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History of the Fishery and Summary Statistics of

the Sockeye Salmon, Oncorhynchus nerka, Runs to

the Chignik Lakes, Alaska, 1888-1966

MICHAEL L. DAHLBERG'

ABSTRACT

Annual runs of sockeye salmon to the Chignik Lakes, Alaska, decreased from an average of 1.9

million during the period 1922-39 to an average of 0.9 million during the period 1919-f)(>. In order to

study the dynamics of the runs' historic catch, escapement and age structure data were compiled by

spawning stock and brood year. The history of fishing and management of the runs from inception of

the fishery until 19fi() is described. The high seas and coastal distributions of Chignik sockeye salmon

indicated significant interception by the fishery in only one area other than the Chignik Bay and

Chignik Lagoon: the fishery at Cape Igvak started in the mid-1960's. Results of the study were used to

construct parent-progeny relationships that formed the basis for a management strategy to restore the

runs to their former level of abundance.

INTRODUCTION

One approach to restoring sockeye salmon stocks' to

their former levels of abundance is to precisely regulate

the harvest of each major race (Royce 1964). According to

Ployce (1960), such a course requires that the manage-

ment agency 1) can define and recognize each major

race' of salmon, 2) has accurate statistics on catch and

escapement, 3) can forecast the returns accurately, 4)

knows the number of spawners needed for maintenance,

and 5) is aware of the gear and time needed to harvest the

desired number of salmon. The management agency does

not have all this knowledge for any race of salmon in

Alaska, but information has become available on the

stocks of one sockeye salmon-producing system of west-

ern Alaska, the Chignik River system, from which it can

formulate a management strategy based on precise regu-

lation of the harvest.

In this paper, historic catch and escapement statistics

are presented for each of the two major stocks of sockeye

salmon in the Chignik River system. Current statistics

have been routinely published and are later cited.

Sockeye Salmon Research at Chignik, Alaska

The potential of the Chignik watershed for controlled

studies of the life history of sockeye salmon was

'Northwest and Alaska Fisheries Center Auke Bay Laborator>', Na-

tional Marine Fisheries Service, NOAA, P.O. Box 155. Auke Bay, AK
99821.

-Stock refers to each aggregation that can be managed separately

(Ricker 1966): run, as defmed by Mathews (1966), signifies the total

number of mature sockeye salmon entering the watershed in 1 yr (catch

plus escapement).

^Race, the same as stock; see above.

'Returns refers to the total number of mature progeny produced by

one spawning, regardless of the time of return.

recognized early in the development of salmon research

in Alaska (Gilbert and O'Malley 1921). Parallel studies

of the life history of sockeye salmon were started by the

U.S. Bureau of Fisheries at Karluk in 1921 and at

Chignik in 1922 with the main purpose of ascertaining

"what relation exists between spawning colonies of vary-

ing size and the number of progeny that they furnish"

(Gilbert 1929). The Karluk and Chignik Rivers were

selected because it was believed the fishery operated

solely on fish bound lor these particulair watersheds.

In 1928 the complexities of the life cycle and dynamics

of the sockeye salmon populations of Chignik were

brought to light, and intensive study of the freshwater

life history of the Chignik sockeye salmon began (Higgins

1930). Considerable progress was made in determining

the pattern of the life history of Chignik sockeye salmon

and the relationship between the numbers of spawners

and returning progeny (Holmes 1934). However, in 1934

research was drastically reduced because of budget re-

strictions, and the only activity was collection of scales

for later study (Higgins 1936). A fish-counting weir was

first erected in Chignik River in 1922 to estimate the

escapement. The counting weir was not maintained in

1938, from 1940 through 1948, and in 1951. Each year

since 1952 a weir has been in operation to count the

escapement; because of turbid water and lack of ade-

quate sites, counting towers used in the Bristol Bay dis-

trict are not feasible at Chignik.

Tagging studies were conducted at Chignik by the

Fisheries Research Institute (FRI), University of Wash-
ington, in 1949 and 1952, and a research program funded

by the Chignik salmon canning industry began in 1955.

From 1955 to 1960 the research program consisted of

studies of the age composition of the runs, annual

enumeration of smolts, and an investigation of predation

on juvenile salmon by Dolly Varden, Salvelinus malma,



and coho salmon, Oncorhynchus kisutch, (Roos*- * ',

1959, 1960). Beginning in 1961 the FPU intensified eco-

logical studies of the nursery lakes. Results of those

studies have been reported by Narver (1966), Phinney

(1970), Parr (1972), and Burgner and Marshall'. Dahl-

berg (1973) analyzed the historical records of the fishery

and reported on the dynamics of the sockeye salmon

returns to Chignik from the inception of the fishery

through 1966. Although all five species of Pacific salmon

found in North America occur at Chignik, sockeye

salmon are the most abundant and commercially impor-

tant species. This repwrt treats only sockeye salmon at

Chignik. Narver (1966) and Parr (1972) described the life

histories of fishes associated with sockeye salmon in the

Chignik lakes.

The Watershed

The Chignik watershed is located on the Alaska Pe-

ninsula approximately halfway between the tip of the

Alaska Peninsula and Kodiak Island (Fig. 1). Black and
Chignik Lakes drain into the Pacific Ocean and form a

natural northwest-southeast pass through the Aleutian

Mountain Range. The watershed covers an area of

approximately 1,520 km^ including two lakes of 63.8 km'
total surface area. Atwood (1911) and Knappen (1929)

'Roos, J. F. 1959. Report on Chignik adult red salmon studies.

1958. Unpubl. manuscr., 12 p. Fish. Res. Inst., Univ. Washington, Seat-

tle.

'Roos, J. F. 1959. Red salmon tagging at Chignik, Alaska during

1959. Unpubl. manuscr., 9 p. Fish. Res. Inst., Univ. Washington, Seat-

tle.

'Roos, J. F. 1960. Life history of red salmon, Oncorhynchus nerka

(Walbaum), at Chignik, Alaska. Unpubl. manuscr., 56 p. Fish. Res.

Inst.. Univ. Washington, Seattle.

"Burgner. R. L.. and S. L. Marshall. 1974. Optimum escapement

studies of Chignik sockeye salmon. Anadromous Fish Project Final Re-

port for period ending June 30, 1973. Report No. FRI-UW-7401. Fish.

Res. Inst., Univ. Washington, Seattle, 91 p.

discussed in detail the geology of the region and briefly

described the geography and vegetation; Murie (1959)

detailed the fauna of the Alaska Peninsula.

Because the lakes are important as rearing areas for ju-

venile sockeye salmon, they have been closely studied; a

complete description of the two leikes is presented by

Narver (1966). Black Lake is shallow (44% of the area is

<2 m deep), warms rapidly in the spring, and is usually

turbid (typical Secchi disk reading is <1 m) throughout

the summer. Chignik Lake, although smaller in area

than Black Lake, is six times greater in volume and gen-

erally clearer. Although the lakes are different physically

(Table 1), together they show a marked contrast in bio-

logical activity when compared with 24 other sockeye

salmon-producing lakes in western Alaska (Burgner et al.

1969) . The Chignik system ranked second in number of

spawners per unit of lake surface area, first in rate of

photosynthetic activity (area and volume), first in con-

tent of chlorophyl a per unit of lake volume, and second

in content of total dissolved solids, and generally showed

high concentrations of trace elements. Black Lake and

Chignik Lake had the highest standing crops of phyto-

plankton among the lakes compared.

The lakes are connected by Black River (12 km long),

which flows south along the edge of the Aleutian Moun-
tain Range. Two major spawning tributaries enter Black

River. West Fork, entering fi-om the west, drains the

northeast slope of Mount Veniaminoff (Fig. 1), a volcano

which erupted as recently as 1956 (Roos see footnote 7).

Chiaktuak Creek enters from the east and drains a valley

parallel to Chignik Lake. Bearskin Creek also enters

Black River but is of minor importance as a spawning

stream; small numbers of spawners are found occasional-

ly in the upper reaches (Phinney 1970).

The lower lake is drained by Chignik River (7.2 km
long), which is normally influenced by tidal action for

nearly one-half its length. The highest spring tides affect

the river up to the lake outlet.

Mount

Veniaminof
Kilometers

Figure 1.—Map of the Chignik

River watershed with inset of

western Alaska.



Table 1.—Morphometric measurements of Chignik and Black Lakes and Chignik Lagoon (from Dahlberg

1973).



Table 2.—Recapitulation of types of fishing gear and catches of sockeye salmon by gear (percentage), fishing

seasons, fishing regulations, and numbers of days fished at Chignik, 1893-1966 (Dahlberg 196S).



Table 2.—Continued.



proaches are studded with traps, some with leads 3,500

feet long, and sometimes so interlaced that at a distance

the channel appears completely blocked, and it hardly

seems possible for a fish to pass." Dahlberg (1968) pre-

sented figures showing the location of traps fished in

Chignik Lagoon during 1899 and 1902.

Because there is some question as to the effectiveness

of the older types of gear, I calculated fishing effort from

the data on gear (Table 2) and catch data. The unit of ef-

fort chosen was the trap-day, i.e., the number of traps

fished, which yields the total trap days in season i. Total

trap catch in season i divided by total trap days within

season i yields catch per unit of effort.'

The fishing effort from 1905 to 1909 was low and t}ie

catch of sockeye salmon per unit of effort (CPUE) was
exceedingly high (Fig. 4). The sharp drop in the CPUE

Figure 4.—Trends in fishing effort (solid line) and catch (dotted

line) of sockeye salmon per unit of effort at Chignik, 1900-66.

and the concomitant rise in units of gear between 1909

and 1913 indicate "keen competition" between com-

panies during this period (Rich and Ball 1930). The
agreement in 1914 to equally divide the catch among the

three companies brought about much more efficient con-

duct of the fishery; however, its intensity was to no ex-

tent reduced in later years (Rich and Ball 1930), e.g., in

1922 more than 75% of the run was harvested (Alaska

Fishery and Fur-Seal Industries 1922).'° While it appears

from Figure 4 that the CPUE may have risen during the

period 1950-65, this may be due to a change in the effi-

'Since beach seines gradually replaced traps over the years (Fig. 3,

Table 2), I chose to convert the effort by gill nets and seines to trap effort

in order to make all the fishing effort data comparable between years. I

calculated relative fishing powers, by gear type, from the percentage of

the catch of each type of gear and the number of units of each type of gear

operating concurrently. I found that on the average, one trap was the

equivalent of 5.9 beach seines or 26.2 gill nets. These figures are to be

used with caution since the selectivity of trap sites and the efficiency of

beach seines used during the period 1940 to 1954 and those used in the

1970's are probably not the same. However, these relative fishing powers

can be used for gross comparisons of fishing effort.

'"The data for 1917 to 1950 were taken from the publication series

Alaska Fishery and Fur-Seal Industries. This series was published an-

nually as appendices to the Report of Commission of Fisheries until 1940.

Beginning in that year, they were published in the U.S. Fish and Wild-

life Service's Statistical Digest Series.

ciency or catchability of the newer gear. With the intro-

duction of powered seine blocks, synthetic fiber nets, and
modem seine boats in recent years, one would expect

greater efficiency per unit of gear.

Fishing regulations.—There was little, if any,

enforcement of fishery regulations in the Chignik fishery

before 1922. There were no statutory regulations prior to

1895, only a weekly closure of 30 h for the period 1895-

1906, and one of 36 h for 1907-40 (Table 2). Cooley (1963)

pointed out that starting in 1892 the U.S. Fish Commis-
sion had funds to support only one inspector and an as-

sistant for the enforcement of fishing regulations in the

entire territory of Alaska. They were forced to depend on

industry transportation to make their rounds during the

3-mo season.

A fish-counting weir was first established in Chignik

River in 1922 by the U.S. Bureau of Fisheries. The weir

has not been installed every year since that time, but a

management agent has been on duty to check the fishing

area during closed periods. However, inspection of Fig-

ure 2 shows that until 1925 there had never been <40
days of fishing during the season. In 1924, with the pas-

sage of the White Act," which required 50% escapement
in streams where counting weirs were maintained, the

fishery was subjected to periodic closures by the manage-
ment agent. In 1925 it was required that the minimum
annual escapement at Chignik be set at 1 million fish

(Rich and Ball 1930). This requirement was met nearly

every year until 1938. Management of the Chignik

fishery was based mainly on the rule of 50% escapement

and 50% catch under the White Act until the time of its

repeal in 1957.' In recent yesu-s target escapements esti-

mated from spawner-retum relationships have been used

as management guidelines to secure adequate spawning

densities (Dahlberg 1973).

Catch trend.—The general trend of catch declining

not long after the inception of the fishery is typical of

many other salmon fisheries in Alaska (Fig. 5). Catches

'Public Law 204, 68th Congress, 1924 (Cooley 1963).

^Public Law 296. 85th Congress. 1957.

1B95 1900 OS 10 IS 20 2S 30 35 1*0 45 50 55 60 65

YEAR

Figure .i.—Commercial catches of sockeye salmon at Chignik, 1895-

1966; unsmoothed curve (broken line) and curve smoothed by a

moving average of 5 (solid line).



gradually increased as the fishery developed, leveled off

until the White Act took effect in 1924 at which time they

decreased, remained at an intermediate level for several

years (1925-48), and then dropped shtirply after 1949 to a

low level. The catch data for the Nushagak district of

Bristol Bay (Mathisen 1971), show a unique similarity in

trend (Fig. 6) except for the timing of the fall from ini-

tial high production. The decline of sockeye salmon pro-

duction in the Nushagak district preceded that at

Chignik by a few years. It is noteworthy that these two

independent sockeye salmon systems exhibit the same
historical development and both show a decline in re-

turn per spawner.

I/I 7.2
Z

SS.6

u.
3-2

O

|l.6

z 0.8

Figure 6.—Commercial catches of sockeye salmon in the Nushagak
district. Bristol Bay, 1893-1966 (after Mathisen 1967); unsmoothed
curve (broken line) and cur^e smoothed by a moving average of .5

(solid line).

CATCHES AND ESCAPEMENTS OF THE
CHIGNIK SOCKEYE SALMON RUNS,

1888-1966

Catch and escapement, age and size composition, sex

ratio, timing of the run, and distribution of the escape-

ment on the spawning grounds Eire among the important

required statistics for setting management regulations

for the establishment and maintenance of maximum sus-

tained yield.

Catches and Escapements

Elscapement records began accumulating after

erection of a weir in Chignik River in 1922. Catch

statistics have been recorded from the beginning of the

fishery in 1888; more detailed records have been kept

since the Chignik canners joined the Alaska Packers As-

sociation in 1893 (Moser 1899). The long-term changes in

abundance of Chignik sockeye salmon have been about

twofold (Table 3).

Catch records.—Several sources of information were

used to compile a complete record of the annual catches

of Chignik sockeye salmon since 1888 (Moser 1899, 1902;

Rich and Ball 1929, 1930; Alaska Fishery and Fur-Seal

Industries 1917-50; Kasahara 1963; Pacific Fisherman

Yearbook 1915-67; Pacific Salmon Inter-Agency Council

1966; Roos", see footnotes 5, 7; Calkins'''). The two most

valuable sources were 1) annual reports of the Chignik

cannery superintendents, Alaska Packers Association,

over the years 1895-1955; and 2) vfirious reports of the

management agents for the U.S. Bureau of Fisheries

(1922-39), the U.S. Fish and Wildlife Service (1940-59),

and the Alaska Department of Fish and Game (1960-66)

(microfilms of these documents are on file in the archives

of the FRI). I resolved inconsistencies in the reports com-
piled and issued by veirious agencies and individuals by

cross-checking several sources; in the event of a major

disagreement, 1 accepted the daily catch figures com-
piled by either the management agency or canning in-

dustry. Many arithmetical errors were discovered in the

historical records; in these instances, I used the summa-
tion of the daily catch figures (Dahlberg'^). Catch records

were complete for all the years covered in this study

(1888-1966).

Escapement records.—Daily weir counts were used to

compile annual escapement records for those years in

which a weir was operated in the Chignik River. The
counting weir was not maintained in Chignik River dur-

ing 1938, from 1940 through 1948, and in 1951. More-

over, in some years (1924, 1931, 1933) the weir was

"Rocs, J. F. 1957. Report on Chignik adult red salmon studies,

19.55-1956. Unpubl. manuscr., 58 p. Fish. Res. Inst., Univ. Washing-

ton. Seattle.

"Calkins, T. P. 1958. Report on Chignik adult red salmon studies,

1957. Unpubl. manuscr., 59 p. Fish. Res. Inst., Univ. Washington, Seat-

tle.

'^Dahlberg, M. L. 1967. Chignik catch-escapement analysis. Fish.

Res. Inst., Comput. Program FRD 295, Univ. Washington. Seattle, 4 p.

Table 3.—Long-term changes in abundance of Chignik sockeye salmon (Dahlberg 1968).

Chignik Lake Black Lake Total run

Escape- Rate of Escape- Rate of Escape- Rate of

Catch ment Total exploi- Catch ment Total exploi- Catch ment Total exploi-

1.(XX)'3 l.CXM's l.CKXJ's tation' 1,(X)0'9 1,000's 1,000's tation' 1,000's l,(XX)'s l,(XX)'s tation'

Mean
1922-39 504 563

Mean
1949-66 240 326

Percent

change- -52.5 -42.1

1,06' 0.472 290 787 0.368 794 1,060 1,854 0.428

346 0.419 385 527 912 0.422

47.0 -10.4 -49.8 -59.5 -55.9 H3.9 -51.5 -50.2 -50.8 -3.8

566 0.423 201

'Rate of exploitation as defined by Ricker (1958:20).

-Expressed as a percentage of the mean for the period 1922-39.



damaged by high water, and the escapement was

inaccurately assessed. Because it was desirable to have a

continuous record of past escapements, estimates were

used for missing data (Table 4). The estimates for 1924,

1931, and 1933 were made by U.S. Bureau of Fisheries

personnel stationed at Chignik in these years; the esti-

mate for 1951 represents the total of weekly estimates of

escapement made by the management agent, U.S. Fish

amd Wildlife Service, at Chignik in that yeeu-.

Table 4.—Estimated escapements of sockeye salmon at Chignik,

Alaska, for those years in which weir counts either were not avail-

able or were unreliable (Dahlberg 1968).



Travel time between Cape Kumlik and Chignik

Lagoon.—Starting in 1960 some purse seine boats in the

Chignik management area began catching significant

numbers of sockeye salmon in Aniakchak Bay and its

western terminus, Cape Kumlik, which is 72 km (45 mi)

east of Chignik Lagoon. Since that time tagging studies

have shown that almost 95% of the sockeye salmon in

this area are bound for Chignik Lagoon (Lechner"*). In

order to assign these fish to the catch of a given day in

Chignik Lagoon, one must know the migration time from

Cape Kumlik to Chignik Lagoon. Travel time can be

estimated from the interval between the release of fish

tagged at Aniakchak Bay and the recovery of the same
fish in Chignik Lagoon. Fish were tagged in Aniakchak
Bay by Richardson'' on 7 July 1963 during a closed

fishing period. The commercial fishery in the district re-

sumed operations on 8 July at 0600 h and continued oper-

ations from 0600 to 1800 h each day through 12 July. The
recovery of tagged fish in Chignik Lagoon reached a peak

2 days after release (Fig. 8). Hartt (1966) has shown that

tagging delays the migration of mature sockeye salmon

on the high seas about 1 day. It appears from Figure 8

that many sockeye salmon can travel from Cape Kumlik
to Chignik Lagoon in 1 day, allowing 1 day for tagging

delay. This is a rate of travel of about 72 km (45 mi) per

day; Hartt (1966) has shown that the rate of travel for

'^Lechner. J. 1969. Identification of red salmon stocks taken in the

Cape Kumlik - Aniakchak Bay fishery, Chignik area, 1967. Alaska Dep.

Fish Game Inf Lead. 1,33, 32 p.

"Richardson, T. H. 1963. Aniakchak tagging program. Alaska

Dep. Fish Game, -Juneau, 2 p.

20 r

DAYS FROM RELEASE

Figure 8.—Numbers of tagged sockeye salmon re-

covered in Chignik Lagoon from day 1 to 5 after

release of fish lagged at Aniakchak Bay in July 1963

(data from Richardson, see text footnote 17).

returns to Bristol Bay is as much as 56 km (35 mi) per

day, becoming faster as the fish near the coast.

lYavel time between Chignik Lagoon and Chignik

weir.—The commercial catch in Chignik Lagoon on a

given day is not taken from the same group of fish that

are counted through the weir on the same day; the mi-

gration time between the fishing area and the weir must

be considered. Normally, sockeye salmon move up-

stream from the lagoon on each high tide and pass im-

mediately through the weir; few fish loiter in the river

downstream from the weir. In tagging experiments to de-

termine time of entry of the stocks, fish tagged and re-

leased in Chignik Lagoon during closed fishing periods

were later counted as they passed through the weir. In

addition, other fish were tagged and released immedi-

ately downstream from the weir and these tagged fish

also were counted as they passed through the weir. Since

the same sampling gear (seine), type of tags (25 mm
diameter disks), and tagging crew were used in both tag-

ging operations, the difference between migration times

through the weir for the two groups of fish should reflect

the migration time between the lagoon and weir (Figs. 9,

10; Table 5).

Two results are apparent from the tagging data: 1)

Tagging delayed migration approximately 1 day, i.e.,

fish tagged immediately downstream from the weir did

not pass through until about 1 day later as shown from

the mode in Figure 9; and 2) assuming a delay in mi-

gration of 1 day due to tagging, the migration time from

Chignik Lagoon to the weir was about 2 days. Since catch

and escapement are recorded by 1-day intervals, a 2-day

lag between the catch and escapement was used as the

DAYS FROM RELEASE

Figure 9.—Numbers of days between release and passage through

the Chignik River weir for sockeye salmon tagged and released

immediately below the weir, 1962-66 (Uahlbcrg 1968).
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Figure 10.—Numbers of days between release and passage through

the Chignik River weir for sockeye salmon tagged and released at

Chignik Lagoon, 1962-66 (Dahlbcrg 1968).

Table 5.—Average duration of time from release to passage through

the weir for sockeye salmon tagged in Chignik Lagoon and sockeye

salmon tagged immediately below the Chignik River weir (combined

data from 1949, 1962-66) (Dahlberg 1968).

Tagging

location
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Table 9.—Summar>' of estimated catches by the fish-

ery of Chignik sockeye salmon by stock, 1888-1921

(Dahlberg 1968).

Year



Table 10.—Summary of estimated catches and escapements of Chignik sockeye salmon by stock, 1922-66 (Dahlberg 1968).



Table 11.—Selected ratios of catch and escapement statistics for Chignik Lake, Black Lake, and total runs, 1922-6S.

Chignik Lake Black Lake Total r

Catch/ Escape- Rate of Escape- Catch/ Escape- Rate of Escape- Catch/ Escape- Rate of Escape-

escape- ment/ exploi- ment escape- ment/ exploi- ment escape- ment/ exploi- ment

ment catch tation (prop) ment catch tation (prop) ment catch tation (prop)

1922



Figure 12.—Calculated catches of Chignik Lake (solid line) and

Black Lake (dotted line) sockeye salmon, 1895-1966, based on time of

entry of the stocks in recent years (Dahlberg 1968).

Figure 1.1.—Catch trends for Chignik Lake (dotted line) and Black

Lake (solid line), 189.')-I966, smoothed by a moving average of .'>

(Dahlberg 1968).
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