FRI-UH-TL4(6
June 1974

Tisheries Research Institute
College of Fisheries
University of washington
Seattle, Washirgton 98195

SYSTEMS MODLLINS OF SOCKEYE SALMON IN THE WOOD RIVER LAXES
Annual Progress Repcrt - Anadromous Fish Project
Project Ho. AFC-u%

Crant Yo. O4-4-208-31 o
Project Period: July 1, 1973-June 30, 1974

Prapared by: Donald E. Rogers -

Date: June 28, 1974

Cooperator:

Dr. George W. Farwell
University of Uashington
Seattle, Washington 98195

. This project was financed in part with Anadromous Fish Act
(P.L. 98-304%) funds through the National Marine Fisheries Service.

Approved

” y
Submitted June 28, 1974 ZWJL,,W,M/
bl P4

Director



CONTENTS
Page

SYCTEYS KODELING OF SOGYEYE SALMON IN THE WOOD RIVER
LA}(E‘S * . - . L 4 . 1 4 * L d L] - L] . - . - . - L4 L] * * » . - A\d . l

INTRODUCTION & w o' oo o o o » o o s -6 o i o s s s o « o o o @ 1
NUSHAGAK DISTRICT & ¢ 4 ¢ + v o o o o o v s o s o o o o s o s 3
LAKE SYSTEMS OF THE NUSHAGAK « « « + v v oo v v v vn 17
WOOD RIVER LAKES &+ ¢ 4 4 v o v e v o o v oo oo v vo v oo 28
SPAWNING GROUNSS OF THE WOGD RTVER LAKES « o o+ v v v o o o s 39
SUMMARY AND CONCLUSIONS v 4 v 4 o v o o v o o o o o o o o o o 52
LITEFATURE CITED ¢ v o o o v o o o o o s = o o o o o s o s o s 54
APPENDICES « v v v v o v v o e s o e ov i uavea s o s 55

ADDE)JDUM « ® 2 e " o ‘- s s e s . . s s o s & e . » * 5 o 9 . 85



Table

iii

LIST OF TABLES

Mean weight (ib) by age group for sockeye salmon in

Nushagak Puns, 1959‘72 s ¢ ¢ & ® 2 e 5 & o e s = s«

Age composition of sockeye salmon returns to the

Nushagak by freshwater &ge and sex, 1942-65 brood

years, arranged by 4-year 1ines . + + + ¢ o 4 4 ¢ o
&

. Percentages of females in the returns to the Nushagak

by age, 1942-65 brood years, arranged by Ut-year lines

Mean sex ratio (percent femzles) in the Nushagak
catches,.escapements, and runs, 1910-72, by i-year
pericds for ages 1.2 and 1.3 ¢ 4 ¢ ¢ ¢ s s e s 0o .

Rates of exploitation (proportion caught) for number
‘and weight of sockeye salmon in Nushagak runs by sex
and ocean age’ 1959’72 ¢ 5 o s 8 9 v e B w2 e s & s @

Deviations from combined rates of expleitation in
we ight . . *» L L] * - L] L . L) L] * . . * L] . L . » L] *

Average weights (1b) of sockeye salmon in the Hood
River, Igushik, and Kuyakuk escapements by ocean
age-and Sex, 1963'72 e & & & & ® ® @ & 2 e s s v .

Average weights (1b) and numbers of fish (thousands)
in the Nushagak District C&tch, 1959‘72 e & ®» o s s s

Average weights (1b) and numbers of fish (thousands)
in the Wood River escapements, 1959-72 . . « « « « &

Summary of spawner-return data for the major Weed
River lakes, 1946-68 brood yeurs .« « o o « o o o o o

Mean escapements and returns (thousands) by #-year
lines fcr the Wood River lakes, 1549-68 brood years .

Parameters for spawner-return curves (thousands
per ka* of lake surface area): R = aSe™° and
acsociated statistics for the 1349-68 brood years , .

Optimum nunber of spawners and calculated retwns
(in thousands) for the Wood River lakes from 1S49-
68 Drood Yeard + o s o ¢ ¢ o o o o o o o s s s & o o

Page

14

15

1o

18

13

26

27

28

30

KA Y

33



iv

Table ' Page
14 Observed rates of exploitation (%) and required

rates for achievement of optimum number of

spawners for the runs, 195C-73 . . 4 & ¢ 4 o o o o o o o & 37
15 Average runs (thousands) td¢3péwning areas in

the Wood River lakes by U-year periods .« +« « o & « « « & & 4y
16 Geometric means of the anntal runs (thousands) and

average rates of exp101tatlon (percent) by 4-year
lines, 1954-73, for spawning colonles, Wood River

lakes L4 Q’ . L] a 6 L * » . » - v . . L] - - » * * - L2 - - L] - us
17 Summary of statisties on number of spawners and

returning adults for individual spawning grounds : :

in the WOOd RiVeI’ 1ake System, 19“6“68 *« & b » 0 o o s s . “6
18 Parameters for spawner-return curves: R = ase-bS

and associated statistiCS'. I IR R 47
138 Linear correlatlon coeff1c1entg in the dev¢ations ‘

from spawner—return curves, 1046-68 S e e e s e s s e e e e 51

20 Rates of exp101tatlon (%) refulred to obtaln optimum
: escapements from runs in 1964-73 to the Wood River
lakes L . L] L) . . - - * LN 4 L - - . L] - L 2 . L 4 . . L2 - L] - » ) 53

Appendix Table

1 Statistics on escapements and returns for the
major Wood River 1akeS . &+ &+ ¢ 4 o ¢ o v o o s o o o o » o 56
2 Statistics on escapements ‘and returns for

individual spawning grounds in the Wood River
lake sys tem ] * . . . * L] L d * L . [ ] » . . [ ] » KJ L] * - L ] L ] » 62

-y



LIST OF FIGURES

Figure . ’ Page

1 The Nushagak District of Alaska showing (from north
to south) the Tikchik, Wocd River, Snake River, and .
Ig\lShik River lake Systems . L - - . - - - » ) * L] L] * L - ) 2
2 Annual catches of sockeye salmon in the major fishing
districts of Bristol Bay ¢ ¢ ¢ o o o ¢ o o o« o ¢ 5 o s ¢ 4

3 Annual Bristol Bay pink salmon pack (thousands of
cases) in even years (solid lines) and odd years

(d&Shed lineS), 190“‘"72 . L4 » . . . L . L Ld - . L] L d » O . . 5
L Annual runs in weight (millions of 1lbs) and number

(millions) and the mean weight (1bs) of sockeye ,

salmon in the Nushagak District, 1925-73 . . . o ¢« & o & & 6
5 Annual runs of 2-ocean sockeye salmon to the Nushagak

District by four-year 1lines . . 4 v o o ¢ o & « s o o o 9

6 Annual rung of 3-ocean sockaye salmon to the Nushagak
District by five-year 1ines .« . ¢ v 4 o o o o s o« ¢ o o 10

7 Annual escapements of sockeye salmon to the Nushagak
District and the returns by ocean age, 1919-1973 , . . . .- 11

8 Spawner return relationships for sockeye selmon in

the Nushagak District .« . o ¢ ¢ ¢ ¢ v o 0 6 o ¢ 0 o o o 12
] Ocean age composition (top) and freshwater age

composition (bottom) of the returns from the 1919~

68 brood years in the Nushagak District . « « o o ¢ o « & 13

10 ' Relationship batween the mean weight (1bs) of sockeye
salmor. in the catch and the mean weight in the
escapement for the Nushagak District, 1959-72 ., .. . . . 20

11 Relationship between the deviation from the combined
rate of exploitation and mean weight in the runs of
Sex-agegroupS...-.....-............ 21

12 Annual runs of sockeye salmon to the major lake
systems of the Nushagak District, 1946-73 .« 4 & ¢ ¢« & o & 22

13 Age compositions of the returns from the 1952-57
brood ysars for the Wood River, Igushik, and
Nuya}:uk StOCkS Of SOCkeye salmon e & & & 2 o & s * e * & & 2“



Fig
1u
15
16

17

18

18 .

20

21

22

23

vi

Age compositions of the returns from the 1952-68

brood years for three major systems cf the Nushagak

Dlstr‘ict --Q¢4"00'0~0.n.0‘oooo--oo-

Annual runs (open’ ‘bars) and escapements (solld bars)
to the major Wood River lakes, 1958- 73 e e e s o o o

Spawner-return curves for the major Wood River lakes,

’QQQ-GBDrOOdyeaI‘S.................

Deviations from spawner-return curves, 1946-68 . . .
Rates of exploitation required to obtain optirum
nurbers of spawners in each of the Wood.River

lakes fr‘Om the runs 1962"73 ¢ s o s s ¥re ae e & &

Spawnerorefurn plofs b§ k-yéar lineé for the Wood
River lake system, 1949-68 brood years: « . « « s o »

Locations ofkspawning areas surveyed in the Wood
River lakes .. t » D L] E 3 . * . . * - * * . . " * L] L ] * "8

Spéwner-return}relationsﬁips for four beach spawning

areas of the Wood River’lakes, 134€6-€8 brood.years .

Spawner«return relationahips for four creeks in the
Wood River lakes, 1946-68 brood FEATS o o o o s -0 o e

Spawner—return relationships for one large creek and
three intercomnecting rivers of the Wood River lakes,

1946-68 brood ¥€ars « o+ .+ + v o s . s 4w e 6 o s ate e

Page

25
29
34
35
.38

40

43

48

49

50



1

SYSTEMS MODELING OF SOCKEYE SALNON IN THE WOOD RIVER LAKES

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

[ e

INTRODUCTION

Three components of the systems model limit or control under certain con-
ditions the production of sockeye salmon in the Wood River lakes: (1) the
amount of spawning 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 -c.riation and long-term .
trends in abundance of sockeye salmon can be explained and management alter-
natives nrovided thereby to achieve maximum sustainable yield to the presently
depressed commercial fishery.

The first six months of this study (February 1, 1373 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 ob-
jectives of the second year of the study were to (1) model the feeding be-
havio and growth of juvenile sockeve salmon, (2) determine spawner-return re-
lationships for the major spawning colonies (races) within the lake system,
(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 salmon
populations in addition to those in the Wood River lakes. His work is still
in progress. Uy major major effort was directed to the second and part of
the fourth objective. The results of this work are reported here.

The relationship between tha 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 maximum 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 bound for the 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.
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The accuracy and detail of the statistics! on the adult sockeye salmon
vary according to the measurement and the complexity of the population sam-
pled; e.g., sex ratios are available for the Nushagak Distriet and the lake
systems but not for individuval 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 (1) the precbable effect of the fishery on the pro-
ductive potential of the several races and lake stocks, and (2) management
for the achievement of optimum escapument.

NUSHAGAX DISTRICT

Annual catches in the Nushagak District are available from the begin-
ning of the fishery, about 1893, to the present, and direct estimates of
anrual escapements (hence, total runs) ﬁggm:iﬂ§§%~ The escapements prior to
1846 were estimated frem fishing effort and catches by age and sax by
Mathisen (1971). He demonstrated from all the aforementioned statistics
that the rate of return per spawner declined during the history of the fish-
ery and hypothesized that this decline proceeded from a diminishing pro-
ductivity in the freshwater nursery areas. He did not beliesve that the
decline in abundance of the stocks was caused by either overfishing or
selectivity of the gear (rrimarily gill nets) because the reproductive po-
tential of the stocks did not change significantly.

The history of thas Nushagzk fizhery (after the initial buildup) is
divided into threce perifeds according to the abundance of annual catches
(Fig. 2). 1In the finat period (1200-1218) the average catch was 5.1 million,
in the second perfed (1919-1943) 2.8 million, and the recent pericd (1949~
1973) 0.9 millicn. A comparable dezline in average catch was not evident
for the other fisning 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 fishirg. Pink
salmon catches in Bristol Eay (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 1928, so the decline from the second to the third period
can be examined with more completeness than the first decline. The annual
weight of fish in the run exhidited less variatien than the number of fish in
the run; however, the decline of 1249 was still obvious (Fig. »). The average

lobservations on the runs prior to 1946 were collected by the Bureau of
Commercial Fisheries, those from 1546 to 1959 by the Fisherfes Research In-
stitute, and those from 1660 to the presant by the Fisheries Research Insti-
tute and the Alaska Department of Fish and CGame.
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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 1853, and for earlier years the mean
veights from Table 1 were applied to the runs by age group. The average
size of the fish (by age and sex) tended to be smaller in the peak cycle runs
in the Naknek-Kvichak; thus, two sets of means were used for years prior to
1959. ' ' .

Nost sockeye salmon of the Nushagak spend 14 year in freshwater and
either 2+ or 3+ years at sea and are 4 or 5 years nld at meturity. If it is
assumed that Y-year-old fish (age 1.2) tend to produce k-year-olds and S-year-
clds (age 1.3) tend to produce S-year-olds, the runs of 4-year olds can be
arranged by 4-year lines and the runs of 5-year-olds by S-year lines (Figs. §
and 6). From these data, the declines in the age groups occurred at different
times. The declines for the h-year-olds tended to follow years with large
escapements (f.e., 1946, 1959, 1928, 13937). In the recent periocd the Nushagak
runs have been partly cyclic; a small run has occurred every four years (1948,
1953, 1957, etc). This phenomenon has been caused by the low runs of 2-ocean
£ish in the 1949 line and has been maintained even though escapements have
baen reasonably high (Fig. 7). :

An examination of the spawner-return relationships for the middle and-
recent periods (Fig. B) shows that larg~ escapements (greater than 2 milliom)
produced average to below-average returns in both periocds, but small to
medium-sized escapements prcduced greater returns in the earlier period.

The ocean and freshwater age compositions of the returns did not change sig-
nificantly between the two periods although a siightly 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 line, but line was somewhat
corpelated with abundance.

The sex ratios of the returns by age group did not differ significantly
among the 4-year lines for the brood years from 1942 to 1965 (Table 3). .The
average ratios of females to males were about equal for 2-ocean fish
(50.2:49.8, age 1.2), but in favor of ferales 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, &nd run are given in Table & by k-year
periods. The percentage of females in the catches of age 1.2 fish has de-
clined 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 2., Are cornesition of scckere salmon returns to the Nushazak by
freshwater ape-and sex, 19%2-865 brood years, arranged by keyear
lines : :

Brood Percent age 1.2 (1.2¢1,3) Percent age 2.2 (2,2+2.3) Mean age (years)

year - H I3 M F . F
- 1942 70 | 64 . 82 81 4,4 4,5
1946 - 59 Ty 9y 90" 4,5 4.6
1850 . 65 . By 65 57 u,6 4,7
1954 81 72 . 62 87 4.6 4,7
. 1858 81 72 72 50 4,3 4,3
1962 66 54 67 C 75 4,4 4,5
Mean 70.3 59.5 78,7 73,7 4,47 4,55
1943 25 24 42 25 4,8 4,8
1967 33 23 a9 26 4,8 4,9
1951 70 62 89 83 4.4 5,5
1955 72 63 . 81 66 b4 4.5
1959 70 59 - 90 84 4,5 4,6
1963 uYy 10 61 63 4,6 4.7
1064 38 22 25 12 5.0 5.1
1548’ as 25 . < .80 4,7 4.8
1852 6% 53 .25 21 TN 4,6
1956 &7 ng 55 47 4,5 4,5
1960 61 50 51 50 4,5 4,6
1964 52 42 gl 81 4.7 4.8
Mean 51,7 40,0 54,3 50.2 4,63 %,73
1845 13 6 50 33 4,9 5.0
1949 62 ug 100 100 4.4 4,5
1953 27 23 67 54 4.8 4,9
1857 o3y 26 78 71 4,8 4,8
1961 17 14 69 45 5,9 4,9
1963 38 30 50 51 4,8 4,8
4,77 4,82

Mean 3.8 24,7 62,0 53,0
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Table 3., Percentapcs of females in the returns to the Kushagak by age,
1942-65 brood years, arranged by U-year lines

Brood ' ’ Are -

year 1.2 2.2 1.3 2.2 ALl ages
1842 - - 5% 53 . 61 54 56
1846 - 43 : us €0 60 51
1950 50 s3. 61 61 , 55
1954 51 53 64 , 67 : 54
1958 53 36 - 59 55
1962 L 57 62 48 . 54
¥ean 50,0 49,7 62.0 58,2 54,2
1943 53 u? 54 66 54
1947 47 by 59 59 55
1951 53 ° 47 61 58 55
1555 53 . 46 64 66 56
1959, 54 52 66 65 57
1963 5 53 55 31 53
Mean 51.8 48,2 59,8 60.8 55,0 -
19u4 47 37 66 59 59
19:8 u3 53 58 87 54
1952 u7 55 58 61 53
1956 53 58 62 55 57
1360 53 49 63 43 56
1964 46 56 56 62 53
Mean 48,2 51.2 60.5 58,8 55,3
1945 a7 43 59 61 ; 57
1949 54 50 66 — 59
1953 55 51 61 64 59
1957 58 53 65 67 62
1961 51 u2 56 67 55
1965 50 54 89 53 56

a— D —a— ——— ———

¥ean 50.7 49,7 61.0 62.4 58,0
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Table 4, Mean sex ratlo\(percent fenale°) in the Nushavak catuhes,
escapements, and runs, 1910—72, by u-year périods for ages

“le2 and 1.3
Age 1,2 : Are 1.3 . Hesh size

Years Catch LEscapement Run - Catch Escapement Run (inches)
11910-13 42 - - 53 - - 6
1914=17 64 - -~ un - - 5~3/4 -
1918-21 83 - - 56 - - "
1922-25 . 43 - - 53 - — »
1926~29 50 - - 50 - - 5-1/2
1920-33 42 - - 54 - - "
193437 37 - - 59 - - "
1938-41 ¥l - T 61 - -— "
194245 40 - - 61 — - "
1946-49 32 58 48 59 60 60 "
195053 32 59 47 63 53 59 "
1954=57 uh 55 52 66 56 62 "
1258-61 81 58 53 61 64 63 "
1952-65 47 58 53 6 62 64 5-3/8
1266-69 36 s6 49 59 s3 57 "
1670=72 2 - 56 53 57 52 55 . .
MEANS |
1814-25 63 = == - 51 - - 5-3/4
1926-45 12 - - 57 - -— 5-1/2
1946-61 37 58 50 62 53 61 5-1/2

1962-72 42 57 52 61 . 87 53  5-3/8
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Trese data surgest a higher nrorortion of ferales in the runs of age 1.2 dur-
ingz the first period of the fisherv (prior to 1919) than the later periods.

The selectivity of the gill net fishery with resnect to the size of

" the fish (hence age and sex) is of particular irportance as it relates to

the renproductive notential of escapements (larser femzlies contain more and
larger eggs than small ones) and the seclectivity of races within the dis-
trict (scme races tend to be of 3-ocean a7e ard cthers of 2-ocean age).

Pates of exploitatison by ccean are and sey are given in Tadble 5 in numbers
and weights'of Fish for the Mushagak runs from 1952 to 1972, Rates are
highest for 3-ocean females and lowast for 2-ocean ferales. The average
rates by ocean age (sexes comiinad) for this period were: 0.387 (age .2)

and 0.511 (aze .2) in weicht of fish. The averare rates bv sex (ages conm-
bined) were: 0.469 (males) and 0.ulu (fezales) in nurters of fish, and 0.479
(males) and 0.446 (ferales) in weight of fish. Fer a given rate of exploita-
tion on a run, the rate for 2-ocean fermales ir the run was about 33 percent
lower than for the total rate, whereas the rate for 2-ocean males was nearly
the same as it (Table 6). '

(t€} The size selectivity of the fishery in relation to the aze and sex of

£ish is shown in Fig. 10. The greatest derree of size selection occurred for
2-ocean females where the average fish in the catch was 12 percent heavier
than in the escapement, whereas the least degvee of size selection occurred
for 3-ocean males where the average fish in the cateh was 3 percent smaller
than in the escapement. Annual variation in size and rate of exploitation
affected the degrce of size selection, and the average weight of an age-sex
group in the run (particularly 2-ocean ferales) affected the relative rate
of exploitation among the age-sex groups (Fig. 11).

LAKE SYSTEMS OF THL NUSHAGAK

The annual runs of sockeve salmon to the major lake systems of the Nush-
agak are shown in Fig. 12. During the recent period of the Nushagak fishery
(since 1943), the Wood River system has been the major mroducer, contributing
RS ‘percent of the run, 68 percent of the escapement, and 67 percent of the
catch. The system contains about 49 percent of the total lake surface area
in the district. The Ipushik 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 sockeve 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 lowast 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, 1.74; Igushik, 1.92; and Nuyvakuk, 2.10.
The mean for the entire district was 1.83. The relative survival from spawners
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Table 5, Rates of exploitation (proportion caught) for number and
weight of sockeye salmon in Nushagak runs by sex and ocean
age, 1989-72 :
; Number . Welght
Male Fewale ; Male - Female
Year .2 .3 o2 ~+3 Combined .2 . .2  _+3 Combined
1953 .41 .43 . .30 .37 .38 43 W42 .22 . .37 .38
1860 .46 .62 .25 .55 .48 47 .61 .28 .57 .51
1361 .39 .41 .20 .37 .37 40 M0 .20 .37 .37
1862 .66 . ..7% .51 .80 .61 .68 .71 .56 .81 .65
1963 .43 46 .35 .56 .ub4 A% - 45 .37 58 .46
1968 .55 .68 .38 .65 .51 58 .69 .44 .67 .57
1965 .49 .41 . .23 .45 .42 .52 .ub4 .26 .47 45
1666 .51 .48 - .11 .48 .42 .52 .50 .13 .48 .45
1067 .45 .38 .32 .54 . .43 4§ 37 .33 .54 .3
1968 .36 .50 i34 .u8 42 .38 49 .37 - Lu48 45
1969 .46 .37 .33 .40 .39 46 .34 .3 .38 .38
1970 .32 .82 .22 .48 .38 34 .82 28 .48 MO
1971 .40 .51 .29 .55  .u3 41 .52 .28 .55 .50
1972 .37 .55 .28 .01 .42 .39 .56 .26 64 47
Means LULWT7  .497  .201  .519  .438 L4683 .4O%  .313 528  .462
Parcant deviation from cumbired:
a2 413 -3 418 0 +1  -32

+14
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Table 6. Deviaticns from ccrbined rates of expleitation in weight
(sex-age rate minus combirned rates)
Absolute ] N Percentage
Hale Female Male Female
Year .2 .3 .2 -3 .2 .3 .2 .3
1959 +.05 +.04 -.06 -.01 +13 +11 -18 -3
1960 -,05 +.10 -.23 +.06 -10 +20 ~-45 +12
19861 +.03 +.03 -.17 0 + 8 + 8 -u46 0
1962  +.04  +.06  -.09  +.16 +6 49 -1 42
1963  -.02  -.01 -.09  +.10 O -20  +22
s 4,01 +.12 -.13 +.10 + 2 +21 -23 +18
19865 +.07 ~-.01 -.19 +.02‘ +16 - 2 -42 + 4
1866  +.07 +.05 ~.32 +.03 +16 +11 -71 + 7
1967 +.02 -.06 -.10 +.11 + 5 -14 -23 +28
1968 ~.07 +.04 -.08 +.03 -16 + 9 -18 + 7
1959 +.08 -.04 -.04 0 +21 ~11 -11 0
1870 -.086 +.02 -.15 +,08 ~15 + 5 -40 +20
1971 -.09 +.02 -.22 +.05 -18 + 4 -4y +10
1872 -.08 +.09 -.21 +.17 =17 +19 -u45 +38
Means .00 +.03 ~.15 +.06 + 3 + 6 -33 +13
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Fig. 1lQ. Relationship between the mean weight (1bs) of gockeye salmon
in the catch and the mean weight in the escapeient for the
Nushagak District, 1859-72 (open circles for females, solid

circles for males).
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Fig., 12, Annual runs of sockeye salmon to the major lake systems of

the Nushagak District, 1846-73.
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to returning adults has been lowest for the Wood River sockeye salmon during
the recent period, and likewisa the averare rate of exploitation has been
lovast: 0.41 compared to 0.U8 for Igushik and luwakuk sockeye salmon. The
differences in rates of exploitaticn amone the svocks of the three lake sys-
tems are due larpely to differences in are composition. Stocks from the Igushik
and Nuyakuk systems consisted prederinantly of 3-ocean fish, but those from the
Wood Piver system of 2-ocean fish (Figs. 13 and 1l4). All three stocks were
primarily of freshwater ase 1. The Igushik stock had a higher percentage of
ase 2. fish than the other stocks, prebably as a result of a generally-higher
density of spawners (herce juveniles) in the Iguskik lakes, which tend to
cause slower growth and delay in smoltification.
1 oo

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

Considering the decline in abundance that occurred from 1946-1948 to the
present among the three stocks, the present age composition of the stocks,
and the present productivity (average run per unit of surface area and average
return per spawmer), one must conclude that the decline of the Nushagak fish-
ery was due largely to a decline in ahundance of the Wood River stock. It
seeris unlikely that the rather small Igushik lakes could have produced substan-
tially larger runs than they presently do. The Nuyakuk lakes have the shortest
ice-free period and ahout the lowest primary preductivity of any of the Bristol
Bay 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 major Wood River lakes since
1945 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 Aleknagik and North Kerka. The stocks from these two lakes have a higher
return per spawner (Table 10) and a higher proportion of 3-ocean fish than -
those from the other lakes. The mean escapements and returns by four-year
lines are given in Table ll. The low abundance of the 1949 line is partic~
ularly evident for the stocks from the upper lakes of the system (Beverley
and Xulik). This eyelic abundance can be seen in the Nushapak statistics since
1941, and is maintained partly by a combination of age composition of the re-
turns. The 1949 line tends to preduce a hipgh proportion of 5-year-olds, whereas
the preceding line (1948) tends to produce a high proportion of 4-year-olds.
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'S
Table 7. tverare veishts (ib) of sockeve salron In the lood River,
Igushik, and luyakuk escapements by ocean age and sex,
1863-72
Males Females
Year Systen .2 .3 Comb. o2 o3 Comb.
13863 Yood River 5.u42 8.68 6.02 4,35 6.84 4,90
Igushik 5.u9 8.51 6.50 4,24 6.59 4,98
Nuyakuk $.,12 8.55 7.73 h.94 6.27 6.22
1964 Wood River 5.25 7.65 5.48 4,05 €.15 4,35
Igushik 5.85 7.97 6.82 4,45 6.32 5.28
Huyakuk 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 h,24 5,62 5.31
Nuyakuk 5,56 7.70 7.39 4,54 5.62 .42
1966 Yood River 4,75 6.91 5.89 3.69 5.78 4,62
Nuyakuk 3.ul1 8.23 7.76 3.54 6.06 5.93
1967 Wood River 5.19 7.80 6.10 4,28 6.27 .85
Igushik 5.36 8.29 £.65 4.20 6.10 5.18
Nuyakuk 3.85 8.55 7.96 4,50 65.23 6.09
1868 Wood River 5,12 8.29 6.79 4,13 6.43 5.44
Igushik 5,59 9.0 6.77 4,50 6.59 5.62
Nuyakuk 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.C0 5.98
~ Nuyakuk 4,92 8.03 5.95 4,31 6.15 4.81
1870 Vood River B.k9 6.58 5.33 3.76 5.58 b.,49
Igushik 5.u2 7.90 6.82 4,35 5.94 5.24%
Nuyakuk 4,75 7.63 65.96 4,02 5.74% 5.12
1871 Wood River 4,69 6.90 6.0 4,68 5.90 5.27
Igushik 5.40 8.2 7.75 4,50 5.31 5.99
Huyakuk 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
Igushik 3.89 6.97 5.68 3.62 5.70 4,40
Nuyakuk 3.00 7.87 6.25 3.47 5.91 5.21
Mean Wood River 4,97 7.40 5.89 4,11 6.03 4,80
Igushik 5.30 8.06 .83 4,33 6.17 5.34
Nuyakuk 4,42 8,14 7.22 4,25 6.07 5.58
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Teble 8, Average weights (1b) and numberc of fish (thousands) in the
tushagak District catch, 19359-72
Yales v Females .
Year 1.2 7.2 1.5 2.3 1.2 2.2 1.3 7.3 Combined
1959 lNo. 53 43 80 22 u3g 197 143 35 1700
¥ 5.58  5.77 7.82 7.81 4,60 4,64 6,15 6.30 5,43
1960 No. 202 151 320 41 116 79 509 55 1518
Woo4.74  4.86 7,47 7.81 4,16 4,28 6.03 6.13 5.59
1¢81 No. 15 g 136 - 28 7 8 139 48 510
W 5.68 5.49 7,15 7.42 4,70 4,92 6.09 6.23 6.46
1382 No. 627 20 69 13 534 25 137 15 1448
W 5.72 6.06 7,69 8.00  4.73 %.92 6.52 6.5% 5,57
1953 No. 195 31 1k 6 178 23 2u 9 843
W 5.67 5.64 8,08 8,25 4,61 14,88 6,36 6.46 6.04
1964 Mo, 407 133 132 20 362 119 246 27 1421
W 5,91 6.35 8.1 8,00 5.02 5.31 6,77 6,75 6.21
1965 lio. . S6 56 197 11 27 25 372 19 792
W 5.82 S5.44 7,69 8.08 4,79 4.85 6.06 6,27 .38
1956 Mo, 220 20 3ty u7 . us 7 513 45 11567
W 4,88 5,27 7.50 7.38 4.5 4,88 6.09 6,09 5425
1587 MNo. 157 23 g4 6 105 3y 200 14 €53
W 5.18 5.55 7.53 8.65 4,33 4,57 6.25 6,30 5.76
1968 Mo. 96 23 230 13 77 25 258 14 748
W 5.5 5,93 8.13 8,33 .77 5.15 6.48 6.69 6.67
1969 No, 190 96 oy 1u 139 .87 126 17 779
1970 No. 155 52 280 18 1103 47 459 34 1188
W o ou.,82 5,24 7,06 7,21 4,33 446 5.72  5.98 5.80
1971 No. 111 7 369 59 101 9 £CO 81 1253
W‘ u.92 5030 7.56 8.15 4.’48 5.03 6021 6&25 - 69:?“
1972 No, 78 22 83 21 49 12 90 17 333
W 5.00 4,82 7,29 6,26 . 4,77 K,52 6,00 5,35 5,79
‘Incl;xies cthep mix;:or age proups.
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Table 9. Average weights (1b) and numbers of £ish (thousands) in the
Yood Piver escapenainis, 1059-72 ' -
_ Males Females
Year 1.7 2.2 1.3 2.3 1.2 2.2 1.3 2.3  Combined
1959 Ko, 726 157 55 y g78 271 108 9 2208
W 5.05 5.39. 7.83 7,83 4,06 B.u6 6.31 5.58 4,77
1960 No. 194 77 86 1 295 . 109 230 22 1015
W s.49 4,65 7.50 6.85  3.5% 3,80 5,82 S.ul 4,73
1961 o, 3 2 114 17 51 w186 42 459
W 5,59 6,13 7.31 7,50  4.50 4,98 5,98 6.06 6.17
1962 HNo, 316 0 20 0 508 3 28 0 375
‘J 5.09 - 8.95 Lt 3.91 3.76 6.02 - :5"‘.52
1963 No. 215 23 54 o 315 6 92 0 705
T 5.3 5.86 8.68 9,21 .35 4,90 €.84 6.80 5,37
1964 No. 309 65 38 B 484 82 89 5 1076
W 5.17 5.65 7.63 7.80 4,01 .29 6.17 5.75 4,79
1965 No, 70 15 165 8 92 30 217 1 673
W 5.02 5.06 6.58 6,78 3,94 4,20 5,66 5.9 5,53
1966 No. 225 - 2 238 13 396 5 306 17 1207
W 4.75 .59 6,91 6.85 3,69 3.65 5,78 S.74 5.13
1967 Mo. 122 19 ™ 2 183 29 80 5 513
W 5.12 5.72 7.60 8,03 4,20 4.65 6.3l 5,78 5.38
1966 Ho. 128 15 130 9 129 17 185 6 642
¥ s.09 5,33 8,23 3.82 4,06 4.61 6.43 6,55 6.08
1969 o, 112 72 64 10 151 13 70 6 - 599
T 5.29 5.26 7T.77 - 8,29 - 4.28 4,35 6,33 6.43 5,29
1970 Ho. 309 26 21% 12 33l 27 221 15 1159
S u.49  U.55 6,58 6,71  3.76 3.87 5.58 5.78 4,90
1971 No. 180 13 172 53 224 17 189 37 851
¥ u.71 4,48 6,87 6,93 WL H.2M 5,90 5,91 5.60
1972 No. 134 17 46 9 162 15 37 10 431
¥ u.60 .29 6.83 6,21  3.83 k.03 5.26 5,39 4,63
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Tatle 10, Summarv of spawner-return data

for the maijcr Wood Piver lakes,

1946-68 Lrood years (nuruer of fish in thousands)
Spawners Returns
Arithmetic Arithiretic Geonmetric mean
Lake Mean S.D. Range l'ean S.D. DQange S R R/S

Aleknagik 163 112 31- 493 300 195 G7- 849 130 241 1.85

South lierka 134 118 12- 564 192 199 30- 996 98 139 1.4l

" Central Nerka 1l 228 15-1112 150 108 22- 555 83 124 1.51

North Herka 185 151 26- 665 275 167 53~ 807 138 229 1.67

Beverley 219 226 6-1013 281 286 22-1116 118 154 1.31

Kulik 81 76 4~ 283 110 113 3- 43y 46 63 1.36
Total lake

system 962 788 101-3717 1355 7990 275-3681 733 1146 1.57
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Table 11l. lMean escapements and returns (thousands) by 4-year lines
for the %ood River lakes, 1949-88 Lrood years(five generations)

Tscapement Hean returns
‘ Tercent b years 5 vears & years
Lake Line Mean age .2 1.2 2.2 1,3 Total 2,3 Total
Aleknagik 1946 132 53 73 6 152 158 12 249
1947 183 47 w8 23 172 - 185 15 358
1948 147 48 102 34 169 223 21 346
1949 149 13 33 .11 201 212 3 281
South Nerka 1946 129 8t 168 23 30 63 5 236
1847 177 77 203 27 53 &0 2 285
1948 126 82 138 5 29 34 2 17
1949 ug 50 uy 1 36 37 1 82
Central Nerka 19u46 71 €9 105 5 37 42 2 149
1947 126 80 1685 12 7 59 3 223
1348 89 74 126 5 41 46 1 173
1949 46  u2 38 1 45 ug 1 85
Yorth Nerka 1946 137 66 174 1§ 109 124 6 304
1947 182 70 219 26 107 133 17 369
1948 143 67 135 17 119 136 5 276
1949 111 26 85 8 132 140 3 228
Little Togiak 1946 13 65 23 3 12 15 1 39
1047 19 72 23 6 11 17 1 41
1548 15 66 13 4 g 13 1 27
1849 11 uy 10 4 10 14 0 24
Beverley 146 255 95 ug2 8y 50 134 7 603
1947 230 77 271 88 uy 132 1 4oy
148 1% 87 128 5 15 20 0 1us
1949 27 64 22 7 11 13 . 3 43
Kulik 1946 61 90 01 67 16 83 2 186
1947 138 81 su 49 17 66 1- 9201
1548 63 75 52 5 8 13 1 68
1849 13 47 9 5 8 13 0 22
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mhe escanements and returns to the lakes of the system were divided by
the lake surface area for adjustment of differences in size of the nursery
areas ‘and, at least partly, the amount of spawning area.  Lake Nerka was di-
vided into three "lakes" that approximatelv correspond to the major basins in
the lake. Spawner-return curves were fitted to the data from the 1949-1968
Frood ‘years {Table 12). Ohservations from thé 19u6-1948 trood vears were
omitted because they were less precise than rore recent observations and less
representative of present (hence, future) conditions. fThe Ricker-tvpe eurves
were generally gond fits to the observations; however, for Lave Aleknagik the
variability about the curve was greater than the variability ahout the aver-
age return. Little Togiak Lake was the highest projucer (per unit of surface
area) in the syster; however, this small lake (6 km“) cortributed oaly ahout
2 percent of the total returns to the lake system. Lakes Aleknagik and North
Nerka contained a higher proportion of 2-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 wers significantly
correlated betucen Aleknagik and Yorth ¥er¥a, South and Central MNerka, and
the unper lakes (Reverley and ¥ulik). 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 MNerka, Beverley, and Xulik)
exhibited a recent trend in low returns after adjustment for spawning density
was made (1963-1968 brood years). :

The average number of spawners for the 1549-1968 brood years was greater
than the calculated optimum number in one-half of the major lakes and less
than the ontimum number in the other ore-half (Table 13). The average number
of spawmers 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-
wution 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 years, the rate of exploitation required to
obtain an optimum escapement for the lake system was too hiph 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 River lakes is greatest in -
the low years of the cycle, i.e., the 19u9 line. For examplie, in 1965 and
1969 the runs to Lakes Aleknagik and North Nerka were well above average,
whereas the runs to the other majcr lakes were anite low, generally less than
the optisum 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 rost of the other lzkes (Fig.
18). For the stocks from the upper lakes in the system, a rate of exploita~
tion of S0 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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Fig. 16. Spawner-return curves for the major Wood River lakes, 1943-68 brood

years (1946-48 are open circles).
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Table 13, Optimum number of spawners and calculated returns
(in thousands) for the Wood River lakes from
1949-68 brood vears

Cptimum Observed means
Lake ) Spawners ﬁeturns Spavwners Returns
Aleknaglk n2 281 153 309
South Herka 92 166 120 195
Central Nerka 90 169 86 159
Xorth Nerka 130 302 143 - 295
Beverley 189 319 l6u 301
Kulik 74 127 68 120
Little Togiak 13 35 15 33

Totals 700 1,400 743 1,412
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runs. The spavmer-return statistics for the entire lake system indicate that
thie relative production from fhe 1649 line is less than that for the other
lines (Fig. 19). Management of the runs in the low cvcle years should be aimed
at achieving optimum escapements 1o Lakes Aleknagik and North Kerka.

SPAWNING GROUNDS OF THE WOOD RIVER LAKES

The annual abundance of spawners in the major 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 composition was ohtained by
weichting by the sex composition in the trunk stream (Woocd River) escapement,
since the sex ratios from spawning ground samples are unreliable. The number
of spawners of a given age was obtained by multiplying the total number by the
ase composition. The run {catch and escapement) for each age group was calcu-
lated by multiplying the number of spaumers {escapement) by the ratio of run
' to escapement as determined by age for tha 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 trood year and
the abundance of each age class was surmed for procurement of the total re-
turn,

Vapiances of the numbers of spawners and numbers in the returns were not
estimated; however, the precision of the estimates arve 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 parameters were estimated from linear regression
(2n R/S_= 2n_a - bS), and the curve and Gbservations were plotted on the orig-
fnal scale and examined. For several of the groups the fit of the model was
very poor; however, it appeared that no other mnodel (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-raturn curve, and the residuals about each curve were used to
 obtain correlation coefficients among groups for examination of the randomness
of between-group fluctuations. Tha optimum escapement was estimated, and the
annual rates of exploitation which would have been required to obtain optimum
escapement to each spawning ground were exanined. "~ ’

The annual escapements, age compositions, and returhs by age are given
for 22 spawning populations in Appendix Table 2. For two locations, Lake
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vullk beaches and Little Togiak beaches, the spawners are from geoeraphically
separated beaches; for the remaining locations the spawners are from a
rather small definsble zrea 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 1946-1949, low durine 1950-1957, high Quring 1258-1963,
and low during the past eight years. The trends in abundance for the two
main rivers (Aguiowak and Agulukpak) are distinctly different, however, as
the abundance appears to have been increasing over the 28-year period,

Except for fish spawning in the two najor rivers and in Ice Creek (pre-
dominantly S5-year-olds), the annual runs to the spawning grounds exhibited
cvclic diminution in abundance every fourth year (the 1949 line). ~Parvtic-
ularly was this pronounced among beach-spawning populations (Table 18). Al-
though rates of exploitation have generally been lower in the 1943 1ine than
in others, the total run has been usually too small to increase adequately
the abundance of spawners even if no fishinz had occurred. Horeover, the
zbundance 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 summar-
fzed in Table 17. The gecmetric wmeans are close to the medians and are prob-
ably batter estimates of the averages than the arithmetic means. Fstimates
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 m per spawner or 2 m? per female (Rogers and Hamalainen, 1972).
Densities in excess of 1 m? per spawner have resulted generally in redd super-
imposition and loss of eggs (dead eggs were observed on the gravel).

The paramaters for the spawner-return curves and some associated statis-
tics are givea in Table 18. Plots of the observations and the fitted curves
are shown for selected spawning grounds in Figs 21-23. The Ricker-typs model
vwas 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 of a decrease in returns at the highest observed abundance cf spawners.
In general, the variability about the curves was as great as the variability
about the means of the returns. Serial correlations were hiphly significant
for all beach and creek populations except tha latter in Lake Aleknagik.
Thus, for most groups the annual deviations from the curves were not indepen-
dent.

The annual deviations fiom the curves were significantly correlated among
spawning populations within each lake except for the two major rivers (Table
18). Some correlation emerged between locations 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 envirornmental conditions influence the rel-
ative production of adults for a given year of spawuning for crecks and beazches
within a lake and to a lesser extent for creeks and beaches in all lakes except
Aleknagik.
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Table 15. Average ‘rUNS (thousands) to spawnxng areas in
the Woo2d River lzkes by U~vesr 7700 iad
. ) 1945-  1950-  1954- 1958~ 1962- 1966~ 1970~
Location _ 1949 1s53 1957 1961 1965 1969 1973

Aleknagik T

Hansen Cr. 3 4 11 7 7 ] 2

Happy Cr. = 7 4 g 2. 3 3 1

Bear Cr. 8 5 9 § 5 6 5

Ice Cr. 9 12 1y 8 11 14 10

Agulowak R. 13n 78 lsu 147 136 235 240
Nerka - ‘

Fenno Cr. - 3 4 10 & 5 L

Lynx Cr. 14 2 2 7 2 3 3

Stovall Cr. - - 17 31 9 7 6

Pick Cr. 22 8 12 4y 22 11 11

Little Togiak R. 5 2 3 15 17 11 12

N4-N6 B. . 25 2 10 19 16 11 11

Hidden Lake Cr. - 2 4 10 7 3 2

Kema Cr. - - 12 19 15 5 3

Anvil Bay B. 36 7 1y 54 43 27 22

Agulukpuk R. 29 27 4y 120 13 170 l6s
Beverley ,

B9-Bl2 B. 21 3 2 22 27 10 3

Silver Horn B. ‘64 7 15 68 113 32 32

Hardluck Bay B. 42 . § 8 49 52 25 23
Mikchalk - ’

Beaches 43 4 9 3s 40 16 12
Kulik

Beaches - 157 ] 45 142 153 64 48

Grant R. 26 5 13 26 28 6 7
Little Toglak

Beaches 78 12 27 36 3 30 -39
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Table 16. Geometric means of the annual runs (thousands) and average
rates cf exploitation (percent) by H-year lines, 1954-73,
for spawning colonies, Wood River lakes :

Lina
154 ls6u7 1848 1849
LT ————Tl S TR
Location R u R u R u R H
Aleknagik
Hansen Cr. .6 38 7.4 &1 §.,3 4S5 l.4 36
Happy Cr. 3.1 K7 2.7 L4y 3.0 &7 2.1 u0
Bear Cr. 4,6 ug 5.7 42 5.5 4B 1' 3.9 338
Ice Cr.b 8.7 52 19.1 45 12.8 47 8.7 38
Agulcwak R.! 110.9 S4 152.% 46 153.2 52 176.8 36

Nerka ‘ ‘ : .

Fenno Cr. 3.5 B2 5.3 w0 6.0 39 2,1 35
Lynx Cw. 1.7 35 5.4 39 3.7 339 ¢.7 31
Stovall Cz. 6.1 &0 12.8 L& 7.7 38 2.1 32
Pick Cr. 12.6 37 13.4 &0 13.9 33 7.3 33
Little Tegiak R. 6.7 &3 11.9 42 2.6 43 5.2 35
N&-}HD B. 13.6 42 12.0 &0 12.7 &3 €.5 335
Hiddea Lake C». 2.0 38 %.6 &9 6.9 37 0.9 &

Kema Cr. 12.1 u3 2.3 k1 7.3 41 2.3 35
Anvil Bay B. 4.3 37 3B.9 ud 27.5 42 6.5 34
Agulukpak R.? 95.6 S1 97.1 45 110.2 59 123.4 39

Beverley V

B3-B12 B. 16.7 &% 11.6 39 4.5 43 0.4 23
Silver Hoxm B, 65.3 3% £0.2 &0 26,9 42 2.2 23
Hardiuck Bay B. 29.9 34 41.7 &0 22.5 B2 3.9 I

Mikchalk v :

Beaches 2%.3 3 27.6 33 15.9 43 5.5 3%

Kulik

Beaches 82.7 3% 143.8 4D 6%.5 uy 1.1 33

Grant R. 2.1 39 22.9 41 12,1 ®l 2.8 3%
Little Togiak

Beaches 35.2 82 36.2 w2 30.4 43 21.7 3%

'Predominantly S-year-old fish,
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Table 19. Linear correlation coefficients in the deviations from spawner-
return curves, 1946-68, n = 23 (r>.45 significant at .05 level)

-Aleknagik
A . 2 3 4
1. Hansen Cr. .53 .56 .62
2. Happy Cr. .79 .64
3. Bear Cr. .81
4, Ice Cr.

Nerka, Little Togiak
6 7 8 9 .10 11

5. Fenno Cr. .89 .88 .74 .61 .50 .63
6. Lynx Cr. .89 .79 .45 .56 .57
7. Pick Cr. , .89 .67 .70 .53
8. Little Togiak R. ' .58 .80 .67
9, N4-N6 B. B .70 n.s.
10. Anvil Bay B. ' +50

11. Little Togisk B.

Beverley, Mikchalk, Kulik
S 13 14 15 15 17
12, BS-B12 B. .83 .93 .89 .72 .81

13. Silver Horn B. .93 .91 .77 .69
14, Hardluck Bay B. .89 .80 .69
15. Mikchalk Beaches .68 .58
16. Kulik Beaches .92
'17. Grant R. -

' ‘ Nerka

Beverley, Mikchalk, Kulik
v ‘ 5 6 7 8 9 10 11

© 12. BS-B1l2 B. " N.S. N.S. N.8. 48 n.s. .74 n.s.
13. Silver Horn B. n.s. n.s. N.S. N.S. n.S. .72 n.s.
1%, Hardluck Bay B. ' n.s. n.s. n.s. .48 .46 .77 n.s.
15. Mikchalk Beach - “'n.s. n.s. .54 .52 .83 .74 n.s.
16. Xulik Beaches ~ n.s. n.S. n.s. n.s. n.s. .67 n.s.

17. Grant R. n.s. nN.s. n.s. n.s. n.s. .68 n.s.

; g R » Agzulukpak R. -
Agulowak R. . ; o .48
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The ratos of ernlnitation that would have been required to obtain optimum
nunter of srawners to individual zpawning areas for the runs in. 1%6u-1773 are
given in Table 20. "The difficulty, {f not inmpossitility, of managing the an-
nual runs to a lake systen for achievement of optimum escapement is evident
from these data. The bast that can be done with the common fishery is to regu-
late fishing to achieve somewhat optimum escapements for the most abundant popu-
lations in the system. During the last ten years, the rate of exploitation on
the Wood River run was too low in 1964, 196€, and 1970 for optimum escapements
to be achieved on the major spawninz grounds.  In the other years it is diffi-
cult to see how any other rate of exploitation could have been better or worse
because sone populations had very low runs and others had high.

SUMMARY AND CONCLUSIONS

The catches of sockeve salmon in the Nushagak have declinred 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 agce composition of the spawning stock
throush differential mortality on the spawning populations (races) in the lake
system. Although the fishery undoubtedly affected the productive capacity of
tne stock, the major declines in abundance were not associated with changes in
the quality of spawners but rather with the quantity of spawners. Hajor de-
clines in the runs followed years of large escapements (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 exploitation.

Because of frenuent lack of correlation in the abundance of runs to the
individual spawning grounds in the lake systenm, it is often impossible to
achieve optimum escapcments to the spawning grounds in a given year. Never-
theless, the average escapements to the spawming 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) veceive the highest rate of exploitatien and the least
productive per unit size (beach spawners) receive the lowest rate of exploita-
tion. The beach spawning populations appear to offer the greatest potential
for increasing the total abundance of the annual runs to the HNushagak 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 develcped from information on the early life history of
the fish and their interactions with their environment. :
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Statistics on escapaments and returns for individual spawning grounds in the Wood River lake

system - continued

Appendix Table 2.

Little Togiak Lake Bzaches

22.

Return (thousands)
2.1 1.2 2.2 1.3 2.3 Total

1.1

2.3

on
1.3

.
?

1.2 2.2

Percentage composit

2.1

1.2

Esczpement
(thouzands)

Year

13

16

O LM

40

. 1946

£0

1947

10

leus

1849

.. 33

19
20

19.7 45.1 32.7

2.7
50.3

1950

40
‘27

10.7

40.0

1951
1952

19

l2.4 43.6

44,0

23

16

2.3
0.6

61.4

6.”
1.8
7.0

29.9

10

1853
1954

27

2

14

87.0

16

71

10 10

ug

0.6

26.2

66,2

20

1955

[ =

11

2.8
3’"

27.2
63.7

8.0
0.8

62.0
32.3

1856
1957

35
36

13

20

54.8 5.4 38.5
83.0 12.7

0.4

0.9

16

1958
1959
1960
1981]

24

0,.9
4.1

10.3

3.4
18.4

40
17

%5
34

m &

16

18
" 18

41.4

36.1

15

66.2

3.3

lg.“

0.8

11
10

27

18

11.8

2.7
5.1

21.2

85.5

1962

3u
.20

2

11
10

0

2u4.4

70.5

21

1963

0.3

13.0

65.5

1964
1965

Sy

15 15

23

17.3 0.6

22.2

52.9

27

28

45

L.y

3“‘.“

0.8

60'“

22

1966
1987
1968

8.7 0.6

60.3

l‘o
5.9

59.7

10

33.2

20

6.9 1l4.4

1c.8

78.7

20
55

1969

2.0
3.2
1.8
3.3

15.1

62.7

1970

59.4

3.0

4.4

24
N

1971
1972
1873

41.0

2.8

54.4
12.0

84.7

14

#Less than 500 fish.
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Date
1250

1959a

1559D
1952a
1962b

1352¢e

1982d

1e62f

1963

Andne

0.

e

R.

R.

0.

0.

0.

Ye

0.

L]

Fo
A.

Fo

W.

L.

L.

A,

A.

A,

A,

i e

Y.
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ADDENDUHM

LISTS OF PUBLICATIONS
AND REPORTS ON THE
WOOD RIVER LAKES

PUBLICATIONS (WCOD RIVER STUDIES)

Authorf(s)

Royce and
Hathisen

Thompson and
Clancy
Burgner

Burgner

Hathisen

Mathisen

Mathisen

Hathiscn,
Burgner, and
Keo

Title

The fruits of research. (Abcut the Ekuk beach
mesh experiments.) Pac. Fish., Apre 1550,
Pp » 17"‘19 Y

Optimum escapement Of red salmon in the Nushagak
area of Bristol Bay. Pac. Fish., Oct., 1959, 3 p.

Length measurement of migrating salmon by paired
undervater cameras. Photogramnetric Engineering,
June, 1959, Pp. 4u9-455,

Sampling red salmen fry by lake trap in the Wood
River lakes, Alaska. Univ, Washington, Publ. in
Fish., New Ser, 3:317-348.

Studies of red salmon smolts from the Weod River
lakes, Alaska. Unlv. Washington, Publ. in Fish.,
Hew Sav. 33289-235, '

Comparative characteristics of age and growth
of rod salmon in Lake Kuril, Kamchatka and in
Bristol Bay, Alaska. Voprosy Ikh., Hoscow 2(1):
42-54 (in Russian).

Photographic enumeration of red salmon escape=
ment. Univ. Washington, Puble in Fish., New
Ser. 3:351‘“3720

The cffect of altered sex ratios on the spawning
of red salmon, Univ. Washingten, Puble in Fisha,
New Ser. 3:139-222, :

Age and growth studies of red salmon scales by
graphical means. Univ. Washington, Publ. in
Fish., Hew Ser. 3:51-100.

Statistical records and computatioas on red
ssimon runs in the Nushagak District, Eristol
Bay, Alaska, 1946-59. U.S. Fish. Wildl, Serv.
Spec. Sci. Rep.-~Fish. No. S8, 32 ppe



136ba

1964b

196ue
1966

19€8a

1968b

19630

1868d

1969

1371

1872a

R. L. Burgner

R, L. Burgner,

‘et al.

R. A, Marriott, N,
Aspinwall, S. Y. Koo

-

R. L, Burgner

Jf Ro Qilbert

"W. S. Kim and K.

Roberson

J. J, Pella

D. E. Rogecrs

R, L. Burgﬂer,
ev &l,.

0. A, Mathisen

¥. L. Hartman and
R. L. Burgner

88

factors influenzing proiuction of sockeve salmon
in lakes of western fAlaska. Verh., Internat,
Verein. Limnrol. 15:504-513.

Surmary rerort of studies on the optinum escape-
ment of sockave salmon in southwestern Alaska,
1961 and 19€2. U.S, Bur, Com, Fish,, Manuscript
kep. 64~2, 119 p.. Auke Bay, Alaska.

Stream catalog of the Wcod River Lake system,
Pristcl Bay, Alaska, U.S. Fish, Wildl, Serv,,
Spec. Sci. Rep. Fish. lo. 434, 210 pp.

Food production in two lake chains of south-
western Alaska. Verh. Internat. Verein. Limnol,

- 16:1035«1043,

Surveys of sockeye salmon spawning populations
in the lushagak District, Bristol Bay, Alaska,
19u46-1258. Univ. Washington, Publ. in Fish,,
New Ser¢ 3:201-267. '

On the use of otoliths of sockeve salmon for .
age determination. Univ, Washington, Publ.
in FiSho’ Hew Ser, 3:151-168,

Distribution and growth of sockeye salmon fry
in Lake Aleknagik, Alaska during the summer
of 1962, Univ, Washington, Publ. in Fish.,
New Ser, 3:47-1ll.

A comparison of the food of red salmon fry and
threespine sticklebacks in the Wood River lakes.
Univ, Washington, Publ, in Fish., New Ser.
3:1‘“30

Biological studies and ectimates of optimum
escapements of sockeve szlmon in the major
river systems in southwestern Alaska. N.0.A.A.
Fish. Bull. 67(2):405-459,

:Escapement levels and productivity of the

Nushagak sockeye salnon runs from 1963-1966.
5.0.A.A. Fish, Bull., 63(4):747-763,

Limnology and fish ecology of sockeye salmon
nursery lakes of the world. J. Fish. Res,

Bd., Canada 29:689-715,




1972)

1973

Year
1972

1371

1970

1969

1968

0. A, Mathisen °

D. E. Rogers

- Subject

Ho.
1

RESEARCH IN

89

_Biogenic enrichment of sockeye salmon lakes

and stock productivity. Verh. Internat. Verein.

Limnol. 18:1089-109S.

Abundance and size of juvenile sockeye salmon
and associated species in Lake Aleknagik,
Alaska in relation to their physical environe-
ment. MN.O0.A.A, Fish., Bull, 71(4):1061-107S.

FISHERIES (WOOD RIVER STUDIES)

Contents

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

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

Sockeye salmon production in the Wood River Lakes
from 1957-1970 brood years. Table: Lists adult
escapements, no. of age 0 juveniles, percent sur-
vival fror eggs to age 0, mean length at age 0,
inshore returns, and percent survival from eggs
to return., Discussion of effect of cold spring
in 1670 on the survival of 1370 eggs and fry,

Discussion of char study with an estimation of the
nurber of smolts consumed in that y2ar.

No new data presented, Discusses history of the
Nushaygak catches and rationale for a fertiliza-
tion study and a char study.

Fisure on the relationship of numbers of zooplank-
ton per CLbiC neter versus the number of adult
spavmers. fable on average numbers of zooplank-
ters per cubic meter in the Wood Piver lakes (by
lake and opec1es) in the summers of 1967 and 1968,
Also lists spawner density and mean fry lengths.
Table and figure with a discussion.

Table as in 1971 subject L except for a column of
percent survival age 0 to return and o column of
numbers of age 0 juveniles,




1967 1

1968

80

Tarle of dintrilutien eof escaremcnt and Suveniles
anonr the raior Yood Piver Lakes (\lo-nap ¥, lierka,

?ﬂnever’ey, Kul‘l) for the 196465 brood year. (Lake
- and year, ‘escaperent, epgs, numbers and mean lengths

of ‘agé 0 and I smolts,)

‘Table ‘of averare and range in percentage returns
- for the najor age classes in the Wood River akes
‘for brood " years 1953-62, (All years and all lakes

-groupeds) -

wo pare discussion on pink salmon in the Nushagak.

Coiie tory of the fisherv, Distribution within the

lake system. Behavior of frv in Lake Aleknagik.
Growth rate in Lake Aleknagik. Feeding habits in
the lake. Talble: Catches and lensths of pink and

fsocke"e frv frem townet catches in Lake Aleknagik
~in odd vears, 1958-1967. Includes number of sock-
eve spawners, Tahle: “ercent comnosition of food

in stomachs of pink fry and sockeve (age 0 and 1)

. and threes p-ne stlcklebacks.

Benthic sfudiesldié¢ussion. Includes Table 4 of
the second quarterly report, 1/1/68. Table of the
densities of botton faura to 29 nmeters in the four.
major liushagak lake systems, With estimated wet

' weight in kilogrars per hectare. Compares these
~data to lakes in Lurope and MNorth America. Fig-
. ure: Trends in benthic faura, zocplankton, sockeye

salmon spawners and whitefish densities anong four
lake systems in the lushagak.

Entire 3-1/2 pages on smolt/escapement studxes.
Liscussion and figures.

Distribution of spawning density in Vood River lake
system, 1956-1965 (by lake). Figure: (Pctential
egg depositxon, by lake),

Figure: Potential egs deposition in 1965 and
lensth of resulting fry on Septemder 1, 1966.

Figure: Potential egg deposition and growth of fry
to September 1 of the summer following spawning,
1957-1965 year classes, Lake Aleknagik,

Figure: Growth of sockeye fry in lower end of
Lake Aleknagik, 1363~1966.

Figure: Average net plankton abundance, chlorophyll
a, and rate of carbon fixation,




9l

6 Comparison of parent egp deposition, fry indices;
‘and smolt abundance and the resulting return of
adults, parent years 1957-65.

19865 1 o data presented, Discussion of goals and methods
- of sockeye smolt studies.

2 Discussion of the comparative ecology and limnology
of the Igushik, Snake River, Tikchik and Wood River
lakes. Ho data.

3 Changes of the rank of abundance of zooplankters
‘through the summer in the Wood River lakes. List
of names only.

I o Progress of the echosounding study. No data.

1964 1 " Limnology of the Tikchik lakes as compared with the
Wood River lakes. Discussion and table comparing
Lake Aleknagik to the Tikchiks (e.g., pH = Lake
Aleknagik mean and range - Tikchiks, mean and
range). ‘

2 ~ sbundance and distribution of fish in the Tikchik
: ' Lake system, Table: Percent compesition of fish
in catches (gill net and beach seine) and lzke trout
stomach contents.

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

L) " Pood habits of the char from Lake Aleknagik.
Stomach samples from 1,173 char were exanined,
Table and a one-page discussicn.

SIS

1963 1l ' ' et selectivity in relation to spawning populationsf
of lushagak sockeye. A two-page discussion, i

i

U

2 ) Circulus height and related merphclogy of sockeye
scales as determinad frem ssctlons. ‘

3 Scme morphological and life history data on pygmy
whitefish from Wood River. Tablez: Age, sex, and
size from Wood River. Table: Fecod category,
percent occurrenca and percent volume.

4 o Artificial fertilization of the Alaskan blackfish.
o Table: Daily temperature units for iacubating
'~blackfish eggs from fertilization to hatching.




13861

1960

92

Sockeye ropilation stulies, lecd River lakes. Fig-
“ure: Average number of spawners per km? of lake

area in each of the Wood River lakes, 1956 to 1362

(by vear), Table: lean lensths of young sockeye

near end of first growinr season in three areas of
Lake Beverleyv.. (Years 1859-19£2,) Fipgure: Re-

lationship between adult population size ard growth

of young.
Séckééé spawning areas in the Wood River lakes.

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

Analysis of jushagak sockeye cannery records, Fig-
ure: lushagak catch curve, 1833-1962. ' ~

. The use of otoliths for ape determination in sockeye,

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, Iliarmna Lake, and the two
Chignilk lakes,

c¢. Abundance and growth of sockeye and sticklebacks I
Wood Piver lakes nursery areas (no data).

~ Sea-type red salmon in the 1951 llushagak run, Table:
Age compositions ofr 1961 catch and escapements,

_.Reproduction of the threespine stickleback.

a. Apge classes.
b, Age at maturity, spawning time and spawning
habitat .

¢+ Fecundity versus size of fish.

Unusual occurrences of smolt migration. Smolt indices
fron fykenetting, 1951-1%60. Figure: Date versus
number of migrating smolts and mean lengths,

Sex and age composition of adults in 1961.

. Discussion of 1860 and 1961 forecasts.

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




1959

1958

93

number of spawners per square km, and growth attained
by frv on September 1, 1860. (For each Wood River
lake.)

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

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

Distribution of Nushagak escapement (by lake system),
1959, : _

Effect of over-escapement on survival and growth of
fry, Table: Ratio of parent escapements 1858/1957,
ratio of fry catch/tow 1953/1958 by lake. Table:
liunber of spawners per m?2 of rearing area and mean
length of fry on September 1, 1959, by lake.

Discussion of 1960 forecast.

Forecast for llushagak run, 1959. Vith figures on
the relationship between the smolt index and the
™un,.

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.

Number of years spent in freshwater by Naknek-Kvichak
smolts versus number of years spent in freshwater by
lushagak smolts. Data from eight fishing periods,
June 23 - July 18, 1958 (lists percent one winter

and percent two winters).

Escapenments to azreas within the lNushagak, 1346-58
with a discussion of trends and history. Return/
spavner is given from the brood years 19u45-1953.

Smolt indices 1951-1958 with a discussion of the
quality of the 1958 smolts (from Hosquito Point

fykenetting). '

Variation in survival. Figure: Smolts produced
versus escapement, 1949-1854 (Wood River system).
Figure: Season composite length frequencies of
sockeye smolts, Wood River, 195u-1958 (by yezr).
Table: 1957 spawner density and numbers of re-
sultant fry by lake.

The pink salmon run in the Nushagak, Figure:.
Case pack, 1900-1958,




Year -

Author;xn

1955 O. A. Mathisen
1956 R, E. Duncan
1958 R. L. Burgner
1961 D, E. Rogers
1963 W, S. Kim
196‘4& Jo Jo Pella
1965 N. Aspinwall
19662 E. L. Gadau
19665 M. 0. Nelson
1967 D. E. Rogers
1368 B. Waters
1969 J. Reeves

Sh

THESES (WOOD RIVER STUDIES)

"Dezree "

Title ;b‘ ,M&MQM;; :f

Ph,D.

MS,

Ph.D,

“OS'. .

M.S.

M.S.

M,S.

M.S.

H.S.

Ph.D.

".S.

Ph.D.

_ River lakes, Alaska.

' Studies on the snawnzny biology of the red salmon,

/
/

Orcorhynchus nerka (Walbaunm) in Eristol Bay, Alaska |

with special reference to the effect of altered
sex ratios.

Rar IR

Two neasures: of the lencth of red salmon, Oncor-
hynckus nerke (Walbaum), their relation and appli-
cation in the study of the catch and escaperment

in Bristol Ray, Alaska 92 pp.

Fluctuations in abundance, growth and survival in
the early life stages of red salmon of the Wood
200 pp.

A comparison of the food of red salmon fry and
threespine sticklebacks in the Wood River lakes,

On the use of otoliths of red salmon for age and
racial studies. 63 pp.

Sockeya salmon fry distribution and growth in Lake
Aleknagik, Alaska, during the surmer of 1962,
132 pp.-

Spawning characteristics and early 1life history of
the Alaskan blackfish, Dallia pectoralis Bean.

78 PPe.

Mineral study of the four lake systems in the
Nushagak District of Alaska. 2359 pp.

Food and distribution of Arctic char in Lake
Aleknagik, Alaska, during the summer of 1962,

Estimation of pelagic fish populations in the Wood
River lakes, Alaska, from tow net catches and
echogram marks. 91 pp.

Variations in the abundance of young sockeye salmon
and four associated species in the littoral zone of
Lake Aleinagik, Alaska, as determined from beach
scine catches. 85 pp.

A comparative analysis of Arctic char populations
in sockeye salmon lakes of the liushagak district,
Alaska. 218 pp.

285 pp. - T




Circular

no. Date
35 1852
Memo 3
50 1/-/55
Memo S
62 . 3/23/5%
Memo 5 '
63 4/6/54
Hemo &
66 10/-/54
Memo 7
77 1/-7/55
84 . 3/12/56
Maxmo 11
g5 10/25/57
e 3/27/58
103 5713759

95
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Title and Contents

Menorandum on the effect of net marks, /

Concerns the effect of gill net marks on |

nigrating adult sockeye as observed on Wood
River fish. Includes an excellent set of
17 photographs illustrating mark types.

H
¢

Red 'salmon of the Nushagak.
Qutlines program of study for the Nushagak
sockeya.

Results of the red salmon seaward migrant
enuneration, Wood River lakes, 1551~1933,

Smclt indices 1925153 from fykenetting,
Little cdata.,

Cbservations of physical conditions and salmen
survival in Bristol Bay,
Lske Herka water levels, 1952-5%, HNotes date

- of freeze-up and break-up. Mean air temperatum:

and snow lavels 1952-84 at Lake Herka.

Hughagek red salmen forecast for 1955,
Length of fish in catch and escapement,

Summary tadbles of morphometric material cole
lscted by FRI on Eristel Bzy red salmon,
Funbers of measursments takan 1348-5%,

Yushavak red salmon foresast for 1858,
o

Text is a letter to the TRI Advisary Roard
about the Nushagak catein 1500-1837,
Hushagak returns by ocezn age,
Concoerns the Jepunese fishery.

The expected run of red salmon in 1359 and
the optimum escapement,

Red salmon emolt enumeration in the Wood River:
gyztem, PReport of field coperations and results
1353,

Smelt index 3631-53.

Daily cateh and snclt index, 1258 (Mosquito

. Point.)

Hourly catches, 2100-0200 (by day, 1953),
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Qbservaticns;on rertality of red salron egrs in
+he Wocé River lakes, fall 1958. ,
Some data fron redd studles (high escapenent
in.1959), -

Size, age, and sex composition of red salmon
commercial catch in lushagak, 1959.
¥uch data included.

Abundance, size, and age of red salmon smolts
frem the Hood River system, 1959,

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

Red salmon spawning ground surveys in the
Yusharak district, Bristol.Bay, Alaska, 1959,

Primarily aerial surveys. Includes Wood River
lakes, Tikchiks, Igushiks, and Lake liunavauga-
luk., Uses 1958 data for comparison.

Size and age conmposition of red salmon escape-
ment to the Wood River lakes in 1953.

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

Summary report on photoelectric counting of red
salmon smolts, 1360.
Techniques.

Size and sex composition of red salmon escape-
ment to the Wood River lakes in 1961,
Beach seining, scales, otoliths, ground tower

. and aerial surveys, Many tables.

Estimation of the red salmon spawning popula=-
tion in Little Togiak Lake, Alaska, by means
tagging.

Detailed data., Primarily concerned with
nethods.,

Little Togiak River red salmon éscapement
enumeration, 1951,

Describes mainly *he direct counting on Little
Togiak River. :

¢

Lake Kulik red salmon escapement enumeration,
1361,

"Tower" counting on Wind River. No night
counting. Detailed data.

Lake Kulik smolt enumeration, 1961.
Fykenetting on Wind River plus photoelectric
counting of smolts, Much data.
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Little Tepiak River smolt enumeration, 1861,
‘igration estimates, timing, age of smolts
and length frequencies.

Study of interlake migration of red salmon fry,
Agulowak River,

Scale studies of 1953 year class adults,
Heasured 1lst annulus to ccmpare growth rates in
different Nerka areas. Detailed data for smolt
enumeration and length frequencies,

Factors affecting marine age at return in
sockeye salmon.

Percent age of return by sex, 1946-52 in the
Mushagak, Detailed reasurements of sockeye
annuli by sex, are, and number of freshwater
years, 195¢-1360,

A sumnary of climatological observations and
water temperatures in the Wood River lake
systien. .

Horphometric data for each lake. Mean
monthly air temperatures 1957-1963, at Alek-
nagik, lerka and Dillingham. Mezn monthly
precipitation, same areas. Monthly snowfall,
lerka 1951-~58, Water temperatures, 1957-58,
Heat budgets .

Age compesition of Nushagak red salmon runs,
1946-53,
Many tables =~ by zystem,

Variability in measurement of length and weight
of juvenile sockeye salmon and threespine
sticklebacke.

Discusses variability in measuring teche
nigues,
Effect of formralin., Hany tables.

Observations on resident fishes in the Tikchik
and Wood River lake systsisz,

Giilnetting and beach seining in the Tikchiks.
Scae lake trout stcmach analysis.

Age composition cf Hushagak sockeye runs by
viver svstem, 195004,
¥With escapement data. Some tables, 1946-60,

Almanac of Bristcl Bay scckeye salmon.
Seagonal calendar, Cumulative percentages
of runs daily June 20 = August 4 by systen.
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Report on are and size of sockeyve salmon .
sarpled frem srawning grounds in the Wood
River and Tikchil lakes, 1964,

Lengths, otoliths, and scales. Survey

counts, .

Repert on age and size of sockeye sampled from
Wood River and Tikchik spawning grounds, 1963,
liew analyzing technioues -~ a revision,

Title of Circular 237 - revised analysis,

Report on are and size of sockeye salmon
sampled from srawning grounds in the Wood
River lakes, 1965,

Abundance, distributien, and species composi-
tion of zooplankton in the lakes of the
Nushagak District, Alaska, 1961-1965,

Report on age composition and abundance of .
sockeye salmon sampled from sapwning grounds
in the wWood River lakes, 1966.

w0 scales or leng+ths taken. Marking and
recovery at Hansen Cree}, Agulukpak River,
and Anvil Bay,

Hlistorical data on the sockeye salmon runs to

the Nushagak District, Bristol Bay, Alaska,

1860-1945, Information divided into weather,
catch, escapement, tiring, Tables of fishing
period. lo summary,

A quantitative comparison of bottom faunas of
freshwater lakes in southwestern Alaska.

Wood River lakes, Tikehiks, Igushiks, and
Snake River Lake.

Report on the age comrosition of sockeye
salmon sampled from spawning grounds in the
Wood River lakes, 19u47-1967,

Fairly detailed for all years.,

Report on abundance of sockeye salmon as
determined bv marking studies on the spawning
grounds in the Wood River lakes, 1367,

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

Tapring experiments in Bristol Bay, Alaska, in
194k and 1947,
Nushagak Bay, Egegik River, and Naknek/Xvichak




70-4 1970
70-10 1970
72-1 1972
72-7 1972
72-6 1872
Quarterly
Report
Ho, Date
2

D.

. D

D
T.

2.

L. Gilbertson,

Siler

E. Rogers,
Siler, and
Croker

E. Rogers

E. Rogers,

and D, Eggers

98

Report on the abundance and age composition of
socreve salmon in sarmpled srawning grounds in
the Wocd River lares, 1968 and 1963,

A summary of climatological observations and
water temperatures in the Wood River lake
system,

Information in additien to Circular 209.

[Cstimates of abundance and growth in the early
summer from beach seine catches in Lake Alek-
nagik, 17€2 through 1971.

Much data.

Predator-prey relationship between Arctic char
and sockeye salmon smolts at the Agulowak
Rivers, Lake Aleknagik, in 1971,

D. E. Rogers, and Abundance and age composition of sockeye

A.

Hamalainen

salmon from spawning grounds in the Wood River
lakes in 1970-1971 (detailed) and from 19uU6-
1971 (summarized).

QUARTERLY REPORTS FCR THL WOOD RIVLR STUDIES

1/15/73

(October 1, 1967 ~ January 15, 1973)

Table
Hoe.

Contents

1

Chlorophvll a densities (mg/m3, 0-45 m) during the
summer in Lake Aleknagik from two statiors, 196l1-
1972, (Data by month: June 23-23, July 10-19,
August 3-11, Septenber 3-1l.)

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

Zooplartton densities (n/m”) in the Wood River
lakes August 15 to September 11, 13867-1972,
(Data presented by year only.)

Comparison of zooplankton densities from paired
vertical hauls made with nets of No., 6 and No, 10
mesh, Lake Aleknagik, 1372. (Dates August 3 and
September 5, Stations 1-6, by species.)

Analvsis of variance of zooplankton catches using
data in Table 4,

Comparison of arithmetic means of zooplankton
densities using data in Table u.




1

3 1.

3

LM

10/15/72

7/15/72

10

100

Cezardary and orimary prodactivity messurenents

- (Cy»y Chlororhyll a, zooplankton), means and 95%

confidence intervals fron 1262-1872., Means on~

four sampling periods: June 22-28, July 12-20,

- August 3-11, August 23-Cepterter 11,

Percentage are composition of sockeye in spawning
ground samples in the Wood River lakes, 1972.

Yean lengths of char and 5% significance of ob-
served differences according to sanple type.
(Six paired sarple types). '

" Populatior estimates of char at the mouths of the

five major rivers (Agulowak, Agulukpak, Little
Togiak, Peace, Wind) in 1972 after adjustment for
for differences in length among sarples. (Esti-
mates presented along with ‘95% confidence inter-

vals.)

Sumrary of physical measurements in the Wood River
lake systen in 1972 and the long-term means and
ranfes from prior years, (Lists dates cf ice
breakup, means of water temperatures, solar radia-
tion, lake level.) '

Linnological data collected in Lake Aleknagik in
1572. (Includes surface water temperatures,
Secchi depths, conductivity, and alkalinity.)

Ground survey counts of creek spawning populations,
1372, ‘ ;

lurbers of sockeye otoliths collected in 1972 (by

_creek and sex).

Catches of emergent insects in Lake Aleknragik,
June lu-August 19, 1972.

Mean catches and water surface temperatures for
insects traps in Lake Aleknagik for years 1969-
1¢72,

Data for the 1872 Wood River lakes char population
study. (Date, type of sample, gear, number of
casts or nunber of gill net sets, number of char
caught, nunber rarked, number of reccvaries, )

1872 char length frequency data summarye.

Yo tables




4/15/72
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101

Percentage are comnrosition of sockeye from the
Wood River lake system, 1871,

GCeometric mean of beach seine catches in the
lushagak district by lake, sampling date, and
species, 1962-1971.

Relative lake level, averare surface water temper-
ature, and daily solar radiaticn con dates of beach
seine sampling in Lake Aleknagik, 1962-1966.

Mean surface water temperatures for beach seine
stations on Lake Aleknagik by year, date, and
areas, 1862-1971.

Average surface water temperatures at beach seine
srations on Lake Aleknagik 1962, 1954-1971. (Tem-
peratures averaged June 20-August 5).

Geometric mean beach seine catches in Lake Aleknagik
by station, year, ard species for the pericd June 20-
August 5. (Means of 6 sampling dates) 1562, 196u-1971.

Geometric mean bzach seine catches in Lake Aleknagik
by year and date, 1862-1971,

Analysis of variance for beach seine catches in Laks
Aieknagik, 1362-1971.

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

Estimated escapements in the Wood River system by
lake, 1871. (Plus 1951-1970 mean, median, and

“range by lake.)

Escapement densities (spawners/km2 surface area),
1951-1971, (A1l lakes in Yocd River system.)

As in Table 1, Report 1, 10/1i5/72, except mean air
temperatuse and total precipitation 197C-1971
liovember-February at Dillingham is also included.

Mean surface water temparatures at Aleknagik beach
seine stations, 1952-1971,

’ - » 3
Averagze zooplankton densities (n/m”) and numbers
of hauls in the Wood River lakes, 1971,

Zooplankten density (n/ma) in fertilized ard un-
fertilized areas, 1970.

Repeat of lo, 6 for 1971.
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Cormparison. of limnolorical neasurements taken in
Bear Bay, FKansen's Bay, and Lake Aleknagik, 1371
(date, chlorophyll a, zooplankton, Secchi depth,
mean water temperature, alkalinity, conductivity).

Repeat of No. 8 for Anvil Bay and Ott's Bay (Lake
Nerka ),.

Mean lengths of sockeve frv and threespine stickle-
backs from bezach seine and townet samples in Lake
Aleknapik, 1971,

Repeat of llo. 1C for Lake ilerka 1970-1971.

Average emergent insect catches (number/24 hr) in
Lake Alekrarik, 19639~1971, by l0-day periods.

Average surface water temperature at insect traps,
1369-13271, by 10 day periods.

Limnological data collected in the Wood River lakes
in 1971,

Spawning ground counts in 1971,

Mumber of otoliths taken in 1971 (by colony).
Catches of emergent insects in Lake Aleknagik, June
16-September 11, 1371 (by bay and datej includes

water temperatures).

1871 char study {(date, type of sample, gear, units,
number caught, number marked, number recoveries).

Summary of 1971 char study (date, length, sex, num-

- ber stomachs with smeltis, average nurber smolts per

fish, percent parasitized, etc.)

Summary of statistical tests on char length data.
Sama as 1, 10/15/71 No. & (less complete),

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

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

Data in 1, 10/15/71 Ho. 6 (less complete).

Page 2 - llames of zooplankton species,
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1 Average zooplankton densities and total number of
hauls in Lake Aleknagik, 1961-1370 by species and
sampling period.

2 Average zocplankton densities and number of hauls
in each Wood River lake by species and sampling
period 1961, 1962, 1967-70,

3 Limnological 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, ccnductivity).

4 Mean lengths of sockeve fry and age I threespine '
sticklebacks from bezch seine and tow net samples
in Lake Aleknagik, 1870,

5 Lscapements of sockeye and abundance of progeny in
Lake Aleknagik 1357~-1S70,

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

7 Same as Table 5, but for Lake Nerka.

8 Same as Table 4, but for North Nerka.

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 Bay).

11 Insect catches by 24 hr periocds in Lake Aleknagik
1969-1570, ’

1/15/71 1 . Estimated escapements in the Focd River lake sys-
tem by lake, 1$70 (Includes the mean, median, and
range for 1931-1968 escapements).

2 Ssme as Report 2, 1/13/72, Table 2, except years
are ranked by size of escapement.

3 Percentage age composition of sockeye in otolith
samples from the Wood River lake system, 1870
(by epawning colony).

i Weighted percentage age composition of spawning
popuiations by lake and sex, Woed River lakes,
1870, ‘ :
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-Catches and lengths of sockeva srolts from same

pling (fyke net and Leach seine) at Yosquito
Point, 1370. :

Ages, weiphts, and lengths of sockeye in fyke

net catches at MNosquito Point, 1970,
Corparison of mean lensths and age composition
of juveniles. in the VWocd Pier lakes and smolts
in the following year (1958-1650),

Freshwater age cohppsition in smolt migration and
adult returns from smolts 1854-1870,

Summary of physical measurements in the Wood River
lake system in 1270 and the long~-tern means and
ranges from prior years.

Average clt assimilation for two stations on Lake
Aleknagik, 1262-1970,

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

Conposition of stemach contents from northern pike
and char from Lake Aleknagik,

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

Spawner counts in 1970 for areas in addition to
those generally surveyed (Aleknagik and Nerka).

Humber of otoliths taken in 1370 (by colony),

Beach seine catches of socleye smolts during the
1870 sampling off Mosquito Point (by date).

Scheme for the Wood River lakes bay fertilization
studies.

Mean numbers of zocplankton per cubic meter, HWood
River lakes, 1959, :

Zooplankten densities, mean sockeye fry lengths
and spawner densities, Wood River lakes, 1967-1369

by year).

Ho tables,

Catch and lenpth data for 1969 Wood River lakes
smolt sampling,
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10/15/69

7/1.5/69

4/15/63

1/15/69

10/15/68
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2 Primary productivity and limnological data for Lake
Aleknagik, 19€9 (Typ, chlorophyll a, pH alkalinity,
conductivity, Secchi depth),

3 Zooplankton settled volume and average water temper-
atures of the Wood River lakes, August l5-September
10, 1969 (by lake).

4 Mean daily solar radiation by monthly pericds in
Lake Aleknagik, 1961-1968 (June, July, August,
September).

1 Otolith samples, 1963 (by lake and area).

2 Beach seine catches of sockeye smclts at Mosquito

Point, 1969.

3 Insect trap catches in Lake Aleknagik, 1969,
No tables.
1l . Percentage age composition of sockeye from otoliths,

1968, All Wood River lakes.

Note: Page 3 - Mean lengths (and percentage) of age
I and II migrating smolts in 1958 and 195u4-1967 (mean).

2 Percentage age composition of scckeye adults in the
Wood River lakes, 1883,

3 . Comparison of zooplankion density, density of number
of spawners and mean length of age 0 fish on Septem=
ber 1, Weod River lzkes, 1957~068,

4 Comparison of zocnmlankton derbity in Lake Aleknagik
(Jul, 20 - Septemder 10), sockeye escapsment (in
previcus year), and mean length of age 0 fish on’
September 1,

1l Primary productivity and limnclagical data for Lake
Aleknagik, 1968,

Zooplankton settled volumes and average water tem=
peratures, Wood River lakes, August 15 - September
10, 1588,

3 - Same as Report 2, 1/185/70, Table k,
b Kumber of otolith samples, 1967,
2 Beach seine catches and preserved samples of sockeye

smolts at Mosquito Point, 1968,
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10/1/67
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Figo

Pig.

Figo
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Percent trantnission of incident solar radiaticn per
neter (Lares Chauekuituli, Iliamna, Aleknagik,
Chignik, and Black Lakes),

Limnolopical data for Lake Alekrnagik and Lake
Chauekuktuli, 1967,

Nurber of zooplankton hauls (llo. 6 mesh) and aver-
age density of organisms, 1967,

Estimated populations of isolated spawning popula-
ticn units in the Wood River systen as determined by
ground count, tajgring, and recovery and aerial
survey (areas- in Aleknagik and !erka). .

Percentage age conmposition of sockeye samples from
the Wood River lakes, 1867,

Weighted percentage age compositions for individual
lakes and the total VWood River svstem, 1967,

Ubserved averare lengths and fitted Cﬁapman-Richards
growth curves for char in Lakes Aleknagik, Snake
river, Anmanka, and Ualik.

Percent numerical composition of bottom fauna in
four major lushagak lake systens in June and July,
1965 (Wood River, Snake River, Igushik, Tikchik).

Densities of total botton fauna, summer 1965 of
above systems.

Numbers of sockéye otolith samples from the Wood
River lakes, 1967 (area, number otoliths).

Summary of gill-net catches in the Tikchik lakes,
Research fishing success (in July) for 2 years
before and one year after the 1966 year of com-

mercial fishery operations in the Tikchik lakes.

Length frequencies of lake “trout before and after -
the Tikchik fisheries,

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

Mean lengths of lake trout .and humpback whitefish

‘from Tikchik Lake samples in 19%¢4, 1965, and
.1967 (JUlY)fv
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UKPUBLISEED REPNRTS (WOOD RIVIR STUDINS)

Adult Identifization

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

Discusses three distinctive characteristics in Wocd
River socreye: Trianophorus infestation, freshwater
age and freshwater scale patterns. These are compared
with sockeye from other systems in Bristol Bay and
Russia,

Nusharak Bav Targing and Mesh Studies

Tasging program, liushagak, 19u6,

Reports a study on the length of time adult Hushagak
sockeye are exposed to the fishery., Tagging was done
at Clark's Point, This rejort is primarily a presenta-
tion of little-analyzed data. T T e

et

Meéﬁ'EkpériﬁeﬁfzﬁﬁgivBeach, 1946, (Graphs included)
47 pp.

A report on a study to determine the selactivity of
set net mesh size on the salmon catchi. Data summarized
and presented in graphs and tables.

Mesh experiments~Clarks Point, Alaska. és EDe
As in preceding report,

Parasite Stggz

Preliminary notes on cestode infestation.

Includes hardwritten and typed noves plus the rough
draft of a report. Information on distribution of
T, crussus in Alaska, its 1ife eycie, and the magni-
tude of smolt infestation in the ¥Wood River lakes,
Huch data is included. "

.

Spavning Graund Studies

Spawning ground survey study. 1. Lake Alekragik
2, Tikchik Region.

Reports cn the extensive 1846 survey in which nearly
every sir2am and beach was examined, Contains excele
lent detailed maps of lakes Aleknagik, Chauekuktuli,
and Nuyakuk that are complete with notes about spawn-
ing colonies and stream and beach characteristics.,
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Epawmning rround surwey stulv, Wood River lakes region,

'hs in preceding report, Excludes Lake Aleknagik,
With a detailed map of the lakes surveyed from Nerka
to Grant Lake,

Small streams study - Quarterly report, July - Septem~
ber, 1955,

 Cbservations of migration behavior in Hansen's,
Whitefish, and Bear Creeks, Data presented on the
timing and rate of upstrean movement of adult sockeye,
liotes that the majority of fish enter Whitefish

Creek betwecn 2030 and 2400,

Winter Studies

Report on winter survey - Bristol Bay, February -

March 1950,

Contains sketches of ice covering on selected areas
of Lakes Aleknagik, Merka, and Little Togiak. Also
sketches of Little Togiak River, Pick Creek, and
Hansen's Creek. Some data on egr and fry survival.
Fyke net cazches (Little Togiak River) from six
sampling dates are reported,

Preliminary studies on the effect of winter environ-
meat on red salmon, lLake llerka.

Summary of 1953-55 data. Emphasis on physical data -
air temparatures, snoufall. water and gravel temper-
atures in selected spawning beds,

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. 69 pp.

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

Report on the 1956-1957 studies on the effect of winter
environment on red salmon eggs and larvae in the Wood
River lakes. 24 pp., 33 figs,, and 19 tables,

Includes contour/spawning distribution maps of the
areas sampled,

Report on the 1857 studies of recently emerged red
salmon fry in the Wood River lakes.

Fry traps in Little Togiak River, Pick Creek, Elva
Creek, and Cabin Bay. 11 pp. 3 figs., and 6 tables.
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Studies on the effect of winter climate on survival
of red salmon embryos. in the Vood River lakes, Alaska,
1952-1953, 33 pp.

Weather Repovrts

‘Weather report, Lake Aleknagik, Sourdough Camp 1947,

Ho lake data.

~ Bathythermograph observations and graphs, Lake Aleknagik,

Wocd River, 1947,
Detailed weather observations in conjunction with BT

. readings, Much data with little analysis. Concerned

mainly with the technique and its accuracy.
Weather report, Lake Chauekuktuli, Allen River, Nov-

enber 1956-larch 1947,
No lake data, =

Weather compilaticns, Merka station, 1952-1839,
No lake data, ~

Young Fish Studies

Preliminary report on the young red salmon index sampling
prcblem in Bristol Bay, with particular reference to the
1951 studies into the use of floating lake traps in the
Wood River lskes,

Harking experiments of fingerling silver salmon by the

" injection of biclogical stains.
2

~ Concerned with technique and finding the optimal
stain for use in the field.

Age composition of young red salmea in the Vesd River
lakes as chown by length frequency and sudsequent scale
study of samples taken during single sampling period.

A preliminary comparicon of Kvichak and Nushagak red
salrmon fingerling samples. o

Report cn red salmon smolt enumeration at Kesquito
Point, Lake Aleknzgik, 1953, ’

Centains a comparisen of catch by winged versus
unwringed fyke nets.
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Age composition of the 1953 (and 1954) smolt migrétion,

Is the 2100-239C hoﬁrffishing period for snolt migranfs ;

sition of the red salron smolts.

110.

An adfusted annraical of the relative abuniance of red
salmen smelt risratiosn at Lesmiite Paint in the years i

1951, 1952, and 1953, .

Catches from fykenetting.

An evaluation of the sampling procedure used at Hosquité
Point, Lake Aleknanik, to deternine the age and size
conpocition of red salmon smolts at time of seaward
nigration. : :

-

Wood Ri@gr lakes.

N

Seasonal changes in size of Smolts passing losquito
Point, 1933 and 1954, .

adequate for enumeration purpose?

Report on red salmon smolt enuﬁeratipn at Hosquito
Point, Lake Aleknagik, (1954-58), : \

Second report on sampling procedures used at Mosquito
Point, Lake Aleknagil, to determine size and age compo-

Study of migration and movements of red salmon finger-
lings by tattooing release, and recovery procedures,

Concerned mainly with technique. Migration studies
conducted on the Little Togiak River and Lake lierka,
Data presented in graphs and tables,

Factors affecting timing of the Mosquito Point seaward
migration,

Methods of measuring condition of red salmon fingerlings
Paper concerned primarily with length/weight ratios,
but it also mentions parasites,

Hodeling

Trophic relation model in aquatic communities sockeye
salmon model, Wood River lakes, Alaska.
Yearly progress report.




