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SYSTE?4S ~!ODELING OF SOCKEYE SAL~10N Ifl THE WOOD RIVER LAKES

(Annual Report for the Period July 1, 1973 through June 30, 1974)

INTRODUCTION

Three components of the systems model limit or control under certain con
ditions the nrodriction of sockeye salmon in the Wood River lakes: (1) the
amount of snawning area available, (2) the food-producing capacity of the
lakes, and (3) predation, especially by arctic char and humans. The purpose
of this study is to define the components and their interrelationships with
in the limits of existing data so that the annual ~riation and long-term
trends in abundance of sockeye salmon can be explained and management alter
nativEs provided thereby to achieve naximum sustainable yield to the presently
depressed commercial fishery.

The first six months of this study (February 1, 1973 to June 30, 1973)
were spent in theoretical development of the model, construction of a data
bank, and compilation of reports and publications on studies in the Wood River
lakes from 1946 to the present. A list of the reports is appended. The oh—
jectives of the second year of the study were to (1) model the feeding be—
havio and growth of juvenile sockeye salmon, (2) determine spawner-return re
lationships for the major spawning colonies (races) withIn the~
(3) determine the environmental influences on survival from eggs to juvenile,
and (4) develop models for predation and the commercial fishery. Mr. Eggers,
a graduate student, has concentrated his efforts on the first objective; how
ever, he has enlarged the scope of his studies to include other sockeye sa1~non
populations in addition to those in the Wood River lakes. His work is still
in progress. tly major major effort was directed to the second and part of
the fourth objective. The results of this work are reported here.

The relationsh5p between the abundance of spawners (escapement) and that
of their returning progeny has formed the basis for management (regulation of
commercial fishing) of all major stocks of sockeye salmon in Bristol Bay since
the mid—1960’s. The optimum escapement calculated to produce, on the average,
the maxir~um number of fish in the catches of future years is estimated for
each lake system, and the commercial fishery on the annual run is regulated
so that this optimum escapement can be achieved. The Wood River stock is
intermixed with the stocks hound for th~ other three lake systems in the
Nushagak district in Nushagak Bay, where the commercial fishery operated
(Fig. 1). The Nushagak fishery is regulated largely for the protection of
the most abundant stock, which in recent years has been the Wood River stock.
This stock is composed of races~ bound for spawning grounds (creeks, rivers,
and beaches) of the lakes in’the Wood River system. Thus, the regulation of
the fishery and the condition of the Nushagak stock are ultimately determined
by the abundance of the numerous races and the capacity of the spawning areas.
This, in turn, is partially controlled or limited by density-dependent factors.



2

Fig. 1. The Nushagak District of Alaska showing (froni north ~o south) the
* Tlkchlk, Wood River, Snake Rtver, and Igushik Riv~D lake systems.
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The accuracy and detail of the statistics1 on the adult sockeye salmon
vary according to the measurement and the complexity of the population sam
pled; e.g., sex r’atjos are available for the Nushagak District and the lake
systems but not for individual spawning grounds, and rates of exploitation
are of greatest accuracy for the Nushagak District and least for individual
spawning grounds. The emphasis in this report is on the presentation of
pertinent statistics on the adult sockeye salmon with discussion of those
statistics that relate to (I) the probable effect of the fishery on the pro
ductive potential of the several races and lake stocks, and (2) management
for the achievement of optimum escapement.

flUSTIAGAX DISTRICT

Annual catches in the flushag~k District are available from the begin
ning of the fishery, about 1893, to the present, and direct estimates of
am~ual escaperr~ents (hence, total runs)~ The escapements prior to

49L~were estimated from fishing effort and catches by age and sex by
Mathisen (1971). He demonstrated from all the aforementioned statistics
that the rate oF return ~er spawner declined during the history of the fish
ery and hypoth~s~ sad that thIs decline proceeded from a diminishing pro
duct ivity in tI~e freshwater nur~ez~y areas. He did not believe that the
decline in abundance of the stocks was caused by either overfishing or
selectivity of the gear (pnimar~ly gill nets) because the reproductive po
tential of the stocks did not change significantly.

The history of the Kushaga!~ fishery (after the initial buildut,) is
divided into three periods acco~4ing to the abundance of annual catches
(Fig. 2). In the ftr~t period (l~O-l9l8) the average catch was 5.1 million,
in the second period (iVl9-1~)43) 2.8 mIllion, and the recent period (1949—
1973) 0.9 millicn. A comp r~thle dlin~ in average catch was not evident
for the other fishing districts in Bristol Bay. Although there was a de
cline in catches in the low cycle years of the Naknek—Kvichak stock, this
decline corresponded somewhat with the inception of high seas fishing. Pink
salmon catches in ~risto1 Bay (predominantly from the Nushagak) declined
during the 1920’s but then increased in the late 1950’s (Fig. 3).

Detailed statistics on the annual runs of sockeye salmon to the Nushagak
are available since 1925, so the de~l&ne from the second to the third period
can be exai~iined with more completeness than the first decline. The annual
weight of fish in the run exh1h~ted less variation than the number of fish In
the run; however, the decline Qf 1949 was still obvious (Fig. 4). The average

10bservations on the runs pr!or to 194~ were collected by the Bureau of
Commercial FisherIes, those from 1946 to 1959 by the Fisheries Research In
stitute, and these from 1960 to the present by the Fisheries Research Insti
tute and the Alaska Department of Fish and Game.
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(I)

~20

1900 1910 1920 1930 1940 1950 1960 1970

Year
Fig. 2. Annual catches of sockeye salmon in the major fishing districts of Bristol Fey.

Horizontal line at 1953 marks heginnin~ of hich seas fishery. Arrows indicate
period of predator control in Bristol Bay.
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weight of fish in the runs was slightly lower in the recent period. Weights
by age and sex are available since l9S~, and for earl5er years the mean
weights from Table 1 were applied to the runs by age group. The average
size of the fish (by age and sex) tended to be sviaUer in the peak cycle runs
in the flaknek-Xvichalc; thus, two sets of means were used for years prior to
1959.

!lost sockeye salmon of the Nushaga’~ spend 1+ year in freshwater and
either’ 2+ or 3+ years at sea and are 4 or 5 years old at maturity. If it is
assumed that 4-year-old fish (age 12) tend to produce 4-year-olds and 5-year-
olds (a~ze 1.3) tend to produce 5-year-olds, the runs of 4-year olds can be
arranged by 4-year flxzes and the runs of 5-year-olds by S-year lines (Figs. S
and 6) • From these data, the declines in the age groups occurred at different
times. The declines for the 4-year-oldc tended to follow years with large
escapements (i.e., 1946, 1959, 1928, 1937). In the recent period the Nushagak
runs have been partly cyclic; a small run has occurred every four years (1949,
1953, 1957, etc). This phenomenon has been caused by the low runs of 2-ocean
fish in the 1949 line and has been maintained even though escapements have
been reasonably high (Fig. 7).

An examination of the spawner-return relationships for the middle and’
recent periods (Fig. 8) shows that large escapements (greater than 2 million)
produced average to below-aver’a7e returnc in both periods, but small to
medium-sized ~scapements produced greater returns in the earlier period.
The ocean and freshwater age co~ipositions of the returns did not change sig
nificantly between the two periods although a slightly higher percentage of
age .2 fish returned in the recent period (Fig. 9).

The statistics on age compositions of the returns are summarized in
Table 2. Ocean age at return (maturity) was partly dependent on freshwater
age and sex. Fish that spent two years in freshwater tended to return
earlier than those that spent one year, and males tended to return earlier
than females. Age at return also differed by I me, but line was somewhat
correlated with abundance.

The sex ratios of the returns by age group did not differ significantly
among the k-year lines for the brood years from 1942 to 1965 (Table 3). The
average ratios of females to males were about e~ua1 for 2-ocean fish
(50.2:49.0, age 1.2), but in favor of females for 3-ocean fish (60.8:39.2),
age 1.3) and for all ages combined (55.6~44.4). The mean percentages of
females in the catch, escapement, end run are given tn Table 4 by 4-year
periods. The percentage of females in the catches of age 1.2 fish has d.—
dined since the early 1900’s, whereas the percentage of females in the
catches of age 1.3 fish has increased. In the latter case the trend is
compatible with the decrease in mesh size during the history of the fishery
(mesh size was 6-1/8 to 6-1/4 inches prior to 1908), since nets of smaller
mesh size tend to catch a higher proportion of 3-ocean females than 3-ocean
males. Nets of this mesh size should have also caught a larger proportion
of 2-ocean females than males if the sex ratio in the run were constant.
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Table 1. Mean weigbt (ib) by age group for sockeye sa1r~on
in Nushagak rufls, 1959-72

Tf~ 2 • 2 —:
5.04’~ 6.89

2.3

6 • 63.

4•45 657
6.65

6.51

6.66

1.01 7.18

~ “‘ 7.11

7.08 47.11

6.38 6.57 a

6.56 a 6.73~ ~,

6.87 6.8’4
7,~9

1959

196~ ‘4.13.

196r ~ .5.03. 5.31.

1962 4,90 ~‘ 5.214

1963 : ~4•96 5.43

1964 .. 14,96 5.47

196r5 ‘~~14.~78 ar.93

.1966 14•33 14.78

1967 5.05

1968 487 5.32

19~69 ~ 1497

1970 4.~29 11.67

1971 4.q2 4.66

3.972 1k30 ‘4.’$7

Ko~n 1960,
1965, 1970.. 14.110 ~.. 4.69

Mean ot~’ier

(n.11) 4.77 5 07

AU years 5.0

7.25

6’75~

6,50

.730
6.141

G.91
6.10

~ 6.5

5•9~. ~

6.0:

6.42

6~92

6.8

..~ a~,..
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Fig.

10

6. Annual runs of 3-ocean sockeye salmon to the ~iushagak District
by five-year lines (solid bars are age 1.3, open bars are age
2,3 in following year).
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Table 2. Are co~osition of so~kee saliion returns to the flusha~ak by
freshwater a~e and sex, 1942-65 brood years, arranged by 4—year
lines

J3ro~d
year.

Percent~j’e 1.2 (1.’÷1.3) Percent a~e 2.2 (2.2+2.~ Vea’~ are (vears).
— ti F ~fl F

19’42 70 64 82 81
~ 1946 59 41 94 90 ‘4.5 4.6

1950 65 514 65 57 4.6 4.7
~ 1954 91. 72 92 07 4.6 4.7

~ 1958 81 72 72 50 4.3 4.3
• 1962 66 54 67 75 4,14

Mean 70,3 78.7 73.7 4.55

1943 25 V 24 42 25 ‘4.8 4.8
l967~ 33 23 39 26 4.8 4.9
1951 70 62 89 83 4.4 4.5
1955 72 63 V 81 66 V

1959 70 59 90 84 .. V V 4.6
1963 V -~ 4.6 4.7

Mean 52.3 V 452 67.0 57.8 4~58 4.67

1944 38 22 25 12 5.0 5.1
1948 39 25 V V 94 V V 90 4.7 4.8
1952 64 53 23 21 4.4 4.6
1956 57 48 V 46 47 V V4~5 4,5
1960 V 6]. 50 51. 50 4.5
1964 52 42 84 81 4.7 4.8

Mean 51.7 40,0 54.3 50.2 4.63 4.73

1945 13 6 50 33 4.9 5.0
1949 62 49 100 100 V 4~4 4,5
1953 27 23 67 54 14.8 V 4,9
1957 V 34 26 78 7.1. 4.8 4.8
1961 17 14 69 45 4.9 49V

1965 30 30 50 51 14.8 4.8
— — — —

Mean 31.0 24.7 69.0 59,0 4.77 4.82
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Table 3. Percentages of fer~a1cs in the returns to the J~ushagak by age,
1942-65 brood years, arranged by 4-year lines

Brood Ac~e
year 2.2 1.3 2.3 All ages

1942 54 53 61 54 56
1946 43 46 60 60 .5].
1950 50 53 61 61 55
1954 5]. 53 64 67 54
1958 53 36 64 59 55
1962 49 57 62 48 54

Mean 50.0 49.7 62.0 58.2 54.2

1943 53 47 54 66 54
1947 47 44 59 59 55
1951 53 47 6]. 58 55
1955 53 .~ 46 64 66 56
1959., 54 52 66 65 57
1963 51 53 55 51 53

Mean 51.8 48.2 59.8 60.8 55.0~

1944 L~.7 37 66 59 59
1948 43 53 58 67 54
1952 47 56 58 61 53
1956 53 S6 62 55 57
1960 53 t19 63 49 56
1964 46 56 56 62 53

Mean 48.2 51.2 60.5 58.8 55.3

1945 37 43 59 61 57
1949 54 50 66 —— 59
1953 56 5]. 61 64 59
1957 56 58 65 67 62
1961 51 42 56 67 55
1965 50, 54 59 53 56

Mean 50.7 49.7 61.0 62.4 58.0
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Table 4. Mean sex ratio. (percent. fc~alesY in the flushagak catches,
escapernents, and runs, ~9l0—72, by u—year periods for ages
1.2 and 1.3

—-

A~e1.2 Ac~e 1.3 Mesh size
Years Catch Escapement Run Catch Escapenent Run - (inches)

1910-13 42 —— —— 53 6

1014—17 64 • —— —— 44 —_ —— 5—3/4.

1918—21 83 — 55 —_

1922—25 43 —— —— 53 —— ——

1926—29 50 —— —— 50 — —— 5—1/2

1930—33 42 —— —— 54 —— — 11

1934—37 31 — — 59 —— ——

1938—41 41 — —— 61 —— ——

19142_45 40 —— —— 61 — ——

1946—49 32 50 118 59 60 60

1950—53 32 59 147 63 53 59 IS

1954—57 1411 5~ 52 66 56 62

1~5B~51 14]. 58 53 61 64 63 0.

i9~2—65 47 59 53 £5 62 64 5—3/8

1966—69 36 56 49 59 55 57

1970—72 42 56 53 57 52 55

MEANS

19111—25 63 —— — 51 —— —_ 5.3/4

1926—45 42 —— — 57 —— 5—1/2

1946—61 37 53 50 62 58 61 5~.1/2

1962—72 42 57 52 61 57. 59 5—3/8
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These data suggest a higher pronorrion of fera~es in the runs of age 1.2 dur
ing the first period of the fishery (prior to 1919) than the later periods.

The selectivity o~ the gill net fi~hery with respect to the size of
• the fish (hence a~e and sex) is of narticular ir:oortance as it relates to
the reproductive potenti.ii of escapemen~s (1ar~er fei~a1es contain more and
larger eggs than snail ones) and the scicctivitv of races within the dis
trict (sc~e races tend to he of 3-ocean a~e and others of. 2-ocean age).
Rates of exp~.oitation byocean age and s~x are given in Tab)e 5 in numbers
and weights of fish for the ?!ushagak runs from 1950 to 1972. Rates are
hishest for 3-ocean- females and lowest for 2~.ocean females. The average
rates by ocean age (sexes ccm~ined) for this neriod were: 0.367 (age .2)
and 0.511 (age .3) in weicht of fish. The avera~:e rates by sex (ages com
bined) were: 0.z~69 (ma)es) and 0.u1t~ (fe-~a1es) in nunhers of fish, and 0.479
(males) and O.4’46 (females) in weight of fi’~h. Fcr a given rate of exploita
tion on a run, the rate for 2-ocean females in the run was about 33 percent
lower then for the total rate, wh~rees the rate for 2-ocean males was nearly
the same as it (Table 6).

The size se1ectiv~ty of the fi&ierv in relation to the age and sex of
~ fish is shown in Fig. 10. The greatest d~roe of size selection occurred for

2-ocean females where the averare fish in the catch was 12 percent heavier
than in the escapement, whereas the least degree of size selection occurred
for 3—ocean males where the average fish in the catch was 3 percent smaller
than in the escapement. Annual variation in size and rate of exploitation
affected the degree of size selection, and the average weight of an age-sex
group in the run (particularly 2-ocean females) affected the relative rate
of exploitation among the age—se>: groups (Fig. 11).

LAKE SYSTEMS OF THE flUSHAGAX

The annual runs of sockeye salmon to the major lake systems of the Nush—
agak are shown in FIg. 12. During the recent period of the Nunhagak fishery
(since 19’40), the Wood River system has been the major ~roduccr, contributing
R5 ~percent of the run, 68 percent of the escapement, and 62 percent of the
catch. The system contains about 149 percent of the total lake surface area
in the district. The Igushik lakes have contributed 20 Percent of the runs,
and contain 9 percent of the total surface area. These lakes have been the
highest producers of sockeye salmon per unit of surface area in Bristol Bay.
The Nuyakuk (Tikchik) lakes contain 32 percent of the lake surface area in
the district but have produced only 10 percent of the runs in the recent
period. This lake system has been about the lowest producer of sockeye salmon
per unit of surface area in Bristol Bay.

The geometric means of the return per spawner for the three lake systems
(1952-68 brood years) were: Wood River, 1.714; Igushik, 1.92; and Nuyakuk, 2.10.
The mean for the entire district was 1.83. The relative survival from spawners
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1959 .41 .43 .30 .37 .36

1960 .46 .62 .25 .55 .48

1961 .39 .4]. .20 .37 .37

1962 .68 .74 .5]. .80 .61

19~3 .43 .46 .3~ .56 .44

1964 .55 .68 .39 .65 .5].

1965 .~9 .41 .23 .145 .142

1966 .51. .48 .1]. .46 .42

1967 .45 .38 .32 .514 .43

1968 .36 .50 .34 .148 .42

1969 .146 .37 .33 .40 .39

1970 .32 .42 .22 .148 .38

1911 .40 .51 .29 .55 .143

1972 .37 .55 .214 .C1 .142

Means .1447 .497 .201 .519 .438

Percent deviation frog combined:

.43 .142 .32 .37

.47 .61 .23 .5!

.40 .40 .20 .37

.69 .7]. .56 .81

.414 .45 •..,7 .56

.58 .69 .414 .67
CM .

.52 .50 .13 .148

.45 .37 .33 .514

Table 5~. Rates of exp1o~tation (proportion caup~ht) for number and
weight of sockeye salmon in Nus~ag’~k runs by sex and ocean
age, 1959—72

- ___________ Ucight -

hale Fe~a1~ Male F~uale —

~ ~ -~ r Cor~binsd .2 .3 .2 .3 Combined
.38

.5].

• 37

.65

.146

.57

.45

•145

.43

•145

.38

.40

.50

.47

.462

.38

.46

.34

• 41

.39

.453

.37

•314 •3~4

.142 .24

.52 .28

.56 .26

.494 .313

• .43

.38

.48

• 55

.64

• 526

+2 +~3 -39 +18 0 +7 —32 +14
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Table 6. Deviations from combined rates of exploitation in weight
(sex-age rate minus con~ined rates)

________ Percentage -

Male —~ Fee Male — Female
Year .2 .3 .2 .3 - ~~ 2 .3

1959 •.05 ÷.04 -.06 -.01 +13 ÷11 -16 — 3

1960 —.05 +.10 —.23 +.06 —10 +20 -45 +12

1961 +.03 +.03 —.17 0 + 8 + 8 —46 0

1962 +.04 +.06 —.09 ÷.16 + 6 + 9 —14 +24

1963 -.02 -.01 -.09 +.10 — 4 — 2 —20 +22

1964 •.0J. +.12 —.13 ÷.10 + 2 ÷21 -23 +18

1965 +.07 —.01 —.19 +.02 +16 — 2 —42 + ti

1966 +.07 +.05 — .32 +.03 +16 +11 —71 ÷ 7

1967 +02 -.06 —.10 +.11 + 5 -14 -23 ÷26

1958 —.07 +.04 —.08 ÷.03 —16 + 9 —18 + 7

1969 +.O8 -.04 —.04 0 ÷21 -U -11 0

1970 —.06 +.02 -.16 ÷.08 —15 + 5 -40 +20

1971 —.09 +.02 —.22 +.05 -18 ÷ 4 -44 ÷10

1972 —.08 +09 —.21 +.17 —17 ÷19 —45 +38

Means .00 •.03 —.15 ÷.06 + 3 ÷ 6 —33 +13
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to returning adults h3s becn lowest for th~’ Wood Rivc~’ sockeye s•~1mon during
the recent pertod, and likewise the average rate of exploitatIon has been
lowest: 0.41 co~p.ared to 0.~S for Igushik and Nuyakuk socPeye salmon. The
differences in rates of exnloitation amonc’ th~ stocks of the three lake sys
tems are due largely to diff~rcnc~s in age con~osition. Stocks from the Igushik
and fluyakuk syste:~s consisted Dredcnlnently of 3-ocean fish, but those from the
Wood river syster~ of 2-ocean fish (~gs. 13 and jt~). All three stocks were
primari~’i of freshwater ap,e 1. The igushik stock had a higher percentage of
age 2. fish than the other stocks, probably as a result of a ge.nerally.higher
density of spawners (hence juveniles) in the Igiskik lakes, which tend to
cause slower growth and delay in smoltification.

_—~ ~Sockeye salmon of a given ocean age and s~x in the Wood River escapements
were generally smaller than those in the Igushik and Uuyakuk escapements
(Table 7). Although the differences were quite small, they would tend to re
sult in relatively lower rates of exploitation for the Wood River stock. The
average sizes of fish by age and sex in the Nushagak catches and Wood River
escapements for 1959-1972 are given in Tables 8 and 9.

Considering the decline in abundance that occurred from 1948-1948 to the
rresert among the three stocks, the present age composition of the stocks, V

and the present productivity (average run per unit of surface area and average
return per spawner), one must conc)ude that the decline of the Nushagak fish
ery was due largely to a decline in abundance of the Wood River stock. It
seems unlikely that the rather small Igushlk lakes could h~ive produced substan
tially larger runs than they presently do. The Nuyakuk lakes have the shortest
Ice-free period and about the lowest primary productivity of any of the Bristol
~ay lakes and are thus relatively poor nursery areas for juvenile sockeye. It
is also unlikely, then, that these lakes produced substantially larger runs
than they presently do.

WOOD RIVER LAKES

The annual escaperents and returns to the rajor Wood River lakes since
19’46 are given in Appendix Table 1. The annual runs and escapements since 1958
are shown in FIg. 15. A low run every four years is evident in all lakes ex
cept Aieknagik and North Nerka. The stocks ~rnm those two lakes have a higher
return per spawner (Table 10) and a higher pronortion of 3—ocean fish than V

those from the other lakes. The mean escapements and returns by four-year
lines are given in Table 11. The low abundance of the 1949 line is partic
ular1.y evident for the stocks from the upPer lakes of the system (Beverley
and Kulik) This cyclic abundance can be seen in the flusha~ak statistics since
1941, and is maintained partly by a combination of age composition of the re
turns. The 1949 line tends to produce a high proportion of 5-year-olds, whereas
the preceding line (1948) tends to produce a high proportion of 4-year-olds.
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‘iblc 7. Aver~a~e i:e!.~ht~ (ib) of ~oc!:eve c~.:~n ~ the Uoo~ River,
Igu~hik, and ~uyakuk escapc~ent~ by ocean age and sex,
1963—72

Males Females
Year System .2 .3 ComD. .2 - .3 Comb. —

1963 Wood River 5.42 8.66 6.02 ~ 6.84 4.90
Igushik 5.49 8.51 6.50 4.24 6.59 4.98
Nuyakuk 5.12 8.55 7.73 4.94 6.27 6.22

1964 Wood River 5.25 7.65 5.49 4.05 6.15 4.35
Igushik 5.85 7.97 6.82 4.45 6.32 5.28
Nuyakuk 5.40 7.75 5.90 4.19 6.04 4.62

1965 Wood River 5.02 6.65 6.11 3.98 5.66 5.16
Igushik 5.26 7.37 6.92 4.24 5.62 5.31
Nuyakuk 5.56 7.70 7.39 4.54 5.62 5.42

1966 Wood River 4.75 6.91 5.89 3.69 578 4.62
Igushik 5.02 7.31 7.14 4.06 5.54 5.38
Nuyakuk 3.41 8.23 7.76 3.54 6.06 5.93

1967 Wood River 5.19 7.80 6.10 4.28 6.27 4.85
Igushlk 5.36 8.29 5.65 4.20 6.10 5.18
Uuyakuk 3.85 8.55 7.96 4.50 6.23 6.09

1968 vlood River 5.12 8.29 6.19 4.13 6.43 5•414
Igushik 5.59 9.01 6.77 4.50 6.59 5.62
lluyakuk 4.35 8.69 8.20 4.13 6.43 6.20

1969 Wood River 5.22 7.83 5.98 4.31 6.39 4.77
Igushik 5.69 9.08 7.21 5.09 7.00 5.98
Nuyakuk 4.92 8.03 5.95 4.31 6.15 4.81

1970 Wood River 4.~r9 6.58 5.33 3.76 5.58 4.49
Igushik 5.42 7.90 6.82 4.35 5.94 5.24
Nuyakulc 4.75 7.63 6.96 4.02 5.74 5.12

1971 Wood River 4.69 6.90 6.01 4.68 5.90 5.27
Igushik 5.40 8.21 7.75 4.50 6.31 5.99
Nuyakuk 3.80 8.35 8.13 4.84 6.22 6.18

1972 Wood River 4.57 6.73 5.15 3.85 5.29 4.16
Igu~h~.k 3.89 6.97 5.69 3.62 5.70 4.40
Nuyakuk 3.00 7.87 625 3.47 5.91 5.21

~1ean Wood River 4.97 7.40 5.89 4.11 6.03 4.80
Igushik 5.30 8.06 6.83 4.33 617 5.34
Nuyakuk 4.42 8.14 7,22 4.25 6.07 5.58
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Table 8. Average wei~hts (ib) an~ numbers .~f fish (thousands) in the
Uiisha~ak District catch, 1959—72

Moles reTfl~1~s
Year T~2 2.2 ~ 2.3 1.2 2.2 - 1,3 Combined1

1959 No. 534 241 90 22 438 197 143 35 1700
~ 5,59 5.77 7.132 7.81 4,60 4,54 6,15 6,30 5.33

1950 No. 202 151 320 41’ 116 79 509 5.5 1515
W. 4.74 4.05 7.47 7.81 4.16 4.28 6.09 6.13 5.89

1951 Mo. 15 9 136 28 7 8 190 48 510
~ 5.53 5.49 7.15 7.42 4.70 4.92 6.09 6.23 6.46

1962 No. 627 20 69 13 534 25 137 13 1448
~ 5.72 6.06 7.69 8.00 4.79 4.92 6.52 6.54 5.57

1953 No. 195 31 144 6 179 28 246 9 843
~ 5.67 5.64 8.08 8.25 4.61 4.88 6.36 6.46 6.04

1964 No. 407 133 132 20 302 119 246 27 1421
~:i 5.91 6.35 8.14 8.00 5.02 5.3]. 6,77 6.76 6.21

1965 No. 56 56 197 13. 27 25 372 19 792
~T 5,82 5.44 7.69 8.08 4.79 4.85 6.06 6.27 6.38

1956 No. 230 20 344 47 L~5 7 418 245 1167
W 4.88 5.27 7.50 7.38 4.56 4.88 6.09 6.09 6,25

1967 No, 157 23 84 6 106 34 200 14 653
~I 5.19 5.55 7.59 8.05 4.33 4.57 6.25 6.30 5.76

1968 No. 96 23 230 13 77 25. 258 124 748
~ 553 5~93 8.13 8.33 4.77 5.15 6.48 6.69 6.67

1969 No, 190 96 94 3.24 139 87 126 17 779
‘~7 5.31 5.49 7.38 6.97 4.70 4.73 6.15 6.10 5,53

1970 No. 156 52 280 3.9 103 47 2459 34 1103
W’ 4.82 5.24 7.06 7.21 4.39 4.46 5.79 5.94 5.80

1971 No. 11]. 7 369 59 101 9 500 81 1253
W 4.92 5.30 7.56 8.15 4.40 -5.03 6.21 6~25 .

1972 No, 78 22 63 21 49 12 90 17 333
W~ 5.00 4.22 7,29 6.26 . 4.27 4.92 6.00 5.95 5.79

1I)~i~ other minor ag~ ~~ups.
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Table 9. Average weights (ib) and numbez~ of fish (thousands) in the
Uood River ezcapet.c2flt~, IO~9—72

Hales Fer~a1eS
Year l~2 2.2 2.3. 12 —- 2.2 1.3 2.3 Coi~ined

o± d!w~,! a a p !~fl~ ~fl !!L •! !S rj-a a;!

1959 ~o. 726 157 55 878 271 108 9 2206
V 5.05 5.39 7.83 7,83 ~.06 4.46 6.31 5.58 4.77

1960 No. 1914 77 86 1 295 109 230 22 1015
V L4~49 4.65 7.50 6.85 3.54 3.80 5.82 5.41 4.73

1961 To. 34 2 114 17 51 4 186 42 ~59
V 5.59 6.13 7.31 7.50 4.50 4.93 5.98 6.06 6.11

1962 No. 316 0 20 0 508 3 28 0 ~75
V 5.09 —— 8.95 —— 3.91 3.76 6.02 —— ~.52

1963 Nc. 215 23 5~ 0 315 6 92 0 705
W 5.39 5.86 8.68 9,21 4,35 4.90 6.84 6.80 b.37

19614 No. 309 65 38 4 4814 82 99 5 1076
W 5.17 5.65 7.63 7.80 4.01 14.29 6.17 5.75 14•79

1965 No, 70 15 165 8 92 30 277 14 673
V 5.02 5.06 6.58 6.78 3.94 4.20 5.66 5.9’4 5.53

1966 No. 225 2 238 13 395 5 306 17 1201
V 4.75 ~,59 6.91 6.85 3.69 3.65 5.78 5.74 5.13

1967 No. 122 19 74 2 183 29 80 5 513
V 5.12 5.72 7.80 8.03 4.20 4.65 6.31 5.78 5.38

1968 No. 128 13 150 9 129 17 185 6 642
V 5.09 5.39 8.23 3,92 4.06 4,61 6.43 6.55 6.03

1969 No. 112 72 614 10 151 113 70 6 599
V 5.19 5.25 7.77 8.29 4.28 4.35 6.39 6.43 5.29

1970 No. 309 26 214 .12 331 27 221 15 1159
w ‘i.~9 4.55 6.58 6.71 3.76 3.87 5.58 5.78

1971 No. 140 j3 172 53 2214 17 189 37 851
W 4.71 ‘i.48 6.87 6.99 4.71 4.24 5,90 5.91. 5.60

1972 No. 1314 17 46 9 162 15 37 10 1431
W 4.60 4.29 6.83 6.21 3.83 4.03 5.26 5.39 4.63
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Thble 10. Sur~r-’arv of spawner-return data for the ~aic~r ~lood River 1~3kes,
1946—68 trood years (n~m~cr of ~i3h ir. tho~isands)

Spawners Returns
Arith~otic i~ith~otic Geor~etric ii~ean

Lake i~an S.D. Range lean S.D. flange ~ R R/S

Alekuagik 163 12.2 31— 493 300 195 97— 849 130 241 1.85

South ilerka 1314 118 12— 564 192 199 30- 996 98 139 1.41

Central flerka l’i4 228 15—1112 150 108 22— 555 83 124 1.51

North Nerka 185 151 26— 665 275 167 53— 007 130 229 1.67

Beverley 219 226 6—1013 28). 286 22—1116 118 154 1.31

Kulik 81 76 4— 283 110 12.3 3.. 4314 46 63 1.36

Total lake
system 962 708 101—3717 1.355 790 275—368]. 733 1146 1.57
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South Nerka 1946 129 84
1947 177 77
19148 126 82
1949 48 50

168 23
203 27

44 1

30 63 5 236
53 80 2 285
29 34 2 174
36 37 1 82

105 5
166 12
126 5

38 1

37 42
47 59
41 46
45 46

Beverley 1946 255 95
1947 230 77
1948 1’44 67
1949 27 64

1462 84
271 88
128 •5

22 7

50 134
44 132
15 20
ii ia

:7 603
1 404
0 148
3 43

Kulik 1946 61 90
1947 136 81
1048 63 73
2.949 13 47

191 67
134 49

52 5
9 S

16 83 2 186
17 65 V 201

8 13 1 V 66
0 13 0 22

Table 11. Z~ean escapernents and returns (thousands) by 4—year lines
for the Wood River lakes, 1949—68 brood yeax~ (five generations)

Aieknagik

Escanement — Mean returns
z~ercent ‘~ 5 vc.~rs - 6 years

Lake Line Mean age .2 1.2 ~2 1.3 Total 2.3 Total

1946 132 53 72 6 152 158 12 249
1947 183 47 148 23 172 195 15 358
1948 147 48 102 34 189 V 223 21 3146
1949 149 13 38 11 201 212 31 281

Central ~erka 1946 71 69
1947 126 80
1948 89 74
1949 46 42

North Nerka 1946 137 66
1947 182 70
1948 143 67

V 1949 11]. 26

Little Togiak 1946 13 65
V 1947 19 72

1948 15 66
1949 11 44

2 149
3 228
1V 173
1 85

6 304
17 369

5 276
3. 228

109 124
107 133
119 136
132 140

174 15
219 26
135 17

85 8

23 3
23 6
13 4
10 ‘4

12 15 1
U 17 1 41

9 13 1 27
10 14 0 24
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The e~cane~ents and returns to the 1ake~ of the system were dIvided by
th’~ lake surface area for ju~tr~nt. of dtf~ferenccf~ ~n size of the nursery
areas and, at least partly, the amount of spawning area. Lake Nerka was di
vidçcl into three “lakes” that approxht~ate1V correspon’~ to the ma~or basins in
the lake. Spawner-return curves ~ere fitted to the data from the 1949-1968
brood ~ars (Table 12). ObservationS from the ~‘46-l948 brood years were
omitted because they were less precise than tore recent observations and less
representative of present (hence, future) conditions. The Rieker-type curves
were generally good fits to the observations; howev’?D, for Lake ~leknagik the
variability about the curve was greater than the variability about the aver
age return. Little To~iakt,ake was the highest pro~ucer (per unit of surface
area) in the systert; however, this small, lake (6 km~) contributed only about
2 percent of the ~tota1 returns to the lake system. Lakes Aleknagik and North
Nerka contained a hither proportion of 3-ocean fish than the other major lakes
and their stocks had a higher average return per average density of spawnerS
(Fig. 16).

The annual deviations from the spawner-return curves wer~ significantly
corr*4ate~ beween Aleknagik and North Nerka, South and Central flerka, and
the unper lakes (J~everley and Kulik). The mean annual deviations for the
three pairs of lakes are shown in Fig. 17. The stocks that contained a high
proportion of 2-ocean fish (South and Central Nerka, Beverley, and Kulik)
exhibited a recent trend in low returns after adjustment for spawning density
was made (196~-l968 brood years).

The average number of ~pawners for the 1949-1968 hi~od years was greater
than the calculated optimum pumber in one-half of the ma~oD lakes and less
than the ontimun number in the other one-half (Table 13). The average number
of spaw.ners for the total lake system was close to the optimum and the aver
age return was close to the expected return from the optimum escapement. If
the lake nursery area affects the relative productIon or survival to adult,
then the optimum escapement for the lake system is valid only if the distri
bution of a run corresponds approximately to the size and productivity of
the individual lakes. The annual runs and escapements to the lakes vary some
what independently; thus, In most year5, the rate of exploitation required to
obtain an optimum escapement for the lake system was too high for the stocks
of one lake and too low for the stocks in another lake (Table 14).

The problem of managing the runs to the Wood ‘?iver lakes is greatest in
the low years of the cycle, i.e., the 1949 line. For example, in 1965 and
1969 the runs to Lakes hleknagik and North Nerka were well above average,
whereas the runs to the other ma~cr lakes were nitite low, generally less than
the optimum escapement. Therefore, a rate of exploitation of 60-70 percent
was required for two of the lakes so that optimum escapements could be ob
tained while no exploitation was allowable for most of the other lakes (Fig.
18). For the stocks from the upper lakes in the system, a rate of exploita
tion of 50 percent or no exploitation would make little difference; the re
sulting escapements would be two small to increase substantially the low cycle
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Table 13. Optizaum number of spawners and calculated returns
(in thousands) for the Wood River lakes from
19~9—68 brood Years

Optimum Observed means

Lake Spawners Returns Spawners Returns

kleknagik 112 281 153 309

South iZerka 92 166 120 195

Central !Zerka 90 169 86 159

north Ner)ca 130 302 143 295

Boverley 189 319 164 301

Kulik 74 127 68 120

Little Togiak 13 33 15 33

Totals 700 1,400 749 1,412
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runs. The spawner-return statistics for the entire lake system indicate that
t~e relative nroduction from the 1949 line is less than that for the other
lines (Fig. 19). Management of the runs in the low cycle years should be aimed
at achieving optimum escapements to Lakes Aleknagik and North Nerka.

SPAWNING GROUNDS or ThE WOOD RIVER LAKES

The annual abundance of spalrrners in the ma5or spawning grounds of the
Wood River lakes (Fig. 20) was measured by (1) ground counts of live and
dead fish in small creeks and rivers near the time of peak spawning, i.e.,
when about equal numbers of live and dead fish were present, and (2) aerial
estimates of the number of fish on beaches and in large rivers (Gilbert,
1968). The age composition of the spawners was estimated from samples of
about 100 fish of each sex. The combined age comnosition’iias obtained by
weighting by the sex composition in the trunk stream (Wood River) escapement,
since the sex ratios from spawning ground samples are unreliable. The number
of snawners of a given age was obtained by multiplying the total number by the
age composition. The run (catch and escapement) for each age group was calcu
lated by multiplying the number of spa~zner~ (escapement) by the ratio of run
to escapement as determined by age for the entire lake system in each year.
The major assumption in these estimates was that the rate of exploitation for
a given age group in a given year was the same for all spawning populations
in the fishery. The annual runs by age were then arranged by brood year and
the abundance of each age class was summed for procurement of the total re
turn.

Variances of the numbers of spawners and numbers in the returns were not
estimated; however, the precision of the estimates are probably in the range of
±25 percent to ±50 percent. The estimates for small creeks are undoubtedly
more precise than the estimates for large rivers and beach areas. In either
case the variance of an annual estimate of abundance is probably less than
the variances in the annual escapements and returns.

The Ricker-type spawner-return relationship was fitted to each spawning
group (race) The parameterc were est~nated from linear regression
(2.n R/S P~.n,a - bS), and the curve an~öbservatioflS ‘were plotted on the orig
inal scale and examined. For several of the groups the fit of the model was
very poor; however, it appeared that no other model (e.g., parabola, lInear)
would have been better. The serial correlation coefficient of the residuals
was calculated as a measure of the randomness of the yearly fluctuations about
each spawner-return curve, and the residuals about each curve were used to
obtain correlation coefficients among groups for examination of t~e randomness
of between-group fluctuations. The optimum escapement was estimated, and the
annual rates of exploitation which would have been required to obtain optimum
escapement to each spawning ground were examined.

The annual escapernents, age compositions, and returns by age are given
for 22 spawning populations in Appendix Table 2. For two locations, Lake



Fig. i~. Spawner-return plots by 4-year lines for the Wood River lake
system, 1949—68 brood years (number of fish in millions).
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~tilik beaches and Little To~’ia~ beaches, thø spawners are from feoc’~raphica1ly
separated beaches; fnr the remaining locations the spawners are from a
rather small definable area of spawning during a short (usually 1-2 weeks)
period of time. Trends in the annual runs during the recent period of the
fishery are indicated by the four-year averages in Table 15. Abundance was
generally high during l946—19~9, low during 1950-1957, high during 1958—1965,
and low during the past eight years. The trends in abundance for the two
main rivers (Agulowak and Agulukpak) are distinctly different, however, as
the abundance appears to have been increasing over the 23-year period.

Except for fish spawning in the two major rivers and in Ice Creek (pre
dominantly 5-yeav-olds), the annual runs to the snawning grounds exhibited
cyclic diminutior~ in abundance every fourth year (the l9~9 line). Partic
ularly was this pronounced among beach-spa~niflg oopulations (Table la). Al
though rates of exploitation have generally been 1ow~r in the l9~9 line than
in others, the total run has been usually too small to increase adequately
the abundance of spawners even if no fishing, had occurred. Moreover, the
abundance of the runs to the rivers has tended to be higher in this line,
thus some harvesting of these fish (usually 3-ocean) is desirable.

The numbers of spawners and numbers of fish in. the returns are su~ranar
ized in Table 17 ~ The geometric t~eans are close to the medians arid are prob
ably better estir.ates of the averages than the arithmetic means. Estimates
of potential spawning .area in the creeks and rivers are available, and there
has been at least one year when the density of spawners was excessive, i.e.,
less than 1 in2 per spawner or 2 m2 per female (Rogers and Hamalainen, 1972).
Densities in excess of 1 in2 per spawner have resulted generally in redd super
imposition and loss of eggs (dead eggs were observed on the gravel).

The parameters for the spawner-return curves and some associated statis
tics are given in Table 18. Plots of the observations and the fitted curves
are shown for selected spawning grounds in Figs 21-23. The Ricker-type model
was a reasonably good fit for all groups except those for the two major rivers.
For the populations spawning in these rivers, there was only a slight indica
tion ef a decrease in returns at the highest observed abundance of spawnez’s.
In general, the variability about the curves was as great as the variability
about the means of the returns. Serial correlations were highly significant
for all beach and creek populations except the latter in Lake Aleknagik.
Thus, for most groups the annual deviations from the curves were not indepen
dent.

The annual deviations from the curves were significantly correlated among
spawning populations within each lake except for the two major rivers (Table
19). Some correlation emerged between 1oc~itions in Lake Nerka and those in
the upper lakes of the system, but none between the creeks in Lake Aleknagik
and any location in the other lakes. These results of the correlation analysis
indicate that the same or similar environmental conditions influence the rel
ative production of adults for a given year of spawning for creeks and. beaches
within a lake and to a lesser extent for creeks and beaches in all lakes except
Aleknagik.
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Fig. 20 legend -

1. Hansen Creek
2. Happy Creek
3. Bear Creek
4, Ice Creek

~s Agulowak Rivets
6. Fenno Creek
7. Stovall.Creek
8. Lynx Creek
9. 114—N6 Beach

10. Pick Creek
11. Little Tcgiak River
12. Añvi1L~ay Beach
13. Hidden Lake Creek
IL;. Kew1a Creek
15. Agulukpak River
16. A and C Creeks
17. Little Togiak Beach
18. Moose Cr.~ek
19. B9—B12 Beach
20. Hardluck Bay Beach
21. Silver Horn Beach
22. N.W. Mikchalk Beach
23. Kulik Beaches
2~. Grant River

r



WOOD RIVER LAKE SYST~ti

$i~ISTOL. SAY, ALAS$~A

I t

MILLS

We*d Rh,qe

Fig. 20. Locations of spawning areas surveyed in the Wood Rtvet’ 1~akes.
(see legend on following oage).



Table 15. Average r~.u~s (thousands) to spawning areas in
the .Wo~d RIver i&:’~s !.sy I4—”p~

. 1945— 1950— 19514- 1958- 1962- 1966— 1970—
Location 1949 1953 1957 1961 1965 1969 1973

Aleknagik
HansenCr. 3 4 U 7 7 9 2
Happy Cr. 7 4 9 2 3 3 1
BearCr. 8 5 9 *4 S .6 5
Ice Cr. 9 12 114 8 11 1*4 10
Agulowak R. 134 78 16’4 . 1147 136 235 240

Nerka
Fenno Cr. -- 3 4 10 4 5 ‘4
Lynx Cr. 1*4 2 2 7 2 3 3
StovaU Cr. —- . - 17 31 9 7 6
Pick Cr. 22 8 . 12 44 22 U U
Little Togiak R. 5 2 3 15 17 U 12
N4-N6 B. 25 2 10 19 16 U U
Hidden Lake Cr. -- 2 4 10 7 3 2
Kema Cr. —- — 12 19 15 5 .3
Anvil Ba~ B. 36 7 1’+ 54 43 27 . 22
Agulukpuk R. 29 27 44 120 131 170 164

Beverley
B9-B12 B. 21 3 2 22 27 10 3
Silver Hc~’n B. 611 7 15 68 113 32 32
Hardluck Bay B. 42 . 4 8 49 52 25 23

Hikehalk
Beaches 43 14 9 35 40 16 12

Kulik
Beaches 157 9 45 1142 153 64 48
Grant R. 26 5 13 26 28 6 . 7

Little Togiak
Beaches 78 12 27 36 34 30



14,5

Table 16. Geon~tric means of the annual runs
rates of exploitation (percent) by
for spawning colonies, Wood River lakes

(thousands) and average
4—year lines2 1954—73,

H ikcha1~c
Beaehsa 24.3 3~ 27.0 39 15.9 43 5.5 34

34 133.8 40 64.5 44 10.1 33
39 22.9 41 12.1 41 3.8 34

Line
19~o 19 1~49

rL -

Location - R R R ii

A1ski~zagik
Hansen Cr. 9.6 36 7.4 ‘41 4.3 45 1~.4 36
Ha~py Cr. 3.1 47 2.7 ‘34 3.0 47 2.1 40
Bear Cr. .4.6 46 5.7 42 5.5 45 3.9 38
Ice Cr.1 8.7 52 10.1 45 12.9 47 8.7 38
Agulowak R.’ flO.9 54 152.4 46 158.2 52 174.8 36

Nerka
Fe~nö Cr. 3.5 42 5.3 40 6.0 39 2.1 35
Lynx Cr. 1.7 35 5.4 39 3.7 39 0.7 31
Stovali Cr. 6,1 40 12.8 44 7.7 38 2.1 32
Pick Cr. 12.6 37 19.4 40 19.9 33 7.3 35
Little Togiak R. 6.7 43 11.9 42 12.6 ‘33 5.2 35
N4—N3 B. 13.6 42 12.0 40 12.7 43 9.5 35
Hiddei~ Lake Or. 2.0 30 4.6 ‘40 6.9 37 0.9 35
Ketna Cr. 19.1 43 9.9 41 7.3 41 2.3 35.
Anvil Bay B. 34.3 37 36.9 40 27.5 42 6.5 34
~gu1ukpak R.1 95.6 61 97.1 45 110.2 50 123.4 39

Beverley
89-812 8. 16.7 36 11.5 39 4.5 43 0.4 23
Silver Horn B. £5.3 34 60.2 40 26.9 42 2.2 29
Hardluck Bay B. 29.9 34. 41.7 40 22.5 42 3.9 30

Kuilk
Beaches
Grant R.

Little Togi~k
Beaches

80 • 7
9.1

35.2 42 36.2 42 30.4 43 21.7 36

1Pedc~Inar:t1y 5-ye~r-o1d fish.
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Fig. 21. Spawner—return
the Wood River

relationships for four beach
1a)~es, 1946—68 brood years.
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Table 19. Linear correlation coefficients in the deviations from spawner—
returncurves, 19t~6_68, n 23 (r>.45 significant at .05 level)

1. Hansen Cr.
2. Happy Cr.
3. Bear Cr.
4. Ice Cr.

2 3 4
.53 .56 .62

.79 .64
.81

Iterka, Little Togiak

Fermo Cr.
Lynx Cr.
Pick Cr.
Little Togiak R.
N4—N6 B.
Anvil Bay B.
Little Togiak B.

Beverley, Mikchalk, Kulik
13

12, B9-B12 B. .93
13. Silver Horn B.
14. Hardluck Bay B.
15. Z4ikchaik Beaches
16. Kulik Beac~ies
17. Grant R.

Beverley, Nikchalk, Kulik
5

15
.89
• 9].
.89

9 10
.61 .50
.43 .56
.67 .70
.58 .80

.70

11
• 63
.57
.55
.67
n.s.
.50

n’s.
n.s.
n’s.
n’s.
n.s.
u.s.

Agulowak R.
A~u1ukp~~k R.

.48

A leknag 1k

5.
6.
7.
8.
9.

10.
11.

6
.89 .38 .74

.89 .79
.89

14
.93
.93

17
.61
.69
.69
.58
• 92

is
.72
.77
.80
• 66

Nerka

6 7 8 9 10 11
• 12. B9—B12 B. n.s. n.s. n.s. .48 n.s. .74

13. Stlver Horn B. u.s. u.s. u.s. u.s.. u.s. .72
14. Hardluck Bay B. u.s. u.s. u.s. .48 .46 .77
15. Mikchalk Beach u.s. u.s. .54 .52 •73 .74
16. Kulik Beaches u.s. u.s. n.s. u.s. u.s. .67
17. Grant R. u.s. u.s. u.s. u.s. u.s. .68
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Th’~ rett~s o~ e, t~~on thit would have b~pn required to obtain optim~ut~
o~ sr~wr.ers ~o in~Iivid~l :na~ning areas for the runs In .~.~4-1~73 are

given in Table 20. The difficulty, if not impossibility, of managing the an
nual runs toa lake ~ysteri for achievement of optimum escapement is evident
fro”i these data. The best that can be done with the common fishery is to regu
late fishing to achieve somewhat ôt’timum escapements for the most abundant popu
lations in the system. During the last ten years, the rate of exploitation OXI

the Wood River run ‘~:as too low in ~ 1966, and 1970 for optimum escapeinemtS
to be achieved on the t-.~or spawning gi~ounds. In the other years it is diffi
cult to see how any other rate of exploitation could have been better or worse
because some populations had very low runs and others had high.

StJ?4!~ARY AND C0~CLUSIONS

The catches of sockeye salmon in the Nushagak have declined significantly
since the initial buildup of the fishery and this occurred primarily because
of a decline in the abundance of the Wood River stock. The selectivity of the
gill net fishery has altered the sex and age composition of the spawning stock
through differential mortality on the spawning populations (races) in the lake
system. A1thou~h the fishery undoubtedly affected the productive capacity of
the stock, the major declines in abundance were not associated with changes in
the quality of spawners but rather with the quantity of spawners. !~a5or de
clines in the runs followed years of large escaper’ients (descending limb of the
spawner-return curve) so that under exploitation in some years probably con
tributed more to the decline in abundance than dId over exploitat~Ofl.

Because of freiuent lack of correlation in the abundance of runs to the
individual spawning grounds in the lake system, it is often impossible to
achieve opt i~um escapetnents to the spawning grounds in a given year. Never
theless, the average escapements to the spawning grounds have been close to
the optimum number and still the returns have declined for the majority of
the spawning populatIons. Presently, the most productive populations per unit
size (river spawners) receive the highest rate of exploitation and the least
productive per unit size (beach spawners) receive the lowest rate of exploita
tion. The beach spawning populations a~pear to offer the greatest potential
for increasing the total abundance of the annual runs to the !Tushagak fishery;
however, such an increase cannot be achieved by regulation of fishing mortality
alone.

Methods of management in the freshwater habitat of the sockeye salmon pro
vide the most promising means of achieving an increase in their production.
The methods should be developed from information on the early life history of
the fish and their interactions with their environment.
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LISTS OF PUBLICATIONS
AND REPORTS ON TIlE

WOOD RIVER LA1~S

V~JBLICATIOflS (WOOD RIVER STUDIES)

Date Author(s) Title

1950 A~n, The fruits of research. (Abc.it the Ekuk beach
mesh experiments.) Pac. Fish., Apr. 1950.
Pp. 11—19.

1959a W. F, Royce and Optimum escaper~eflt of re~ salmon in the flusbagak
0. A. t4athisen area of Bristol Bay. Pac. Fish., Oct. 1959. 3 p.

1ë59b WI F. Thompson and Length measurement of migrating salmon by paired
D. W. Clancy underwater carncras. Photogram~~1etDiC Engineering,

June, 1959. Pp. 449—~55.

l932~ R. L. Burgner Sampling red salmon fry by lake trap in the Wood
River lakes, Alaska. Univ. Washington~ Pubi, in
Fish., New Ser. 3:3l7—3’~8.

1962b R. L. Burgner Studiss of red salmon smolts from the hood River
lakes, Alaska. Univ. Washington, Pubi, in Fish.,
how Sat. 3:249—295.

l9S2c~ 0. A. l4athisen Cov~paratiVe characteristicS of age arid gro~th
o~ red salmon in Lake Ki~ri1, K~r~chatka ~nd in
Bristol Bay9 Alaska. Voprcsy 1kb., ~oscow 2(1):
‘~2—54 (in Russian).

1982d O. A. !4athisen Photographic enu~iierat~ofl of rcd s-simon escape
ment. Univ. Washington, Pubi. in FisI~., New
Sez~. 3:35l-~372.

19623 0. A. Hathisen The effect of altered sex ratios on the spawning
of red ~almon. Univ. Wa3hingtcfl, P~ibl. in Fish.,
New Ser. 3:139—222.

1952f W. S. Koo Age and growth studies of red salmon scales by
graphical means. Univ. Washington, Pubi. in
r~h., n~w Sar. 3:51—100.

1963 0~ A. ~1athisen, Statistical records and co~rip~1 tions on red
R. L. Burgner, and salmon runs in the Nushagak District, Bristol
S. Y. Kco Bay, Alaska, l9~6—59. U.S. Fish. Wildi, Sez~v.

Spec. Sd. Rep.——Fish. No. 458. 32 pp.
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R. L. Burgner rac~ors infi n~in~ pro’~.uction of sock”ve salmon
in lakes of western Alaska. Verh. Internat.
Verein. Limnol.l5:50~—513.

l96t~b R• L. ~urgrzcr’, Summary report of studies on the optimum escape—
et al.. ment of sockeye salmon in southwestern Alaska,

1961 and 1962. U.S. Bur. Corn. Fish,, Manuscript
Rep. 64—2. 119 p.. Auke Bay, Alaska.

196L1c R. A. Marriott, N. Stream catalog of the Wood River Lake system,
Aspinwall, S. Y. Koo Bristol Bay, Alaska. U.S. Fish. Wildi. Serv.,

Spec. Sci. Rep. Fish. Lo. t494, 210 pp.

1966 R. L. Burgner Food production in two lake chains of south—
V westerfl Alaska. Verh. Internat. Verein. Limnol.

V V V 16:1036—1043.

1968a J. R. Gilbert Surveys of sockeye salmon spawning populations
V V V in the Vflushagak District, Bristol Bay, Alaska,

l9L~6~1958. Univ. Washington, Pubi. in, Fish.,
flew Serb 3:201—267.

1968b ‘W. S. Kim and K. On the use of otoliths of sockeye salmon for
V Robàson age determination. Univ. Washington, Pubi.

in Fish., New Ser. 3:151—168.

196eo J. J. Pella Distribution and growth of sockeye salmon fry
in Lake Aleknagik, Alaska during the cur.msr
of 1962. Univ. Washington, Pubi. in Fish.,
New Ser. 3:47—111.

3.953d D. E. Rogers A comparison of the food of red salmon fry and
threespine sticklebacks in the Wood River lakes.
Univ. washington, Pubi, in Fish,, New Sex’.
3:1—43. V

1969 R. L. Burguer, Biological studies and estimates of optimum
e~ al. escapements of sockeye salmon in the major

river systems in southwestern Alaska. N.O.A.A.
Fish. Bull. 67(2):405—459.

1971 0. A. Mathlsen Escapement levels and productivity of the
Nushagak sockeye salmon runs from 1903—1966.

V N.O.A.A. Fish. Bull. 69(4):747—763. V

1972a W. L. Hartnian and Linnology and fish ecology of sockeye salmon
K. I... Burgner nursery lakes of the world. 3. Fish. Re~.

V Canada 29:699-715.
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1972b 0. A. Hathisen Biogenic enrichment of sockeye salmon lakes
and stock productivity. Verh. Internat. Verein.
Liinnol. 18:1089—1095.

1973 D. E. Rogers Abundance and size of juvenile sockeye salmon
and associated species in Lake Aleknagik,
Alaska in relation to their physical environ
ment. fl.0.A.A. Fish. Bull. 7l(A1):lO6l~l075.

1~tSEARCH IN FISHERIES (WOOD RIVER STUDIES)

Subject
Year !~o. Contents

1972 Discussion of systems modeling study in the Wood
River Lakes — text only.

2 Fertilization of Bear Bay. Discussion and table
of the means of measurer~ents by summer (1970, 71,
72) in Bear Bay and other locations (grouped) in
the lower end of Lake Aleknagik. V

1971. V Sockeye salmon production in the Wood River Lakes
from 1957—1970 brood years. Table: Lists adult
escapements, no. of age 0 juveniles, percent sur—

V vival fror eggs to age 0, mean length at age 0,
inshore returns, and percent survival from eggs

V to return. Discussion of effect of cold spring
in 1970 on the survival of 1970 eggs and fry.

2 Discussion of char study with an estimation of the
number of sTnolts consumed in that year.

1970 No new data presented. Discusses history of the
Nushagak catches and rationzals for a fortiliza—
tlon study and a char study~

1969 1 Figure on the relationship of numbers of zooplank—
ton per cubic meter versus the rL~mber of adult
spawners. Thble on average numbers of zooplank—
ters per cubic meter in the Wood River lakes (by
lake and erecies) in the summers of 1q67 and 1968.
Also lists spawner density and mean fry lengths.
Table and figure with a discussion.

1968 1 Table as in 1971 subject 1 except for a column of
percent survival age 0 to return and no column of
numbers of age 0 juveniles.
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2 ‘a~le of ~i~ri~uti~’ri r’~ escare-ic~nt arid ~uvenUe~
anonr :the ra~or Wood River Lakes (Al.~:riapi)~, i~erka,
e~er1ey, K~1±k) for the 196U—65 brood year. (Lake

añ~ year, escaper~ent, eggs, nimbers and mean lengths
of a~e 0 and I smoits.)

3 Table ~of avdrarc and ranse in percentage returns
for the ~a~r ace classes in the Wood River akes
for brood ‘~reárs 1953-.&2. (f~11 years and all lakes

-grouped~)V

V. ‘wo pac~e discussion on pink salmon in the Nushagak.
• history of the fishery. Distribution within the
lake system. ~ehavior of fry in Lake Aleknagik.
Growth rate in Lake Aleknagik. Feeding habits in
the lake. Ta~’le: Catches and len-tb~ of pink and

V V V socke~’e fri: frori townet catches in Lake Aleknagik
in cdt! years, •l959—l9~7. Includes number of sock—
eve snawners. Tal’le: Percent con~~osjtion of food

V in stomachs of pink fry and sockeye (age 0 and 1)
V V V V and threespinesticklebacks.

2 Benthic studies di~~ussion. Includes Table 4 of
the second quarterly reoort, 1/1/68. Table of the

V V densities of bottor~;fauna to 2) meters in the four
V rna~jor Nushá~rakj&.~eVsysteris. With estimated wet V

V V’ weight in kilograms per hectare. Compares these
data to lakes in Euror~e and north America. Fig—

V V V ure: Trends in benth Ic fauna, zooplankton, sockeye• V salmon spawners and whitefish densities among four

V V lake systems in the Hushagak.

196~ V V Entire 3—1/2 pages on sriolt/escapement studies.
Discussion and figures.

Distribution of spawning density In Wood River lake
systeri, 1956—1965 (by lake). Figure: (Potential
egg deposition, by lake).

2 • Figure: Potential eg~ deposition in 1965 and
lenr~rh of resulting fry on September’ 1, 1966. V

Figure: Potential ec~g deposition and growth of fry
to September 1 of the summer following spawning,
1957—1965 year classes, Lake Alekaagik.

4 Figure: Growth of sockeye fry in lower end of
Lake Aicknagik, 1963—1966.

Figure: Average net plankton abundance, chlorophyll
a, and rate of carbon fixation.
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Comparison of parent egg deposition, fry indices~
and smolt abundance and the resulting return of
adults, parent years 1957—65.

1955 No data presented. Discussion of goals and methods
of sockeye s~olt studies.

2 DiscussiOn of the comparative ecology and limnology
of the Igushik, Snake River, Tikchik and Wood River
lakes. No data.

3 Changes of the rank of abundance of zoopJ.ankters
through the su~ier in the Wood River lakes • List
of names only.

Progress of the echosounding study. No data.

1964 1 Limnology of the Tikchik lakes as compared with the
Wood River lakes. Discussion and table cor~paring
Lake Alaknagik to the Tikehiks (e.g.,pH — Lake
Aleknagik t~iean arid range — Tikchiks, mean and
range).

2 Abundance and distribution of fish in the Tikchik
Lake system. Table: Percent compositIon of fish
in catches (gill net and beach seine) and lake trout
stomach contents.

3 Table: average weight (pounds) of fish (by species)
caught by gill net (by Tikohik lake).

Food habits of the char from Lake Aleknagik.
Stomach sanples from 1,178 char were examined.
Table and a one-page discussion.

1963 1 f net selectivity In relation to cpc~ning populations?
~of_Nushagak sockeye. A two—page discussion.

2 Circulus height and related morphology of sockeye
scales as determined frc~ s~ct1on-z.

3 Sc~e mor~pho1ogIca1 and life history data on pygmy
whitefish from Wood River. Tabla: Age, sex, and
size from hood River. Table: Feod category,
percent occurronc~ and percent volume.

Artificial fertilization of the Alaskan blaekfish.
Table: Daily temperature units for incubating
blackfish eggs from fertilization to h~itching.



92

Soc~eye ~op~:Thrion stu!ies, t~cc~ P.ver lakec. Fig
ure: Averac~e number of spa~.-ners r’er km2 of lake
area in each of the Wood River lakes, 1q56 to 1962
(by year). Table: !~ean lengths of young sockeye
near end of first growinr season in three areas of
LaIe B~veyjc”.. (Years 19~9—19E2.) Figure: Re
lationship between adult population size and growth
of young.

2 Sockeye spai4ning areas ira the Wood River laIes.

3 Relative abundance and distribution of fish species
in~ Lake Aleknagik. Table: Species and percent com
position of catches by gear. Figure: Average catches
of sockeye fry, threespine stickleback and other
fishes (grouped) by gear and date.

Analysis of ~ushagak. sockeye cannery records, Fig
ure: IZushagak catch curve, 1893—1962.

S The use of otoliths for age determination in sockeye.

1961 1 Studies of carrying capacity of sockeye nursery areas
a. Description of basic productivity studies (no

data).
b. Table: The chemical analysis of lake water from

each Wood River lake, I1iar~na Lake, and the two
- ~hignik lakes.

c. Abundance and growth of sockeye and sticklebacks i~
Wood River lakes nursery areas (no data).

2 Sea—type red salmon in the 1951 flushagak run. Table:
Age compositions ofr 1961 catch and escapernents.

3 Reproduction of the three’~pine stickleback.
V .. a. Age classes.

b. Age at maturity, spawning time and spawning
habitat.

c. Fecundity versus size of fish.

1960 V 1 Unusual occurrences of snolt migration. Smolt indices
V from fykenetting, 1q51_1~6o. Figure: Date versus

number of migrating smolts and mean lengths.

2 Sex and ago composition of adults in 1961.

3 Discussion of 1960 and 1961 forecasts.

4 Effect of heavy 1959 escanenents on growth of 1960
fry. The number of spawners per square meter and
growth (for each Wood River lake). Table: The



93

number of spawners per s~iuare )rn, and growth attained
by fr’.’ on September 1, 1960. (For each Wood River
lake.)

S Food studies of red fry and sticklebacks. Table:
Percent composition of eitch food item in the stomachs.

1959 1 Discussion of the 1959 run and forecast. Table:
Predicted/actual returns by district.

2 Distribution of Nushagak escapement (by lake system),
1959.

3 Effect of over-escapement on survival and growth of
fry. Table: Ratio of parent escapements 1958/1957,
ratio of fry catch/tow 1959/1~)58 by lake. Table:
liwnber of spawners per m2 of rearing area and mean
length of fry on September 1, 1959, by lake.

4 Discussion of 1960 forecast.

1958 1 Forecast for Nushagak run, 1959. With figures on
the relationship between the smolt index and the
run.

2 Escapement to five Nushagak lake systems, 1958.
(Total run is noted.) Figures of number of fish in
the catch and escapement by days (in Wood River
lakes). Review of 1958 forecast.

3 Number of years spent in freshwater by Naknek—Kvichak
smolts versus number of years spent in freshwater by
Hushagak snolts. Data from eight fishing periods,
June 23 — July 18, 1958 (lists percent one winter
and percent two winters).

4 Escapements to areas within the flushagak, 1946—58
with a discussion of trends and history. Return/
spawner is given from the brood years 1946—1953.

5 Smolt indices 1951—1958 with a discussion of the
quality of the 1958 smolts (from Mosquito Point
fykenetting).

6 Variation in survival. Figure: Smolts produced
versus escapement, 1949~195z~ (Wood River system).
Figure: Season composite~ length frequencies of
sockeye smolts, Wood River,195U—1958 (by year).
Table: 1957 spawner density and numbers of re
sultant fry by lake.

7. The pink salmon run in the Nushagak, Figure:
Case pack, 1900—1958.
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ThESES (WOOD RIVER STUDIES)

Year Authop;. .. Degree Title

1955 0. A. Hathisen Ph.D. Studies on the spawning biology of the red salmon,
c~cor~jnchua nerka (Walbaum) in Eristol Bay, Alaska
with special reference to the effect of altered
sexratios.• 265 pp.

1956 R. E. Duncan M.S. Two reasures- of the length of red salmon, Oncor—
~2c~z~8 nerka (Walbaum), their relation and appli

cation in the study of the catch and escapement
in Bristol Bay, Alaska 92 pp.

1958 R. L. Burgner Ph.D. Fluctuations in abundance, growth and survival in
the early life stages of red salmon of the Wood
River lakes, Alaska. 200 pp.

1961 D. E. Rogers U.S. A comparison ~of the food of red salmon fry and
threespine sticklebacks in the Wood River lakes.
6Opp.

1963 W. S. Kim M.S. On the use of otoliths of red salmon for age and
racial studies. 63 pp.

1964 3. J. PeUa U.S. Sockeye salmon fry distribution and growth in Lake
Aleknagik, Alaska, during the surrnicr of 1962.
132pp.

1965 N. Aspinwail M,S. Spawning characteristics and early life history of
the Alaskan blackfish, DalUa pectaraZia Bean.
78pp.

1g66a E. L. Cadau U.s. lineral study of the four lake systems in the
Thishagak District of Alaska. 299 pp.

l966b ~ 0. Nelson U.S. Food and distribution of Arctic char in Lake
Aleknagik, Alaska, during the summer of 1962.
164pp.

1967 D. E. Rogers Ph.D. Estimation of pelagic fish populations in the Wood
River lakes, Alaska, from tow net catches and
eehogram marks. 91 PP.

1968 B. Waters U.S. Variations in the abundance of youn~’ sockeye salmon
and four associated species in the littoral zone of

• Lake Alekna~1k, Alaska, as deter?lined from beach
~cine catches. 85 pp.

1969 3. Reeves Ph.D. A comparative analysis of Arctic char populations
in sockeye salmon lakes of the :;ushagak district,
Alaska. 219 pp.
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CIPCU!,A?S (WOOD RIVER STUDIES)

Circular
no. Date Author TItle and Contents

35 1952 FRI Staff I M orandumi~ the effect of net marks.
Memo 3 Concerns the effect of gill net marks on

migrating adult sockeye as observed on Wood
River fish. Includes an excellent set of

1 17 photographs iilustrating mark types.

50 11—155 W. F. Thompson Red salmon of the ~ushagek.
Memo S Outlines program of stu&r for the Nushagak

sockeye.

62 3/23/513 R. L. Burgner and Results of the red salnon seaward migrant
Memo 5 S. Y. Koo enwneration, Wood River lakes, 1951’$953.

Smoit indices 195l~S3 from fykcnettin~.
Little data.

63 4/6/54 FRI Staff Observations of physical conditions and sab’,on
Memo 6 survival In Bristol Bay.

Lake ~erka water levels, 1952—54. Notes date
of froeze-up and break—up. Mean air temperature
a~d snow levels 1952—5~3 at Lake Nerka.

66 101—154 FRI Staff Nushagek red salmon fo~’ecast for 1955.
Memo 7 Length of fish in catc~h and escpement,

1953—54.

77 11—155 FRI Staff Summary tibles of morphometric ma~ez’ia1 col—
lected by ~RI on !h’istel Eay red salmon.

!~u~bers of ~ taken l~3-513.

f34 3/12/56 FRI Staff Nushagak red salmon for~ast for 1~56,
Memo U

95 10/25/57 W. F. Thompson Text is a letter to the FRI Advisory floard
about the Nushagak catch l~OO—19S7.

flush~k returns by ocean age.
Concerns the J&p~nese fishery.

3/27/59 FRI Staff The expact~d run of red salmon in 1959 and
the optimu~ escaLement.

103 5/13/59 S. Y. )C~o Red ~al~r~n smolt enureration in the Wood River~
system. Report of fiald operations and r~su1ts

S~i.olt index
D.ai~.y c~tcn a~d snolt index, 19~ (Mosquito

Point.)
Hourly catches, 2100—02Ô0 (by day, 1958).
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113 1960 R. L. Eur~ner and ~b~ervat~cns on m~rta1iey of red sal~on ecc’s in
W. A. Church t~e Wood River lakes, fail 1959.

Some data fron redd studies (high escapement
in.1959),

116 1960 R. A. Marriott Size, age, and sex composition of red salmon
commercial catch in lushagak, l~59.

Much data included.

118 1960 S. 1, Koo Abundance, size, and age of red salmon smolts
from the Wood River system, 1959.

From fykenetting at Mosquito Point. Does
not include data from earlier years.

119 1960 M. 0. flelson Red salmon spawning ground surveys in the
flusha~ak district, eristol.Bay, Alaska, 1959.

Primarily aerial surveys • Includes Wood River
lakes, Tlkchiks, Igushiks, and Lake Nunavauga—
luk. Uses 1958 data for comparison.

121 1960 R. A. Marriott Size and age composition of red salmon escape—
ment to the Wood River lakes in 1959.

Beach seining of adults in the Aleknagik
lagoon.
Aging by scale samples.

141 196]. 0. A. Kerns, Surm~ary report on photoelectric counting of red
S. Y. Koo, and salmon smolts, 1960.
C. 0. Junge Techniques.

154 1962 R. A. Marriott Size and sex composition of red salmon escape—
merit to the Wood River lakes in 1961.

Beach seining, scales, otoliths, ground tower
and aerial surveys. Many tables.

156 1962 W. S. Kim Estimation of the red salmon spawning popula
tion in Little Togiak Lake, Alaska, by means
tagging.

Detailed data. Primarily concerned with
methods.

157 1961 E. Finn Little Togiak River red salmon escapement
enumeration, 1931.

DcscrThes mainly the direct counting on Little
Togiak River.

158 1962 D. R. Colby, and Lake Kulik red salmon escapement enumeration,
S. Y. Koo 1~!61.

“Tower” counting on Wind River. No night
counting. Detailed data.

17S 1963 R. A. Marriott Lake Kulik smolt enumeratIon, 1961.
rykenetting on Wind River plus photoelectric

counting of snolts. Much data.
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182. 1963 ~. AspinwaU. !~itt1e Tcgiak River snolt enumeration, 1961.
Migration estimates, timing, age of smolts

and length frequencIes.

182 1963 R. L. Burgner, and Study of interlake migration of red salmon fry,
J, II. Green Agulowak River.

Scale studies of 1953 year class adults.
Measured 1st annulus to compare growth rates in
different !Ierka areas. Detailed data for’ smelt
enumeration and length frequencies.

208 1964 S. Y. Koo Factors affecting marine age at return in
sockeye salmon.

Percent age of return by sex, 1946—52 in the
!~üshagak. Detailed neasurements of sockeye
annuli by sex, age, and number of freshwater
years, 1950—1960.

209 1964 D. E. Rogers A summar of climatological observations and
water temperatures in the Wood River lake
system.

?Iorphornetric data for each lake. Mean
monthly air temperatures 1957—1963, at Alek—
riagik, ?kr•ka and Diflingham. Mean monthly
precipitation, same areas. Monthly snowfall,
I~erka 1951—58. Water teir~peratures, 1957—58.
Heat budgets.

219 1964 R. L. Burgner Age composition of Nushagak red salmon runs,
1946—33.

Many tables — by system.

224 1964 D,. E. Rogers Variability in rneasur~ment of length and weight
of ~uveni1e sockeye salmon and threesplne
stickleback.

Discusses variability in measuring tech
niques.
Effect of for~a1in. Many tables.

229 1965 R. L. Burgner, J. Observation3 on resident fishes in the Tikchik
Reeves, and D. E. and Wood River lake systems.
Rogers Gilinetting and beach seining in the Tikchikse

Some lake trout stomach analysis.

234 1963 R. L. Burgi~er Age composition of Nushagak sockeye runs by
river system~ 19~Ot~L~.

With escapement data. Some tab1e~, 1946—60.

235 1965 W. F. Royce Almanac of ~ristol Bay sockeye sal~on.
Seasonal calandar • Cumulative percentages

of runs daily June 20 — August 4 by system.
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237, n. Aspir~wall, and Report on are and cize of sockeye salmon
~. Roberscn sar~lc-~ fro, sr. :r~jnrr grounds in the Wood

River and Tikchik lakAs, 1964.
Lengths, otoliths, and scales. Survey

counts.

66—4 1966 U. Aspinwall, and Report on age and size of sockeye sampled from
K. Roberson Wood River and Tikchjk spawning grounds, 1963.

New analyzing technioucs — a revision.

56—5 1966 N. Aspinwall, and Title of Circular 237 — revised analysis.
K. Roberson

66—8 1966 K. Roberson Report on acre and size of sockeye salmon

sampled from s~at.~ning grounds in the Wood
River lakes, 1965.

67—2 1967 B. Waters Abundance, distribution, and species composi

tion of zooplankton in the lakes. of the
N~shagak District, Alaska, 1961—1965.

67-5 1967 K. Roberson Report on age composition and abundance of

sockeye salmon samoled from sapwning grounds
in t~.e Wood River lakes, 1966.

;o scales or lengths taken, l~arking and
recovery at Hansen Cree’., Agulukpak River,
and Anvil Bay.

67—10 1967 B. S. 1~atts, and Historical data on the sockeye salmon runs to
K. J~ Fischler the Nushagak District, Bristol Bay, Alaska,

l8~O—l9i45. Information divided into weather,
catch, escapement, tiring. Tables of fishing
period. No summary.

68—1 1968 J. Reeves A quantitative comparison of bottom faunas of

freshwater lakes in southwestern Alaska.
Wood River lakes, Tlkchiks, Igushiks, and

Snake River Lake.
68—3 1968 K. Roherso~ Report on the age composition of sockeye

salmon sampled from snawning grounds in the
Wood River lakes, 19’~7—1967~

Fairi~’ detailed for all years.

68—4 1968 K. Roberson Report on abundance of sockeye salmon as

determined by r~r):ing stud~cs on the spawning
grounds in the Wood River lakes, 1967.

Two creeks, two rivers, and two beach spawn
ing areas.

69—1 1969 0. A. Hathisen Tagging experiments in Bristol Bay, Alaska, in
194F~ and 1947.

Nushagak Bay, Egegik River, and flaknek/Xvjchak
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1970 D. Slier Report on the abundance and ac’~e composition of
sockeye s~ilo:~ in ~.v~plcd ~~wnin~ grounds in
the Woc~i River lakes, 1q68 and 19(~.

70—10 1970 D. E. Rogers, A sunmiary of c1iriatolo~ica1 observations and
~. Slier, and water temperatures in the Wood River lake
T. Croker system.

Information in addition to Circular 209.

72_Li 1q72 D. E. Rogers Estimates of abundance ~nd growth in the early
suir~ner from beach seine catches in Lake Alek—
nagik, 1~2 through 1971.

Much data.

72—7 1972 D. E. Rogers, Predator—prey relationship between Arctic char
1,. Gilbertson, and sockeye salmon snolts at the Agulowak
and D. Eggers Rivers, Lake Aleknagik, in 1971.

72—6 1972 D. E. Rogers, and Abundance and age composition of sockeye
A. Hamatainen salmon frcm spawning grounds in the Wood River

lakes in 1970—1971 (detailed) and from 1946—
1971 (summarized).

QUARTERLY REPORTS FOR TUE WOOD RIVER STUDIES

(October 1, 1967 — January 15, 1973)

Quarterly
Report Table

No. Date No. Contents

2 1/15/73 1 Chlorophyll a densities (mg/rn3, 0—US m) during the
summer in Lake Alekna~ik from two stations, 1961—
1972. (Data by uonth: June 23—28, July 10—19,
August 3—il, Septenber 3—11.)

2 Zooplankton densities (n/rn~) in the Wood River
lakes during 1972 by species (and by sampling
date).

3 Zooplankton densities (n/n3) in the Wood River
lakes August 15 to Scptember 11, 1967—1972.
(Data presented by year only.)

4 Comparison of zooplankton densities from paired
vertical hauls made with nets of No. 6 and No. 10
rnesh~ Lake A1ekna~ik, 1972. (Dates August 3 and
September 5, Stations 1-6, by species.)

S AnalysIs of variance of zoopiankton catches using
data in Table 14,

6 Comparison of arithmetic means of zooplankton
densities using data in Table 4,



100

t

10/15/12

8

9

10

.1

2

3

a’

5

6

7

8

irv an~1 primar: rod%~ct ivl t’! ne~surc~’iefltS
V (C12. .Chlorophyfl c, zoopiankton), means and 95%

confIdence intervals from 1~G2—1972. Means o~
four sampling periods~ June 22—78, July 12—20,
August 3—11, 1~ugust 23-Ceptember 11.

Percentage ~are compositiOn of sockeye in spa~thIng
ground samples In the Wood River lakes, 1972.

Mean lengths of char and 5% significance of ob
served differences according to sample type.
(Six paired sanplç types). V

Population estimates of char at the mouths of the
five ma~or rivers (Agulowak, AgulukPak, Little
Togiak, Peace, Wind) in 1972 after ad~ustnent for
for differences in length among samples. (Esti
mates presented along with’.~5~ confidence inter—
váls.) ..

Summary of physical measuretñents in ~he Wood River
lake system in 1972 and the long—term means and
ranges f-ron prior years. (Lists dates of ice
breakup, means of i.rater temperatures, solar radia
tion, lake level.)

Limnological data collected in Lake Aleknagik in
1q72, (includes surface water temperatures,
Seochi depths, conductivity, and alkalinity.)

Ground survey counts of creek spawning populations,
1972,

~unbers àf sockeye otoliths collected in 1972 (by
creek and sex).

Catches of emergent insects in Lake Aleknagik,
June lL~_August 19, 1072.

Mean catches and water surface temperatures for
insectS traps in Lake Aicknagik for years 1969—
1972.

Data for the 1972 Wood River lakes char population
study. (Date, type of sample, gear, number of
casts or number of gill net sets, number of char
caught, number r.ark~d, nwnber of recoveries.)

1972 char length frequency data summary.

7/15/72 flo tables
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3 4/15/72 1 Percentage ape composition of sockeye from the
Wood River lake system, 1971.

2 Geometric mean of beach seine catches in the
flushagak district by lake, sampling date, and
species, 1962—1971.

3 Relative lake level, averac~e surface water temper—
atlire, and daily solar radiaticn on dates of beach
seine sampling in Lake Aleknagik, 1962—1966.

!lean surface water temperatures for beach seine
stations on Lake Aleknagik by year, date, and
areas, 1962—1971.

S Average surface water temperatures at beach seine
stations on Lake Aleknagik 1962, 1954—1971. (Tern—
peratures averaged June 2O—Au~ist 5).

6 Geometric mean beach seine catches in Lake Aleknagik
by station, year, and species for the period June 20—
August 5. Cleans of 6 sampling dates) 19B2, 1964—1971.

7 Geometric mean beach seine catches in Lake Aleknagik
by year and date, 1962—1971.

8 Analysis of variance for beach seine catches in Lake
Aieknagik, 1962—1971.

9 Means from ANOVA for BS catches, 1962, 1964—1971
by year, station, date, and species.

2 1/15/72 3. Estimated escapements in the Wood River system by
lake, 1971. (Plus 1951—1970 sean, median, and
range ~y lake.)

2 Escapement densities (spaw rs/km2 surface area),
l9~1—197l. (AU lakes in Wood River system.)

3 As in Table 1, Report 1, 10/15/72, except mean air
temperatu~c and total precipitation 1970—1971
I~ovcmber—February at DLllingharn is also included.

4 Mean surface water temperatures at hleknagik beach
seine stationS, 1962—1911.

5 Average zoop1an!~ton densities (n/rn3) and numbers
of hauls in the W~d River 1ak~, 1971.

3
6 Zooplankton density (n/rn ) in fertilized and un

fertilized areas, 1970.

7 Repeat of flo. 6 for 1971.



102

8 Car arisen of 1imno1o~ica1 neasurcr~onts taken In
Bear Bay, Hansen’s Bay, and Lake Aicknagik, 1971
(date, chlorophyll a, zooplankton, Secchi depth,
mean water temperature, alkalinity, conductivity).

9 Repeat of fib. 8 for Anvil Bay and Ott’s Bay (Lake
flerka).

10 Mean. lengths of sockeye fry and threesp Inc stickle—
backs from beach seine and townet samples in Lake
Aleknagik, 1971.

U Repeat of ~Jo. 10 for Lake flerka 1q70—1971.

12 Average emergent insect catches (nu!nber/24 hr) in
Lake Aleknarik, 1c36q—1971, by 10—day periods.

13 Average surface water temperature at insect traps,
19G9—1971, by 10 day periods.

10/15/71 1 Limnolo~ica1 data collected in the Wood River lakes
in 1971.

2 Spawning ground counts in 1971.

3 Uurnber of otoliths taken in 1971 (by colony).

4 Catches of emergant insects in Lake Aleknagik, June
16—September 11, 1971 (by bay and date; includes
water temperatures).

5 1971 char study (date, type of sample, gear, units,
number caught, numLer marked, number recoveries).

6 Summary of 1971 char study (date, length, sex, mum—
- ber stomachs with smelts, average number smolts per

fish, percent parasitized, etc.)

7 Simmary of statistical tests on char length data.

4 7/15/71 1 Same as 1, 10/15/71 No. 4 (less complete).

2 Same as 1, 10/15/71 No. 5 (less complete).

3 Data in 1, 10/15/71 No. 6 (less complete).

4 Data in 1, 10/15/71 No. 6 (less complete).

3 4/15/71 Note: Page 2 — flames of zooplankton species.



103

1 Average zooplankton densities and total number of
hauls in Lake Aioknagik, 1961—1970 by species and
sampling period.

2 Average zocplankton densities and number of hauls
in each Wood River lake by spec ics and sampling
period 1q61, l9F~2, 1967—70.

3 Linnological measurements taken in Bear Bay, Hansen’s
Bay and main lake (Lake Aleknagik), 1970 (date,
chlorophyll a, zcoplankton densities, Secchi depth,
mean water temperature, alkalinity, conductivity).

4 Mean lengths of sockeye fry and age I threes pine
sticklebacks from beach seine and tow net samples
in Lake Aieknagik, 1970.

5 Escapements of sockeye and abundance of progeny in
Lake Aleknagik 1957—1970.

6 Same as Table 3, but for Anvil Bay and Ott’s Bay
(Lake Uerka).

7 Same as Table 5, but for Lake Nerka.

8 Same as Table U, but for !~orth Norka.

9 Emergent insect catches in Lake Aleknagik (by area)
in 1969 (Includes Ahayak Island.)

10 Same as Table 9~ but for 1970 (Bear Bay, Hansen’s
Bay, Whitefish Bay, and Anvil flay).

11 Insect catches by 2~ hr periods in Lake Aleknagik
1969—1970.

2 1/15/71 1 Estimated escapements in the Wood River lake sys
tem by lake, 1q70 (Includes the mean, median, and
range for 1951—1969 oscapcments).

2 Same as Report 2, 1/15/72, Table 2, ez~c€pt yaars
are ranked by size of escapement.

3 Percentage age coninoaition of sockeye in otolith
samples from the Wood River lake system, 1970
(by spa~inlng colony).

4 Weighted percentage age compositIon of spawning
populations by lake and sex, Weed River 1ak.~s,
1970.
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S C~it~bes an~ lengths of ~c~ckeye sr-olts from sam—
FLing (fvke net and beach seine) at ~osquito
Point, 1970.

6 Ages, weights, and lengths of ~sockeye in fyke
net catches at ~osqui:o Point, 1970.

7 Cor~arjson of sean 1ens~ths and age composition
of juveniles in the Wood Pier la~es and smolts
in~the following year (1958—1c~o),

8 Freshwater age cov~positjon in smolt migration and
adult returns from smolts 1954—1970.

9 Summary of physical ricasurenents in the Wood River
lake system in 1970 and the long—tern means and
ranges from prior years.

10 Average C14 assimilation for t:o stations on Lake
Aleknagik, 1962—1970.

U Same as Report 2, 1/15/73 Table 1.

12 Composition of stomach contents from northern pike
and char fror~ Lake Aicknagik,

13 Stomach contents from 1970 Lake Aicknagik fish
(whitefish, rainbows, and grayling).

10/15/70 1 spawner c~unts in 1970 for areas in addition to

those generally surveyed (Aleknagik and Nerka).

2 ?1u~r~ber of otoliths taken in 1970 (by colony).

3 Beach seine catches of sockeye smolts during the
1970 sampling off Mosquito Point (by date).

U Scheme for the Wood River lakes hay fertilization
studies.

7/1/70 1 Mean numbers of zocplankton per cubic meter, Wood
River lakes, 1959.

2 Zooplanktcn densities, moan sockeye fry lengths
and spawner densities, Wood River lakes, 1~67—1969
(by year).

3 4/15/70 1 ho tables.

2 1/15/70 1 Catch and length data for 1969 Wood River lakes
smolt sampling,
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2 Primary productivity and lixnnological data for Lake
Aicknagik, 1969 (C12, chlorophyll a, pIT, alkalinity,
conductivity, Seochi depth).

3 Zooplankton settled volume and average water temper
atures of the Wood River lakes, August 15—September.
10, 1969 (by lake).

4 Mean daily solar radiation by monthly periods in
Lake Aicknagik, 1961—1968 (June, July, August,
September).

10/15/69 1 Otolith samples, 1969 (by lake and area).

2 Beach seine catches of sockeye smolts at Mosquito
Point, 1969.

3 Insect trap catches in Lake Aleknagik, 1969.

4 7/15/69 No tables.

3 4/15/69 1 Percentage age composition of sockeye from otoliths,
1968, All Wood River lakes.

flote: Page 3 — Moan lengths (and percentage) of age
I and II migrating smolts in 19~38 and 1954—1967 (mean).

2 Percentage age composition of sockeye adults in the
Wood River lakes, 1960.

3 Comparison of zooplankton density, density of number
of spaw~ers and mean length of a~e 0 fish on Septem
ber 1, Wood River lakes, 1967—68.

‘4 Comparison of zooplankton density in Lake Aleknagik
(July 20 — Septenber 10), sockeye esc~ipement (in
previous year), and mean length of age 0 fish on
September 1.

1/15/69 1 Primary pr~x1uctivity on1 llmnological data for Lake
Aleknagik, 1968.

2 Zooplankton settled volumes and average water tern—
peratures, Wood River lakes, August 15 — September
10, l’368.

3 Same as Report 2, 1/15/70, table ‘4.

10/15/63 3. Number of otolith samples, 1967.

2 Beach seine catches and preserved samples of sockeye
smolts at Mosquito Point, 1968.
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4 7/15/69 1 Percent tra nis~ion of incident solar radi~ztion pcr
meter (Lakes Chauekuktuli, Ilianna, Aieknagik,
Chignik, and B)~ack Lakes).

2 Limnologlcal data for Lake A1ekna~’ik and Lake
Chauekuktuli, 1967.

3 1 Number of zooplankton hauls (No. 6 nesh) and aver—
age density of organisms, 1967.

2 1/1/68 1 Estimated populations of isolated spawning popula
tion units in the Wood River system as determined by
ground count, taj~ing, and recovery and aerial
survey (ar’eas in Aleknagik and Norka).

2 Percentage a~e compositipn of sockeye samples from
the Wood River lakes, 1967.

3 Weighted percentage age compositions for individual
lakes and the total Wood River system, 1967.

Fig. Observed averac~e lengths and fitted Chapman—Richax~s
growth curves for char in Lakes Aleknagik, Snake

• River, Anarika, and Ualik.

4 Percent numerical composition of bottom fauna in
four major Uushagak i.ake systems in June and July,
1965 (Wood River, Snake River, Igushik, Tikchik).

5 Densities of total bottom fauna, summer 1965 of
above systems.

10/1/67 1 Numbers of sockeye otolith samples from the Wood
River lakes, 1967 (area, number otoliths).

2 Summary of gill—net catches in the Tikchik lakes.

3 Rese3rch fishing success (in July) for 2 years
before and one year after the 1066 year of com
mercial fishery operations in the Tikchik lakes.

Fig. Length frequencies of lake trout before and after
the ~ikchik fisheries.

Fig. Length frequencies of humpback whitefish before
and after the Tikchik fisheries.

4 ~!ean lengths of lake trout and humpback whitefish
from TIkchik Lake samples in 19f4, 1965, and
1967 (July).
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ut:FUBLTsHT!) REP~?TS (Wc~oD R:YPP STUDIES)

Author

R. L. Burgner
Adult Identification

Regarding the use of the Nushagak red salmon as a
tracer population to identify Bristol Bay reds at sea.
7 pp. and figures.

Discusses three distinctive characteristics in Wood
River sockeye: Tri~wphorus infestation, freshwater
a~e and freshwater scale patterns. These are compared
with cockeye from other syster’s in BrIstol Bay and
Russia.

Nushac’ak Bay Tagging and Mesh Studies

Tagging pro~’am, Nushagak, 1946.
Reports a study on the length of time adult flushagak

sockeye are exposed to the fishery. Tagging was done
at Clark’s Point. ThIs report is primarily a presenta
tion of little—analyzed data. _~__.-———-=-

Mesh expcri~e~t~ki~k Beach, 1946. ((raphs included)
47pp.

A roport on a study to determine the selectivity of
set net mesh size on the salman catch. Data swrg~arjzed
and p~esentcd in gvaphs and tables.

Nesh exper~ents—C1arks Point, Alaska. 26 pp.
in preceding report.

Preliminary notes on cestode infestation.
Includes hardwritten and typed notes plus the rough

draft of a report. Information on distribution of
T. cr~as:~s in Ale~ka i~s life cycle, and tho magni—
tide of ar~o1t infestation in the Wood River lakes.
Huch data is included.

47a R.L. .Eurgner Spawning g~cumd sur-~ey study. 1. Lake Aleknaglk
2. Ti~c~uk Reg~on.

Reports on the extensive 1046 survey in which nearly
every stream and beach was examined. Contains excel
lent detaIled naps of lakes Aicknagik, Chauekuktuli,
and Nuyakuk t2~t are complete with notes about spawn
ing colonies and stream and beach characteristics.

946 R. T. Baade

~47a R. L. Burgi~er

~47b J. V. MacRae

~52 R. L. Burgner
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19~7h J. W. MacRae awnin~ s-round ~urie~ stu~y. Wood iiv.~r lak~ rø’ion,
As in preceding report. ixcludes Lake Aleknagtk.

With a 4etâiled map of the lakes surveyed from Nerka
to Grant Lake,

1955 FRI Staff Sn~3.1 streams study — Quarterly report, July — Soptem—
ber, 1955.

Observations of migrat ion behavior in Hansen’s,
Whitefish, and Bear Creeks. Data presented on the
timing and rate of upstream novement of adult sockeye.
Notes that the r~a~ority of fish enter Whitefish
Creek between 2030 and 2400.

Winter Studies

1950 R. Chariton Report on winter survey — Bristol Bay, February —

~arch ~qso•
Contains sketches of ice covering on selected areas

of Lakes Aleknagik, Nerka, and Little Togiak. Also
sketches of LIttle Togiak River, Pick Creek, and
Hansen’s Creek. Some data on egg and fry survival.
Fyko net catches (Little Togiak River) from six
sampling dates are reported.

1955 W. A. Church Preliminary studies on the effect of winter environ—
V meat on red samoa, Lake ~erka.

Sumrr.arv of 1953—55 data. ~phasis on physical data —

air temperatures, snowfall, water and gravel temper—
• atures in selected spawning beds.

1956 W. A. Church Report on the 1955—56 studies of the effect of winter
conditions on survival of red salmon eggs and larvae
in the Wood River lakes. V 59 pp.

In tuo parts, Fart I deals with weather conditions
and Part II deals with egg and larvae survival. Much
data.

1959a U. A. Church Report on the 1956—1957 studies on the effect of wlnter~
environment on red salmon eggs and larvae in the Wood
River lakes. 24 pp., 33 figs., and 19 t~ib1es.

Includes contour/spawning distribution maps of the
areas sampled.

1959b W. A. Church , Report on the 1957 studies of recently emerged red
sa1r~on fry in the Wood River lakes.

Fry traps in Little Togiak River, Pick Creek, E1w~
Creek, and Cabin Bay. U pp. 3 figs., and 6 tables.
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I 19~~ W. A. Church Studies on the effect of winter climate on survival
of red salmon embryos. in the Wood River lakes, Alaska,
1952—1959. 33 pp.

Weather Reports

19L47a F. Bruckeimeyer Weather report. Lake Aiekna~ik, Sourdough Camp 1947.
Ho lake data.

19472, FRI Staff Bathythermograph observations and graphs, Lake Aleknagik,
Wood River, 1947.

Detailed weather observations in con~unctjon with BT
read inns. Much data with little analysis. Concerned
mainly with the technique and its accuracy.

1947a W. A. Church Weather report, Lithe Chauckuktuli, Allen River, Zlov—
ember 1956—March 1947.

Ho lake data. -

1952—
1959 W. A. Church Weather compilations, Nerka station, 1952—1959.

No lake data.

Young Fish Studies

1951a R. L. Burgner Preliminary report on the young r~d salmon index sampling
problem in Bristol Bay, with particular reference to the
1951 studies into the use of floating lake traps in the
Wood River lakes,

19512 T. Coulton flarking experiments of fingerling silver salmon by the
1n~ection of biological stains.

Concern~ with technique and finding the optImal
stain for use in the field.

1953a R. L, Burgner Age compositIon of young red salmon in the tic-cd River
lakes as shown by langth frequency and subsequent scale
study of sampleS taken during single s~ir~pling period.

1953b R. L, Burgner A pre1iminar~ comparison of Kvichak and Hushagak red
salmon fingerling sai~iplcs. -

S. Y. Koo Report on red s~lmon smolt enumeration at ~osquito
Point, L~kc~ Aicknegik, 1~53.

Contains a cos~pariscn of catch by winged versus
unwinged fyk~ nets.
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l~~4 S. ?, Yo.o An 1u~~d ra~.’~l ~f the relative abun~ance of red
salr~cn ~cl~ ri-r~t ~ ~ :.~-~~dtc Point in the years
1951, 1952, and 1953.

Catches from fykenetting.

1954 R. L. Burgner In evaluation of the samp1in~ procedure used at Mosquito
Point, Lake Aiekn~ig~k, to determine the age and size
composition of red salmon smolts at tiz~e çf seaward
migration.

195~-~ R. L.~ Burgncr Age composition of the 1953 (and 1954) smolt migration,
1~ood Twer lakes.

1954—
1955b R. L, Burgner Seasonal changes in size of smolts passing Mosquito

Point, 1933and 1954.

1954 S. 1. Koo Is the 2100-2300 bour fishing period for smolt migrants
adequate for enumeration purpose?

1954—
1959 S. Y. Koo Report on red salmon smelt enumeration at Mosquito

Point, Lake Aleknagik, (1954—58).

1955 R. L. Burgner Second report on sampling procedures used at Mosquito
Po3nt, Lake Aleknagik, to determine size and age compo
sition of the red salmon smolts.

1956 R, L. Burgaexb Study of migration and movements of red salmon finger
lings by tattooing release, and recovery procedures.

COncerned mainly with techniaue. iligrat ion studies
conducted on the Little Togiak River and Lake Nerka.
Data presented in graphs and tables.

1957 R, L. Burguer Factors affecting timing of the Mosquito Point seaward
migration.

1958 R. L. Burgner Methods of measuring condition of red salmon fingerlings
Paper concerned primarily with length/weight ratios,

but it also mentions parasites.

Modeling

1971 D. H, Eggers and Trophic relation model in aquatic communities sockeye
D. E. Rogers salmon model, Wood River lakes, Alaska.

Yearly progress report.


