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SYSTEMS MODELING OF SOCKEYE SALMON IN THE WOOD RIVER LAKES

(Annual Report for the Period July 1, 1974 through June 30, 1975)

INTRODUCTION

The production of sockeye salmon in the Wood River lakes has
declined significantly since the beginning of commercial fishing in
the late 1800's. The causes of this decline and methods of increasing
the present production have been the major objectives of a research
program by the Fisheries Research Institute since its inception in
1946. The pesults of this research point to three components which
limit or control the production of sockeye salmon in the biological
system in which they occur at present in the Wood River lakes. These
components are: (1) the amount of spawning area available, (2) the
food-producing capacity of the lakes, and (3) predation, especially
by Arctic char and humans. These biological components could be
modified by man; however, the biological system is affected by
largely uncontrollable and usually unpredictable climatological con-
ditions. An understanding of the effects and the interactions of
cffects of the factors which control the abundance of the Wood River
sockeye is needed to provide a rational basis for management of the
system.

In the first year of this project, we examined the relationships
between the abundance of spawners (escapement) and their returning
adult progeny because the spawner-return relationship has formed the
basis for past management of the Wood River stock.® Regulation of
fishing mortality to obtain "optimum escapements' to the lake system
is unlikely to result in increased abundance of the stock. The
relationship between abundance of spawners and abundance of adult
progeny, although highly variable, appears to have shifted downwards
during the history of the fishery. Small to medium escapements pro-
duce fewer adults now than they did before, whereas large escapements
still only produce average numbers of adults. The abundance of spawn-
ing populations (races) within each lake in the system tends to be
correlated but there is frequent lack of correlation’ in the runs to
the lakes. The nursery areas for fry (the lakes) are thus indicated
as a major limiting factor to the production of adults.

lSystems Modeling of Sockeye Salmon in the Wood River Lakes.
Annual Progress Report - Anadromous Fish Project. FRI-UW-7406.
June 197H.
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The declines in the Wood River runs were probably caused by one
or more of the following: (1) occasional large escapements which
exceeded the spawning and rearing capacity of the system, (2) in-
creased mortality on juveniles as a direct result of increased abun-
dance of Arctic char and an indirect result of a decreased growth
rate, (3) decreased productivity of the lakes (food producing capac-
ity), and (4) the selective mortality imposed by the commercial gill-
net fishery., The best means of increasing production in the Wood
River stock is through management of the freshwater environment of
the juvenile fish. The techniques for this management should follow
from an understanding of the mechanisms which influence or regulate
their growth and survival. The objectives of this report are to
examine the interrelationships among growth, survival, and effects of
the physical environment.

METHODS

The annual abundance of spawners in each of the Wood River lakes
has been estimated each year since 1951 according tc the method of
Gilbert (1968). The number in each lake is estimated from tower
counts in Wood River and aerial surveys of the spawning grounds. Po-
tential egg deposition was estimated from the sex ratio and mean
length in the Wood River escapement and the ocean age composition of
females on the spawning grounds in each lake. Two regressions were
used to estimate the average number of eggs from the average lengths
of 2~ocean and 3-ocean fish in each year's escapement.

The abundance of juveniles in the lakes has been estimated during
late August to early September each year since 1988. Population
estimates of pelagic fish are rade from townet sampling and echo-
sounding (Rogers, 1967). A major assumption in these estimates of fry
producticn is that the fry are completely available (occupy the
pelagic region) to the tow net and/or echosounder. This assumption was
probably invalid in 1871 and 1972 when the fish were still concentrated
inshore during late summer.

The annual growth or the size of the fry in late summer (Septen~
ber 1) has been calculated from mean lengths in townet samples and
growth rates in Lake Aleknagik that are estimated from periodic beach
seine sampling during June-August (Rogers, 1973). Mean weights of
juveniles on September 1 were calculated frem mean lengths and a weight-
length regression.

Each of the major lakes and lake basins (Merka) are divided into
three sampling areas (Fig. 1). Dimensions of these areas are given in
Table 1. Estimates of abundance and size are made by sampling area
and an estimate for a lake is either the sum or the weighted mean of




the avea estimates. Although the main objectives of this repcrt are
concerned with parameters of lake and lake system populations, I have
included statistics by area as well because both growth and abundance
vary within some cf the lakes in a consistent manner. These sta-
tistics are given in Tables 2-10. Although the boundaries of the
sampling areas are somewhat arbitrary with respect to the distribu-
tion of fish, fry are usually most abundant in the area with the most
spawning area and growth is usually poorest in the same area.

Statistics on abundance and growth were examined for each lake,
for combinations of adjacent lakes, and for the lake system by re-
gression methods. Data were first plotted (scatter diagrams) and an
appropriate regression model (e.g., linear or pclynomial) was determined
from these plots.

RESULTS

The population estimates (number and weight) are given by lake
in Table 11. The average biomass of pelagic fish was greatest in Lake
Aleknagik primarily because of the greater abundance of threespine
stickleback in the lake (Table 12). The density of pelagic fish was
greatest in Little Togiak Lake even though the absolute abundance is
small in this lake because of its small size relative to the other
lakes.

The annual statistics on sockeye salmen abundance (adults and
juveniles) and size are given by brood year and lake in Table 13.
The survival rates for potential eggs to fry (about September 1) and
for fry to returning adults are given in Table 1%. The returns from
the 1969 brood year are preliminary and estimates of the return of
six-year old fish in 1375 were included in calculating the survival
from fry to adults for this brood year. '

Relationship Between Eggs and Iry

The relationship between the number of Iry produced (late summer)
and the number of eggs in the parent escapement was approximately
linear for each of the lakes in the system. The data from Lakes
Beverley and Kulik were combined because of the significant correla-
tion in annual escapements and fry abundance in these lakes. A linear
model (Y = bX) is shown in Fig. 2, (polynomial regressions were not
statistically significant). Survival from eggs to fry was greater in
Aleknagik than in the other lakes; however, this higher survival may
be partly the result of a higher availability of fry to the tow-net
sampling in Lake Aleknagik as compared to the other lakes. The re-
lationship in Lakes Beverley, Kulik, and Nerka might better be
modeled by some logistic type of curve, e.z., curving upwards at low
numbers of eggs and cownwards at high numbers of eggs.



The growth of fry during the summer is partly density depend-
ent. As the density of eggs and fry increases the size of the fry
by September 1 decreases (Fig. 3). The relationship between growth
and abundance is probably asymptotic at the extremes of density; how-
ever, in the range of 2 to 10 million eggs per square kilometer of
iake area, the size of the fry decreases approximately linear with
increasing density of eggs. At low densities of eggs, the fry tend
to be smaller in the upper lakes (Beverley and Kulik) whereas at high
dengities the fry tend to Le larger in these lakes than in Lakes
Aleknagik and Nerka. The upper lakes have a shorter ice-free period
and probably produce less food for sockeye fry; however, the popula-
tions of threespine sticklebach (main competitors with sockeye fry)
are not as dense in these lakes as in Lake Aleknagik.

As a result of the density-dependent growth the relationships
between the weight (biomass) of fry produced and the number of parent
eggs were curvilinear (Fig. 4). The relationships were similar among
the lakes with the exception of Lake Aleknagik where the mazimum bio-
mass was produced at an intermediate abundance of eggs.

The factors which control the survival from eggs to fry were
sought by multiple regression (partial correlations with the foy-egg
regressions) and correlation analysis between measurements of the
physical environment and estimated survivals. The only significant
correlation found was that between survival and the average air
temperature during the winter following spawning and this was statis-
tically significant only for data from Lakes Beverley and Kulik.
Spawning in these lakes occurs primarily along the beaches. Very cold
winters probably result in pocrer survival because of the freezing
of eggs. This would most likely occur when the density of spawners
was relatively high and much of the spawning would take place in
shallow water, i.e., higher on the beach and more exposed to freezing
at the lower winter water levels. The relationship between survival
from eggs to fry and the average air temperature in December-January
(measured at Dillingham) is shown ir Fig. 5. Observations from years
of low escapements (every fourth year) were excluded because no cor-
relation was evident for these years.

Relationship Between Fry and Adult Return

The relationships between the number of adults produced and the
number of fry were similar to those for the number of adults and bio-
mass of fry (Figs. 6 and 7). The relationships appeared nearly linear
for the upper lakes of the system and curvilinear for the other lakes.
The maximum adult return occurred near the maximum abundance of fry
that has been observed in each of the lakes. Thus, since 1958, the
fry populations in the lakes in late summer have usually been within
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the carrying capacity of the lakes (egg to fry relationships) and at
the highest abundance of fry there has been only a slight decrease in
the production of adults.

There were statistically significant correlatiocns between the
survival from fry to adults and the mean welght of fry for all lakes
except Lake Aleknagik (Fig. 8). Although the correlations were small
(.14, .59, .73) there was evidence that the growth of the fry had
some effect on their ability to survive, The importance of the fry's
size to its ability to avoid predation (primarily by Arctic char)
would be greatest for those populations farthest from the outlet cf
the lake system, because in migrating out as smolts they would be
more subjected to predation than smolts migrating from Lake Aleknagik
(Rogers, Gilbertson, and Eggers, 1972).

The growth of the fry or their size at the end of their first
summer also affects their age at smoltification. The sockeye salmon
in the Wood River system migrate to sea predominantly as yearlings;
however, when fry populations are large and hence growth is poorer
than average, some of the fry will holdover another year and migrate
as two-year-olds. The advantage in survival that two-year-old smolts
would have from their larger size is apparently lost because of the
added mortality during their extra year in the lakes. The relation-
ship between the number of adults produced (ages 2.2 and 2.3) and the
number of yearlings in the lakes appears curvilinear (curving upwards
with incrsasing abundance of yearlings) in Fig. 9.

SUMMARY

Mathematical models were used to approximate the relationships
between the abundance of sockeye salmon at various stages in their
life history. Simple models, e.g., linear and second degree poly-
nomical, were used because the amount of data (13 years) did not seem
to justify more complex models. There was considerable variation
around the lines or curves that were used to describe the statistical
relationships between abundances. Much of this variation is likely
associated with sampling error in estimating the abundance of fish.
Nevertheless some apparently significant differences were evident
between lakes in the Wood River system. These differences in pro-
duction at various freshwater stages in the sockeye life history can
be used in choosing alternative methods of management in the lakes,
e.g., predator control, fertilization, and incubation systems.

The statistics for the lake system are primarily determined by
those for the largest lake (Nerka). The relationships shown in Fig. 10
are thus similar to those for Lake Nerka; however, the number of fry
produced in the lake system was not linear with the number of parent
eggs as was the case for individual lakes. The number of fry produced



decreased slightly at high abundance of pavent eggs. Growth decreased
Wwith an increase in abundance, therefore the biomass of fry produced
decreased sharply when the abundance of eggs exceeded the average for

. recent years.

The number of adults produced was proportional to the number of
fry in the lske system when the number of fry was less than average,
but there was no increase in the number of adults produced when fry
abundance was high. The number of adults was more closely correlated
with the biomass of fry than with the number of fry and the returns
declined at a lesser rate with a high biomass of fry than they did
with a high number of fry. '

The production of @dult sockeye salmon in the Wood River lakes
is presently limited by (1) the amount of spawning ground, e.g., mainly
lake Aleknagik where there is a high proportion of creek spawning,
(2) predation during lake residence and seaward migration, and (2)
growth conditions in the lakes which affect the age and size at seaward
migration and thus the early marine survival. Historically the escape-
ments were no larger than at present and it is unlikely that the
amcunt of spawning area has decreased; theprefore, the decline in the
abundance of adults in the Wood River system is probably the result of
a decrease in growth conditions (primary and secondary productivity)
and an increase in freshwater mortality that most likely was caused by
an increase in the abundance of Arctic char. Studies of the food pro-
duction (insects and zooplankton) and the predators (nainly char) in
the lakes ave needed to provide a basis for management to increase the
Wood River sockeye runs.
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Table 1., Physical data by sampling area for the Wood River
lake system

Surface Volume Total Mean
area 0-20 m volume depth
Lake Area (km?) (km3) (xm3) (m)

Aleknagik A 22.8 0.3691 1.1900 52.19
B 32.6 0.5183 1.8098 55.52

C 27.6 0.3536 0.6196 22.45

South Nerka A 20.2 0.3283 0.9741 48,02
B 20.1 0.3094 0.6697 33.32

C 23.0 0.3364 0.6581 28.61

Central Nerka A 9.4 0.1674 0.8086 86.02
B 22.1 0.4007 1.4498 65.60

C 19.8 0.3379 0.7876 39.78

North Nevka A 32.3 0.5214 1.2615 39.06
B 31.1 0.4880 0.8818 28.35

C 23.0 0.2724 0.3426 14,90

Little Togiak A 1.7 0.0242 0.0298 17.53
B 1.8 0.0272 0.0575 31.94

C 2.5 0.0369 0.0886 35.44

Beverley A 25.8 0.u4640 2.0176 78.20
B 26 .4 0,u661 1.5723 59.56

C 37.8 0.53982 1.3487 35.68

Kulik A 13.1 0.2290 0.9201 70.24
B 17.4 0.3172 1.6378 94,13

c 4.5 - 0.2426 0.8996 62.04
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Table 7. F-ratios from analysis of variance of geometric mean catch
by area and year (y = logJOC+l), 1958-1972

Sockeye salmon, Sockeye salmon, Threespine
are 0 age I stickleback
Lake Areas’ Years® Areas Years Areas Years
Aleknagik 0.8 6. 8%% 0.2 55,5%% 1.6 10.0%%
South Nerka i, 2% i, g** 2,9 g,3%* 3.4% 6.5%%
Central Nerka 17.7%% 5,0%% 0.9 y,5%% 11,77 5,47
North Nerka 1.2 Iy, 1 2.1 5, 5%% 3.3 1.7
Little Togiak . 2.5 T 2.7 y, 3% b, 7% 1.9
Beverley 11.1%% 11.8%% 3.9%  12,3% 3.3 1y, g%
Kulik 1.4 3,y 0.9 10,2%% 1.0 3.1%%

'd.fF. = 2,28,

2d.f. = 14,28.
‘significant at 5%.
"Ygignificant at 1%.
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Geometric means of population estimates (millions)

Table 10.
by lake area, 1958-1972
Sockeye salmon Threespine stickleback
Lake Area Age 0O Age I Age O Age 1 Age II+
Aleknagik 2.39 0.23 0.34 2.20 1.65
3.99 0.32 0.31 3.23 3.65
3.37 0.20 0.30 2.09 3.55
South Nerka 1.62 0.32 0.01 0.23 0.43
1.33 0.186 0.01 0.23 0.u48
0.75 0.17 0.01 0.17 0.35
Central Nerka A 0.28 0.08 0.00 0.07 "0.15
1.31 0.20 0.00 0.35 0.38
C 1.20 0.14 0.01 0.37 0.4l
 North Nerka A 3.05 0.12 0.20 0.62 0.62
4.09 0.05 0.11 0,59 0.55
1.88 0.05 0.02 0.72 0.84
Beverley 2.53 0.28 0.01 1.07 1.20
1.29 0.21 0.01 0.58 0.71
1.34 0.21 0.05 0.79 1.46
Kulik 1.15 0.18 0.00 0.19 0.35
1.22 0.20 0.00 0.27 0.69
2.80 0.35 0.00 0.1k 0.82
Little Togiak 1.19 0.19 0.01 0.22 0.66
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Table 12. Average biomass (metric toms) of pelagic fish in the
Wood River Lakes, 1958 through 1972

Sockeye salmon Threespine stickleback

Lake Age 0 Age I Sum Age 0 Age I  Age II+ Sum Total

Geometric mean biomass

Aleknagik 15.3 1.2 16,5 0.1 3.8 13.5 17.4 33.9
South Nerka 6.1 2.0 8.1 0.0 0.2 1.4 1.6 9.7
Central Nerka 4.6 1.7 6.3 0.0 0.3 0.7 1.0 7.3
North Nerka 16.6 0.7 17.8 0.0 1.2 2.6 3.8 21.1
Beverley 6.3 1.2 7.5 0.0 0.9 4,5 5.4 12.9
Kulik 8.2 1.0 9.2 0.0 0.2 2.4 2.6 11.8
Little Togiak 1.3 0.5 1.8 0.0 0.1 0.9 1.0 2.8

Relative biomass
(metric tons per km? of surface area x 100)

Aleknagik 18.4 1.5  19.9 0.1 4.6 16.3 21.0 40.9
South Nerka 9.6 3.2  12.8 0.0 0.3 2.2 2.5 15.3
Central Nerka 9.0 3.3  12.3 0.0 0.6 1.u 2.0 14.2
North Nerka 19.2 0.8  20.0 0.0 1.4 3.0 .y 244
Beverley 7.0 .3 8.3 0.0 1.0 5.0 6.0 14.3
Kulik 18.2 2.2 20.4 0.0 0.4 5.3 5.8 26.2

Little Togiak 21.7 8.3 30.0 0.0 1.7 15.0 16.7 u6.7




32

s

it

Ton

- - - - - - €T C - 167 0T 8GE 29T €L6T

- - - - - wm.w Lte §0°0 L9°0 T6T L6 TL6T

- - - - - 09°G g1 he" 0 91T TTH [4:2% TLET

- - - - g0t 50°8 on' T 820 e 619 zoe 0L67

- - LL 80T w L S S8°T 6070 95°0T Sne 09T 6396
0LZ T it 861 oL 8G9 60°¢ S0°0 9T°6T 28¢ LLT 8867
998 0 z 0h w1 Te"s ¢L T T0°0 h*C £1¢ 43 L9867
L6e wm 8 9T1¢ 8¢ 66°€ hL0 010 6C°€T 188 8¢ 9967
108 LTT e G6e 8g 69°¢C L8670 c0°¢ gheEn ghs 0z €367
6C€ LS ShT 8 Sh Teh 6e°T €67 L 62°0C S5 SST 96T
cTe T 4 [4514 LS Sh*L 86°T w00 85°9 69 1€ £86T
(A4 T 0 61T £8 LS8 ST°¢ LT"0 8L"S 80T 8h 98T
Lot g € wEn 9 TR} eh'T ST1°0 Le et hBE €ST TesT
8ha €€ 8T e SLT w3°S 6L°T. L5°0 89 Hg iz S8 0557
16T T 8T 9eT ¢ 89°S ST 6S°¢€ 8r'6¢ St S0C 5367
97T T 0 1> 08 90°8 (4284 60°0 h3'h 0eT €9 8881
ho © 0 19 € Sh°0T | §1°¢ 80°0 £e°9 85T 88 L8587
022z 0 : T o1 Le 862G - 2e°0 - A se gseT
T220 o+t aesk) (G4u aeahk) Nm+m azek) (h+u aeef) (z+u aeel) (T+u Je2k) (g+u aeaf) (T+u aesk) SUCTTTTH) (spuBsnoul) 2k =

¢z =3y 77 28y c°1 28y z°T 98y 1 =8y o 98y 1 @8y o =28y sBEe JUsWRGRoST  DPOCag
(SPUESTOUI) SUanidd 3TNPY (swed3d) saiusant (BUOTTTIW) TETAEEACd
Fo 2ySTem ueay serTusanl Ic IsqQUnY

. -
SeyPT X9ATY POOH YL UT SUJNISL 3TNPE 8yl pue ‘sa{iusan{ Jo 8zTs pue souppunge ‘siuswsdecss uouwtes ohaxoos Tenuuy ‘€T

dnoas s2e pue oxel Aq ‘gLeT uyBnoaur 9T

STqEL



33

- - - - - - 26°¢ - 9t°¢ 6E 6T eL6T
- - - - - 9¢°1T [AE2 €0°0 9h" 0 89 LE ZL6T
- - - - - S0 0T 89°T 0L 0 86°0 0+T 82 TLet
- - - = LT 8T L n'T LT 08°71 LSE Tht 0L5T
~ - h w0t a1 8n'9 58°T 56°0 T6°0 HoT s 69671
05 T o a Th 06°0T ®°C L0°0 86°¢ 88 S 58571
TL - 0 S €9 LS L 88°¢C S0°0 0T°1T 96 hh L96T
6LT 0 € Zh wET 98°8 [ANN4 £€0°0 8t h 60¢€ 6rT $geT
T 0. T ¢9 8S Ot L 0L'T Sh°0 02°T OhT 0¢ €e61T
€L T L T S 08°9 99°'1T €6°T Le° s 8ge 0Tt 7951
L T T ST LS 6T L 0L"T 06°0 e 1 0t S £85T
Toe 0 0 8¢ eLT €0°8 Hl°¢ 09°0 T1°9T L0¢ Lo 86T
0L 0 T he 3> T2°8 [4504 ST°0 7T 0¢T eh 1967
Q¢e 6 9 nS 88T £5°L 8°T €0°T TO 0k oes Tec 08571
88 T T HT <L Lh'g 6L°T ' 19°8T 61T°T w96 £55T1
[¢°14 h 0 LT ,8T¢C 9T L §s” TG0 027 L STEe £9T 5651
T8 0 h 6T 8¢ - [N co°0 h8°¢ SHT cL LSBT
CLY 0 h LT 6€T h6°8 - 0L°0 - §se S0¢ 85T N3
Teiol  (y+u a@eh)  (S+u amek)  (G4u aeak) (heu gek) (z+u aesk) (T+u amek) (z+u a2el)  (T+u JBRA)  (SUOTTTIW) (spuesncyl) ame
¢z 338y FARAR=YA't ¢°1 @3y Z°T 98y I @8y 0 28y 7 3y 0 @8y s383e juswadensy  PoOOX
(spu=sncyl) suaniad ITOpY (swead) serrueant (SuoTTITL) TETAuEI0d
I0 3yBTem uesy seyTusan{ 10 asqumy
. ) ) penuriucd - dnoad s8e pue o3erT Aq ‘greT ydnoaul ggsT
seyeT a29ATY POOM Yl UT SUIRIBA ITNPE ayz pue ‘soTrusani jo szys pue osuepunge ‘siuswodeoss uowles 249X008 Tenuny gl 9TQRy

o

"
-
s

—

—

sty




34

S

e
S

- - - - - 494 - ST°T €9 62 €L6T
- - - - - T0°2. 00°0 6Z2°T 0sT Z8 ¢LBT
- - - - - fLcL €5°T SL°O 18°¢C GST A 187
- - - - T T6°S he'T €0°T €L’ T ¢h114 €T 0L6T
-~ - €t D 2 €8°L hhtZ L0°0 6S°T LIT gs 6S6T
hiT 0 0 8¢ @ T2 TT €072 000 9h°T 60¢ €0T 8361
oL ) 9 nt 0s 86°6 Le'e¢ §0°0 6hH 8ET tg LSET
11e 0 T gL 8€T 8L"8 9L°T 01"0 LT°h 80¢€ ™t 958%
207 T - h eh 09 8e°§ 6€° T 3E°C ST 08T LL SUsT
SCT ,N 0T ST 8L he" g8 6€°T 18° 1T H8°T £S¢ 65T 98T
9LT S 9 08 S8 98°9 €571 0C°T 0h'T ehl 59 £UBT
3ET Z T S¢ 0CT LA L5°7%T w0 ST H 56T €L 251508
ShT T 4 00T eh SL°6 S8 T €T"0 35°¢ LTt 03 T6aT
Cie S ST e 822 €8°L LS°T €870 €T eT [AR LET 0857
et € 6T S8 8L SC°9 [4°) 26°0 2876 (424 [43 586T
28T 0 T 8¢ hST 6T°9 80°¢ 8170 ST°¢ LT 8¢ 8337
gh 0 0 he ST L1t S6°T L0°0 11T eTT LS L5671
88T 0 4 0S LET SLTO0T - T2°0 - 9Z% €L 2557 PRI TERL
Te20 {94t gesh) (g+u gmeh) (g+u J2eh) (h+U cpek) (z+u areh)  (T+u aeek) (g+2 o2eh)  (T+u aesk) (SUOTTTITW) (spueRsnoul) azel
gz 98y Z°¢ =2y ¢°T @3y 2T 93y T @8y o 83y 1 o3y o 23y s3%2 juewodessy DCOAE
(SPUBSNOY1) SUANIDA ITNPY (swead) ssTruesnl (sucTTITIL) TETaEea0d
JO 1yZteom uesy seTTuaanl Jo asquny
penutiucd - dnoad ade pue ayel AQ ‘greT ydnoayir 9geT
€3BT JI8ATA POOH BY} U SUINIBZ ITNPR Ayl DUR ‘saTTusanl jo azTs pue sduppunge ‘sjusuadeoss uowres »493>0s Tenuuy g7 oTqel



_ - - - on'e - TT°6 181 €8 €L6T
) N - - - - €0°¢ - 00°0 T9°h L0C 60T LET
- - - - - €6 8h°T 8270 68°T z6¢ 8LT TL6T
- - - - LT 03°9 Lt sT'0 G6°Zh Shh 627 0LsT
- - e 81T 9 he" S T 1o €6°6 86§ 99¢ 8981
18T ) 0 §% 98 89°8 68°T 00°0 0s°L A 08T 8961
£zt 0 0 A L 8T"¢T LR°T 70°0 ig’'e 1s¢ HTT LSBT
Z6¢ T T hhe Guf S°L $8°T 10°0 LT4T 08§ one S96T
864 T g 902 €LT h6°S e T 0T"0 H1°0T 0S+h #8T S8BT
€0T > SS [4:] €9 gL°s oh°T 280 En"1Z 0ge 181 9eT
8z¢ b h 081 SET 99°¢ 1€°e 850 i9°8 k4 0Tt €96T
86¢ 3 € g8 h9T 6979 1t°e ®E°0 8€°9T 6LZ 9Tt 2967
6o¢e 1 S Tee 0% 72 0T $8°T 0T 0 98°21 €8¢ enT 96T
6Ln e S¢ 144 60¢ €E° L Hht T 0670 £8°8T 06+ ®1C 0geT
€ec ET €€ 18 90T 6T"9 T T gh"0 S0°€T S64 56¢€ 6GeT
gse 3 € €0T whe 96°9 L0°2 L0*0 89°T 9Le 881 8seT
SZ1 0 Tt 88 514 [ANA 6072 $0°0 L6°T 0Tt zs LSET
n8T 0 S LTT esT 1178 - 80°0 - LET SET 9seT BYIBN U320
ye30l,  (9+u amek)  (g4u aesdh)  (ghu aeel)  (n+u aeak)  (Z+U aeah)  (T+u aeel) (z+u aeah) (T+u azek) (SUOTTITW)  ({SPUEsnoOyl) aeah T
¢z 88y 'z 98y g*T 93y z°1 @8y 1 98y 0 =8y T 93y 0 238y s339 juswedeDsgy  peodag
T2TIU2304

(Spuesnoyl) SuanILX ATNPY

(suead) saTruwank
JO 1y3ToM URSY

(SUQTTTTW)
soTTusANl FO Jaquny

Ssexel d9AaTY DOOM 92Ul UT SUANIDL ITOPE 2Y3

penutiuco - dnoad e3e pue IET
pue *sarrusanl 30 92TS pur souepunge ‘sjuswsdedse

Aq ‘gLeT ysnoaus 9§6T
uowTes 843)00s Tenuuy

‘€T 9TaRlL

!
=

I~

s
-
s

s




36

g

i

=

o

=

=

- - - - - - - - - he AN eL6l
_ _ - - - _ e9°z - 2z2'0 a6 €9 TLBT
- - - - - A9 T9°T ST70 $8°0 Téh she TLET
- - - - Bhh 6E°L €e°T 0C°0 95°0 fTh 8ET OLBT
- - T ce 8 T9° % 8T T0°0O° he'T LS Lz 8e6T
69 0 0 S tS 8C°TT 08°T T0°0 R 82T AN 8eaT
8T¢e 0 0T 0T 862 h6°S Le'z 010 Lh'8 €52 LTT L9861
A} o T 9s Log L2939 (AR h0*0 628 3¢8 9Le 29671
e T T € 8T 90°8 29T 8T°0 Le°T GST LS G951
58 T TT T L9 gn°*s LT°T 09°T 99°¢ [AA hee H98T
zZ1e 0 02 06 20T’ S9°h 80°T ST°T St hT 865 182 €86T
L6h 6 €L €9 Zse h9'e €6°T oh g 9¢€°82 0L8 TTh ALY
L T h TZ 9h 90°9 212 €0°0 HT°T 8L 4> 1951
th G 8 Sh 68¢€ 68°9 LSIT LL"0 0€°0T LSh 11 096T
88 S 08T th TTE T2°8 260 sT°2 L9°TT 528 Hlh 6561
9T1°T T 08 ulA Lnb ¢ H 08°T ‘9zte 06°12 TL9 nse §S5T
4] £ 61 0T 0z £T°L 60°¢C i ©0°0 850 T 9 LSBT
€0T 0 T 6T £8 S0°6 - 80°0 - zoT 9s ggaT Lagaza
TEa0L (94U a@sf) (g+u gmmmw (G+u aeek) (H+U aeek) (g+u aeeh) (T+u aeelk) (z+u ae2h) (T+u aeek) mmCOMMHwEv (spuesnoyl) aesk @y
gz o3y z'z 93y ¢*1 @3y 2T 93y 1 @3y o 93y I o3y 0 @3y 5339 jusuadeosy POOIg
(spugsnoyl) suaniad 1TNPY (swead) soiTuaani {(SuoTTTTW) TeTauesed
Jo 1y3tem ueep seTTUSARL JO gsquny
panuriuco - dnoad ede pue el Aq ‘greT UBnoayl 9gsT

©SayRT JI8ATY POOM BUL UT SUaN3ad JTNDE 3yl pue ‘safiusani jo 9zIS pue aduepunqe ‘sjuswadeoss UOWTRS 249)DO0S TRRUUY  *£T ITGRL



37

sy

- - - - - - - - - 6T 0T eLeT
- - - - - - S8°T - LE"S T9 ee ZLeT
- - - - - 99°§ 8e"T 98T 9z h CeT 99 TLET
- - - - 89% €6° S 8e°T §Z°0 98°'1T S6 SS 0LET
- - 1z 0¢ g 19°9 Zee 20°0 80 S¢ : LT 6951
#e 0 0 z 43 - STARe 0070 62°2 19 1€ 895T
06 0 9 8 9L $3°§ ge e T0°0 62°¢ TET 19 L3%
€6 0 0 T TL 694 T¢°¢ S0°0 8L°S 08T - EL 89871
7T 0 T 0 €T 00°L S6°1T ¢00 T6°C he 8¢ S38T
[44 0 T € 8 06°H 90°T $e70 8E°9 S6¢ SET w38 T
T € 62 1 SL 8h'h 0C°T 80°§ [ 14 T0E - Rt €961
0€T 0 [44 S¢ €8 o€ s T th T 90°ST 9LT €8 2957
6¢ 0 4 61 . 8T 09°9 90°¢ 10 w3°g 84 T 19¢
09T 4 0T 9T CeT hh*§ 8h° T th*T LIAKAY 8¢c S0T 086T
hGE T 20T S€ Hic 61°S Le°T L9 66 47T oLt €8¢ 5567
012 0 S ST 06T 709 §0°¢ 6570 g0 4 ceT 00T 8SeT
0¢ 0 4 0T 8 LTS [A4 50°0 9T T T S LE8T
1A 0 € LT Z9 T0°8 - 81°0 - i) 0¢ gS6T ATTTR
{2305 (9+d apek) (g+u aeeh) (§4U Teok) (h+u aeeh) (z+u aesky (144 aeek)  (g+u ameh) (T4 aeed) (saoTTTTW)  (SpUEsSnoYl) Jesh e
gz °8y z'7 28y g1 @8y Z°T @38y 1 98y 0 @8y I 98y 0 28y s82s auewedeosy  pocai
(Spu®snoyl) suaniad 1Inpy (swedas) seTtu®Ant (SUOTTTTW) Terauesod

3o 3yBTom uesy soTTusAnl JOo oquny

o

penutiuco - dnoa8 o8e pue exel Aq ‘cLeT yBnoayi 966l
“goyel J43ATY POOy SU} UT SUMIAX ITUPR 2yl pue ‘sarTusan( JO 2zTS pu® 2ouBpUN|E tsyuswadense uoures 943X00S TenUUY

‘€T ’TgRlL

—
s

s

_—
o

e




i

s
o

-

i
iy

o

=

=

=

i

=

38

- - - - - - Th°T - 85°T 1€ fT EL6T
. - - - - L h 09°T 200 1Z°0 Le T eLet
- - - - - €5 h S0°T ¢z 0 HWeo TS e TLET
- - - - 5 08°¢ G860 8T T €T*0 68 SS 0L5T
- - ST 81 < . 08°g T 60°0 0T'T Zh 0e¢ 5367
he 0 o Gt 5 00°9 LT°T T0°0 ST°0 h 14 89671
ze 1 Z 8 1T hLtL T9°T 70°0 W' T 144 0T L2867
9L T 4 8¢ Sh 8€° S he T 9070 85°¢ gh ez 9361
b T ST ST €T 89°§ 0670 0h°0 (IARY 8§ 9¢ S39671
17 [A € S 0T L 0z°T ST°0 ni'e €e ST 86T
he 0 Z i%4 T 617G, h°T (AR se’o Sh 12 £967
Lz 0 0 6 8T 91" L T0°¢ €070 g9ee 4 0T 2967
ne 0 T ST - 8T €0°8 oL T S0°0 €6°0 8z 1T 1867
Gt € 9T 8 8T 26°S 18°T 1€°0 LIAR 8¢ LT 0987
g€ 0 L S He €e°S es° T LE"D 50°2 08 R 65671
g¢e T 4 AN 074 €6°9 gz ¢ Z0°0 639°¢ e 9T 8857
3 0 T S € 896 L56°T €0°0 080 T 9 L5867
TC 0 T T 6 <1 L - £0°0 - c¢ 4 956T  ®ISos 3123
TE10L (94U 322L)  (¢+u aeak)  (G+u Jeek) (n+u aeel)  (g4u amek)  (T+u a@eh) (24U aweky  (T4+u awed) Awaoﬁmﬂﬂﬁv ( SPUBSNCUL) w2ed eI

67 38y . 2z 9%y £*T 28y Z*'T @By I o3y ¢ 98y I 83y 0 28v. 3838 Juswsdedsy To04T

(spuesnoyl) suaniaa TPy (sweus) s27TusAni (suoTITIN) ErAuEsed
30 3yStem ueoy soTTusanl 1o gequmy
penurjuco - dnoa8 =8e pue axeT Aq ‘gLeT yBnoayl 9961
‘SoMRT JOATY POO SYl UT Suaniad 1TNPR 2y} pue ‘saTTusanf jo 9zTS pup sduppunde ‘siuswadedss UOWRS 9ASMVOS Tenuuy ‘g1 STRL



39

- - - - - - 25°¢ - Zh el €3¢ 0€T €L6T
- N " _ - 9€°TT 20°¢ €0°0 9€°9 9Zh 82¢ TLET
- - - - - XA} €S°T eL’T 8Z°S 489 6Te TL5™
- - - - G0 599 TL°T Sh°T 1 8n £hi6 (A0S 0LeT
- - ng 1eLe 9¢ Zh*9 £z 82°0 66°TT 5LL eLe 5957
ghE T 1 TeT 13€4 06°0T 30°2 LO°0 w6 TT 819 8662 8551
192 0 9 TL +8T LB [AI S HT'0 T2°6 S84 z2e LS5
BLL T h 8s¢ 9Tk 0L"8 €6°T T o 62T L3T T ges 933%
LzL T T fAR £6¢e ™39 Sh*1 16°0 S9°2¢ OLL TZ¢e S23T
cee 9 zL 80T 76T S€°9 SH°T 95" hS*eeT TS6 oeh R
848 9T T LT LLe €9°9 ®1°C 99°¢ 0% 1T 8Cs g £9:57T
LTS 8 j grT LSt ZhL 112 se't n3°9¢ S 182 ZesT
918 g 8 s9¢ 8eT hE6 88" T 6e°0 €6°9T 50¢ 130T
gro‘ YT LE 9% OhE 529 9L°L L9°1 21°¢ L6°TL zeett 0%57
Soh LT €s 08T 3s¢ 0h"9 5671 I7°5 86" 0n 8L37T T
864 [ h 69T , 919 0579 8€°¢ LL70 €0° 1T 08 C0% BIet
sZ2 0 9T T g3 08°8 80°2 AN £€6°9 g3¢ 8T L88T
£hs 0 TT H0< 8Zh ST°B - 00T - 8TL eIy EECR
18307 (34u aeaf) (g+u aped)  (g+u amef)  (n+u aeel) (Z+u aeeh) (T+u aBok) (g+u aeal) (T+u aesk) {SUOTTTTH) { SpUE3NoYL) Va-Dor LT
gz 23y B AFAR-Y:E 1 28y z°T 23y 1 °8% o 238y 1 o3y ¢ 23y sE8e hRetelin-tot=Tolde) TOCTE
(Spuesnoyl) suaniax 1INpY (sweasd) ssTruoanl (SUOTTTITW) TETIuesod
J0 1ySTeM UBOW seTTusanl Jo asquny
pouTiued - dnoad e8e pue oxeT Ag *greT ydnoaux 9gsT
fsoueT J2ATY pOOM PUF UT SuANIDd ITNpE oyl pue ‘seliuean{ jo szTs pue eouepunge ‘siuswsdenss uow[Rs »4e)00S TEnuUUY  gT STR]

s

i

.
v
-
o)

s

o

s




S

s

s
=

-
e
G
vt
i
=

40

- ) - : . - etz - 982 bTL oee eL6T
- - N - h 80°L 66°1 z°0 8°zT 118 Ten ZL6T
- - - - - 79°9 T £ h 82T soe‘t 158 1L6T
- - - - Lon°T 96°S L9°T fth 3725 - L8T T AN A QLET
(949) (09) 88T 68¢€ 6t 1T°¢ 20°2 5°0 62 TARARY 709 5961
162 LT € 8he €8¢ €0°6 s0°C T°0 L Le 85e°T 619 896T
918 2z 62 8¢T S09 €6°L h'e €0 94z ZeT°T 9T L95T
G09°T ge 9T 989 L98 09°9 LS'T 70 6°25 zeete 602°T 3967
oTH'T TeT - L8 TeL 8+ LT"E S1°T 9'e 3789 Te9°T S GL3 3981
€6 gL 282 Hhe YA 60°S 9e°T 94T 0°19 :.bm?o. $40°T %96T
i8Z°1 1e 99 T99 £es 3T°s T 0°6 0°8% h58° T TzL €361
16°T HZ 80T TLE 600°T AR £8°T f'g z'68 7.8 T fL8 7251
L1 T T€ 91 6G8 99z 96° L 7L T 8°0 9°hE §9T T 9% 85T
9LZe g¢ 00T 8€L z9e T 99°9 99°1 z's h €TT 668°C 9101 096T
50077 . hg 08¢ 98¢ Hhg h8°§ 6€°T . 0°8T 8°81T Thitha 802°2 5SET
9ge‘e €2 L6 90¢e 0T6°T T6°h 86°T L*n £°59 598°T 6386 3367
SLE ] 6€ 62¢ €0T T5°8 T2 70 3°ST zoe 682 1567
8L T 81 Shh 779 LT 8 - 8T - L8e°T ELL ggsT WIEAE BT

ean e s
GELTL DO

T230] {g+u hmmhv (s+u azed) (g+u amek) (h+u aesk) (g+u a=al)  (T+u aesh) (Z+u ameh) (T+u aesk) (SUOTTTTY) (spuEsnoyl) aeail Bt
gz 28y Z'c @3y ¢°T @3y 2T 98y I =8y 0 93y 1T @3y 0 28y s33e suswsdedsy  POOIE
(SpPUBSNOY3) SuaN}aL ATNPY : (swead) saTiusani (SuUoTTTIW) TeTiue30d
IO 1USTaM uRey saTtusanl yo sequny

cwz:ﬂu:oo|usoguwmmvcmmxmdmuﬁmhmacm:o&ﬂuomma
¢SOyPT JI9ATY POOMN BU3I UT SUIN]d ITNPR 8ul pug ‘ssTTusani jo »21Ss pu2 aduepund® ‘sijuswededss uowles 248008 Tenuuy ‘g7 °Tqe]



41
-
18}
o
o0 forIRto N To NI I S ™ ™~ o o ol o~ o™
PRI P R T B v s »
v @ [ I B B S R B e} SR K" HoNF N Ao o~ N
g =
- ¢]
o
()
® o ~®©o ! o~ o
sy o~ R O | > « § .
)] oo W Ed k4
24
o~ I~ O ON N O MW
~ e e e e e e [ SRR
] ) DOOND DO —~
- E ~
<]
Fu] ~ (RIS« o Yo BN « VI @ 3 2 0 W~
[ fa L T T T T LY
4 3 c oo oMo [oReRe)
)
-t
o =] o o~~~ oM o
L] o~ P T S S R
[b] o O OO NO T oo™
o]
)
N N N S S o~~~
N o D Y DN WO WO n o~ o t~ w00 0w N o ot~
[te] I Y T T D LI « » s & e e » «
i ot o] O AN AN —~ N NF I ATOO m W N
~ o N e e e e e
— ~
)
= @ O T~ 0 W T o~ W O oW o
lael} @O [ S ) PRI PR R S S S ) . 8.
] o N MmO N~ Mo — NN i S B B B Te] NN
ey kY — ~
& ™~ HH®MTOLE OON MO®F OB 0w
Uy WO PO N S N L) R T SR S | » s 8
o o] e e Bt S B B SV ITe} ~ NN N WO~ Om — N M
[an
=
- 5] @O O T T OO DT o oo O OO T OO T Mo
B 1) N [ P « e .
% £ ‘:1 o et N N [ i N ) N N N Mmoo
& p
T
i @
o S W [ e IR ve Woq W= =g [etie2 M o] o0 N W 0N oo~
o < e R T T T
4+ ] o VO DT O ~MO O o — o NN NN
o Q — o~
© [o]
2 £
o] 8 b ™~ N WO W NN (el @ Jve] O T~ T OO0 M N
o, te] [ T e e T T S B
cﬂw‘ NN O WO N ™ o~ ~Hn O N OO i
—~ -
<
sstrony ~
’ © DN O W T D o~ ~ ™~ MWW W W - o N
=] o) R T N R I e A
8 i D= MDD o ™ :rmgmr—iom n O
Y
o~ IS MW Wwo MY ~ O © O N®Oo ™~
3 w P T Y S ) « s+ 4 e w s e « s s
sy o o OIS NW OO v oo oA O —~ -
[} —t —~
£
0] ~ oW oM ™~ 0o OO MM - -~
0. o) T T T e e N T
2 oI I B I e o) N Mmoo T O NO O o~ ™
)
o
o —
je] W NSO MW =4 N N O F MmN uy ~ @
w ) P Y T T T T S S S
[} 3 DS M N O Mmoo N O NN T ~ oo
B
4
f=2} O T OO N W [ g [To 3T B¢ R oo NTo I il e o) N O &
y = n A T T e S Y
g 2 ol B B B o To B e - M N OO~ AN A ~ o
S
I @ DML T OO T on HWwom&-oo N oW
o3 w P R T L R N
0 o DN O M NO ™ N OO ~mm
—i -t o~
sons
E o~ ™NO O W0 DN O ot NO>O o~ T
- uy I L I T . . * 8 a4 s s s s .
oz} M N AN O N ~ o~ oo ™ F N
© - ~
—
=
© R ~
£~ b “
— !
o] =3
> p4
[0} o~ o] o~
B < el 2 o g}
o & © ot = © Lo ot =]
MO <] © X0 X [+ B M
o LA o) [ Mo N O [
R U > B > - © [ £ > >
gz ooz O O -~ o= = O Q e
1] 14 — [ oL I [0 ~ © — M
(BN RN Ll PR © L ==l YR = S g
Q M O XYoo Y RO TR S R B o X 09
X (SRR = E TR B q> 0 [T = = A T o Bt 4 > 0
1] ~ 0 O 0 O 3t v 0 O ~ 0 0 0O @ 34 v v O
[ < O E M X e ZmoE <O = mX A Z oMmox
. —~ —~
< m
~ -~




42

GRANT LAKE

B Liﬁ;’w ‘ /
LITTLE - , . R !
) ‘:'g“"’tz” M o, !

E ALEKNAGIK

e

ATF LAK

g

WOOD RIVER LAKE SYSTEM
BR[STOL BAY, ALASKA

H 1 h i 1 i
012345
MILES

WOOD RIVER

Fig. 1. Map of the Wood River lake system, showing sampling areas
(A,B,C).
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Fig. 2. Linear relaticnships between the number of fry and potential

eggs, Y = bx. Open circles for the 1970-1971 brood years.
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Fig. 3. Scatter diagram of the mean weight of fry on September 1 versus

the density of parent eggs.
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Fig. 4. Relationships Letween the biomass of fry and the number
of parent eggs.

® Aleknagik Y = 152,7xm181.5x9
O Beverley and Kulik Y = €4.2X-16.8%
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71.5%-17.1%2
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Fig. 5. Relatiorship between survival from potential eggs to fry

and the mean air temperature during December-January
for Lakes Beverley and Kulik (excluding years of small
escapements).
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Fiz. 5. Relationships between adult returns and number of fry.

® Aleknagik Y = .0251X
& Nerka Y = .0307X
O Beverley and Kulik Y = .0242X

- .00031X"
- .0025x26
~ .00009%*
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Fig. 7. Relationships between adult returns
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Fig. 8. Linear relationships between survival from fry (late summer)

to adult returns.
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Fig. 9. Plot of the number of returning adults (age 2.2
and 2.3) on the number of yearlings in late summer.

.




P

fry (millions)

~
T

Number o

(tons)

£ £

Biomass o

Adult return (millions)

150

100

200

100

Eggs (billions)

51

_ ®

L | \ | 1 | 1 | i

0 1 2 3 b
Eggs (billions)

&

@ ®

B ®
® ®
= ®
B 4 ®
- o®
- /o
{ | | | { ] | 1 ] | i

0 100 200

Biomass of fry (metric tons)

Mean weight of fry (gm)

1.

Adult return (millions)

Adult return (millions)

0

\ )
\
@ \
of o
\e
LA
®
N oe
® N
‘r\ ~ ®
“\
®
i 1 | 1 | 1 | S|
1 2 3 Ly 5
BEggs (billions)
® o
@ &
@
@
&
[
®
o
(]
N [N S A IO N T U MO N I B
50 100 150
Number of fry (millions)
| IR JUNUN SN NN SN NN NN N N S

1 2
Escapement {(millions)

Fig. 10. Production ststistics for sockeye salmon in the Wood River lakes,

1957~1269 brood years.
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