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19 68 KVICHAK RIVER SOCKEYE SALMON (Oncorh nchus nerka) 
SMOLT STUDIES G 

Robert Paulus , Research Project Leader 
Michael McCurdy , Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Research Section 
Anchorage , Ala s ka 

INTRODUCTION 

Since 1955 the Kvichak River smolt index has  been conducted to  provide 
a n  index of the relative abundance of sockeye salmon (Oncorhynchus nerka) 
smolt leaving Iliamna Lake. The index, which has been obtained for the past  
fourteen years ,  has been used to  predict the magnitude (and age  composition) 
of the adult  sockeye salmon return to  the Kvichak River. It i s  a l s o  used to  
evaluate the production of smolt from the various levels of adult escapement. 

Despite the  amount of expended effort on this project, the index has 
proven to  be unreliable a s  a source of information on which to  predict adult 
sockeye salmon returns t o  the Kvichak River. This unreliability may be due 
to  a number of factors .  One of the foremost problems i s  river ice preventing 
the fishing of a fyke net .  Coupled with t h i s ,  in many years a large proportion 
of the  smolt apparently migrated down the river beneath this i ce .  Other prob- 
lems a re  a n  irregular river bottom contour, two channels a t  the s i t e  of opera- 
t ions ,  variations from year to  year in water level and turbidity, and the net  
avoidance exhibited by the smolt. The l a s t  factor a l so  varies with the s i ze  
and condition of the  f i sh .  

However, the index has  added information on the population dynamics 
of the  Iliamna Lake system sockeye.  This, plus the need for comparative 
year to  year da t a ,  has necessi ta ted the continuation of the  index project. 

In order t o  improve the outmigration es t imates ,  a federally funded pro- 
gram was initiated in 1965, using funds from the Commercial Fisheries Research 

1/ This investigation was financed by the Commercial Fisheries Research and - 
Development Act (P. L . 88-309) for the period commencing July 1 , 19 66, 
under sub-project 5-5-R-1, Contract No. 14-17-0007-374. 



and Development Act (P .  L .  88-309). The main objective under this  program 
was to  devise  methods and procedures to  obtain total yearly outmigration 
es t imates .  The history of th i s  program will be discussed in Total Smolt 
Outmigration Estimate section of this report. 

All the data presented in this report was collected and compiled by 
personnel of the Alaska Department s f  Fish and Game, and Mr. 0 .  E .  Kerns 
of the f i sher ies  Research Institute who provided much valuable a s s i s t ance  
on t h e  methods and procedures of operating the index project. 

11:. CONTINUATION OF THE INDEX PROJECT 

A .  Methods and Procedures 

This year a standard 4 '  x 4' fyke net was fished in the  same location 
and a t  the same depth a s  it has been each  year s ince  1955. Fishing the fyke 
net began on May 14  and ended on June 14. Twenty-four hour sampling was 
initiated on May 19 .  A l l  fishing time that  was los t  was due to  ice  or a lgae.  

One change that was initiated this  year ,  during photo-calibration, was 
the use of a Lever system to pull the photo-tunnel and cod end free of the 
water. 

B .  Results and Discussion 

1 . Ice Interference, Climatological and Hydrological Data 

Loss of fishing time due t o  ice and algae interference was  minimal in 
1968. In total 18 hours were missed.  

As in the pas t ,  weather observations were made twice daily.  The station 
was located one mile below the Iliamna Lake outlet (Figure 1).  Water tempera- 
tures ranged from a low of 39' F to  a high of 47' F . The mean seasonal  temp- 
erature was  42' F. The water temperature, on June 1 9  a t  the beginning of the 
outmigration, had an  average of 39.5' F based on the d a y ' s  two temperature 
readings. 

This year ' s  water depth data was  obtained from the United States 
Geological Survey who operated a gauging station on the Kvichak River. 
The station was located approximately 1 1 2  mile downstream from the lake 
outlet .  The data i s  presented in Table 1 along with the other hydrological 
and climatological data gathered by personnel of the Alaska Department of 
Fish and Game. 
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TABLE 1 . Climatological and stream abservations - Kvichak River 1"3a8, May 13-June 12. 

-------*~ -- -- 
Wind A i r  Tern. \.Eater Tearr~, Water 

Sky P r e c i p i t a t i o n  D i r  - Vel OF spm' op ~ u a g  el/ 9am -- -----.-* 

Dace 9am 8pm 9am 8pm A m t .  941x1 Bpm Max Min 9am $ p ~ ,  8pm TurSbdity Remarks 

Codings: 
0. 
1. 
2 .  
3. 
4. 
5. 

Ida observation made 
Clear sky,  cloud cover not mre t b n  1/10 
Cloud cover not more than 1/2 sky 
Cloud cover more than 1/2 sky 
Complete overcast  
Fog o r  t h i c k  haze 

Turbidi ty 
A. Clear 
B. P a r t l y  Cloudy 
6 .  Cloudy 
D. Debris 

w Max - Min Broken 
A 
A 
A 
A 
A Heavy Ice - pm 
a 
A 
A Water gauge out 
B Pdesvy Ice  - am - 
A 
C 
A 
A 
A 
B 
B - 
A 
A 
A 
A 
A 
A Heavy Hail - pm 
A 
A 
A Very Light Rain 
A 
A 
A 

l/ Data taken from U.S.G.S. - 
records of the  gaugiag 
s t a t i o n  on Kvichak R .  
Readings were taken a t  
1330 hrs .  Above an a rb i -  
t r a r y  datum. Data 
quest ionable . 



2 .  Index Net Catch and Photocounter Calibration 

a .  Index Catch 

This year ' s  expanded 24-hour index net catch,  presented in Table 2 ,  
i s  the largest  on record with a total of 6,123,683 smolt . Fishing with the 
photo-electric counters began on May 22 a t  01 00 hours. The major peaks of 
the outmigration occurred on May 23-24, and 25-26. Each of the peaks rep- 
resented over one million smolt with the 25-26 peak nearing two million. 
Together they represented 50 percent of the total expanded ca tch .  Figure 2 
graphically shows their magnitude a s  compared with the remainder of the 
outmigration. They a re  a l s o  shown in comparison to the 1963 outmigration 
which previously was the  largest  outmigration on record (Figure 3) .  

The 19 68 catch for the index hours totaled 2,295,023 and represented 
37.48 percent of the total catch.  

The 24-hour index catches  were derived a s  described in the  Alaska 
Department of Fish and Game Informational Leaflet No. 83. 

b . Photo-Electric Counter Calibrations 

The method used for the calibration of the  photo-electric counters was 
the same a s  in the years past  with the exception of the aforementioned lever 
which was used to  pull the  photo-tunnel and cod end free of the  water.  It 
was significantly helpful during the periods of high outmigration when the 
cod end was  extremely heavy with srnolt. 

The daily conversion ratios for numbers of smolt per photo-electric 
count ranged from 11.89 t o  17 .11 .  This compares favorably with 19 67's  
figures but i s  large when compared with past  figures such a s  1965 when the 
range was  3.22 to  10.00.  However, contrary to  past  da t a ,  the highest num- 
ber of f ish per count occurred during a period when smolt passage rates were 
low (ranging from 47 t o  900 fish per minute). Both low and high figures in 
this range experienced more than 19 .4  f ish per count. The lowest f ish  per 
count recorded was 12.33 with a passage rate of 99 fish per minute. The 
reason for th i s  could not be determined. The crew conducting the calibra- 
t ions had sufficient experience in the procedure of calibrating the counters 
and turbidity was non-existent on the dates  in question (5/27-28, and 6/1-2). 
The only reasonable explanation seems to  be the counters were malfunctioning 
due to  a variance in the  power supplied by the batteries or variances in the 
temperatures in which the counters were operating. The data i s  presented in 
Table 3 .  

This year ,  in addition to  index hour calibrations, non-index hour calibra- 



TABLE 2 . Kvichak River red salmon smolt expanded twenty-four hour index ca tch  by period,  1968. 

Index Ibur Daily Accumu l a t  i v e  
Date 1200-2200 2200-2300 2300-2400 0000-0100 Tota l  0 100 - 1200 Tota l  Tota l  

TOTALS 2,541,040 701,317 959,751 633,955 2,295,023 1,287,620 6,123,683 

PERCENT 41.49 30.56 41.82 27.62 37.48 21.03 100.00 

I /  Average of t o t a l  ca tch  f o r  2200 and 2300 h rs ,  - 
2/ Average of 2200 and 0200 hrs .  - 

I 3 /  Expanded dayb catch  determined by using average of index ca l ib ra t ions  of 5/27-28 and 611-2. 
I c/ - Expanded days ca tch  determined by using average of xndex ca l ib ra t ions  o f  611-2 and 614-5. 
I - 51  Expanded dayk ca tch  based on average index c a l i b r a t i o n  of 614-5. 



May June 

FIGURE 2 .  Dai ly fyke net catches, Kvichak River, 1968. 



June 

Figure 3 . Daily fyke net catches, Kvichak River - 1963 and 1968 
- 8 -  



Tab le  3 .  Kvichak River s o c k e y e  sa lmon smol t  photo-counter  c a l i b r a t i o n s ,  19  68.  

F i s h i n g  F i s h  per  Tota 1 Coun t s  pe r  F i s h  per  F i sh  per  Dai ly  Totals  
Da te  Hour Time Weigh t  Pound F i s h  C o u n t s  Minute  Minute  Count  ~ i s h / ~ o u n t l /  



Table 3 .  Kvichak River sockeye salmon smolt photo-counter c a i ~ b m t i o n s  , 19 68 (Continued . 

-.---- 
Fis hing Fish per Total Cor;nts per Fish per Fish per Daily Totals 

Date Ho ur Time Weight Pound Fish Counts Minute Minute Count F i s h / ~ o u n t &  - 

Seasonal Average 14.25- 2/ 

1," Figures represent an  arithmetic mean of calibrations for that period. - 
2/ Represents arithmetic average of a l l  photo-counter calibrations taken during the index hours. - 



tions were taken.  These a re  presented in Table 4 .  They were not ,  however, 
used to  expand the daily index catch because of the disparity between passage 
rates of f ish and fish per count, and for the sake of comparability between the 
year to  year da ta .  In the pas t ,  daily calibration averages were derived nearly 
entirely on the basis  of the nighttime index hour calibrations.  

3.  Length and Weight of Smolt by Age Group 

Thirty-three one pound and four two pound samples were taken throughout 
the season t o  determine the length and weight by age group. Table 5 and Figure 
4 show the weighted length frequencies of the smolt index catch.  The age  c l a s s  
separation point was determined by reading the sca les  of the f i sh ,  which by 
length,  bracketed. the separation. By the u s e  of this method it was determined 
that  the  index net catch consisted of 89.41 percent Age I1 smolts and 10.59 
percent of Age I smolts.  They averaged 104.5 mm and 87.9 mm respectiveiy. 

Age I1 smolt averaged 9 .2  grams while Age I smolt averaged 5 . 5  grams. 
This was arrived a t  by averaging by 1.engths the weight samples taken through- 
out the season .  The sample represented 680 individual smolt. The samples 
measuring 93 mm (the age  c l a s s  separation point) were divided in half with 
one half being accorded to  each  age  c l a s s .  

111. DISCUSSION AND COMPARISON WITH PAST DATA 

A s  previously s ta ted ,  the 19 68 Kvichak River sockeye smolt index ca tch  
i s  the  largest  on record. The 5,475,362 Age 11 smolt were progeny of the 19 65 
escapement of 24 ,3  60,000 adul ts .  The Age I smolts totaled 648,32 1 individuals 
and were progeny of the 1966 adult escapement of 3 ,775,184.  

The Age I1 smolt estimate i s  the largest  index on record with a total of 
164.2 points with one index point equal to  33,340 smolt. The Age I smolt 
totaled 19 .4  index points.  This places the Age I smolt just slightly higher 
than the 14 year average of 646,070 for the index project (1955-1968). This, 
however, i s  a higher production figure than other years with similar brood year 
escapements.  For previous years i  data refer to  Appendix A, Tables 1 through 7 .  

To summarize, the 19 68 Kvichak River sockeye smolt iidex catch i s  the 
largest  on record. This i s  a result of the 1965 brood year production of Age I1 
smolt. The Age I smolt production of the 1966 escapement was only slightly 
higher than the 14 year average but was  considerably higher than past  brood 
year productions from escapements of similar magnitude. Loss of fishing time 
due to  ice  and algae interference was minimal. 



Table 4 .  Kvichak River sockeye salmon smolt non-index hour phato-counter calibrations, 1968. 

-~ 
Fishing Fish per Tota 1 Counts per Fish per Fish per Dally Totals 

Date Hour Time Weight Pound Fish COUX~~S Mirlute Minute Count Fish percount 



TABLE 5 . Weighted smolt length frequency, Kvichak index site, 1968. 

Length i n  m. Occurrence Length i n  mrn. Occurrence 

TOTAL - 6,123,683 

Age I - 648,498 
Percent - 10.59 
Average Length - 87.9 
Average Weight - 5 . 5  

Age I1 - 5,475,185 
Percent - 89.41 
Average Length - 104.5 
Average Weight - 9 . 2  



(392,450)  * 

Age class separation point 

80 9 0 100 110 120 

Length in mrn. 
Fiwure 4. Weighted l e n ~ t h  f requencies  of smolt ,  Kvichak River ,  1968 



IV. TOTAL SMOLT OUTMIGRATION ESTIMATE 

A .  Methods, Procedures and Results of 19 68 Mark-Recovery Program 

In 1968 the outmigration estimate was to  be based on a mark-recovery 
program. The marking s i t e  (shown on Figure 1) was located a t  the downriver 
end of Kaskanak Flats approximately 12 miles downstream from the Iliamna 
Lake outlet. The recovery s i te  was located a t  Big Rock which i s  25 miles 
downstream from the outletLL The rationale for the  mark-recovery require- 
ments was a s  follows: 

The preliminary 1970 forecast  is for an inshore return of 54.783 million 
53 and the 1971 forecast i s  for 8.217 million 63. This i s  a total of approxi- 
mately 63 million adul ts .  The Japanese high s e a s  fishery had a catch amounting 
to  15 percent of the inshore return in 19 60 and 35 percent in 19 61 . Applying 
these figures t o  the 19 70 and 19 71 returns, yields a total adult population of 
8.217 + 54.783 = 63.000 53 and 2.875 + 8.217 = 11.092 63 or 74.092 Age I1 
adul ts .  Using an average survival of 14 .1  percent for Age I1 Ugashik smolt 
would yield an  outmigration of 525 million Age I1 smolt. The 1970 preliminary 
inshore forecast  i s  for 2.336 million 42 adults and 1971 for 1 .401 million 52 
adul ts .  Using the same high s e a s  ca tch  ra t ios ,  yields .350 + 2.336 = 2.686 
42 and .490 + 1.401 = 1.891 52 o r 4 . 5 7 7 A g e  I a d u l t s .  Us inganave rage  
Ugashik survival of 7 .7  percent for Age I smolts,  yields an outmigration of 
60,000,000 Age I1 smolt . The combined estimated smolt outmigration for 19 68 
would be 585 million smolt . Realizing the inadequacy of data and the possibi- 
l i ty  of large errors, we  used a high estimate t o  determine mark and. recapture 
sample s i z e s .  We then anticipated an  outmigration in 1968 of 500,000,000 - 
1,000 ,000 ,000  smolt . 

Using Robson and Regier (1964) a t  l - a  = 0.95 and p = 0.10 we assumed 
that  we would have to  mark between 300,000 and 500,000 fish and recover 
900,000. Of course ,  these  relationships a re  based on ideal conditions. Since 
the conditions in the field are  seldom ideal and the preliminary estimate of out- 
migration s i z e  was a t  bes t  an  educated guess ,  we attempted to  double the 
marking and mark between 600,000 and 1,000,000 f i sh .  

Normally, if we wish to  insures adequate marking, we  would se t  a certain 
minimum number of minutes for each  hour during which fish would have to  be  

1/ Refer t o  the  19 66 Bristol Bay Red Salmon Smo.Lt Studies,  Alaska Department 
of Fish and Game Informational Leaflet No. 102 for the factors influencing 
the choice of the recovery s i t e .  



marked. However, analysis  of data from 1963 has shown that  during peak 
hours the number of f ish  that should be marked will exceed both an  hour's 
marking and holding capacity.  Additionally, the first part of any school 
passing the s i t e  wild have no,  or too few,  marked fish in i t .  With these  
complications in mind a tentative marking schedule was se t  up. Obviously, 
adjustments would have to  be  made in the field by the crew leader and super- 
visors based on actual observations and mechanical considerations. 

'The total marking goal of 600,000 - 1 ,000,000 f ish was simply a general 
guideline to  give crew and supervisors some idea of what they were aiming for. 
I t  was  based on a minimum level of . 1  percent of the total population forecast .  
This number must then be reduced to daily and hourly goals .  A lthough the pro- 
portion of f i sh  that  should be marked varies with population s i z e ,  we assumed 
that  any  population passing the s i te  in a n  hour i s  large enough for 
the .1 percent goal to  hold. If only 50,000 f ish passed the s i te  (this includes 
a l l  channels of the rives) we should mark about 10 percent of them. However, 
any inaccuracy in estimating this small a segment of the total population would 
not seriously affect  the s eason ' s  total .  

In 1963 an  estimated 113,338 Age I and 4,116,093 Age I1 smolt passed 
through the index net for a total estimated catch of 4 ,229,431.  The Age I 
smolt produced a total return (inshore and high seas )  of 504,000 42 and 5 2  
and the Age I1 smolt produced 52,151,000 53 and 63. Again, using average 
Uga shik survivals of 7 . 7  percent for Age I and 14.1 percent for Age 11, the 
1963 outmigration is estimated to  have been 6,545,000 Age I and 369,865,000 
Age I1 for a total of 3 76,410,000. In other words, by rough guess ,  the index 
net  captured about 1.1 percent of the outmigration. If we presume the mortality 
rates a r e  generally right, the 19 63 index catch was representative of the  propor- 
tion taken from a large outmigration, the 19 70 preliminary forecast  is correct ,  
and the ne t  a t  Otter Island is about a s  effect ive a s  the  index net ,  then the Site 
5 net  should have caught about 5-10 million smolt. We would have had to  mark 
a minimum of 10-20 percent of the catch to achieve our upper goal of 1,000,000 
and 6-12 percent t o  achieve our lower goal of 600,000. Initially we planned to  
use 1 3  percent of the  ca tch ,  or eight fishing minutes out of the  hour a s  our goal.  

The 13 percent was the proportion of marked f ish that  should have been 
introduced into the population a t  any  given time. Instantaneous capture and 
re lease  was  not feasible ,  particularly in view of the number of f ish .we were 
anticipating.  To partially correct this condition it was proposed to  stockpile 
marked f i sh  in the  hours of low outmigration. 

Accordingly, the catch from the first  eight minutes of each hour was to  
be  marked and released a s  soon a s  possible .  After that had been accomplished, 
the  stockpiling of marked f ish was started until 30,000 fish had been accumulated. 



The l ive box in which the marked f ish were placed consisted of three sep- 
arate  compartments, each  containing approximately 10,000 f i sh .  Then, 
whenever heavy migrations occurred, the compartments were t o  be opened 
one a t  a time and the fish released into the outmigration. These re leases  
were to  be spaced one hour apart  for the duration of the heavy outmigration. 
Heavy migrations were defined a s  1,000 f ish per minute passing through the 
net .  If this occurred during an  afternoon hour, the compartments emptied 
were to  be refilled a s  soon a s  possible .  

Three colors and two color combinations were employed to mark the 
f i sh .  The colors used were red,  green and yellow. The combinations were 
red-green and yellow-green. The total amount of dye used was 1 2 9 . 5  pounds. 
Each color or combination was t o  be used every fifth day. The word "day" 
refers t o  1200 hours of one date  to 1200 hours of the next da te .  This provided 
consistency with the index s i t e .  When one color was expended before the day 
ended the next scheduled color was used with a l l  of the other colors being 
moved up one day in the schedule.  This change was to  be noted on the mark- 
ing form. 

The marking procedure was  a s  follows: After having fished the first eight 
minutes of the hour, the counts on the count paks were recorded on the fyke net 
log.  Then with a man on each side of the  marking box netting fish with dip nets  
and one man spraying, the  f i sh  were marked. The procedure was to  have one 
man dip some smolt ,  have them marked and immediately re leased.  During this  
t ime, the other man would net some smolt and have them ready t o  be marked. 
This procedure was followed during periods of heavy outmigration. When per- 
iods of low outmigration occurred, only one man dipped smolt. The smolt that  
were caught in the fyke net  during the remainder of the hour were allowed t o  
pas s  through the marking box via the re lease chute.  The netting in the dip 
ne ts  was shallow, forming a dish-like depression,  thus keeping the smolt 
spread over the net t o  allow them to  b e  adequately marked. During periods 
of heavy outmigration, marking was  initiated a s  soon a s  sufficient numbers of 
smolt were present in the holding pens.  This was to  prevent overcrowding and 
thus unnecessary mortality. The marking box i s  shown in Diagrams 1 and 2 .  

Enumeration of the marked smolt through the use of photo-electric counts 
proved unfeasible due to  faulty gear design.  After the  smolt entered the net 
and passed through the photo-tunnel, they were funneled down t o  a six-inch 
diameter hose which led to  the marking box. It was a t  the point of funneling 
that  the  fault appeared.  Apparently the funnel created a circular type current 
which recycled a portion of the smolt back through the photo-tunnel, thus 
having them registered twice on the count pak (Diagram 3 ) .  This resulted,  in 
many c a s e s ,  in l e s s  than one f ish per count. This, plus erratic behavior of 
the photo-electric gear itself completely negated any facsimile of accuracy of 
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photo counts.  Diagram 3 shows the photo-tunnel , funnel and the probable 
area of recirculation. 

Two alternative methods of enumeration of marked smolt remained. 
These were 1) the total number of tallied dips multiplied by the average 
number of smolt per dip ,  and 2) compressor time multiplied by the average 
number of smolt per dip .  In this scheme the compressor time was tallied in 
terms of two men dipping and one man dipping. These two factors were then 
divided by the average time per dip t o  arrive a t  total numbers of dip per unit 
time for each method. The resulting two figures were then each multiplied 
by the average number of smolt per dip ,  and then added to arrive a t  the total 
marked smolt . 

In both c a s e s  the total number of marked smolt were in the area of 
900,000. In method number one,  the total dips  was 9 ,423 .  The average 
number of f ish per dip was 9 7 .2 .  Thus: 

Total marked smolt = 9,423  x 97.2 = 915,916 

The average number of smolt per dip was  arrived a t  by t e s t s  conducted 
by the marking crew. These t e s t s  were conducted a s  follows: The crew would 
mark smolt ,  keep them isolated in a l ive box, and record the number of dips  
taken.  Then a total weight of smolt , and smolt per pound was obtained. The 
resultant total number of smolt (total weight x smolt per pound) was then divided 
by the number of dips taken. These averages ranged from 158 to  43 smolt per 
dip.  

In method two the figures used were a s  follows: 

Two man compressor time = 9 .0  hrs .  = 32,400 seconds 
One man compressor time = 3.2  hrs .  = 7,920 seconds 
Total compressor time = 1 2 . 2  hrs.  = 40,320 seconds 
Average time per dip = 4.4 seconds 

Smolt marked during 2-man compressor time = 

32,400 seconds X 97 .2  smolt per dip  = 715,745 
4 . 4  seconds per dip 

Smolt marked during 1-man compressor time = 

7,920 seconds X 9 7.2 smolt per dip = 174,9 60 
4.4  seconds per dip 

Total marked smolt = 890,705 



It should be  emphasized that these  two figures (915,916 and 890,705) 
a r e  only estimates of the total marked smolt . These two figures,  however, 
fall within the upper limits of the estimated number of marked smolt necessary 
for a total population estimation. 

In conjunction with the marking program, a mortality study was conducted 
on marked smolt from May 28 t o  June 4 .  The procedure was  to  mark the smolt 
and immediately deposit them in a holding box situated alongside the marking 
skiff . The holding box consisted of three boxes in tandem, with the box used 
for the control sample being situated a t  the upstream end.  The results  of the 
study are  shown on Table 6 .  

In addition to  the  mortality study a mark retention study was a l s o  con- 
ducted.  These retention studies were conducted on three different occasions 
during the smolt season ,  twice after a twelve hour holding period and once 
after a s ix  day  period. In each  c a s e  the f i sh  were found to  have a minimum 
of two or three dyed spots  t o  a maximum of one-third t o  one-half of the f i sh  
being colored. To detect  the dye imbedded on the smolt, a small ,  hand held,  
ultra-violet light unit was  used. 

Also conducted was  a smolt predation study. In accordance with Migratory 
Bird Treaty Act of 191 8 ,  a bird collecting permit, #LA-68-1 6 ,  was obtained. 
The collecting device was  a .410 gauge shotgun using No. 8 shot .  The spec ies  
collected were mew and glaucous-winged gul l s ,  and arctic terns .  Table 7 
shows the resul ts  of the study. It was  noted that  birds showed no feeding 
habits se lect ive toward the area downstream of the fyke net .  Observations 
indicated that  the  marked smolt had l i t t le or no trouble reorienting themselves 
after being re leased.  With their behavior patterns being normal, i t  i s  doubtful 
that  they would attract  more than normal attention from either the  birds or pre- 
dacious f ish.  The only factor that might produce increased predator selectivity 
would be the pigment imbedded in the smolt. No predatory species  of f ish were 
collected a t  the marking s i t e .  However, predatory spec ies  of f ish  were collected 
a t  the  north s ide of the Iliamna Lake outlet .  Four arct ic  char (Salvelinus alpinus) 
ranging from 20 inches t o  24 inches in length,  and two rainbow trout (Salmo 
gairdneri) measuring 19 inches and 28 inches made up the sample.  The stomach 
contents a re  shown on Table 8 .  Their presence w a s ,  however, noted around 
and below the fyke net s i t e .  This,  however, i s  not extraordinary a s  it i s  a 
known area of congregation for these  f i sh  during the smolt outmigration. 

The mark recovery effort a t  Big Rock was  conducted with a modified 
Mason 's  migrant dipper. Because of l a t e  arrival of the blueprints of the  dipper 
from the U.S.F.W.S. and the lack of time for construction in Anchorage, the 
dipper used in the recovery effort was  not in use until June 1 .  

The recovery unit consisted of two 24 f t .  by 2 f t .  by 30" wide styrofoam 



T A B U  6 

MORTALITY STUDY ON HARKED vs .  W W E D  SMOLT, KVICILAK RIVER, 1968 

Marked Unmarked 

6  2.5 Por t ion  of 
marked smol t 
escaped. 

6 2.5 

0  0.00 - - - No con t ro l  col-  
l e c t ed  due t o  

0.00 Not included 
because of same 

42 3.44 
lack  of f i s h .  

1,200 0 0.00 

I 
Tota l  3,138 64 3,120 18 

5 3.13 

Percent  M o r t a l i t y  = 2.04 Percent  M o r t a l i t y  = 0.58 

Percent  M o r t a l i t y  Due t o  Marking = 1.46 

c o n t r o l  group 
160 5  3.13 used a s  i n  No. 6 .  

11 These f i g u r e s  no t  used i n  e s t ima t ing  m o r t a l i t y  due  t o  marking due t o  reason c i t e d  i n  remarks column. - 
2 /  These f i g u r e s  a r r i v e d  a t  by u s ing  number u f  f i s h  ppr d i p  a s  c i t e d  on pzge - 



TABLE 7 

RESULTS OF THE STOMACH ANALYSIS OF MEW GULLS 
GLAUCOUS-WINGED GULLS, AND ARCTIC TERNS 

COLLECTED ON THE KASKANAK FLATS, KVICHAK RIVER, 1968 

Spec ies  

Mew g u l l  
(Larus canus) 

Glaucous-winged g u l l  
(Larus g l aucescens )  

A r c t i c  t e r n  
(Sterna parad isaea)  

Number 
Col lec ted  Stomach Contents 

No food 

2 No food 

Smqll f i s h  and Pkecoptera 

1 smolt 

1 No food 

1 No food 

1 Aquat ic  i n s e c t s  

It i s  noteworthy t h a t  a s t e p  of  t h e  c o l l e c t i n g  procedure was overlooked. 
The stomachs were no t  pe r fo ra t ed  t o  permit t h e  pene t r a t i on  of formalin t o  
s t o p  the  d i g e s t i v e  processes .  Some food i tcms could have been l o s t .  



TABLE 8 

Species  

STOMACH CONTENTS OF THE ARCTIC CHAR AND RAINBOW TROUT 
COLLECTED AT ILIAMNA LAKE OUTLET, 1968 

A r c t i c  char 
(Sa lve l inus  a l p i n u s )  

Rainbow t r o u t  
(Salmo p;airdneri)  

Numb e r 
Col lec ted  Stomach Contents 

1 4 sockeye smolt 

3 s t i ck l ebacks  (? ) ,  
s e v e r a l  hundred 
Tendipedidae ( ~ i ~ t e r a )  
l a rvae  

17 acqua t i c  s n a i l s  

1 f i s h  v e r t e b r a l  column, 
approx. 4" i n  length  

1 sockeye smolt 

No food 



filled pontoons decked over the rear. The enclosure,  basket ,  and Louver 
section were built of s tee l  angle iron, plywood and wood. The lead con- 
s is ted of a pipe frame and knotted nylon netting. The trap was  held in 
position in the river with a combination of two shore l ines and two anchor 
ropes.  When positioned, it was about 75 feet  offshore. 

The power source to  revolve the basket was a 1/2 horsepower variable 
speed electric motor. This was connected via an A drive be l t ,  to  a Boston 
Gear Reductor with a reduction ratio of 60 t a  1 . Using 3/4 pitch chain and 
1 2  and 96 tooth gears power was transferred from the gear reductor to  the 
axle  on which the basket revolved. Mechanically, th i s  proved t o  be effec- 
t ive and the basket was  able  to  revolve a t  1 RPM w i t h a  speed of 4,000 RPM 
on the electric motor. Electricity to  run the motor was provided by a 9 HP 
Briggs and Stratton engine with an  Everlite 3500 watt  generator. 

To examine for marked f ish a plywood shelter was built on the decked 
over portion of the pontoons. Within this  were housed two fiberglassed 
examination troughs and two 100 w .  long-wave ultra-violet lamps for exam- 
ination purposes and a l l  the electronic gear which consisted of the photo 
counters and the Simrad unit. Also incorporated in this  was a water pump 
to  supply a steady regulated flow t o  the examination troughs. 

On the offshore s ide of the pontoons were attached two 6 ft . by 3 ft . 
by 3 ft . deep l ive boxes.  The upstream box served a s  a receiver for the  f ish 
that were flumed out of the  dipper basket .  The current, which entered through 
a screened over aperture,  then would motivate the fish t o  swim through a 
photo-tunnel which connected to the downstream live box. On the photo-tunnel 
was mounted the photo-heads which were to  count the f ish.  (To check the 
accuracy of the counters,  other than calibration, hand tall iers were to be used 
by the men examining for marked f i sh) .  Out of this  l a s t  box the f ish were to  
be dipped out with a net  and put into the examination troughs. 

In addition to  this  we used a Simrad unit in an  attempt to  determine 
the diurnal movements of the schools of passing smolt. The transducer was 
placed in the middle of the  river, on the bottom, with the face plate facing 
the surface of the  river. In this way vertical movements could be detected 
on the recorder tape and give us an idea on the effectiveness of the migrant 
dipper a t  different periods of a 24-hour period. However, no 24 hour record- 
ings were made because of the lack of smolt in the river after the unit was in 
operation. 

The failure of the dipper t o  capture f i sh  in sufficient numbers was  due 
primarily to  difficult ies in assembling and anchoring this complex piece of 
equipment. The problems resulted in the dipper not being fully operational 



until June 1. At that time 92 percent of the recorded seasonal catch had 
already been made a t  the index s i t e .  

Another problem which made it impossible to  t e s t  the dipper even on 
the remaining part of the outmigration after June 1 hinged on the Lack of 
mobility of the dipper and a behavioral pattern of the smolt. This behavior 
pattern was  only observed for a short period of time a t  low migration leve ls ,  
but could affect future sampling. Smolt were observed to  migrate in a 50-foot 
wide band down the middle of the river for a period of eight consecutive hours 
on the dates  of June 1 a t  2100 hours and extending to  0500 hours on June 2.  
This pattern was determined by observations made on the jumping action on 
the surface of the  river. The fish seemed to  be following the swiftest section 
of the  river. The width of the river a t  Big Rock i s  approximately 400 feet .  

This was  contrary to  one of the basic  assumptions of the sampling scheme, 
that  being that  the smolt would randomly distribute themselves across  the river, 
thus insuring a random sample of the passing outmigrants. Had this been the 
c a s e ,  it was felt the dipper would have caught smolt a s  they were observed in 
the enclosure prior to the time the dipper was  in operation. During the period 
of operation, pink salmon fry and rainbow trout up to  150 mm in length were 
captured in appreciable numbers, thus illustrating the fact  that  the trap was 
working effectively. As there were insufficient numbers of smolt captured, 
neither length frequency nor scale  samples were taken. 

Before or in conjunction with any  further sampling a t  Big Rock studies 
should be done on the vertical and lateral  distribution of smolt a s  related to 
velocity, turbidity and whether they are  passing in daylight or darkness .  It 
i s  possible that a dipper operation would require more than a single piece of 
gear and greatly expanded Leads. 

B .  Review of the  1967 Mark-Recovery Program 

In 1967 a mark-recovery program was conducted under the direction of 
Mr. Steve Pennoyer and Mr. Donald Stewart. Through literature research and 
contact with other scient is ts  it was thought that a mark-recovery program uti- 
lizing a mechanical method of sampling offered the most feasible  method of 
obtaining a total population estimation. Other f ields such a s  electronics had 
a t  yet  not evolved sufficiently enough to  be of value in this type of program. 
Following i s  a symposium of their methods, procedures, and resul ts .  

"Originally two approaches t o  obtaining a n  estimate of the total outmig- 
ration were planned. One was labeled the volumetric method and was  based 
on estimates of smolt passage rate expressed in catch per volume of water 
versus total flow. Catches were t o  be  made with a mobile trap propelled by 



two outboard motors. This trap and i t s  operation were described in detail 
in in earlier progress report, the trap was not usable due t o  smolt avoidance" . 

"The second method was  mark-recovery utilizing compressed a i r  and a 
fluorescent pigment to  mark the smolt. The marking technique was described 
in a previous progress report. Numbers of f ish marked by da te ,  color of dye ,  
times of capture and re lease ,  and recovery percentages are  shown in Table 9 .  
This project was done in cooperation with the U . S .  Fish and Wildlife Service 
who were attempting to recover marked smolt in the Bristol Bay estuary for 
racial identification. To increase the number of marked fish in the population, 
18,489 additional f ish were marked on June 11 and 1 2  for which no recovery 
effort was made, " 

"In conjunction with the marking phase (conducted a t  the index si te)  
of the  mark-recapture experiment, studies directly related to the success  of 
such a method of smolt population estimation was conducted. " 

"First of a l l ,  an attempt t o  evaluate short term mortalities incurred due 
to  marking, was conducted by  actual study in the field and research of liter- 
ature pertaining to juvenile salmonid mortalities due to  the  marking technique. " 

"In addition t o  the short term mortality study, records of immediate 
mortalities af ter  marking were maintained from May 2 7  - June 9.  From May 
2 6  - June 9 the marking procedure was t o  mark a l l  smolt and hold one hour 
before releasing to  allow any  exces s  dye to  slough off by water action.  A t  
the  time of r e l ea se ,  numbers of mortalities and general condition of f ish  were 
recorded. Eighty-five thousand and sixty-two (85,062) smolt were marked 
(Table 10) during the above period with a total  mortality of 350 smolt or 0 . 4  
percent of the total  number marked. Immediate mortality, therefore, can  be 
termed ins ignif icant . " 

"The same dye a s  used by Phinney (granular form) was employed under 
a constant L O O  p.  s . i .  In order to  keep resultant mortality data of the  two 
groups a s  unbiased a s  possible ,  the following procedure was used with the 
exception of number two for the control group. " 

(1) Smolt were taken from the l ive tank by dip net  and weighed 
until 5 pounds were obtained. 

(2) Weighed smolt were placed in a fiberglass marking trough 
and marked in the  same manner, i. e . , y un held approximately 
18 inches from smolt and three complete passes  with the gun 
to  a s su re  good dye coverage. 





Table 10 

IMMEDIATE MORTALITIES AND CONDITION OF §MOLT ATTR BUTED 
1s TO HIANDLING AND MARKING, KVIC2kK RIVER, 1967- 

No. of Smolt 
Bate Marked Mor ta l i t i e s  2 / Condition- 

5/28 2,281 8 6 Good 

5 129 6,202 -31 - Good 

5 /30 15,688 -31 - Good 

5/31 10,784 44 Good 

611 5,278 30 Good 

6 /2 12,439 113 Good 

616 14,796 15 Good 

617 28,096 4 1 Good 

6 18 3,948 1 Good 

619 4,993 - 0 Good 

Percent M o r t a l i t i e s  = 0.4% 

I /  S w l t  were held one b u r  before r e l e a s e  t o  allow excess dye - 
t o  slough o f f ,  

21 Condition was described a s  good i f  no e r r a t i c  movements such - 
a s  "finning", frequent  surfac ing or "bellying" up occurred, 

31 On 5/28 and 5/29 dead smolt sank t o  the  bottom of t h e  holding - 
tank making enumeration impossible with la rge  numbers of l i v e  
smolt present  - usual ly  smolt were held agains t  the  t a i l  g a t e  
of t h e  l i v e  tank making enumeration poss ib le .  

4 /  This t o t a l  excludes marked smolt and m o r t a l i t i e s  occurring 
on 5/28-29. 



(3) Smolt were then flushed from the marking trough into a 
30 gallon galvanized tub and transported a s  fas t  a s  
possible (average 5 minutes) to the divided l ive tank 
for future observation. 

"The control group of f ish was handled in the same manner a s  the 
marked group except for marking. " 

"The live tank mentioned in item three above measured 4 '  x 4 '  x 8 '  
and was divided into two equal compartments, one for the marked group of 
smolt and one for the control group. I f  

"The frame was constructed of 2" x 4 " ' s  and covered with 1/4 mesh 
knotless nylon netting. To prevent predation by birds during the testing 
period, a top fabricated of 2 x 2's for the  frame and covered with 1/4 mesh 
knotless nylon netting was  used. " 

"The live tank was situated in approximately 3 .5  feet  of water with 
a current velocity of 1 .5  - 2 fee t  per second. This i s  probably l e s s  current 
than experienced by marked smolt in the outmigration population. However, 
th i s  location was selected a s  the least  likely spot t o  be bothered should a 
heavy ice flow occur. " 

"In comparing the above to  other studies (Scidmore, 19 61) reports that  
the compressed a i r  technique was  used for marking eight lots  of brown trout 
ranging from 4.5 to 6 .0  inches .  In this  study both granule and powder-like 
material was applied a t  pressures ranging from 100-200 p. s .  i .  Observations 
were conducted for 197 days .  Although some lo s s  of f ish occurred during this  
t ime,  Scidmore s ta tes  that ,  'In no instance did the loss  of f ish  appear t o  be 
attributable t o  the marking technique of the marking mater ia ls . '  The lo s s  of 
f ish  was attributed to difficulties with the water supply. " 

"Also, (Phinney , 19 67) reports that  'Mortality directly attributable t o  
marking was negligible. ' In this group of experiments, different a i r  pressures 
(p. s .  i . )  were used for application of the pigment, which i s  a solid solution of 
fluorescent dye in a melamine-sulfonamide-formaldehyde resin that  i s  commonly 
used in manufacturing texti le coat ings ,  printing inks ,  paints ,  and paper coat- 
ings .  He further s t a t e s  that the pigment i s  slightly soluble in acetone and 
many other ketones,  but insoluble in water,  formaldehyde, and in a liphatic 
and most aromatic hydrocarbons. " 

"Several s i z e  groups of age-0 and age-I sockeye,  coho, pink salmon 
and rainbow trout were marked. Total mortality was 10 percent in each of the 
marked groups and 7 , 5  percent in the unmarked control group. " 



"In summary, the above discussion suggests that immediate and ,  in 
f a c t ,  long-range mortality rates (Phinney, 19 67), (Scidmore , 19 61) are  in- 
significant due t o  mas s-marking of young salmonids with fluorescent pigment 
applied a t  pressures between 70 - 120 p .  s . i .  " 

"The short-term mortality experiment was carried out during an 11 day 
period (June 11 - June 22)  using a random five-pound sample of marked red 
salmon smolt (350) . This is a l s o  true for the control group. " 

"The first day of the  experiment, four observations a t  different times 
were made. The second and third day ,  two observations were made. From 
the third day to  the end of the t e s t ,  observations were made, but no mortalities 
occurred until the last  day.  " 

"As can be  seen in Table 11 of the marked group, a total of 15 6 mor- 
ta l i t ies  were recorded during the t e s t  or 44.6 percent of the total number 
marked. Of special  interest  is  that  of the total  mortality, 79.4 percent 
occurred during the first 13 hours of the 11 -day t e s t .  " 

"Again referring to Table 11 ,  one can see that  the control group suffered 
a 26.6 percent mortality (93 smolt) of the tota l ,  during the t e s t  and of the 
total mortality, 55 .9  percent occurred in the first 12 hours of the t e s t .  l1 

"By the above,  we might conclude then that mortalities attributed to 
marking i s  18 percent. However, it must be kept in mind that th is  was  not 
a repetitious t e s t ,  no assessment  of mortality due t o  fungus or starvation was 
made if any  ex i s t s ,  and the stream condition, i .  e .  , temperature and velocity 
were different than conditions that  normally marked f i sh  in the  outmigration 
would experience. " 

"Considering our t e s t  and previous t e s t s  by other individuals and 
agenc ies ,  we felt 18 percent i s  extremely high t o  attribute t o  marking. Rep- 
eti t ious t e s t s  and more refined methods of experimentation will be conducted 
in 19 68 and hopefully denounce the findings of th i s  year ' s  single experiment. " 

"The mark recovery effort was  si tuated in the canyon above Big Rock, 
some 30 miles downriver from Lake Iliamna and 27 miles below the index 
marking s i te  (Figure 1) .  Men and gear  for this s i t e  were flown in t o  Iguigig 
on May 15 and ferried downriver by boat on May 16 ,  17 ,  and 18 .  A seven-man 
camp was established in the canyon. " 

"The primary recovery gear was a tow net with a nine foot square open- 
ing and no wings.  The net was towed by two skiffs powered with 33 and 40 
h.  p .  outboard motors (one on each) .  Measurement of velocity relative to  the 
current a t  a time when the net  was  being towed properly showed 3 . 5  feet  per 



Table 11 

RESULTS OF SHORT TERM MORTALITY OF 
MARKED AND UNMARKED RED SA ON SMOLT , m KVICHAK RIVER, 1967- 

6 / 2 2  1500 - 2  

Total 156 

Marked 
Observation 

Date Time Mortalities 

6 / 2 2  1500 - 26 

Total 93 

Unmarked 
Observation 

Date Time Mortalities 

Mortality = 44.6% I Mortality = 26.6% 

Mortality attributed to marking = 18.0% 

1/ A total of 350 marked red salmon smolt and 350 unmarked molt - 
were used for this test, 



second. However, this was probably a maximum and not an  average.  It 
was difficult to hold the skiffs even and considerable yawing occurred with 
resultant variations in towing velocity. " 

"A floating l ive box was attached to  the terminal end of the tow net 
by a section of rubber hose.  The f i sh  collected in this  box were transferred 
to  Live tanks around the anchored mark recovery skiff or dipped directly from 
the floating l ive box for examination. Net loads were weighed and poured 
down a fiberg la s sed  trough under a 1 0  0-watt long-wave ultra-violet light. 
Number of f ish  per pound was determined and used t o  expand cumulative 
weight of net  loads l e s s  the weight of the fish to  yield total f ish examined 
per sample. " 

"Towing commenced on May 28 and was  terminated on June 10.  During 
this period 177,658 fish (Table 12) were examined for marks and 68 marked 
fish were recovered. A s  can be seen in Table 12 ,  towing succes s  was  
extremely variable. All of the marked fish were recovered in 18 tows with 
a total  catch of 97,776.  Forty-two tows with a catch of 79,882 yielded no 
marked f i sh .  As shown in Table 13 the percentage of marked f ish in the suc- 
cessful  tows was a l s o  quite variable (. 01-1.85). Seasonally .06 percent of 
the f ish marked May 26- June 9 were recovered. No recovery effort was  made 
on June 5 and 6 since no f i sh  were marked a t  the index s i t e  on June 3 ,  4 and 5 

"The tow net operation required a minimum of three men and the mark- 
examination a t  l ea s t  two. It w a s ,  therefore, impossible t o  operate on a 
24-hour bas i s .  Normally a twelve-hour gap occurs in the outmigration a t  
the index s i t e  during daylight hours. An attempt was made to  coordinate 
recovery effort with periods of migration and thus achieve complete coverage. 
This , however, proved very difficult since the hours of migration a t  Big Rock 
varied from day  to  day. On some days peak migration seemed to  occur in the 
middle of the  night and on others mid to  late afternoon. This i s  illustrated 
by the fact  that  some color groups were first recorded a t  the recovery s i te  
in a s  l i t t le  a s  seven hours after re lease ,  while others took up to 18.  (Some 
groups were first  recorded in the catches  in longer intervals from re lease ,  
but this  was always when the first  part of the day ' s  outmigration was missed .) 
Individual recoveries varied from seven hours after re lease  t o  106 (Table 1 2 ) .  
However, it i s  likely that both the 6 3  and 106 hour recoveries were mistaken 
identifications of color code due either to  one color of a combination being 
scraped off or unwanted dye particles not being completely washed out of the 
spray cannister.  The other 66 recoveries averaged 17.2 hours from mark- 
re lease  t o  recovery. " 

"A tidal reversal occurs a t  Big Rock and tidal influence i s  felt a s  far 
upriver a s  the  upper end of Otter Island. Smolt migration i s ,  therefore, sub- 
ject t o  tidal changes for some 16 miles or 60 percent of the dis tance from the 



Table 12 

RED SALMON SMOLT 
MARK-RECOVERY DATA - KVICMK RIVER, B I G  ROCK 

1967 

Recoveries 
Red Green Red-Gr een No. Per 

Date Times Catch C a t c h / ~ i n  # Hrs. Out # Mrs. Out H r s .  Out Pound Remarks 

May 28 2130- 8 3 - 69 Fyke Net 
2 9 0130- 3 2 - - Trap 

2135 (8 min) 537 67.1 88 Net Twisting 
2300-2318 1,011 56.2 7 9 

30 0030- 22 - - 
1400- 0 0 - 
1500- 0 0 - Downs t r earn 
2135-2147 - - - Net Twisted 
2215-2245 1,817 60.6 7 7 No Surface Activity 
2320-2335 - - - 

I Tow Rope Broke 
31 0045-0115 1,917 63.9 8 3 

cn 0 140 - - - - Net m i s t e d  
I 0200-02 14 20 1.4 - Not Examined 

0310-0325 0 0 - L i t t l e  Fish Activity 
2120-2205 11,842 263.2 8 6 1s t  Activity @ 1830 
2245-2300 7,105 473.7 - Water Turbid 
2337 - - - Bad Set Damaged Net 

June 1 0210-0225 1,810 120.7" 8 5 *Net Plugged Dumped 4 
0308-0313 7,094 1,418.8* 7 9 * " I I I I I I 

0420-0423 0 - - 
2 108 -2 123 108 7.2 83 
2258-2340 430 10.2 86 

2 0029-0128 365 6.2 7 3 
0256-0345 0 - - 
1525-1555 1,378 45.9 84 Heavy Smo lt Activity 
1629-1644 6,296 419.7 1 16 8 0 Otter  Is - Index 
1703-1725 1,454 66.1 2 17 9 2 
2043-2143 0 - - 
2250-2315 50 2 -0 

- ~ o t  Examined 



Table lP(Continued) 

RED SAMON SMOLT 
MARK-RECOVERY DATA - KVICHAK RIVER, BIG ROCK 

1967 

Recoveries 
Red Green Red-Green No. Per 

Date Times Catch Catch/~in Hrs, Out Hrs. Out # Mrs, out Pound Remarks 

June 2 
3 

7 6 
8 1 
8 2 
84 - 
8 1 
7 9 

Bad Tow - 
- 

9 0 
8 7 
82 
82 
84 
9 2 
87 Water Turbid 



Table 12 (Continued) 

RED SALMON SMOLT 
MARK-RECOVERY DATA - KVICHAK RIVER, BIG ROCK 

1967 

Recoveries 
Red Green Red-Green No. Per 

Date Times Catch C a t c h l ~ i n  ii Hrs. Out i Hrs. Out H r s .  Out Pound Remarks 

92 Catch P a r t i a l l y  Released 
1 63 94 

88 
91 
86 
82 

11 12-7 9 1 
82 - 
8 1 

* Times of  tows f o r  June 9-10 were kept i n  crew leader ' s  notebook and w i l l  not be ava i l ab le  u n t i l  he r e tu rns  
t o  Alaska on January 8 ,  1968. 

A few tows were made on June 11-12, but ca tches  were e i t h e r  0 o r  not examined. 



Table 13 

KVICHAK RIVER 
TOW SUCCESS 

1967 RED SALMON SMOLT OUTMIGRATION 



index s i te  t o  Big Rock. It seems probable that the stage of the t ide when 
the smolt reach the lower end of Kaskanak Flats plays a major role in mig- 
ration timing. If tidal action in this stretch of river was better understood, 
it might be possible to  predict times of peak daily migration a t  Big Rock. " 

"As was mentioned in the July 1967 progress report, there was a gen- 
eral  lack of mixing of marked f ish.  The schools apparently maintained their 
cohesiveness  from the index s i te .  Better than one-half of the recoveries 
were made in three tows with 69.4 percent of the tows representing 44.9 
percent of the catch containing no marked f i sh .  In 1967 marked f ish were 
generally released in groups a t  the marking s i te  on the assumption that  in 
over 2 7 miles of river, multiple channel a r eas ,  and tidally affected s t re tches ,  
the fish would mix. Apparently th i s  assumption i s  unwarranted and future 
operations will have t o  take this into account ."  

"The overall recovery rate of only .06 percent i s  not very great ,  but 
evaluation of the mark-recovery method should not be based on th i s .  As 
mentioned above,  the fishing effort did not always cover the  day ' s  migration 
and the marked f i sh  tended to  arrive in groups, e .  g .  , on June 7 twelve marked 
f ish were recovered on the first tow of the day. It i s  probable that segments 
of the migration with large proportions of marked members were missed alto- 
gether. Also, due t o  problems with the gear ,  greenness of the crew and lack 
of any  knowledge of daily migration timing, fishing prior t o  June 1 w a s  
extremely inefficient. From June 1 - 1 0 ,  the mark-recovery succes s  was 
. 0 8  percent. It i s  probable that  th is  proportion could have been doubled 
even with present crew and methods by some modification of l ive boxes and 
examination techniques. " 

"It i s  s t i l l  felt that  mark-recovery offers the  best  chance of obtaining 
a total  outmigration estimate in the ~ v i c h a k g .  Some modifications in methods 
and gear will be necessary and a re  being worked on. Among these: 

1 .  Tow Net: The tow net i s  generally unsatisfactory for mark- 
recovery for the following reasons: 

a .  Scal ingof  f i s h a n d  removal of pigment. This i s  fairly 
serious with th i s  form of gear.  Fish tend to  jam in the 

2/ Note: This does not represent current thinking s ince electronic means of - 
counting may now be available.  



throat of the net and often had to  be poured into the l ive box. This could 
possibly be corrected, but i t  would probably mean using a more powerful 
means of propulsion to  increase water velocity through the net and even 
when the fish didn ' t  jam considerable scaling occurred. 

b . Operation of the tow net on a 24-hour bas i s  would require 
a s ix man crew. 

c .  It i s  nearly impossible t o  maintain a fishing schedule 
around the clock that  will expose a l l  segments of the 
run to  an  equal chance of capture. Even within a single 
run variations in velocity and course occur. 

d .  Handling of the catch from a tow net operation i s  difficult 
and a t  high passage ra tes  the small l ive box i s  quickly 
jammed. 

For these reasons we have been investigating other forms of capture 
gear.  The migrant dipper downstream migrant trap seems to  offer some 
promise. It i s  a motor driven fishwheel apparatus developed by the U .  S.  
Fish and Wildlife Service,  Montlake Laboratory, for use a t  low current 
velocit ies.  It may be possible to  work a photo-counter apparatus into the 
design to  eliminate one portion of the handling. 

2. Live box and examination. Presently too much time i s  con- 
sumed and the fish handled too often from tow net to examina- 
tion trough. It i s  hoped that  with the migrant dipper capture,  
counting, and holding gear can  a l l  be incorporated into one 
design.  A raft with two examination troughs and the l ive tank 
would be  si tuated off the  back of the dipper. 

3 .  Examination trough. More room is  needed and a mechanical 
water supply would be  desirable.  It may prove advantageous 
to  build a g l a s s  section into the trough with a mirror under- 
neath to detect  f i sh  marked on one side only. 

4.  A s  discussed before the marking s i t e  will be located a t  Otter 
Island next year and marking will b e  conducted on a 24-hour 
b a s i s .  

5 . Modification of mark-capture gear will be .made employing a 
simulated version of the standard fyke net now in use on the 
Kvic ha k River. 

a .  The capture device will be  of the  same dimensions a s  
the fyke n e t ,  but will be fabricated of a n  aluminum frame 



covered with 1/4 mesh hardware cloth rather than cotton 
or nylon webbing. This will facilitate the  cleaning of 
the gear,  in that hardware cloth c leans easier  of algae 
and debris than does cotton or nylon, and the amount of 
time involved in removing and placing the gear in the 
water will be greatly reduced. The reason for reduction 
in time is that  the standard fyke net has to be collapsed 
in the water,  then manually horsed aboard the skiff; a l s o ,  
much time i s  consumed in the setting of a fyke ne t .  The 
new gear will be fished from a stationary platform, i .  e .  , 
suspended between two styrofoam filled pontoons. When 
setting or taking the gear from the water,  it will involve 
only letting out l ine attached to  a hand operated winch or 
retrieving line with the winch respectively.  

b .  An alternate method ~f capturing smolt is  under consideration 
should the above gear be hampered by long periods of ice 
interference. Using such gear,  the marking operation could 
be  moved downstream to an  ice-free location and continue 
to  mark. Specifications for this gear have been drawn up 
and submitted t o  different firms for price es t imates .  

6 .  Problems arose this year when dye accumulated too much moisture 
and would clog the nozzle of the sand blasting gun. This event 
resulted with uneven distribution of dye on smolt and prolonged 
periods of time out of water. We hope to  circumvent this prob- 
lem by filling several  different cannisters a t  one time a t  the 
living s i t e  which will offer a dry environment a s  compared to  
filling the cannisters a t  the  s i t e  of marking which i s  often quite 
damp. 

7 .  Handling of smolt to  be marked this year was a l so  a problem and 
we feel  probably contributed to  the high mortality of marked smolt 
in the short term mortality study. 

a .  We hope to  reduce handling time this year by incorporating 
a photo-electric counter a t  the  terminus of the capture gear .  
By doing th i s ,  we  can calibrate a s  done a t  the index s i te  
to  arrive a t  numbers of smolt marked rather than the netting 
and weighing method used this year.  

8 .  Mortality and predation studies were inadequate this  year in that  
t e s t s  were not repetitious and methods not refined enough. 
Observations made th i s  year and the use of SCUBA gear will 
greatly enhance 1 9  68 s tud ies .  " 



C . Differences in Age Composition Between the  Index and Si te  5 
Fyke Net C a t c h e s ,  19 68 

Toward t h e  end of t h e  outmigration, differences in  the  a g e  composi- 
t ion were noted between the  two fyke net sites (Figures 5 and  6 ) .  It w a s  a l s o  
reported by the  crew Leader of the mark site tha t  some of t h e  largest  c a t c h e s  
were  obtained a f t e r  t h e  index s i t e  c a t c h e s  were in t h e  f inal  dec l ine .  Conse-  
quently , i t  is planned t o  f i s h  Si te  5 a g a i n  in  1969 t o  obtain more information 
in order t o  further evaluate  the  index fyke ne t  c a t c h e s .  



, - , , Mark S i t e  n=394 
6-7 t o  6-9 

Index S i t e  
n=361 

6-7 t o  6-9 

Unweighted smol t  l e n g t h  f r e q u e n c i e s  
F i g u r e  5 . Comparison of Mark and Index Site fyke net catches, June 3-6, 

Kvichak River, 1968. 



- - - -  Mark S i t e  n=384 
6-3 t o  6-6 

Index S i t e  
6-3 t o  6-6 n=369 

Unweighted length frequencies,  Kvichak River, 1968 

Figure 6 . Comparison of Mark and Index S i t e  Eyke net  catches ,  
June 6-9,  Kvichak River, 1968. 
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ABUNDANCE, SIZE AND AGE OF SOCKEYE SALMON SMOLT 
FROM THE UGASHIK RIVER LAKES SYSTEM, 19 68 

Donald L .  Siedelman, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Anchorage, Alaska 

I .  INTRODUCTION 

The Ugashik sockeye salmon (Oncorhynchus nerka) smolt enumeration 
and sampling program conducted annually s ince  195 6 ,  except  1966, was  con- 
tinued during 1968. 

Data obtained from this  program is used to  est imate the  s i z e ,  a g e  
composition, average lengths and weights by age  c l a s s  of the  total smolt 
outmigration. These est imates a re  used in prediction of future adult  run s i z e  
and calculation of optimum escapement for the system. The 1968 outmigration 
w a s  the  progeny of the 19 65 brood year escapement of 99 6 / 6 1  2 and the  19 66 
brood year escapement of 704,436. 

Field work was  under the supervision of the  writer with Michael L. 
Nelson,  Assistant  Area Biologist, a s s i s t ing  with the program des ign.  Parti- 
cipants  in the  program were Jerome J.  Sexton, Robert C .  Hansen,  Herbert T .  
Ertheridge I11 and John F . Ratterman. 

11. METHODS AND PROCEDURES 

Ugashik River program des igns ,  fyke netting procedures and methods 
for collecting field data are  d iscussed in Nelson,  1965. Modifications of the  
sampling design in used during the 1968 study were a s  follows: (1) fishing a 
24-hour schedule one out of three n ights ,  (2) collecting 10 extra sca le  samples 
from smolt between 100 and 120 millimeters in length,  for a g e  g;oup separat ion,  
(3) collecting 20 extra s c a l e  samples during nights of large smolt outmigrations , 
and (4) fishing the random schedule two out of every three nights a s  well  a s  
during nights of heavy outmigrations . 

Further, the  fyke net  sampling design was  modified to  allow the  use  
of a floating smolt l ive box which replaced the  standard cod-end a s  fished in 



previous yea r s .  The floating l ive  box was  used only on the  index net s i t e .  

A smolt live box made of three-eights inch marine plywood and covered 
with f iberglass was  used a t  the index net  (Site No. 4) in place of the  standard 
fyke net cod-end (Figure 1).  This live box was  patterned after  the  design dis-  
cussed  by Craddock 1961, but was  modified t o  allow the  use of two aluminum 
weighing baske t s  in divided compartments (Figure 2 ) .  A partition in front of 
the  weighing baskets  was  fitted with a sliding door which allowed the  al ternate 
use of the  weighing baske t .  

A flexible s ix-inch diameter rubber tube was  used t o  carry the  trapped 
smolt from the  fyke net  t o  the  floating Live box. A des i rable  ca tch  per weigh- 
ing basket  was  between 10-30 pounds,  a s  ca tches  in e x c e s s  of 30 pounds were 
difficult t o  lift  from the  floating box. In addit ion,  smolt were compacted in the  
baskets  during weighing, and with ca tches  larger than 30 pounds, smolt were 
noted t o  be l e s s  ac t ive  upon re lease  than with ca tches  released weighing l e s s  
than 30 pounds. The use of the  l ive box and baskets  faci l i tated handling a n d ,  
it w a s  fel t  reduced immediate mortalities by  a reduction in sca l ing .  

Fyke netting w a s  conducted between May 13 and June 24 with the  index 
net  being f ished between 10 p.m. and 1 a . m .  and the  random scheme between 
9 p .m.  and 2 a . m .  

111. RESULTS 

The to ta l  seasonal  smolt c a t c h  during the three index hours from Site 
No. 4 w a s  439,587 and equal t o  145.93 index points (Table 1 ) .  An index 
point i s  based upon the  1958 smolt ca tch  of 301,231 which w a s  ass igned the 
b a s e  value of 100 index points .  

Index net  ca tches  in 19 68 were divided into two major outmigration 
peaks (Figure 3) .  Peak ca tches  occurred on May 2 3  and June 2 .  

Total smolt caught during the  random sampling scheme w a s  641,719 
(Table 2) .  The majority of smolt were captured in Site  No. 3 of the  random 
sampling scheme (Table 1 , Appendix B) . 

Twenty-four hour sampling was  conducted during 13 days  of the  23-day 
smolt season .  Data collected indicated that  56 .0  percent of6the smolt outmig- 
ration occurred during the  three index hours,  and 68.5 percent occurred during 
the  f ive random sampling hours (Table 3) . 

Smolt samples were collected and divided into seven sampling periods 
t o  determine a g e ,  weight and length for the  total outmigration (Tables 4 and 5 ) .  



B r i d l e  8-foot Spacer F l o a t  Metal  10-by-4-inch Srnolt Live Box 
171 n s t  R a r  Line Line  Frame Throat A 

n c h F l e x i b l e  Hose 

mesh per  inch  

i n g s  and Body, 
-- wide two mesh per  inch 

Headline Hook and Gable Clamp 
and Ring B r i d l e  Ring 

,/,-inch Manila Headline 
Cable  

FIGURE 1. Nylon f y k e  n e t  and l i v e  box used t o  samplesockeye salmon smol t ,  Ugashik River ,  1968. 
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FIGURE 2. Smolt live box and weighing basket used to sample sockeye salmon smolt, Ugashik River, 1968. 



TA3T.E 1. Ugashik River  sockeye salmon smolt  c a t c h  i n  index  n e t  by hour and day,  1968. 

Index Hours T o t a l  Index Catch  Index Fo i n t  s- 1 i 
Da te  2200 -2300 2300-2400 2400-0100 Dai ly  Cumulat Lve Dai ly  Cumulative 

June 3 
2 
3 
4 
5 

(Continued) 



TABLE 1 .  (Con't) 

Index Hours Total Index Catch Index Point s- 1 / 
Date 2200-2300 2300-2400 2400-0100 Daily Cumu l a t  ive  Dai ly Cumulative 

June 16 
17 
18 
19 
2 0 

2 1 
22 
23 
24 

- - - - - - - 

Total 144,944 179,953 114,690 439,587 439,587 145.93 145.93 

Percent 32.97 40.94 26.09 100.00 

1/ One index point = 3,012.32 smolt. - 



FIGURE 3. Dai ly index n e t  ca tches  of sockeye salmon smolt i n  percent  of 
t o t a l  index ca tch ,  Ugashik River ,  1968. 



TABLE . Ugashik River sockeye salmon smolt catches i n  the  random sampling scheme 
by f i sh ing  s i t e ,  1968, 

Random Sampling S i t e s  
Date 1 2 3 4 5 Tota l  Catch 

May 13 1 5 26 5 3 15 100 
14 10 15 5 11 6 47 
16 136 1,360 228 185 183 2,092 
17 8 11 2 2 750 345 1,136 

28 1,646 13,700 1,925 57 2 16 17,544 
2 9 2 4,106 2,209 112 325 6,754 
3 1 83 9 5 907 3 0 1 1,116 

June 1 19,278 5,607 252 4,786 94 30,017 

T o t a l  107,861 94,253 252,884 88,831 70,890 614,719 

Percent  17.55 15.33 41.14 14.45 11.53 100.00 



TABLE 3 . Ugashik River sockeye salmon srnolt catch i n  index net over 24-hour period, 1968. 

Time Period -- 
2200 2300 2400 0 100 0200 0330 0500 8630 0800 09 30 
to to to to t o  tQ to t o  to tQ 

Date 2 300 2400 0 100 0200 0330 03?L..--- 0638 0800 0930 1100 - 
May 17-18 74 152 382 147 220 14 2 2 4 1 0 

May 20-2 1 7 2 67 0 47 6 a3 0 2 0 0 0 1 

May 23-24 45,556 31,552 10,855 5,350 448 19 2 0 L 0 

May 26-27 4,715 7,643 5,886 11,099 43,373 2,138 6,3813 2,985 P ,274 778 

May 29-30 433 433 112 25 11 1 0 0 0 0 

June 1-2 4,786 3,702 1,386 278 21 1 0 1 0 1,558 

I June 4-5 10,105 8,260 5,915 4,499 1,007 3 0 0 0 0 
VI 
& , June 7-8 329 580 707 6 1 4 0 2 2 1 1 

June 10-11 0 5 8 1 1 0 0 0 0 0 

June 13-14 8 8 1 ,001 970 3 12 26 2 2 0 4 0 

June 17-18 27 2 693 5 11 138 11 1 0 0 0 0 

June 19-20 67 182 68 96 2 2 1 1 0 0 0 

June 22-23 1,123 228 104 9 9 0 0 0 0 2 

To ta l s  67,620 55,101 27,380 22,015 45,353 2,182 6,812 2,992 1,281 2,340 

Percent 25.23 20.56 10.22 8.22 16.92 .81 2.54 1.12 .48 .87 



TABLE 3 .  Ugashik River, 1968 (Con't). 

Time Period 
1100 1230 1400 1530 1700 18 30 2000 2 100 
to  t o  t o  t o  to  t o  t o  to  

Date 1230 1400 1530 1700 1830 2000 2 100 2200 

May 17-18 0 347 40 8 7 4 1,605 184 3 5 

May 20-21 0 0 3 0 0 1 0 2 3 

May 23-24 1 0 0 0 1 0 55 1 68 

May 26-27 44 4,614 1,195 909 87 3 2,582 1,830 878 

May 29-30 0 0 0 0 0 0 0 2 

June 1-2 1,758 59 7 68 5 5 6 3 1,190 95 

June 4-5 0 0 0 0 0 83 2 8 
UI 

' June 7-8 0 0 0 18 6 40 296 2 2 7 

June 10-11 0 0 0 0 0 0 196 1,114 

June 13-14 0 2 2 0 0 0 0 3 

June 17-18 0 0 0 10 5 1,233 1,540 1,051 9,198 

June 19-20 0 1 0 1 0 0 2 12 

June 22-23 5 0 0 0 - 0 0 0 0 

Totals 1,808 5,023 2,008 1,264 2,227 6,110 5,028 11,443 

Percent .68 1.87 .75 .47 .83 2.28 1.88 4.27 

TOTAL 

3,309 



T A B U  . Ugashik River sockeye salmon smolt sampling d a t a ,  1968, 

Index Percent of No. of 1 l b ,  No. of No. of 
Period Smo 1 t Season's Samples Fish Scales  
No. Date Catch T o t a l  Measured Measured Read 

1 May 13-22 15,393 3.50 15 999 179 

2 May 23-26 162,407 36.95 13 8 14 200 

3 May 27-31 48,520 11.04 11 640 158 

4 June  1-5 150,17 3 34.16 14 1,010 226' 

5 June 6-10 17,722 4.03 9 567 129 

6 June 11-15 33,524 7.62 15 1,094 15 1 

7 June 16-24 11,848 2.70 2 3 1,603 17 1 

T o t a l s  439,587 100.00 100 6,727 1,220 



TABLE 5 . Age, length and weight of sockeye salmon smolt by sampling period from 
the  Ugashik River system, 1968. 

Mean Length Mean Weight 
i n  mm. i n  g r .  Percent age 

Period of Age Group of Age Group of Age Group 
No. Date I I I I I I I I I 

1 May 13-22 93.9 110.4 6.8 9.9 90.6 9.4 

May 23-26 93.8 110.0 6.7 10.1 89.1 10.9 

May 27-31 94.2 113.7 6.8 11.5 90.5 9.5 

June 1-5 91.7 113.2 6.2 10.8 97.2 2.8 

June 6-10 92.3 118.1 7 .9  12.4 90.1 9 . 9  

June 11-15 91.2 117.3 6.2 10.9 98.6 1.4 

June 16-24 91.7 116.9 6.5 11.0 99.1 0.9 

Season's Weighted 
To ta l s  

Note: Age groups I and I1 denote number win te r s  i n  freshwater .  
Season t o t a l  weighted by index ca tch .  



Size composition was determined from 6,727 smolt contained in 100 one-pound 
samples while the age composition was determined from 1,220 smolt sca les  
(Table 5) . 

The average length and weight of Age I smolt were 92.8 millimeters and 
6.5  grams respectively. Age I1 smolt averaged 11 2.6 millimeters in length and 
10.  7 grams in weight (Table 5 ) .  Average lengths of Age I1 smolt were equal to  
the 10-year average of 11 2 . 6  millimeters, but their average weight of 10.7 
grams was l e s s  than the 10-year average of 11.8 grams (Table 5 ) .  The weighted 
seasonal percentages of Age I and Age I1 smolt were 93.1 and 6.9 respectively 
(Table 5 ) .  

The tota 1 estimated smolt outmigration for 19 68 derived from the methods 
discussed by Nelson, 1965. The outmigration of 42,205,912 smolt was the 
largest outmigration estimate on record (Table 4 ,  Appendix B) . 

IV. DISCUSSION AND COMPARISON WITH PAST DATA 

An adult escapement of 400-500,000 sockeye salmon appears optimal 
for the Ugashik system. Past data indicates that survival t o  smolt stage 
expressed a s  smolt per spawner, i s  the  greatest when escapement levels a re  
within this range (Figure 4) .  The average number of smolt produced from the 
two adult escapements that exceeded 1,000,000 spawners (19 60 and 19 65) was 
9 .7  smolt per spawner, while the average smolt per spawner produced from 
escapements that were l e s s  than 500,000 was 30.4 (Table 5 ,  Appendix B) . 
The exceptional production of Age I smolt from the 1966 escapement of 704,000 
spawners i s  a s  yet  unexplained. 

Smolt produced from escapements that  ranged between 220-700,000 were 
larger in s i ze  than smolt produced from the large escapements in 1960 and 1965 
(Table 5 ,  and 5 ,  Appendix B) indicating that nursery area carrying capacity may 
be a limiting factor t o  smolt production. The poor smolt production from the 
1965 escapement of 99 6,612 cannot be explained from the climatological data 
avai lable .  

If fry produced from large escapements have higher than normal mortalities 
due to  the depletion 01 availble food in  the nursery a r eas ,  then the ensuing year ' s  
smolt production may have a higher survival rate due t o  l e s s  competition. This 
may be the factor increasing survival from egg to  smolt that has occurred after 
both large escapements in 1960 and 1965. In both years (1961 and 1966) follow- 
ing a large escapement,  the number of smolt produced per spawner increased 
significantly in comparison to other yearly productions (Table 5 ,  Appendix B) . 

Other factors that may limit the number of smolt produced a re  limited 



6 0 
0 
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FIGURE 4. Smolt production from sockeye salmon escapements in the Ugashik lake system, 1956-66. 
(Reproduction curve is fitted by eye to 3-year moving averages of the paired escapement- 
return data, ordered to size of escapement.) 

1/ Does not include Age I1 smolt. - 



spawning areas  , gravel compaction from sil tat ion,  superimposition, adverse 
weather and predation. Any one or a combination of the aforementioned 
factors may limit smolt production in a given year ,  and may cause  higher than 
average fry mortalities from a large escapement. It i s  difficult t o  a s s e s s  the 
many variances that occur in this system which affect the yearly smolt pro- 
duction, since there a re  no monitoring programs a t  present except smolt samp- 
1 ing . 
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NAKNEK RIVER SOCKEYE SALMON SMOLT STUDY, 1968 

Glen R .  Van Valin, Fishery Biologist 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
King Salmon , Alaska 

I .  INTRODUCTION 

The 19 68 season completed the thirteenth year of sockeye salmon 
( O n c ~ r h y n c h ~ s  nerka) smolt studies on the Naknek River. The program was 
ariginally developed by the U. S . Fish and Wildlife Service in 1956 under the 
direction of Herbert W .  Jaenicke, Fishery Research Biologist. In 1959 the 
basic  program methods and procedures were established with minor alterations 
since that time. In 1966 the project was transferred to the Alaska Department 
of Fish and Game and operated by the Division of Commercial Fisheries under 
the supervision of Angus D. Robertson, Fishery Biologist. In 19 67 the project 
was  initially supervised by Angus D. Robertson with the author ass i s t ing  from 
June 1 until project termination. The 19 68 srnolt project was under the super- 
vision of the author. The crew consisted of project crew Leader Daniel Gralian 
and Fish and Game Aid Cress  Lundstrom. 

11. METHODS AND PROCEDURES 

In 1968 the program commenced on May 23 and terminated on July 11. 
On August 10 and 12 the index net was fished for a 9 hour period each night to 
determine the magnitude of the outmigration of what i s  normally a late period 
in the season .  

Throughout the season smolt were trapped in standard fyke nets  4 feet  
wide and varying from 4 to  7 feet  in depth. As the season progressed the river 
depth increased until, in some s i t e s ,  the 7 foot net was required. The nets 
were suspended from a cable laid across  the river bottom 8-3/4 miles below 
the outlet of Naknek Lake. During the 1968 season a smolt live box was used 
in place of cod end on the index net .  The live box afforded a more accurate 
measurement of the outmigration and lowered mortality. 

In 1957 and 1958 the entire river width was fished to  determine the most 
productive s i t e s .  Six s i tes  in the main channel of the river a r e  now fished on a 
random schedule during the peak outmigration hours of 2100-0600. Data obtained 
from 1957 and 1958 indicate that  88.34 percent of the entire outmigration passed 



within these  6 s i t e s .  The most productive of the 6 s i t e s  w a s  used a s  a n  
index. 

A 3 day  work schedule  w a s  employed throughout the  s e a s o n .  On the  
f i r s t d a y  the  6 s i t e s  were f ished in a random order, with e a c h  s i t e  fishing 90 
minutes.  The f irst  d a y ' s  schedule  w a s  repeated on the  second day .  However, 
the  index s i t e  w a s  f ished for 24 hours. When fishing the  random ne t s  the  forty 
samples  a r e  obtained utilizing the  following scheme: Ten (10) of the  samples 
a r e  obtained from the random net  tha t  is f ished from 2100-2230 hrs . The follow- 
ing ten (10) a re  obtained from t h e n e t  tha t  is f i shed from 2230-2400 h r s .  The 
remaining twenty (20) samples a r e  taken in the  same manner from the  random 
n e t s  f ished from 0000-0130 hrs.  and 0130-0300 hrs .  When the  index net  is 
being f ished a l l  forty (40) samples a r e  taken from th i s  net  ( i . e . ,  twenty prior 
t o  and  twenty following 2400 h rs . )  This scheme resul ts  in a l l  of the  s i t e s  being 
sampled throughout the  s e a s o n .  S c a l e s ,  weight and length data  were taken from 
each  smolt sampled.  Sca les  were aged a t  t h e  end of t h e  season  by the  author 
and project crew leader.  

111. RESULTS 

A .  Weather Data 

Na knek River weather  observations made by Herbert W.  Jaenicke during 
the  years  1956 t o  1965 reveal  tha t  90 percent of the  smolt outmigrated when the  
mean wate r  temperature w a s  between 51° F and 55' F .  These temperatures a r e  
considerably higher than in other major rivers of Bristol Bay where water  temper- 
a tu res  a r e  between 36' F and 41' F during outmigration. 

In 1968 t h e  peak of the  Naknek outmigration occurred when mean water  
temperatures were between 50' F and  54O F (Table 1) .  

B . Index Catch 

Indices of annua.1 smolt abundance have been obtained s ince  1959 through 
randomized and  index sampling. 

In 1968 the  index w a s  conducted from May 27 t o  July 12.  The index 
c a t c h  for t h i s  period w a s  93 ,258  (Table 2 ) .  The peak ca tches* occurred on t h e  
sampling periods of June 5-6 and June 8-9, and were 1 8 , 5 5 6  and 13,984 respec-  
t ive ly .  

During the  s e a s o n s  sampling,  16 .43  percent of t h e  to ta l  ca tch  occurred 
between t h e  hours of 0000-0130. The ca tches  occurring between the  hours of 



TABLE 1. Mean water and a i r  temperature by day, Naknek River ,  1968 1/ - 

Mean Water Mean A i r  Mean Water Mean A i r  
Date Temp. OF Temp. O F  Date Temp. O F  Temp. OF 

May 21 
2 2 
2 3 
24 
2 5 
2 6 
2 7 
2 8 
2 9 
3 0 
31 

June 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16  

June 17 
18 
19 
2 0 
21 
22 
2 3 
2 4 
2 5 
2 6 
27 
2 8 
2 9 
3 0 

J u l y  1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1 3  
1 4  

I/ Water temperatures  a r e  recorded s i x  t imes a day. 
* Not recorded. 



Table 2 .  Naknek River index n e t  ca tches  of sockeye salmon smolt 
by 90 minute pe r iods ,  May 27-July 11, 1968. 

May May-June June June June June June June 
. 27-28 30-1 2-3 5-6 8-9 11-12 14-15 17-18 

To ta l s  715 268 4,385 18,556 13,984 9,963 8,512 14,122 
- 



r :. Tabfe  2. Naknek River i n d e x  n e t  c a t c h e s  of sockeye salmon smol t  
-.. by 90 minute  p e r i o d s ,  May 27-July 11, 1968. (Cont'd) 

June  June  June  June J u l y  J u l y  J u l y  J u l y  T o t a l  Percen t  
20-21 23-24 26-27 29-30 2-3 5-6 8-9 11-12 

1800-1930 6 215 3 0 1 0 0 0 5,074 5.44 

1930-2100 2 585 0 0 267 0 1 0 9,479 10.17 

T o t a l s  1 ,829 1 ,585 3,298 4,282 2 ,431 8,192 307 829 93,258 190.00 



0000-0430 accounted for 40.99 percent of the total index catch.  

C . Outmigration Estimate 

In 1968 the smolt outmigration peaked June 4-7 when 41 percent of the 
s eason ' s  random catch was made. This time period encompassed the only Age 
I1 catch peak. The Age I smolt catches  reflected two peaks,  the first occurring 
June 5 with the second on June 38 (Figure 1 and Table 3) . 

The start of outmigrations in the past 1 2  years has ranged from May 23 
t o  June 9 .  The end of the outmigration has varied from June 17 to  July 20. 
Smolt continue t o  migrate from Naknek Lakes throughout July, August and Sep- 
tember (Jaenicke). However, the migration is  insignificant compared to  that 
occurring during the main outmigration period. In 1968 the index net was fished 
for two days in August and caught 0.12 percent of the total s ea son ' s  catch of 
Age I smolt and 0.02 percent of the  total season ' s  catch of Age I1 smolt (Table 
3 and Table 4) .  

The 1968 total smolt outmigration estimate was obtained by the following 
procedure: ("sampling period" refers to  the period 21 00-0600) 

I) Determine the seasonal average 90-minute catch per fishing s i te  
per sampling period. 

Total season catch = 224,576 

No. of s i t es  fished (each s i t e  fished for 90 minutes per 
sampling period) = 6 

No. of sampling periods fished during the season = 34 

Therefore, the seasonal average 90-minute catch per fishing s i t e  
per sampling period i s  given by 

2) Estimate the average migration past  the sampled section of the  river 
during a 90-minute period within a sampling period. 

Average 90-minute catch per fishing s i te  per sampling 
period = 1,100 (from Step 1) 

No. of s i t es  fished = 6 



- - -  Age I1 smolt 

- Age I smolt 

2 0 

I \ 
I \ 

15 

10 

5 

June July 

F i g . 1 D a i l y  catches of  sockeye salmon smolt i n  percent of t o t a l  season's  catch 
from the Naknek River, 1968. 
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TABLE 3. Naknek River random sampling ca tches  of sockeye salmon smolt by f i s h i n g  s i t e ,  1968 

Date S i t e s  Tota l  Percentage of 
1 2 3 4 5 6 Daily Total  

May 23 
2 4 
2 6 
2 7 
29 
30 

June 1 
2 
4 
5 
7 
8 

I 10 

' 1 4  
16 
17 
19 
2 0 
2 2 
2 3 
2 5 
26 
2 8 
29 

July 1 
2 
4 
5 
7 
8 

10 
11 

Tota ls  

Percent  



TABLE 4 .  Naknek River  sockeye salmon smol t s ,  mean weight i n  grams, 1968 

Age I Age I1 - Age I11 
% of T o t a l  % of To ta l  % of  To ta l  

Date Season 's  Catch Mean Weight Season ' s Catch 
May 23 0.09 17 .2  0.20 

24 0.00 00.0 0.22 
2 6 0 . 1 ~  11 .8  0 .31  
27 0.01 5.4 0.33 
2 9 0.23 14.0 2.90 
30 0.06 11 .8  0.54 

June 1 0.13 11.7 3.84 
2 0.17 8.0 2.48 
4 3.73 9.6 12.81 
5 16.13 7 . 3  23.49 
7 5.66 5 - 4 16.50 
8 2.31 9.9 5.06 

10 1.89 6 .9  5.35 
I 11 1.56 6.8 6.44 
u 1 3  1 . 2 3  8 .7  5.20 

14  3.47 7 .0  4.21 
' 16 2.31 7 .6  3.68 

17  4.14 8.5 1 .51  
19 6.58 8 7 0.39 
2 o 8 .13 8.7 0.85 
2 2 4.85 9.0 0.39 
23 4.66 8 .8  1.13 
2 5 3.51 8 . 3  0.01 
2 6 14.18 9 .0  1.82 
2 8 2.47 8 .9  0.32 
2 9 1.86 8 .7  0.00 

J u l y  1 0 .21  9 . 1  0.00 
2 1 . 7 1  9 4 0.00 
4 2.06 9 9 0.00 
5 2.89 9 .8  0.00 
7 1.67 10 .2  0.00 
8 0.94 10.7 0.00 

10 0.48 11.1 0.00 
11 0.46 11.2 0.00 

A U ~  10 0.01 16 .9  0 .01  

Mean Weight Season 's  Catch Mean Weight 
17.2 0.58 19 . 9 



No. of subsites for which the migration i s  estimated 
from the catch a t  each fishing s i te  = 6 

Therefore, the estimated average migration past  the sampled 
section of the river during a 90-minute period within a sampling 
period i s  given by 

(1,100) (6) (6) = 39,600 smolts.  

3) Estimate the average migration past  the sampled section of the 
river per sampling period. 

Estimated average migration pa s t  the sampled section of 
the river during a 90-minute period within a 
sampling period = 39,600 (from Step 2)  

No. of 90-minute periods in a sampling period = 6 

Therefore, the  estimated average migration pa s t  the sampled section 
of the river per sampling period i s  given by 

(39,000) (6) = 237,600 smolts. 

4) Estimate the average migration past  the entire width of the river 
a t  the sampling location per sampling period. 

Estimated average migration past  the sampled section of 
the river each  sampling period = 237,600 (from Step 3) 

~ s t i m a t e d v  proportion of migration occurring within the 
section of the river presently sampled = 88.34% 

Therefore, the estimated average migration past  the entire width of 
the river a t  the sampling location per sampling period i s  given by 

(237,600) / .8834 = 268,960 smolts. 

5) Estimate the average daily migration past  the  sampling Location. 

Estimated average migration past  the ent!re width of the 
river a t  the sampling location per sampling period 
= 268,960 (from Step 4) 

~ s t i m a t e d l / ~ r o ~ o r t i o n  of daily migration occurring during 
the sampling period (2100-0600) = 70.87% 

1/ Derived from 195 7- 1958 data when whole river width was sampled by net - 
s i t e s  7 - 1 2 .  

2/ Average index net catch for 8 year period (averaged 70.8% of total catch - 
during hours of 2100 - 0600). 
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Therefore, the  estimated average daily migration pa s t  the 
sampling location is  given by 

(268,960) / (.7087) = 379,511 smolts. 

6) Estimate the total seasonal migration past the sampling Location. 

Estimated average daily migration past  the sampling 
location = 3 79,5 11 (from Step 5) 

No. of days fished in 1968 = 49 

Therefore, the estimated total seasonal migration past the 
sampling location i s  given by 

(379,511) (49) = 18,596,039 smolts. 

D .  Age, Weight and Length Data 

Age, weight and length data was collected from 1,380 smolt . The 
mean weight and length by day and for the season was calculated for each 
age  group (Tables 4 and 5) .  

The final mean weights and lengths (by age  c lass )  for the season were 
derived by multiplying the mean data (weight or length) for an age c l a s s  , for 
a day ,  by the percentage of the  total s ea son ' s  catch for that day for that age  
c l a s s .  

Table 1 ,  Appendix C , summarizes a g e s ,  weights and lengths for the 
years 1957 through 1968. The average weight and length for Age I srnolt was 
8 .4  grams and 99 mm. The Age I1 smolt averaged 11.1 grams in weight and 
108 mm. in length. Age I smolt were 1 gram lighter than the previous 11 year 
average and 3 mm. shorter. 

The Age I1 srnolt averaged 1 .5  grams lighter and 5 mm . shorter than the 
1 1 year average . 

IV. DISCUSSION 

In 19 68 the Age I smolt were the progeny of the 19 66 adult escapement 
of 1 ,016,445 and comprised 41.2 percent (7,661,568) of the  total smolt out- 
migration. The Age I1 smolt outmigration was the largest recorded for a 13 year 



TABLE 5 ' .  Naknek River sockeye salmon smolt ,  mean l e n g t h  i n  mi l l ime te r s ,  1968 

Age I Age I1 Age I11 
% of T o t a l  % of  T o t a l  % of  To ta l  

Date Season ' s Catch Mean Length Season ' s Catch Mean Length Season 's  Catch Mean Length 

May 23 0.09 122 0.20 124 0.58 130 
24 0.00 000 0.22 124 2.90 136 
2 6 0.10 1 0  5 0.31 117 0.00 000 
27 0.01 9 1 0.33 125 0.50 130 
2 9 0 .23  113 2.90 124 9.36 135 
30 0.06 107 0.54 121  0.41 142 

June 1 0.13 111 3.84 121  2.79 132 
2 0.17 98  2.48 116 0.00 000 
4 3.73 10  5 12.81 110 0.00 000 
5 16.13 9 6 23.49 106 24.83 135 
7 5.66 9 4 16.50 105 0.00 000 
8 2 .31  106 5.06 10 5 0.00 000 

10 1 .89  9 2 5.35 108 
I 4.75 130 
u 11 1.56 97 6.44 106 0.00 000 
w 1 3  1 .23  98 5.20 106 29.63 130 
I 1 4  3.47 94 4.21 10  5 0.00 000 

16 2.31 97 3.68 107 21.07 1 4 4  
17 4.14 9 9 1 .51  106 3.18 160 
19 6.58 l o o  0 39 106 0.00 000 
2 0 8.13 100 0.85 106 0.00 000 
22 4.85 101  0 39 105 0.00 000 
23 4.66 100 1.13 105 0.00 000 
25 3.51 100 0 .01  104  0.00 000 
2 6 14.18 101 1.82 106 0.00 000 
2 8 2.47 1 0 1  0.32 105 0.00 000 
2 9 1.86 101 0.00 109 0.00 000 

J U ~ Y  1 0.21 9 9 0.00 118 0.00 000 
2 1 .71  103  0.00 OQO 0.00 000 
4 2.06 103 0.00 109 0.00 000 
5 2.89 10 4 0.00 000 0.00 000 
7 1 .67  1 0 4  0.00 000 0.00 000 
8 0.94 106 0.00 000 0.00 000 

10  0.48 10  5 0.00 000 0.00 000 
11 0.46 106 0.00 000 0.00 000 

Aug 10  0 .01  



per iod .  The Age 11's were  t h e  progeny of t h e  1965 e scapemen t  of 71 7 , 7 9 8  
a n d  comprised 5 6 . 7  percent  (10 ,543 ,954)  of t h e  1968 outmigration (Table 2 ,  
Appendix C) . 

Rela t ive  s i z e  of smol t  outmigrat ion a n d  a g e  composi t ion  for t h e  y e a r s  
195 6-1 9 68 a r e  g iven  in  Table 3 ,  Appendix C . The production of smolt  by  brood 
y e a r  for a 10 y e a r  period is g iven  in  Figure 2.  

Based on  t h e  smolt  production f igures  of t h e  l a s t  10 y e a r s  t h e  optimum 
escapemen t  goal  should  b e  held in  t h e  range  of 700 ,000 t o  1 , 0 0 0 , 0 0 0  a d u l t s .  
The except ion  of t h i s  r ange  would b e  1961 wh ich  had a n  e scapemen t  of 351 ,078 .  

This e scapemen t  produced a return of 1 , 7 1 2 , 7 3  7 ( exc lus ive  of t h e  1968 
inshore  return) for  a return per  spawner  re la t ionship  of 4 . 8 8 .  However ,  t h e  
l a r g e s t  re turns  exper ienced  s i n c e  19 53 h a v e  had e s c a p e m e n t s  of 799 ,167  (1954) 
a n d  8 2 8 , 3 8 1  (1960).  These  e s c a p e m e n t s  produced re turns  of 2 , 9 3 9 , 8 6 7  a n d  
3 , 5 5 5 , 6 1 6  r e spec t ive ly  for  return pe r  spawner  re la t ions  h ips  of 3 .  68 (1954) a n d  
4 .29  (1960).  

V. SUMMARY 

1. 1968 concluded  t h e  th i r teenth  c o n s e c u t i v e  y e a r  of smolt  enumerat ion 
o n  t h e  Naknek River. The pro jec t  w a s  in i t ia ted  b y  t h e  U . S .  F i s h  
a n d  Wildl i fe  Se rv i ce  in  1956 .  The Alaska Department  of F i sh  a n d  
Game a s s u m e d  r e spons ib i l i t y  for  t h e  project  in 19 66. 

2.  Sampling began  o n  M a y  23 a n d  terminated July 11. 

3 .  An index  n e t  w a s  f i s h e d  August 10 a n d  12  t o  de te rmine  t h e  magni- 
t u d e  of t h e  outmigrat ion during late summer. The numbers of smolt  
caugh t  were  ins igni f icant .  

4. S i x  f i sh ing  sites on  t h e  main channe l  of t h e  r iver  w e r e  f i shed  on  a 
random s c h e d u l e  during t h e  peak  outmigration hours  of 2100-0600. 
An index  s i t e  w a s  f i shed  24 hours on  every  second  d a y  of sampl ing .  

5 .  The peak period of outmigrat ion w a s  be tween  June 4 a n d  June 7 .  

6 .  T h e t o t a l  1968smol tou tmigra t ionwas  1 8 , 5 9 6 , 0 3 9 .  

7 .  The 19 68 outmigration w a s  t h e  second  l a r g e s t  i n  t h i r t een  c o n s e c u t i v e  
y e a r s  .. The 1965 outmigrat ion of 24 ,700 ,000  w a s  t h e  l a r g e s t .  

8 .  TheAge  I I s m o l t  outmigration ( the  p r o g e n y o f t h e  1965 a d u l t  e s c a p e -  
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11 Figure does not include Age111 smolt.  
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ment of 717 ,978)  w a s  t h e  la rges t  o n  record ,  (10 ,543 ,954) .  

9 .  Based on  the  smoIt product ion f igures  for t h e  p a s t  t e n  y e a r s  
t h e  optimum escapemen t  range  a p p e a r s  t o  l i e  be tween 700,000 
and  1 , 0 0 0 , 0 0 0 .  

1 0 .  Age,  weight  a n d  length  da t a  w a s  determined from 1 , 3  80 smolt . 
Age I smolt  comprised 41 .2  percent  of t h e  outmigration a n d  
ave raged  99 mm. in  length  a n d  8.4 grams in we igh t .  Age I1 
smolt  comprised 5 6 .7  percent  of t h e  outmigration a n d  ave raged  
108  mm. in  l eng th  a n d  11.1 grams in we igh t .  Both Age I a n d  
Age I1 smolt  were  sma l l e r  t han  t h e  11 y e a r  a v e r a g e  for  Naknek 
River outmigrants .  
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TABLE 1 . Dates and water temperatures a t  beginning of  peak smolt 
outmigrat ion,  Kvichak River,  1955-1968. 

Beginning Date of  Water Temperatures i n  
Year Peak Outmigration Degrees Fahrenheit  

1955 June 4 38' 

1956 June 1 3 6' 

May 28 

May 22 

1959 May 26 42' 

1960 May 26 " lo 

1961 May 23 36' 

June 1 

May 24 

1964 June 1 38' 

May 24 

- 
1967 May 26 40' 

1968 May 25 40' 

1/ Date of peak outmigrat ion not known f o r  c e r t a i n .  - 



T A B U  2 . Kvichak Riser 24-homr sockeye salmon smoEt ca tches  average lengtkts and weights,  1955-1968. 

AGE 1 AGE If 

Fourteen-Year 

To ta l  
Number -- 

1/ One index point  = 33,340 smolt. - 
2 /  Numbers of Age I an$ Age II f i s h  der ived  from rounded-off season percentages except i n  1963, 1964, 1965 and 1966 when - 

rounded percentages were der ived  from numbers of m o l t s  obtained by weighting length  frequency d i s t r i b u t i o n  by d a i l y  
ca tches  . 

3/  24-hour index c a t c h  est imated by r a t i o s  w i t h  years of a c t u a l  24-hour f i s h i n g  and from v i s u a l  observa t ions  of m o l t  - 
migra t ion  o u t s i d e  t h e  3-hour index per iod ,  

4 1  - 24-hour index c a t c h  est imated from r a t i o s  w i th  t h e  3-hour index period ca t ch  obtained during only 2 days of a c t u a l  
24-hour f i s h i n g .  



TABLE 3 . Percent of sockeye salmon smolt outmigration occurr ing during 
index hours (2200-0100) , Kvichak River ,  1955- 1968. 

Percent Outmigration 
Year Outmigrat ion- 1 / During Index b u r s  

(2200-0100) 

1955 259 ,978 82.3% 
- 

1956 77,660 82.3 

1957 30,907 82.3 

1958 3,333,953 57 - 4  

1959 2,863,876 57.4 

1960 614,003 74 .1  

1961 36,164 82 ,3  

1962 1,203,000 25.1 

1963 4,229,431 32.6 

19 64 2,061,586 38.3 

1965 1,812,555 46.9 

1966 275,761 39.5- 2 / 

1967 3,088,742 30 .1  

1968 6,123,683 34.8 

Averages 1,857,950 3 / 54.7- 

11 The methods used t o  expand t h e  3-hour index ca tches  t o  24- - 
hour ca tches  f o r  t h e  years  1955, 1956, 1959, 1960 and 1961 a r e  
explained i n  t h e  1964 s lml t  r e p o r t .  

2 /  This  f i g u r e  i s  nea r ly  meaningless s i n c e  i c e  flow precluded - 
any e s t ima te  of comparative migra t ion  by per iod .  

31 Note t h a t  t h e  average 56.2% migra t ion  during t h e  index hours - 
i s  probably h igh  a s  t h e  percent  f o r  t h r e e  of t h e  four  years  
showing 82.3% was assumed on t h e  b a s i s  t h a t  82.3% of t h e  smolt 
i n  1957 migrated during t h e  index hours.  Sampling was not on 
a 24-hour b a s i s  f o r  t h e  yea r s ,  1955, 1956, 1959, 1960 and 1961. 



TABLE 4 ,  Kvichak River  3-hour sockeye salmon srnolt catches,  1955-1968, (3-hour index 
catches) .  

Year of  Age I Age I1 Total 
Outmigration Number Percent Number Percent Number Index- 3iy* 

Fanrteen-Year 
Averages 27 1. ,348 44 5 14,380 5 6 785,728 21.1 

L One index  point = 33,340 smolt.  
m a  



TABLE 5 .  Parent escapement and corresponding sockeye salmon smolt production, Kvichak River, 1952-1966. 

24-Hour Index S m l t  
Year of Escapement 24-Hour Index S m l t  Produced Per Spawner x 10 3 
Spawning I n  Thousands Age I Age I1 Total Age I Age I1 Total 

1966 3,775 648,32 1 172 

Averages 4,714 646,067 1,211,986 1,932,511 131 2 16 357 



TABLE 6 .  Dates of sampling and peak periods of sockeye salmon smolt outmigration, 
Kvichak River, 1955-1968 . 

Number Number Percent of 
Year Date of Days Date of Days Total Catch 



TABLE 7 .  Parent escapement and corresponding percent of Age 11 sockeye 
salmon smolt produced, Kvichak River, 195  2-  19  6 5 .  

Percent Age XI1, 
Year Escapement Smolt Produced- 

1 /  Based on 24-hour index catches.  - 
2 /  Estimated on bas i s  o f  2-ocean returns i n  1956 and.52 - 

f i s h  i n  1957 v s .  53 f i s h  i n  1957 and 63 f i s h  i n  1958. 



APPENDIX B 



TABLE 1 . Ugashik River sockeye salmon smolt catches in the random sampling 
scheme by f i sh ing  s i t e  in percent, 1958-1968. 

Random S i t e s  
Year 1 2 3 4 5 

10-Y ear Average 6,28 10.88 30.87 41.75 10.22 



?ABLE . Average length and weight of Ugashik River sockeye salmon smolt 
by freshwater age group, 1958-1968.21 

Year of 
Seaward Age I Age I1 

Migration Length Wefght Length Weight 

Mean Average 90.7 6 . 4  112.6 11.8 

c 

1/ Weighted by Index catch. - 



TABLE 3 ,  Ugashik River sockeye salmon escapements and smolt produced, 1956-1966, 

Brood Ugashik River Millions of Smolt Produced 
Year Escapement Age I Age I1 Age I11 Total 

1/ No outmigration estimates for 1966. - 
2 1  The Age I1 smolt from the 1966 escapement will not leave freshwater until - 

1969. 
I. 



TABLE 4 . Comparative age ,  l ength ,  index ne t  ca tches  and outmigrat ion es t imates  of 
sockeye salmon srnolt from t h e  Ugashik River system, 1956-1968. 

Year of Age I Age I1 
Seaward Mean Length Mean Length Index Index Net Outmigration 

Migrat ion Percent i n  mm. Percent i n  nun. Poin t s  Catch Estimate 

Average 55.2 90.7 44.7 112.6 97.5 293,573 13,526,836 

Note: Age Group I and I1 denotes  number w in te r s  i n  f reshwater .  
Age and length  weighted by index ca t ch ,  

I /  1 . 0  percent  Age I11 i n  1960; 0 . 1  percent  Age I11 i n  1963 and 1964. - 



TABLE 5 .  Ugashik River sockeye salmon escapement, smolt outmigration estimate, smolt 
per spawner and average length and weight of smolt by freshwater age group 
and brood year, 1956-66. 

Escapement Outmigration Smolt 
Brood in Estimate Per Age I Age I1 
Year Millions In Millions Spawner Length Weight Length Weight 

Average 60.09 11.5 28.6 90.7 6.4 112.6 11.8 

11 No smolt samples or total outmigration estimates since smolting was not conducted - 
during 1966. 

21  Age I1 smolt from the 1966 escapement will not leave freshwater until 1969. - 

31 Partial estimate. Based on Age I smolt. - 
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TABLE 1 Average fork lengths and weights, Naknek River sockeye salmon smolts, 
1957 - 1968 - 

Year of Age I Age I1 
S e award % Age Length Weight % Age Length Weight 

Migration Class rnrn . Gr aps Class mm . Grams 

Me an 

Average 55.3 102 9.5 44.3 112 12.5 

1/ Age 111 smolt not included. - 



TABLE 2. Production of sockeye salmon smolt by brood year, Naknek River, 
1956-1966 

Brood Smolts Produced at Age 
Year Escapement I I1 , ,- I11 Total 

l/ Production from 1954 and 1955 brood years were only partially sampled - 
in 1956 and 1957. 



TABLE 3. Sockeye salmon smolt  o u t m i g r a t i o n s ,  Naknek R i v e r ,  1956-1967. 

Year of 
Seaward Number a t  Age 
Migra t ion  1 I I I I Tot a1 
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