour. 
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Table 5 .  Mean l eng ths  and weights of sockeye salmon smolt from Snake River ,  
1973-1980. 

AGE I AGE I 1  
Fork Wei gh t  Fork Wei ght  

Year1 Length (mm) ( 9 )  Length (m) ( 9 )  

Data f o r  1973-1978 from Thomason and Jaenicke (1979).  
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