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Issues and Actions 

Prince of Wales Hatchery Association provided participants with a questionnaire 
to identify issues affecting the Klawock Sockeye. Twenty four questionnaires were 
mailed and 10 returned. Responses were grouped into three categories; Management, 
Harvest, and Habitat. Participants also listed positive actions that could improve the 
Sockeye returns in the future. 

Management Issues 
Lack of accurate information concerning sockeye runs to the public. 
Constant changes in Hatchery operations and procedures due to changing 

administration. 
Broodstock problems. 
Coho ahd Steelhead being raised at the Hatchery. 
Lack.of commitment on past Hatchery Staff. 
Competition with hatchery stocks. 

Proposed Actions 
Cities pass resolution in support of rebuilding Sockeye runs. 
Work with KCA for funds to assist in helping Sockeye. 
FS assist with personnel and technical assistance. 
Monitor run numbers more closely. 
Keep politics out of fish biology. 
Support Hatchery. 
Stop raising Coho and Steelhead. 

Habitat Issues 
Logging around Klawock. 
Loss of Habitat from logging. 
Loss of spavming Habitat. 
Changing water temperature. 
Habitat changes. 
Habitat degradation. 

Proposed Actions 
Watershed analysis. 
Stream restoration. 
Clean streams in Klawock Lake. 
Klawock River Watershed Wetland Assessment and Watershed Council. 
Nominate Klawock Watershed as imparted under the Unified Watershed. 
Assessment. 
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Harvest Issues 
Increase in subsistence harvesting. 
Over harvest in ocean fisheries and high seas interception. 
excessive terminal fisheries. 
Subsistence and Commercial Harvest. 
Outside water commercial seining. 
High seas and subsistence interception. 

Proposed Actions 

Restrictions on all user groups. 
Do not extend interception at low run cycles. 
Fish cop for one month especially for Klawock. 
Open seining season later. 

I 

' 

3 

-. 

1: 

I 
1: 

1: 
(i 

(: 

( 

( 

r 
I 
I 
I 
(· 



I I 

I 

i 
1 ~ 

' 

I' 

' I ' 

' I 

j l 

i ' 

'-· 

History of the Klawock Sockeye Run 

Klawock Sockeye have been an important food and commercial resource for 
perhaps thousands of years. Commercial harvest records begin in 1886 when they were 
taken within Klawock Bay. Klawock is the site of the first salmon cannery in Alaska that 
was built to take advantage of the abundant Sockeye harvest. 

Harvest Records in Klawock Bay 
and Lagoon 
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Harvest 

There is little accurate information on the contribution of Klawock Sockeye to 
commercial fishing catches. Tagging programs from Klawock origin Sockeye have not 
been sufficient to determine the number caught in Area 103 and 104 fisheries. Tags have 
been recovered in Area 104-40 Seine harvests. The majority of recovered tagged hatchery 
fish were recovered in the subsistence fishery in Klawock Bay and Lagoon. Subsistence 
permits and harvest information have been collected since 1971. Average subsistence 
harvest since 1974 was 45% of the total return to Klawock Bay. Although the number of 
permits has declined since 1984, the harvest has increased. 
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Enhancement 

Klawock Subsistence and Escapement 1971-1998 

Average Subsistence harvest is 45% of 
return to Klawock Bay. 

II Escaperrent 

• Subsistence 

Enhancement of Klawock Sockeye began in 1897 with the construction of a Hatchery 
facility near the base of Klawock Falls. The Hatchery was constructed and operated by 
the North Pacific Trading and Packing Company of Klawock to improve the Sockeye 
catch in Klawock Bay. After one years operation, the facility was moved to the mouth of 
Three Mile Creek where it operated through 1916. Sockeye eggs were taken from fish 
entering the mouth of Three Mile and Half Mile Creeks, incubated through the fall and 
released into the lake as sac fry in December and January. Some eggs were also planted 
in small tributary stream in October and November. The average release during this 
period was about 3 .2 million sac fry per year. Records show that some releases were 
doubtful due to storms, icing and floods. The success and contribution of this program is 
unknown. In 1915 the Canning Company also blasted out a portion of the falls to make 
sockeye escapement easier for fish returning to the lake. 

In 1978 the Alaska Department ofFish and Game constructed a hatchery facility 
near the base of the Klawock falls primarily to produce Chum and Coho salmon. In 1985 
the local Hatchery Advisory Council requested that ADF&G begin a program to enhance 
Sockeye that would meet increasing subsistence harvest pressure. In 1987 Sockeye were 
released as both fed and unfed fry into Klawock Lake. Sockeye enhancement continued 
tlrrough 199~ when ADF&G closed Klawock Hatchery. The City of Klawock operated 
the Hatchery through 1995 and continued Sockeye enhancement. In 1996 Prince of 
Wales Hatchery Association began operation of the Klawock River facility as a Private 
Non-Profit Association. POWHA's permitted egg take goal is 10 million eggs annually. 
ADF&G requires disinfecting Klawock Lake water used for Sockeye culture. As part of 
POWHA's renovation of the Klawock Hatchery, over $160,000 was spent to install an 
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ozone gas disinfection system, primarily for Sockeye culture. Since 1996, Sockeye 
returns have been below the State's escapement goal of 10,000 adults to Klawock Lake. 
This has limited the Associations egg take and culture production. 

Sockeye culture at Klawock is cost and labor intensive due to the costs of 
disinfecting Klawock Lake water, brood stock collecting at Three Mile and Half Mile 
Creeks, incubation and egg handling, and fish feed used for raising fry. The Klawock 
River facility has limited space to raise fry to a larger size, which would improve their 
survival in the Lake. The cost of the current Sockeye program has averaged about 
$42,000 per year. POWHA is funded through donations, memberships and sales of 
excess hatchery fish returning to Klawock River (Cost Recovery). POWHA does not 
foresee any cost recovery from the Sockeye enhancement program within the next 15 
years. POWHA may not be able to afford to enhance Sockeye and still meet its fmancial 
obligations in tlie future. · 

' 

Sockeye hatchery release 1987-1998 

DF&G Hatchery Production 
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Sockeye enhancement is beneficial to the overall run in that it increases the survival rate 
of eggs and sac fry over the "wild" run. Wild fish have an estimated survival of 4% from 
egg to spring fry, while Hatchery produced eggs have a survival of70% or more. 
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Sockeye Survival Rates 

Eggs (1 male+ 1 female) 
Spring Fry 
Fall Fry 
Smolt 
Adult 
Harvest 
Escapement 

Sockeye Survival Hatchery vs Wild 

Spring 
Fry 

Fall Fry Srrolt Adult 

life stage 

Hatchery vs Wild 
Hatchery % 

3500 70% 
2625 29% 

748 70% 
524 12% 
63 50% 
31 
31 

1111\Mid 

• Hatchery 

Harvest 

Wild % 

3500 4% 
140 29% 
40 70% 
28 12% 

3 50% 
1.5 
1.5 

The table and graph show that the by increasing the survival ofthe egg and sac fry to the 
spring fry stage provides greater numbers of fish available for harvest and escapement. In 
the wild populations, a harvest rate of 50% does not provide a sustainable harvest level. 
Since it takes 2 fish (1 male and 1 female) for successful spawning, a escapement of 1.5 
fish is less than sustainable level of 2 adult fish. 
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Management Issues 

Competition of Hatchery Coho and Steelhead with Sockeye 

Hatchery produced Coho are reared in net pens within Klawock Lake and released 
as smolt in after June I. Coho smolt migrate down the Klawock River to salt water and 
do not spend significant time in Klawock Lake. Steelhead smolt have not been released 
into Klawock Lake since 1991. Releases since 1996 have been as smolt into Klawock 
River. Steelhead can migrate upstream to Klawock Lake and are likely to feed to some 
extent on Sockeye fry as well as other salmon fry and invertebrates. 
· Studies conducted by ADF&G and USDA Forest Service in Margaret Lake near 
Ketchikan indicate that most stocked unfed Sockeye fry are eaten by resident Cutthroat 
trout. As Sockeye grow, they become successful in avoiding Cutthroat and other fish-' . 
eating predators. 

POWHA can possible improve Sockeye survival in Klawock Lake by raising 
Sockeye to a larger size and releasing into Klawock Lake latter in the year; 

Broodstock Problems 

Broodstock collection and natural spawning in Klawock Lake tributaries is limited 
by the low numbers of adult fish returning to the system. Sockeye return early in the 
season beginning in late June and early July and ending by late August. Sockeye tend to 
move upstream during high water flow periods. Adults then hold in Klawock Lake and 
school off spawning streams. As water temperatures cool and flows increase, Sockeye 
begin swim up the creeks to spawn. Low water levels in Klawock River and warm 
temperatures prohibit sockeye from moving into Klawock Lake. Stress and low dissolved 
oxygen levels in the stream can contribute to broodstock los.s. 

Past Hatchery practices included holding broodstock in raceways for ripening. 
Broodstock were lost due to stress, disease and fungus problems. Since 1995 broodstock 
have been collected and held in small netpens off Three Mile and Half Mile creeks until 
ripe. Fish are spawned at the lake and eggs are transported to the Hatchery for 
incubation. 

Changes in hatchery Operations and Procedures 

Since 1992, funding cuts have resulted in changes to Hatchery management and 
operations. Klawock River facility has been managed by ADF&G, the City of Klawock, 
the City of Craig, and POWHA since 1994. Effective enhancement requires changes to 
adapt to changing conditions. POWHA is continuing a program that was part of the 
Klawock River Management Plan. POWHA seeks to find cost effective and beneficial 
practices that will provide stabk Sockeye runs and sustainable harvests. The current 
Sockeye program receives no outside funding. Since future cost recovery of Sockeye is 
unlikely, the Sockeye program is operated at a loss by the Association. Adequate and 
reliable funding sources will help insure the program continues and-improves. 
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Cost Effectiveness of Hatchery Enhancement Programs. 

Sockeye are released into Klawock Lake as both unfed and fed fry. Survival of 
these fish to adult and their contribution to commercial, subsistence and spawning is 
unknown. ADF&G estimates an overall wild survival from fi-y to adult as about 2 %. A 
study of sockeye predation in Margaret Lake near Ketchikan showed that sockeye fr-y had 
a predation rate from resident Cutthroat trout that ranged from 30 to 50% of the stocked 
fr-y within the first month after stocking. We do not know what the survival rate is for 
stocked fry in Klawock Lake. Further assessment of enhancement success is needed. 

The costs of the Sockeye program at POWHA average between $35,000 and 
$42,000 per brood year. This is for a nine to ten month program that includes; site 
preparation, broodstock collection, holding, sorting, spawning, egg management, 
ponding, feeding, tagging and release, and site cleanup and disinfecting. The major costs 
are labor and power costs for disinfecting Klawock Lake water. Other costs are fuel, 
materials, and fish feed. These high costs require that the program be effective in 
meeting its goal of providing sustainable runs of Sockeye. Adequate assessment of fry 
stocking in Klawock Lake requires, materials and manpower that are not available at this 
time. POWHA's limited financial income may not be able to support Sockeye 
enhancement to the extent that would prevent further stock declines. 

Habitat Issues 

Klawock Lake has historically supported large numbers of Sockeye. From 1886 
thought 1896 armual harvest of over 80,000 fish were reported. It also supports pink, 
coho and chum salmon. The lake is large, (2,906 acres) and shallow (average depth 18 
meters). It is the collecting basin for 26,899 acres of watershed. ADF&G estimated that 
Klawock Lake could support up to 1.5 million Sockeye smolt annually. A minimum 
spawning escapement goal of between 7 and 9 thousand adults. Maximum spawning 
escapement is estimated at 30,000 adults. 

Spawning habitat is found in tributary streams to Klawock Lake and to some 
extent along the shoreline at the mouth of spawning streams. The most important 
spawning systems are Three Mile and Half Mile Creeks on the North side of the Lake. 
Stream surveys in 1998 found only a few fish in No Name Creek at the head of the Lake 
and no Sockeye in other creeks. 

Fry rearing habitat is crucial to fr-y survival. Sockeye fr-y feed primarily on 
plankton populations located in the open waters in the middle of the Lake. Klawock Lake 
supports a rich plankton population that contributed to high sockeye numbers. Changes 
in Lake chemistry can reduce or change plankton populations and effect Sockeye 
productivity. 
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Effects of Logging on Spawning Habitat 

Commercial logging in the Klawock Basin has changed the flow characteristics of 
tributary streams in Klawock Lake. Tree loss in the basin increases the water runoff into 
streams. Higher than normal flows destabilize the gravel used by salmon for spawning. 
Channels begin to fill with gravel and debris causing further erosion. Sockeye spawning 
in the fall use gravel beds that will be washed downstream, killing eggs or uncovering 
redds and exposing them to predation. Over time erosion washes out suitable spawning 
gravel further reducing the amount of intact spawning beds available. 

Since 1996, Three Mile and Half Mile Creeks have been building gravel bars in at 
the mouth of the streams. Half Mile Creek has increased by 80 sq meters in size. Three 
Mile Creek has created channels as the stream begins to change its course. 

THREE MILE CREEK 1971 Pre Logging 
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Half Mile Creek 1917 Pre Logging. 

In 1986, POWHA began measuring changes water levels in the Klawock River. Water 
levels rose and fell in response to rain events. 

Klawock River Flow (inches) 1996-1997 
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Water temperatures can also be effected by logging programs. ADF&G collected average 
Lake temperatures from 1979 through 1983, this is compared with average temperatures 
in 1996 through 1996. The graph shows an increase in April through September. The 
effect of this trend ori Sockeye is unknown. 

Average Lake Temperatures Klawock Lake 
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Habitat Degradation 

Other actions that can change critical Sockeye habitat are road building and 
maintenance, water diversions, and construction. Road building and maintenance, 
including paving of the Klawock Hollis Highway can change lake chemistry and runoff. 
Road salt and oils can leach into the lake and effect both salmon and the plankton 
population. Half Mile Creek is used as a source for Klawock domestic water, this 
reduces the flow available for spawning and incubation during periods oflow flow. 
Construction within the watershed can also contribute to changes in the Lake chemistry 
from septic systems and water use. 

The cumulative effects of logging, road and construction development, and water 
use are difficult to assess and identify. 
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Harvest 

Commercial Seining 

Commercial seine fishing is managed for pink salmon. Sockeye compose a 
small portion of the commercial catch. State trends are shown in the 
following graphs. 
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Average Week of Interception in Dist.104 Seine Fishery, Klawock Lake Sockeye 
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Subsistence Harvest 

Subsistence Harvests have the greatest single impact on adult escapement to Klawock 
Lake. Where Area I 03 and 104 commercial and sport fishing targets mixed stocks of 
salmon, subsistence fishing within Klawock Bay and Lagoon target Klawock River fish. 
Subsistence trends and harvest levels are shown in the following graphs. 

High Seas Interception 

High Seas interception from foreign flag drift nets have been shown to intercept Alaska 
origin salmon. 'This fisheries has been reduced by international agreement. The impact 
of this fisherf on Klawock River Sockeye is unknown. 
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Sockeye Subsistence Harvest, Klawock River 
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Appendix 

1985 Sockeye Production Information (ADF&G) 

Sockeye Information (ADF&G) 

Quantifying cutthroat trout predation on sockeye salmon fry using 
bioenergetics approach (Meg Cartwright) 

Klawock Local Advisory Board Letter (1985) 

ADF&GMemo 

ADF&G Proposed Klawock River 
Sockeye Rehabilitation Plan 

(1985) 

(1985) 



ALASKA DEPARTMENT OF FISH AND GAME 
Oiviaion o£ Com~•rcicl Fiahorioa 
P.O. Box 3-2000, Juneau, Ak 99802 

October 25, 1985 
To: Ken Parker, Director 

Froa: Phil Mundy , 
Chief Fisheries Scientist 465-4210 

Re: Klawock sockeye management information 

STATE Q;: A'J.JKA 

P:TI'01i'FF'D ... ~~.._.... .. _,_._ \' ..... 

OCT 31 1985 

Attached are the data which you requested in order to formulate a 
plan for rebuilding the sockeye stocks for the people of Klawock. 
I have considered the information and I have the following 
recommendations for your consideration. . 

· .. ,,. 
1) The minim¥~ escapement goal range for the system should be 

5,000 - '7,000 females at 3000 eggs/female, exclusive of 
subsistence and personal use requirements. At a sex ratio of 1 

male for· every three females, this translates into a rounded 
total escapeaent goal of 7,000 - 9,000 spawners. This was based 
on an analysis of the historical cacth record using reasonable 
figures for exploitation and production. Using histo;r.tcal catch 
recorda and three levels of possible exploitation, the following 
estimates of average escapement have been made by Fred Bergander. 

Exploitation rate 

GO· 70 80 
------ ------ ------

J\ean escape 24491 15744 9180 

s.d. esc. 11215 7210 4206 

max escape 50000 32143 18750 
min escape 36616 2325 1356 

2) The optiiiUlll escapement goal to maximize the sockeyer'production 
potential o£ the lake is 50,000 females, for a total'escapement ·~~ 
o£ 67,000 spawners at 1 male/ 3 females. The level is based on ~ 
the limnological work of Jeff Koenings <FREDD, Soldotna) which is 
attached, assuming 3000 eggs/female and 10~ survival from egg to 
spring fry. 

No information on tagging is attached because none exists other 
than £our tag recoveries at Klawock from widely separated 
U.S./Canadian tagging programs on Alaska's Pacific coast. It is 
probable that Klawock sockeye ere intercepted at·a wide variety 
of locations including Southeast Alaska and British Columbia at a 
very low rate. 

The timing o£ the escapement at 
1982-1983 is highly variable, 
escapement 
distribution 

ranging from July 
o£ abundance at the 

1968-1971 and 
median (50"> 

The time 
with that of 

Klawock weir in 
with dates o£ 

22 - August 31. 
weir is consistent 
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Parker - Klawock sockeye 10.25.1985 

a stock 
variable 
£rom 823 

which has been badly 
!roll\ year to year, 

12,087 fish during 

damaged~ it is 
and numerically 
these years. 

sporadic, 
very weak, 

2 

highly 
ranging 

Please let me know if you need further detail or JUStification on 
any of these points. 
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Sockeye Salmon 
The sockeye salmon 
(Oncorhynchus nerka), often 
referred to as "red" or "blueback" 
salmon, occurs in the North Pacific 
and Arctic oceans and associated 
freshwater systems. This species 
ranges south as far as the Klamath 
,Riwr in California and northern 
Hokkaido in Japan, to &s far north 
as far as Bathurst Inlet in the Canadian Arctic and the Anadyr River in Siberia. Aboriginal people 
considered sockeye salmon to be an important food source and either ate them fresh or dried them for 
winter use. Today sockeye salmon support one of the most important commercial fisheries on the Pacific 
coast of North America, are increasingly sought after in recreational fisheries, and remain an important 
mainstay of many subsistence users. 

General description: Sockeye salmon can be distinguished from chinook, coho, and pink salmon by the 
lack of large, black spots and from chum salmon by the number and shape of gill rakers on the first gill 
arch. Sockeye salmon have 28 to 40 long, slender, rough or serrated closely set rakers on the first arch. 
Chum salmon have 19 to 26 short, stout, smooth rakers. 

Immature and prespawning sockeye salmon are elongate, fusiform, and somewhat laterally compressed. 
They are metallic green blue on the back and top of the head, iridescent silver on the sides, and white or 
silvery on the belly. Some fine black speckling may occur on the back, but large spots are absent. 
Juveniles, while in fresh water, have the same general coloration as immature sockeye salmon in the 
ocean, but are less iridescent. Juveniles also have dark, oval parr marks on their sides. These parr marks 
are short-less than the diameter of the eye-and rarely extend below the lateral line. 

Breeding males develop a humped back and elongated, hooked jaws filled with sharp caniniform teeth. 
Both sexes turn brilliant to dark red on the back and sides, pale to olive-green on the head and upper jaw, 
and white on the lower jaw. 

Life history: Sockeye salmon are anadromous: they live in the sea and enter freshwater systems to 
spawn. After hatching, juvenile sockeye salmon may spend up to four years in fresh water before 
migrating to sea as silvery smolt weighing only a few ounces. They grow quickly in the sea, usually 
reaching a size of 4 to 8 pounds after one to four years. Mature sockeye salmon travel thousands of miles 
from ocean feeding areas to spawn in the same freshwater system where they were born. Little is known 
about the navigation mechanisms or cues they use on the high seas, although some evidence suggests 
that they may be able to use cues from the earth's magnetic field. Once near their natal freshwater 
system, sockeye salmon use olfactory cues to guide them home. Like all Pacific salmon, sockeye salmon 
die within a few weeks after spawning. 

Maturing sockeye salmon return to freshwater systems from the ocean during the summer months, and 
most populations show little variation in their arrival time on the spawning grounds from year to year. 
Freshwater svstems with lakes produce the greatest number of sockeve salmon. Spawning usuallv occurs 
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in rivers, streams, and upwelling areas along lake beaches. The female selects the spawning site, digs a 
nest (redd) with her tail, and deposits eggs in the downstream portion of the redd as one or more males 
swim beside her and fertilize the eggs as they are extruded. After each spawning act, the female covers 
the eggs by dislodging gravel at the upstream end of the redd with her tail. A female usually deposits 
about five batches of eggs in a redd. Depending upon her size, a female produces from 2,000 to 4,500 
eggs. 

I i 
' 1 Eggs hatch during the winter, and the young sac-fry, or alevins, remain in the gravel, living off the 

material stored in their yolk sacs, until early spring. At this time they emerge from the gravel as fry and 
i: move into rearing areas. In systems with lakes, juveniles usually spend one to three years in fresh water 
I 1. before migrating to the ocean in the spring as smolts. However, in systems without lakes, many juveniles 

migrate to the ocean soon after emerging from the gravel. .. 
' ; i ; . 
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Sock-eye salmon return to their natal stream to spawn after spending one to four years in the ocean. 
"Ma.ture sockeye salmon that have spent only one year in the ocean are called jacks and are, almost 
without exception, males. Once in the ocean, sockeye salmon grow quickly. While returning adults 
usually weigh between 4 and 8 pounds, weights in excess of 15 pounds have been reported. 

In some areas, populations of sockeye salmon remain in fresh water all their lives. This landlocked form 
of sockeye salmon, called "kokanee," reaches a much smaller maximum size than the anadromous form 
and rarely grows to be over 14 inches long. 

Food habits: While in fresh water, juvenile sockeye salmon feed mainly upon zooplankton (such as 
ostracods, cladocerans, and copepods ), benthic amphipods, and insects. In the ocean, sockeye salmon 
continue to feed upon zooplankton (such as copepods, euphausids, ostracods, and crustacean larvae), but 
also prey upon larval and small adult fishes (such as sand lance), and occasionally squid. 

Fisheries: The largest harvest of sockeye salmon in the world occurs in the Bristol Bay area of 
southwestern Alaska where 10 million to more than 30 million sockeye salmon may be caught each year 
during a short, intensive fishery lasting only a few weeks. Relatively large harvests of 1 million to 6 
million sockeye salmon are also taken in Cook Inlet, Prince William Sound, and Chignik Lagoon. All 
commercial Pacific salmon fisheries in Alaska are under a limited entry system which restricts the 
number of vessels allowed to participate. Most sockeye salmon are harvested with gillnets either drifted 
from a vessel or set ~ith one end on the shore, some are captured with purse seines, and a relatively 
small number are caught with troll gear in the southeastern portion of the state. 

Sockeye salmon are the preferred species for canning due to the rich orange-red color of their flesh. 
Today, however, more than half of the sockeye salmon catch is sold frozen rather than canned. Canned 
sockeye salmon is marketed primarily in the United Kingdom and the United States while most frozen 
sockeye salmon is purchased by Japan. Sockeye salmon roe is also valuable. It is salted and marketed in 
Japan. 

There is also a growing sport fishery for sockeye salmon throughout the state. Probably the best kno\\n 
sport fishery 'With the greatest participation occurs dtuing the return of sockeye salmon to the Russian 
River on the Kenai Peninsula. Other popular areas include the Kasilof River on the Kenai Peninsula as 
well as the vaJious river systems within Bristol Bay. 

Subsistence users harvest sockeye salmon in many areas of the state. The greatest subsistence harvest of 
sockeye salmon probably occurs in the Bristol Bay area where participants use set gillnets. In other areas 
of the state, sockeye salmon may be taken for subsistence use in fishwheels. Most of the subsistence 
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harvest consists of prespawning sockeye salmon, but a relatively small number of postspawning sockeye 
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salmon are also taken. Personal use fisheries have also been established to make use of any sockeye ( : 
salmon surplus to spawning needs, subsistence uses, and commercial and sport harvests. Personal use 
fisheries have occurred in Bristol Bay, where participants use set gillnets, as well as in Cook Inlet and 
Prince William Sound, where participants also use dip nets. ( . 

While most sockeye salmon production in Alaska results from the spawning of wild populations, some 
runs have been developed or' enhanced through human effort. Although artificial propagation of sockeye ( 
salmon has proven difficult, notable success has been achieved at state-maintained hatcheries located on 
the upper Copper River in Prince William Sound and the Kasilof River on the Kenai Peninsula. A fish 
ladder installed on the Fraser River on Kodiak Island has also served to enhance sockeye salmon returns. I 
Text: Commercial Fisheries Management and Development Staff r 
Illustration: Ashley Dean 
Re~jed and reprinted 1994 
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Quantifying cutthroat trout (Oncorhynchus clarki) predation on 
§.Ockeye salmon (Oncorhynchus nerka) fry using a bioenergetics 
approach 

Margaret A. Cartwright, David A. Beauchamp, and Mason D. Bryant 

Pages 1285-1295 

Abstract: Although some sockeye salmon (Oncorhynchus nerka) enhancement programs achieve 
production goals in Alaskan lakes, others like the Margaret Lake project fall well below expected levels. 
We'!lsed bioenergetics model simulations, coupled with field sampling of predator diet and distribution, 
t('i'quantizy the intensity· of cutthroat trout (Oncorhynchus clarki) predation on stocked sockeye salmon 
fiy in Margaret Lake during 1993 and 1994. Model results indicated that, by September, cutthroat trout 
consumed an estimated 34-51 and 32-100% of the 200 000 and 100 000 sockeye salmon fry stocked in 
May 1993 and 1994, respectively. September hydroacoustic survey results estimated a 82-87% decline of 
fry in 1993 and 90-93% in 1994. Stomach fullness and evacuation estimates of total consumption were 
59% of model estimates after the first fry release in 1994 and 120% of the model estimates after the 
second release. All approaches to estimating cutthroat trout predation on stocked fry suggested that 
piscivores played a substantial role in the decline of sockeye salmon fiy in Margaret Lake. The ability to 
estimate consumption is valuable in isolating predator influence on food web dynamics, especially in 
manipulated systems. 

Bac.k to Table of Contents 

Resume: Bien que certains programmes d'amelioration des stocks de saumon rouge (Oncorhynchus 
nerka) atteignent leurs objectifs de production dans les lacs de !'Alaska, d'autres comme le projet dulac 
Margaret obtiennent une production bien en de9a des niveaux attendus. Grace a des modelisations 
bioenergetiques, alliees <\ un echantillonnage sur le terrain pour determiner le regime et !a distribution 
des predatems, nons avons quantifie l'intensite de Ia predation exercee par 1a truite fardee 
(Oncorhynchus clarki) sur les alevins de saumon rouge ensemences dans le lac Margaret au cours de 
1993 et 1994. Les resultats de Ia modelisation indiquent que, des septembre, Ia truite fardee avail 
consomme entre 34 et 51 % et entre 32 et 100 % des 200 000 et I 00 000 alevins de saumon rouge 
ensemences en mai 1993 et en 1994, respectivement. Selon les resultats d'tm releve hydroacoustique 
effectue en septembre, il y a eu reduction estimative de 82 a 87 % des alevins en 1993 et de 90 a 93 % en 
1994. Des estimations de Ia consommation totale obtenues grace a une evaluation de Ia plenitude et de 
!'evacuation gastriques correspondaient a 59 % des estimations du modele apri:s le premier liicher 
d'alevins en 1994 et a 120 % des estimations du modele apres le deuxieme Iacher. Selon toutes les 
methodes d'estimation de Ia predation exercee par Ia truite fardee sur les alevins ensemences, les 
piscivores jouaient un role substantiel dans Ia reduction du nombre d'alevins du saumon rouge dans le 
lac Margaret. La capacite d'estimer Ia consommation est utile pour isoler l'eiTet des predateurs sur Ia 
dynamique du reseau trophique, en particulier dans les systemes amenages. [Traduit par Ia Redaction] 

Retour <1 la table des tnatieres 
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TO: 

FROM: 

M E M 0 R R N D U M 

Ft•ank Va..-, Hulle 
Regional Supervisor 
Sport Fish Division 
J u r1ea.Ll 

Dc•na 1 d S i ede 1 manllG-) 
Rrea Management ~ologist 
Sport Fish Division 
Ketchikan 

Octobel·' 15, 1'385 

SUbJ: Klaw•:•ck Sockeye 

With this memo on Klawock River sockeye it is hoped that a 
better understanding of this situation will be realized. It 
is also hdped that the task force will see where the groblem 
arises f~om and will speak to, and solve, the problem rather 
than use the band-aid. 

The a..-.swers to Y•::OUt' questions are as follows: 

Angler harvest ft•eom the State-Wide Hat•vest Questic•nt;Jait•e is . ' . as listed below by year. River data was not collected prieor 
to 1982. 

1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 

Klawock River 

84 
38 
·0 

Prince of Wales 

325 
296 
308 
250 
479 

1321 
2040 

790 
' I 

In talking with Department staff personnel that ar~ in the 
area, they feel there are very few sockeye harvested from 
the river. One lodge owner stated he n1ay catch 1 or 2 
so::ockeye/year in saltwater at the mo::ost. His clier.ts do no::ot 
fish the river for sockeye. 

The local effort is primarily at the highway bridge and that 
is a snag fishery but the sockeye are all utilized for 
personal use/subsistence ar-od for protein. 

As to ~ho is doing the fishing? Local staff states that 70• 
are recognizable residents and the others are either local 
loggers on the road system or non-resident tourists. Most 
of the anglers are adults (80•) and 20• JUVeniles. 

Other fish/fisheries do exist within the river. and drainages 
during the sockeye salmon return dates. SocReye enter the 
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river from early July through early September with the peak 
after r~id to late August. 

Throughout thl-J yeat"' the system has t"a.inbc•w trout, Dc•lly 
Varden, and cutthroat trout. 

Weir counts indicate c6ho enter into the river as early as 
August. Pink sa1mc•n enter into the system in mid to late 
July. By August 15 in 1984 there were 730 coho up to the 
hatchery weir and in 1985, 163. By August 30 in 1984 there 
was 2,900 coho and in 1985, 1,085. These numbers will 
increase as hatche~y production increases. 

The river annually has been getting 200,000- 400,00 pink 
salmon. All fish er,tet' the estua>'Y at an earlier date than 
the weir dates since the weir is JUst below the lake • 

~Je have .'a Klawock hatchery program that we pay 01.1t of our 
sport r"or1ies for at least releasing steelhead in Klawock 
RivBr and Ward Creek. This is a growing fishery in the 
river from October through eat•ly June. 

The soort fishing and angling options are the usual_which we 
. ' normally end up receiving when the cake has been divided. 

There is a r1o maJOt' fishery or1 the t'iver or ir1 the lal<.e for 
sockeye salmon. I do not see our small, and I repeat small, 
sockeye harvest as a problem in this river system. Most of 
our angling takes place at the Klawock Bridge for sockeye, 
cc•ho, ar•d pird·(, salmon. The remainder of the species cu .. e 
taken throughout the drainage. The coho river fishery has 
been developing in the river and will increase in importance 
as hatchery production is maintained on this species. 

The bridge area has its problems with want and waste On 
other species of fish such as pink and chltm. Vet·y little 
waste O)'" r•o waste oY1 sockeye '-""" coho - all pt"'otein/ fish. 

Most of these harvested fish were, or are, shared throughout 
the cornmuni ty. 

If there is want and waste on fish in tnis area it 
enforcement prob 1 em not a spot•t f i shet'Y problem. 

is ar1 

One could close the "bridge" to all fishing and n1inimize the 
hat•vest c•f al_l fish. This would r"ake fishing only from the 
banks in the estuary. Some snagging may move to the river, 
but not too any great extent. 

Another option would be limit the gear to single hooks of 
1/2 1

' etc., as in Thomas Basin. This would also minimize the 
total harvest if it was enforced. This would again create 
an enforcement problem. This has worked at Thomas Basin as 
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long as it was.en~orced, mainly by Soart Fish and not Public 
Safety. 

A total closure on red salmon fishing within the entire 
drainage •nd saltwater area is another option. This would 
leave the basin open to angliY1g f•:•'r"' all c•ther species c•f 
fish. This proposal would be the most palatable to all 
groups but sport anglers. Enforcement would still be needed 
and some difficulty on fish identification may be a problem. 

A total saltwater closure to angling would not be in our 
best interest or the multiple use of the areas resource. 
Thet•e are too maroy aroglers in the area to enact a total 
closut•e on salro10l'"o retut'ros - especially with hatchery coho 
production, 200 - 400,000 pink, plus chum salmon, trout, 
and steelhead. The total closure of the system to all 
angling is not a solution due to needed angler usage and 
impm·ta)'1ce of hatchery pt•oduct ioro of steel head and c.oho 
sa Imr:tr•. 

All staffers that are willing to make comments on this 
situation state, and I agree, that the real problem is 
enforcement, misuse of subsistence privileges, and over 
hat•vest in the Noyes Island cornmercial seine fishet-"'y. 

The local residents want to blame all other user grouPs 
rather than themselves for the demise of their subsistence 
fishery. They are their own biggest pt'C•blem since they 
abuse the fishery constantly and claim it is their given 
heritage to barter, sell, trade, etc., their subsistence 
fish. So the seiner arrives and takes h1s boat load. Then 
the other subsistence users arrive, day in and day out, to 
hat•vest theit' pet•mit qctota each day. The next user arrives 
tc• hat•vest his quota, runs doWY"o to the fish buyer arod sells 
his catch. This all takes place under the guise of 
subsistence, which no one wants to or can enforce. Everyone 
JUSt h•"pes the subsistence system will chan9e C:•r g,o avJay. 

The so-called barrels and pick-up loads of fish ~hat leave 
the area by other user groups are stated to be occurring all ' 
too frequently but not by subsistence users. A good case of 
transferring responsibility to keep the subsistence users 
given rights clean. 

It is felt that the Klawock letter stating that the Noyes 
Island commercial fishery does not affect the areas sockeye 
fishery is in error. 

The truth is that this fishery does have an affect on the 
Klawock sockeye return. The problem is that 1t is a ''cape 
fishery'' or ''mix stock ~ishery•• that is geared to harvest 
Canadian red slmon at the expense of our west coast sockeye 
fisheries. Thus no one wants to reduce this fishery's 
harvest to achieve an adequate escapement for subsistence 
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and Klawock Ri~er needs. It was thought that subsistence 
had first priority, but when it comes to economics etc., 
commercial fishery has the number one priority. If this is 
not a gcu:.d example, they, take Hugh Smith in 19b5 as anothet' 
example of commercial vs. scort vs. subsistence and note who 
gave •Jp the sockeye to achieve an adequate escapemeY1t. I do 
not agree with the statement that since these fleets do not 
directly fish on these rivers stocks that subsistence is not 
a maJor cc~ncern. 

Lets face the facts - - with no enforcement at Klawock on 
subsiste~ce then there will be no increase in sockeye 
salmon. Also, if there is ~o reduction in commercial 
fishing there will be no increase in sockeye for Klawock 
River. 

The way ,to solve this problem is to reauire enforcement 
through6ut the permitted subsistence fishery. A full time 
seasonal fc•t' 6-7 weeks. This iY1dividual could eY•force the 
rules-for subsistence and sport angling. Both groups, 
subsiste~ce and sport fishing, can co-exist. To insure this 
potential, the commercial fishery should be curtailed in the 
Nc:•yes Islar.d area thus allowing greater escapementfrinto the 
Sarkar a~d Klawock Rivers. This cor~mercial c•.1rtailment 
could also reduce the king salmon harvest by this user group 
in these West Coast waters- thus ''killing two birds with on 
stone. 11 

Lets get the Subsistence Section out and evaluate the 
fishery if they want to solve the problem. A little 
difficult to solve this problem from Juneau. It would seem 
that the Subsistence Section would have Jur~ped at this 
problem when they hired someone to evaluate the areas 
traditio~al deer harvest areas. One would think this would 
have had top priority and could have been included i~to this 
deer study si~ce they were aware of the Klawock River's 
immediate problem. ; 

Having Klawock Hatchery commence a sockeye salmo~ program 
will probably not solve the real problem, nor the long term 
prob 1 ems. This pro gt·anl wou 1 d 1 ook good or• paper and 
probably would by readily funded but again the results are 
questionable due to the known returns of tnis fisheries and 
their related problems. 

This sums up the Klawock, Craig, Hydaburg, Thorne Bay, etc, 
(total Prince of Wales Island> subsistence problem that 
occurs on Klawoc!-1. Rivet'. I t'eally do not feel if we change 
the sport fishery that this will soeak to the real problem 
in a significant manner. It would assist in taking some 
immediate pressures off of Headquarters. This is probably 
being pursued by two or three local people and does not 
represent all the users in Klawock and definately not .the 
other area communities who utilize this system for 
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subsistence or.sport angling. Uo we assume that the Klawock 
community owns this system and not the other users or 
ccrrnmuni ties. 

Maybe we should use a seiner to harvest a boat load of f1sh 
for the community from our Department test fishery program 
at Noyes Island and give fish to all past subsistence user·s 
in the area. This would then be paid for by the test fish 
prograr•'· Then we could keep the river closed to 
s•.<bs istence. 
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PROPOSED KLAWOCK RIVER SOCKEYE REHABILITATION PLAN 

I!Or~ {; 1185 
I. GOAL 

Within 1Q years (2 sockeye cycles)(1996) rebuild the Klawock 

River sockeye run to 50,000 spawners with an annual targe,ted subsis

tence harvest of sockeye comparable to the harvest which, o,ccurred 

in 1985. 

II. BASIC ASSUMPTIONS 

A. ,something must be changed or the sockeye stock will remain 

at it 1 s present status. The present status is not acceptable 

because the stock is in grave danger of becoming non-viable. 

B. Items which can be controlled fall into three(3).,_ll.road cate

gories: 

1. Harvest Management 

2. Habitat Management 

3. Stock Enhancement 

Ill. HARVES·T MANAGEMENT OPPORTUNITIES 

Purpose is to increase escapement to Klawock . Ri~er to meet 
r 

Minimum Escapement Goal (5,000 with hatchery enhancement, 12,000 

with natural production) 

A. Closure of targeted sport fishery harvest in Klawock River 

watershed (Proposal to Board of Fisheries). 

B. Closure of Klawock River Bridge to all fishing (Proposal 

to Board of Fisheries). 

C. Eliminate snagging (Proposal to Board of Fisheries). 

D. Maintain 1986 subsistence harvest at level of no greater 

than the 1985 harvest. 
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PROPOSED KLAWOCK RIVER ... 
November 22, 1985 
Page Two. 

1. Issue ,permits at similar level of !985 (350 permits, 10/perscn, 

20/household. 

2. Encourage utilization of other species for subsistence. 

3. Enforce permit conditions and monitor catches for fishing 

period. 

I 

' 4. Time rest.riction possibilities: 

a) N~ weekend fishing 

b) confine season to period beginning 7/7/86 - 7/31/86. 

5. Issue Subsistence Permits locally. 

6. The bay East of the Klawock River Bridge shall be closed. 

to sockeye subsistence fishing. 

IV. RESEARCH & EVALUATION 

Information gathering activities designed to provide information 

which will: provide a yearly progress report. 

. ' 
' t 

A. Tag sockeye smelt as they leave Klawock to enter the ocean. 

Recovery of these tags in fisheries and when the fish return 

to Klawock Lake to spawn will: 

1. Estimate harvest time and location of these sockeye. 

2. Determine what portion of the Klawock sockeye are harvested 

in traditional commercial fisheries. 

B. Develope a local Information & Education Program. 
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PROPOSE» KLAW®CK LAKE.,, 
November 22, .!2:§~:-
Page Four. 

/ 
2.cont'd. 

be incubated and 2 '700, 000 fry wi 11 be st,ocked into 

the lake. Two Hundred Seventy Thousand wi 11 .ex..i t the 

lake for the ocean. Anadult return of 27,000 will 

result due to the incubation/stocking work. These 

adult sockeye will return 6 years after the eggtake. 

t· Hatchery incubation will occur at the 3,000,000 egg 
' level for each of the six years during the period 

1986-1991. Of the 27,000 adults produced annually 

from this technique, it is assumed an additional 16,200 

adults will escape to spawn in Klawock _b€ginning in 

1992. We assume a 40% harvest rate in the existing 

commercial fisheri·es and harvest in the terminal area 

fisheries (subsistence, sport) will remain at the 

level of 1985. Therefore, is 1992 we expect to have 

an escapement of 20,200. (4,000 + 16,200) 
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