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FOREWORD

The objective of the 1987 Alaska chinook salmon workshop is
to promote informal communication among the many groups of people
and individuals interested in this fish in Alaska.

Written material made available by speakers has been
compiled in this report basically unaltered except where noted.
Draft versions of the questions and answers following each
presentation were circulated to the speakers giving papers at the
workshop by the editorial staff at Auke Bay Laboratory to clarify
intent of responses to questions. Text material provided by
participants was retyped whenever necessary to standardize form.
Some tables were also retyped, however, whenever possible the
original tables submitted by authors were used in this report.
All figures are unedited and are those submitted by the authors.

T CONTENTS OF THIS REPORT ARE NOT TO BE TREATED AS
PUBLISHED MATERIAIL. Any reference to these contents should be
approved by the author(s) responsible and cited as a personal
communication.
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CHAIRMAN'S REMARKS

This is the fifth workshop held since 1980 to discuss some
of the diverse and complex issues surrounding Alaska chinook
salmon resources and fisheries. Purpose of these events has been
to bring together biologists, managers and researchers for
promoting communication and exchange of ideas on Alaska issues
with this important species. The first "workshop" - more of a
rap session than workshop - involved 10 people talking well into
a February 5, 1980, evening in the Auke Bay Laboratory conference
room. The 1982 workshop involving 28 people was an update of
expanding southeastern chinook issues, particularly the growing
hatchery program. Both the 1980 and 1982 workshops were one-day
events. In 1983, a 2-day session held in a University of Alaska
- Southeast classroom in the Anderson Building expanded the forum
to include chinook issues in other parts of Alaska, especially
Cook Inlet and Kodiak Island. And in 1985, a 2-day workshop in
the UAS Bill Ray Center dealt mostly on southeastern chinook
issues and the impending U.S./Canada salmon treaty.

Attendance has increased at each workshop attesting to
growing interest and need for such a forum. The 1987 event held
April 14-15 in the Juneau Centennial Hall had 77 registered
participants from throughout Alaska and British Columbia. Until
now, support for the workshops has been quasi-official from
involved agencies including Auke Bay Laboratory, University of
Alaska, Department of Fish and Game and Northern and Southern
Southeast Regional Aquaculture Associations. This year the
workshop is co-sponsored by the Alaska Chapter - American
Fisheries Society providing a new professionally integrated level
of support and recognition. Although past workshops have
provided for some exchange of handouts on preliminary data, this
is a first attempt to "formalize" our informal deliberations with
a summary report.

I am indebted to the efforts of many people who helped make
this workshop a productive event. Especially, I would like to
thank Tom Kron, co-chair for the workshop and key Alaska Chapter
representative on the Steering Committee. Special thanks and
commendations are due moderators Paul Kissner (SF), Bob Burkett
(FRED), Carol Denton (FRED) and Bill Smoker (UAS) for the
efficient and professional conduct of their respective panels.
Invaluable assistance for typing, editorial help, and transcrib-
ing portions of audio tapes from the workshop was provided by
Leslie Williams, Cheryl Funaro and Carrita Morris of the Auke Bay
Laboratory. And finally, for those fortunate enough to attend
the workshop picnic at Sandy Beach in Douglas, who can forget the
extraordinary culinary skills of special chefs Brian Allee and
George Snyder for the fine salmon bake..... not to mention also
that most appropriate of beverages for the event -- Chinook
Alaska Beer.
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U.S./CANADA TREATY CHINOOK SALMON MANAGEMENT AND ENHANCEMENT:
IS IT REALISTIC?

By

Mel Seibel
Alaska Department of Fish and Game
Commercial Fisheries Division
Juneau, Alaska

[Keynote address given at 1987 Alaska Chinook Salmon Workshop,
April 14-15, 1987, Juneau, Alaska.]

First, I would like to thank Bill Heard for giving me the
opportunity to address the 1987 Alaska Chinook Salmon Workshop.
I see many familiar faces in the audience, and a few unfamiliar
ones. I can only assume that the high level of expertise and
commitment to conservation and management of chinook salmon
demonstrated by those of you I know, is also present in those of
you I have not yet had the pleasure to know or work with.
Because of this, I have a strong feeling of optimism regarding
the future of Alaska's chinook salmon resources, and more
generally for the chinook salmon resources of the Pacific coast.
Recent implementation of the U.S./Canada Pacific Salmon Treaty
contributes to this optimism. I would especially like to commend
Mr. Heard for sponsoring these workshops which have contributed
significantly to improving management, conservation and enhance-
ment of our chinook salmon resources.

I have been asked to consider the question: Are the U.S./-
Canada Pacific Salmon Treaty goals for chinook salmon management
and enhancement realistic? In my view, these goals are
realistic, given realistic expectations. The qualifications I
have placed on my affirmative answer to this question relates to
the expectations one has, in general, for the U.S./Canada Treaty.

The U.S./Canada Treaty has been described as a "framework"
treaty. This stems from the fact that the Treaty basically
consists of a number of general principles, plus a political
structure and process for implementing those principles on an
ongoing basis. The original Treaty, signed in the spring of 1985
did, however, contain some specific provisions. During the first
several years of the Treaty, specific limits were placed on
catches in a number of coastal fisheries with relatively high
levels of salmon interceptions, and proportional harvest sharing
arrangements were established for certain shared salmon resources
such as the transboundary rivers. In the case of chinook salmon,
a 15-year natural stock rebuilding program was agreed to.
However, for the most past, the Treaty provides for the Pacific
Salmon Commission to implement, on an ongoing basis, Treaty
principles of conservation, equity, harvest sharing, and enhance~-
ment based on recommendations of it's regional Panels. Because
the original Treaty did not fully specify fishery regimes or
other arrangements for implementing these principles in the long



term, expectations of people regarding specific goals or
objectives to be achieved vis a'vis the Treaty vary substantially
depending on backgrounds, experience and local interests.

At this point, I would like to first briefly describe the
U.S./Canada Treaty in general, and then look at some of it's
implications regarding conservation, management and enhancement
of chinook salmon.

Following several decades of bilateral discussions and
negotiations, the Pacific Salmon Treaty was ratified by Canada
and the United States in the spring of 1985. Through recommen-
dations made to the governments of the two countries, the Pacific
Salmon Commission is designed to coordinate management of
fisheries which harvest intermingling stocks of the two
countries. The Commission is guided by the following Treaty
principles:

"l1. With respect to stocks subject to this Treaty, each Party
shall conduct its fisheries and its salmon enhancement programs
so as to:

(a) prevent overfishing and provide for optimum production;
and

(b) provide for each Party to receive benefits equivalent
to the production of salmon originating in its waters.

2. In fulfilling their obligations pursuant to paragraph 1, the
Parties shall cooperate in management, research and enhancement.

3. In fulfilling their obligations pursuant to paragraph 1, the
Parties shall take into account:

(a) the desirability in most cases of reducing interceptions;

(b) the desirability in most cases of avoiding undue disrup-
tion of existing fisheries; and

(c) annual variations in abundance of the stocks."

Practical implementation of these principles is not simple.
Five species of salmon are involved, with literally thousands of
individual stocks, many with complex life histories. Numerous
fisheries operate on these salmon stocks, often in a gauntlet
fashion. Most fisheries simultaneously harvest multiple species
and stocks. Management objectives for intermingling species and
stocks are often quite different. A fishery manager may be faced
with the dilemma of trying to maximize - on a sustained yield
basis - harvest of local stocks, and limit or minimize harvest of
intermingling stocks originating in the other country. A
relatively small, incidental catch of a particular stocks in one
fishery may represent a significant harvest relative to the
management of that stock.



The Commission is faced with further complications. Treaty
principles must be implemented by coordinating, through recommen-
dations to the respective governments, management activities of a
large number of political entities. Each of these entities
employs different regulatory systems, management approaches,
schedules, etc. Furthermore, information on which to base salmon
management recommendations, and to implement agreed to management
actions, is almost always incomplete.

Thus, the Commission must attempt to implement general
Treaty principles, taking into account (1) a myriad of interests
(each with their interpretation of the principles), (2) an
extremely complex mixture of salmon stocks and fisheries, (3)
different regulatory systems and management approaches, and (4)
incomplete information on salmon stocks and the fisheries
harvesting these stocks.

The point I want to make is that realistic expectations for
achievements under the Treaty must take into account (1) the
general nature of the long term Treaty principles and goals, and
(2) the complexities of the task confronting the Commission in
practically implementing general Treaty principles.

Chinook salmon best epitomize the complexities. With their
wide ranging migratory habits, chinook pass through numerous
management jurisdictions. Some chinook stocks are harvested in
fisheries ranging from Oregon to Alaska, plus high seas
fisheries. Because of their life history, chinook from a single
brood may be harvested as both immature and mature fish over a
period of from two to four years. This is in contrast to other
species of salmon which are normally harvested only during the
final year of their life. Similar to other species however, very
limited information is available for identifying specific chinook
stock contributions to most mixed stock fisheries.

What are the goals for chinook salmon management and
enhancement under the Pacific Salmon Treaty? General Treaty
goals which apply to all species, including chinook salmon are:

(1) "prevent overfishing and provide for optimum production"; and
(2) "cooperate in management, research and enhancement".

In addition to these general Treaty goals, a goal specific
to chinook salmon is:

(3) "attain by 1998 escapement goals established in order to
restore production of naturally spawning chinook stocks".

This specific goal was established in response to findings
at the time the Treaty was signed "that escapements of many
natural spawning chinook stocks originating from the Columbia
River northward to southeastern Alaska have declined in recent
years and are now substantially below goals set to achieve
maximum sustainable yields".



To address this serious conservation problem, the two
countries agreed to place ceilings on annual chinook salmon
catches in a number of major, mixed stock, ocean fisheries. In
addition, they agreed to take appropriate actions in other non-
ceilinged fisheries to ensure that savings resulting from imposed
catch ceilings were passed through to spawning grounds.

Results of these conservation actions during the first two
years of the Treaty have been very encouraging. Initial improve-
ments in escapements for many chinook stocks have been
substantially greater than expected. Recent significant
increases in chinook abundance in some coastal rearing areas
provided optimism for continued improvement. There are, however,
some exceptions. Escapements for some stocks have not responded
as well as expected, and additional stock specific conservation
measures may be required.

But, realistic expectations for the Treaty's 15-year natural
chinook stock rebuilding program included the acknowledgment
that, while the majority of depressed chinook stocks could be
rebuilt in the established time frame with appropriate management
actions, it was unlikely that every stock would be. Some stocks
with lower basic productivity would rebuild slower; progress for
other stocks might be hindered by disproportionate exploitation
rates, albeit unintended, in mixed stock fisheries; and yet other
stocks might lag in progress due to environmental factors
affecting survival. Rebuilding these stocks might take longer
and require additional stock conservation measures and/or
rehabilitative enhancement.

Thus, in my view, perhaps the most important Treaty goal
relative to chinook salmon management, namely rebuilding the
majority of depressed natural chinook stocks by 1998, is
realistic. Given the results to date, I am very optimistic that
this goal will be achieved.

As applied to chinocok salmon, the closely related general
Treaty goal to "prevent overfishing and provide for optimum
production" is also, I believe, a realistic goal. Management
mechanisms, currently being developed in response to Treaty
provisions and Commission coordination to rebuilding depressed
natural chinook stocks, can be applied on a continuing basis to
prevent overfishing and provide for optimum production. Again, a
realistic expectation is that this will be achieved on a broad
basis in a way that will prevent the kind of widespread
overfishing and coastwide depletion of chinook stocks which
occurred prior to the Treaty. It is not realistic, however, to
assume that every chinook stock can be managed each year to
achieve optimum escapement.

Regarding chinook enhancement, while there are no specific
bilateral Treaty goals in terms of production levels, there is a
general agreement to "cooperate in management, research and
enhancement". As anticipated, signing of the Treaty has resulted
in increased unilateral national commitments to chinook salmon



enhancement. With the certainty provided by the Treaty for
cooperative coastwide management and, on a natural basis, "for
each Party to receive benefits equivalent to the production of
salmon originating in its waters", jurisdictions are now willing
to invest in new enhancement. New enhancement is also encouraged
by a provision of the Treaty which allows a region, whose chinook
catches are currently limited by Treaty ceilings, to "add on"
harvest of new enhancement production.

New chinook enhancement is now being planned for a number of
reasons. These include mitigation for reductions in chinook
catches associated with Treaty established ceilings; to assist in
natural stock rebuilding efforts; to mitigate losses due to
environmental degradation; and strictly as an investment in
future production. In Southeast Alaska, for example, where pre-
treaty hatchery production was only several thousand chinook
annually, projected hatchery production by state, federal and
private non-profit associations will reach nearly 300,000
harvestable chinook by the mid-1990's (Figure 1). Approximately
one-third of this new production was planned in direct response
to the Treaty. In the Columbia River, approximately $1 billion
will be invested over the next 20 years 1in enhancement and
rehabilitation of salmon, including chinook salmon. In Georgia
Strait, increased chinook enhancement is expected to assist in
rebuilding depressed natural chinook stocks.

Future projections are frequently rosier than future
reality. However, even partial achievement of current enhance-
ment goals will result in significantly increased chinook
harvests. Therefore, I have to conclude that Treaty goals for
chinook salmon enhancement are realistic, given realistic
expectations of what those goals imply.

While voicing optimism regarding achievement of Treaty goals
for chinook salmon management and enhancement, I must emphasize
some of the challenges which remain if these goals are to be
fully realized. Although increased chinook enhancement promises
potential gains, it also poses potential problems. Management
strategies must be developed which allow harvest of enhanced
stocks without overharvesting less productive, intermingling wild
stocks. Enhancement production strategies must take into account
potential interactions with wild chinook stocks to ensure that
increased enhancement production is not merely offset by
decreased natural production. Additional research will be
required to better define optimum spawning levels for natural
chinook stocks, and to develop management strategies for achiev-
ing them. Efforts to address some of these key problems are
already being coordinated on a coastwide basis by technical
committees of the Pacific Salmon Commission.

It is my firm believe that the Pacific Salmon Treaty will
greatly assist us in meeting these challenges, and that Treaty
goals for chinook management and enhancement are realistic.
Thank you.
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KENAI RIVER JUVENILE CHINOOK SALMON,
ONCORHYNCHUS TSHAWYTSCHA, STUDIES

David S. Litchfield and Loren B. Flagg

Alaska Department of Fish and Game
FRED Division
P. 0. Box 3150
Soldotna, Alaska 99669

From the fall of 1983 through the spring of 1986, the FRED
Division conducted a study of juvenile chinook salmon QOncorhyn-
chus tshawytscha, in the Kenai River system. The study was
separated into two objectives: (1) to identify the origin,
relative magnitude, and contribution of juvenile chinook salmon
within key rearing areas of the Kenai River system, and (2) to
determine winter habitat utilization and population stability.

In 1984, 1985 and 1986, a total of 38,476, 71,025 and 4,939
juvenile chinook salmon were coded wire tagged, respectively
(Table 1). From recapture of these tagged juveniles, both
upstream and downstream movement was observed; the predominate
movement was downstream. Some juvenile chinook salmon tagged in
the mainstem of the Kenai River in the fall moved upstream and
were recaptured the following spring in the Killey River (a major
tributary). Some age 1.0 chinook salmon smolts 1leaving the
Killey River spent up to 1 month in the mainstem of the Kenai
River before completing their migration to Cook Inlet.

Juvenile chinook salmon sampled in the upper reaches of the
-river were smaller than those sampled in lower reaches. The
largest catches of juvenile chinook salmon occurred at the upper-
upper river (RM 68.0-70.6) with catch rates of 72.4 juveniles per
trap or 1.06 juveniles per minute. The largest hourly trap catch
was 238 juvenile chinook salmon.

During the 1983-84 overwinter study, juvenile chinook salmon
that had been marked in the fall were recovered the following
spring in the same areas where they had been released. This
suggests that the distribution of juvenile chinook salmon remains
somewhat stable from the fall to spring.



Table 1. Juvenile chinook salmon receiving adipose-fin clips and
coded-wire tags in the Kenai River system, 1984-86.
Total
Number number
Dates of fish of fish
Location River mile tagged Tag code tagged tagged
1984
Upper River 39.5-40.1 07/26-08/01 31 16/28 5,509
40.1-41.2 08/01-08/31 31 16/29 5,668
41.5-42.6 08/03-08/08 31 16/30 5,508
45.0~-47.6 08/10-08/15 31 16/31 5,668 22,353
Lower River 9.2-21.0 09/18-10/02 04 21/08 10,788
11.5-20.0 10/02-10/09 31 16/32 5,335 16,123
985
Killey River 05/24-06/17 31 16/63 5,045 5,045
Upper River 39.3-40.1 07/20-07/24 31 16/34 5,070
40.2-41.0 07/25-07/26 31 16/35 5,233
42.0-42.5 07/27-07/31 31 16/36 5,217
43.3-47.5 07/31-08/06 31 16/37 4,894 20,414
Upper-Upper 68.0-68.3 08/08-08/12 31 16/38 5,066
River 69.2-69.7 08/13-08/15 31 16/39 4,995
69.9-70.6 08/16-08/20 31 16/40 5,117 15,178
Middle River 25.5-28.5 08/23-08/27 31 16/33 5,110
30.0-34.0 08/28-09/06 04 03/52 9,704 14,814
Lower River 11.3-17.5 09/11-09/21 31 16/55 15,574 15,574
1986
Killey River 05/13-06/10 31 17/04 4,939 4,939

QUESTION:

DAVE LITCHFIELD:
tion because not all of the river was sampled.
areas where we had released fish, however,

No.

4% of the retrapped juveniles were tagged.

QUESTION:
same area

Did you try to estimate total population?

We did not try to estimate total popula-
We only trapped

in those areas about

Is it possible the fish were moving only within the
trapped?



DAVE LITCHFIELD: No, they were also found in different river
sections. Of the total 223 juveniles recaptured, about 70% were
recaptured in the same area, 6% had moved upriver, and about 24%
moved down river.

QUESTION: Were the fish that overwintered in the Killey, Kenai
or Killey River origin?

DAVE LITCHFIELD: That cannot be determined. Of the juveniles
that we tagged below the Killey, we were not sure whether they
were Killey River fish that had moved down and then back up into
their native stream, or whether they were mainstem Kenai fish
that moved upstream and overwintered in the Killey. Either way,
they chose the Killey River as an overwintering site.

QUESTION: About how many smolts that had overwintered instead
of migrating were juveniles?

DAVE LITCHFIELD: We estimated that about 100,000 were smolts.

ALEX WERTHEIMER: What is the timing of the smolt out-migration
in the Killey River?

DAVE LITCHFIELD: The peak migration is from late May to early
June.

PAUL KISSNER: Your rearing densities are impressive. We have
done a lot of work here in southeastern Alaska and have yet to
see those levels. Do you know whether those levels will be the
same from year to year?

DAVE LITCHFIELD: Both our catch rates and those of the US Fish
and Wildlife Service have been somewhat consistent over the last
several years. Our biggest trap catch was 238 juveniles.

QUESTION: What were the objectives of the study?

DAVE LITCHFIELD: To identify the origin, relative magnitude and
contribution of chinook juveniles within the key rearing areas of
the river. This information was needed to protect the most
important areas.

BRUCE SHEPHERD: Were you setting traps in the same site as your
release sites after tagging?

DAVE LITCHFIELD: Not in exact locations, but fairly short
distances upstrean.

K KOSKI: Did you try to measure habitat in relation to density?
DAVE LITCHFIELD: No, we did not have time. Our goal was to

capture and tag juveniles. The sport fish division is currently
doing a habitat study.



ABUNDANCE AND DISTRIBUTION OF JUVENILE CHINOOK SALMON
(ONCORHYNCHUS TSHAWYTASHA) IN THE LOWER TAKU RIVER, ALASKA

Michael L. Murphy, Jonathan Heifetz, John F. Thedinga,
K V. Koski, and Scott W. Johnson

Northwest and Alaska Fisheries Center
Auke Bay Laboratory
National Marine Fisheries Service, NOAA
P. 0. Box 210155
Auke Bay, Alaska 99821

INTRODUCTION

The Taku River historically has been an important producer
of chinock salmon (Oncorhynchus tshawytscha), though runs have
been depressed since the 1950's (Kissner 1985). Because the Taku
River is a "transboundary" river, with headwaters in Canada and
mouth in Southeast Alaska, information is needed on habitat
availability and use within the river system so that salmon
stocks can be jointly managed for optimum escapement and
equitable harvest by U.S. and Canada. Distribution and abundance
of spawning adults in the river and its tributaries have been
catalogued (Kissner 1976), but little information exists on
rearing juveniles.

Abundance, distribution, age, and growth of juvenile chinook
salmon rearing in the lower Taku River were assessed, and habitat
use was compared with that of juvenile coho (Q. kisutch) and
sockeye salmon (O. nerka). Total population of juvenile chinook
salmon in the U.S. part of the Taku River was estimated to
evaluate the U.S. contribution to total salmon production from
the river.

METHODS

A stratified random sampling design was used to estimate the
abundance of juvenile chinook, coho, and sockeye salmon in the
lower Taku River, including off-channel sloughs, beaver ponds,
and tributaries on the river terrace (Fig. 1). Habitat in the
study area was divided into two broad categories (Edgington
unpublished manuscript; Schmidt 1986): 1) river-channel habitats
located within the active river channel and carrying river water,
2) and off-channel habitats on the river terrace fed from springs
or from tributaries draining valley side slopes. Each broad
category was subdivided according to water velocity regime and
fluvial process, for a total of five river-channel habitats--
main and side channels, channel edges, braids, side sloughs, and
backwaters--and four off-channel habitats--tributaries, tributary
mouths, upland sloughs, and beaver ponds. A total of 49 sits (3-
10 of each habitat type), located from Taku Point to the Canadian
border, were sampled one time each from 8 July to 18 September
1986.
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At each site, 3-11 separate areas, spaced at least 50 m
apart, were seined for fish. Main and side channels could not be
seined because of swift, turbulent flow. Based on current
velocity, we assumed they did not support rearing salmon. All
fish from each seine haul were anesthetized with MS-222,
identified to species, and counted, and a sample was measured for
fork length (FL) and aged by scales. Number of fish at each
seined area was estimated by the removal method with at least
three passes (Zippin 1958). Density at each separate area was
calculated by dividing the population estimate by the area
seined, and density at each site was computed as the mean of the
seined areas. Water velocity was measured with a current meter
at each area, and the range of suitable water velocity for each
salmon species was determined from probability-of-use curves
(Bovee and Cochnauer 1977).

Downstream migrants were sampled with a stationary net set
overnight near the Taku Lodge about once a week from 6 August to
19 September. The net was 3 m wide by 1.5 m deep at the entrance
and funneled to a cod end of 6-mm mnmesh. Placed about 4 m from
shore, the net was secured to a dock so that it rested on the
bottom of the main channel, perpendicular to the flow.

Total populations of juvenile salmon in the U.S. part of the
river were estimated from total area and mean fish density of the
habitat types (Cochran 1953). Total area of each habitat type
was measured by digitizing outlines of habitats drawn on aerial
photographs (scale, 1:6,621).

RESULTS AND DISCUSSION

Juvenile chinook salmon primarily use habitats with slow
water. Based on a probability-of-use curve, optimum water
velocity for chinook salmon was 0 cm/s, and habitats with
velocity >28 cm/s were unused. Water velocity in all habitat
types, except main and side channels, was suitable for juvenile
chinook salmon. Water velocity in sloughs, backwaters, tributary
mouths, and beaver ponds averaged <5 cm/s, and water velocity in
channel edges, braids, and tributaries averaged 10-19 cm/s. Main
and side channels, except their edges, were unsuitable because
their swift (30-75 cm/s) currents were well above the usable
range. Chinook salmon differed significantly (P = 0.001; Kolmo-
gorov-Smirnov test) from sockeye and coho salmon in that chinook
salmon used currents between 2 and 20 cm/s more frequently.

Unlike sockeye and coho salmon, chinook salmon occurred
mostly in river-channel habitats, especially channel edges, side
sloughs, and backwaters (Fig. 2). Their density was
significantly (P = 0.037; Kruskal-Wallis test) greater in river-
channel sites (mean, 0.07 fish/mz) than in off-channel sites
(0.04 fish/mz), and the primary off-channel sites used by chinook
salmon were tributary streams (Boundary and Yehring Creeks) and
their mouths. Highest densities were in wooded channel edges,
and lowest densities were in upland sloughs and beaver ponds,
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where sockeye and coho salmon were most abundant. Wooded channel
edges had significantly (P = 0.04; Kruskal-Wallis test) higher
density of fish than did non-wooded edges, possibly because
wooded edges provided better cover from river currents than the
most exposed edges along non-wooded channel bars.

Most (99%) chinook salmon were young-of-the-year and ranged
from 40 to 93 mm FL. Mean FL increased about 10 mm from July
(mean, 51.7 mm FL) to August (mean, 62.3 mm FL), but advanced
only 2 mm from August to September (mean, 64.2 mm FL) as growth
tapered off in late August and September.

The migrant trap caught 592 salmon, of which <1% were
chinook salmon and >99% were coho and sockeye salmon (Fig. 3).
The source of the downstream migrants probably was the river
terrace rather than the river channel. Although chinook salmon
were dominant in river-channel habitats, they were rare in the
migrant trap, whereas coho were rare in the river-channel
habitats but dominant in the migrant trap. Furthermore, catch of
migrants was not closely related to river stage, but rather to a
combination of river stage and precipitation. Catch of migrants
remained low when the Tulsequah River ice dam burst on 12 August,
swelling the river >70%, but catch increased sharply on 28 August
when heavy rains flooded both river-channel and off-channel
habitats in the lower watershed and raised the river by only
about 30%.

Total area of the lower Taku River and its off-channel
habitats from Taku Point to the Canadian border was 1,932 ha
(4,774 acres; Table 1), as calculated from aerial photographs.
Not included in this calculation were Twin Glacier Lake, Wright
Lake, and Wright and Sittakanay Rivers. Most (69%) of the area
was composed of main and side channels, where swift current
precluded salmon rearing. Channel edges, which provided the only
suitable rearing area in these channels, made up only 2% of the
total area. Braids were almost a quarter of the area, whereas
side sloughs and backwaters were only 2% and all off-channel
habitats together were only 5% of the total area.

The total number of salmon in each habitat type was a
function of the habitat's total area and mean salmon density
(Table 1). Because of the large area of braids, half the chinook
salmon population was in this habitat, even though its mean,
density was low. The most important habitats, however,
represented only a small portion of the total area. Nearly half
the chinook salmon population was in four habitat types--wooded
channel edges, side sloughs, terrace tributaries, and tributary
mouths~--accounting for <8% of the total area.

The estimated total population of juvenile chinook salmon in
the lower Taku River was 274,000 * 184,000 (mean * 95% confidence
interval; Table 1). This estimate, however, probably was
conservative because it did not include some areas that may
provide additional rearing habitat, such as Wright and Sittakanay
rivers, the intertidal basins of upper Taku Inlet, and tributary
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streams on the valley side slopes. The estimate also was
conservative because it measured use of the U.S. part of the
river only in summer; the area also may serve as a wintering area
or as a spring staging area for smolts. Chinook and coho salmon
were about equally abundant in the U.S. part of the river, and
both species were only half as abundant as sockeye salmon.

The contribution of the population of juvenile chinook
salmon rearing in the U.S. part of the river to the river's total
chinook salmon production can be evaluated based on survival
estimates from coded-wire tagging data (Kissner 1984 and personal
communication). Based on these data, about 25% (69,000) of the
juvenile chinook salmon in the U.S. part of the river in summer
should survive to smolt, and about 2% (1,400) of the smolts
should return as adult escapement. About 45% (630) of the adults
should be large, 3- and 4-ocean fish, and the rest precocious
males. This expected return of large adults from the U.S. part
of the river represents about 7% of the recent total escapement
of about 8,900 large adults to the Taku River (Kissner personal
communication).
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Table 1.--Area, mean fish density, and total populations of juvenile salmon by habitat type in the U.S. portion of the Taku
River in July-September 1986, Standard error of fish density is in parentheses; n = number of sites sampled.

Area Fish density (no./ha) Total population (thousands)

Habitat type

-]

ha % Chinook Sockeye Coho Chinook Sockeye Coho

RIVER-CHANNEL HABITATS

Main and side channels 0 1,339 69.3 ¢ (0) 0 (0) 0 (0) 0 0 0
Wooded channel edge 7 29 1.5 1,796 (996) 901 (502) 159 (61) 52 26 5
Nonwooded channel edge 10 7 0.4 172 (61) 348 (133) 51 (27) 1 2 0
Braid 5 408 21.1 338 (162) 548 (412) 100 (76) 138 224 41
Side slough 5 36 1.9 646 (515) 3,582 (1,266) 118 (38) 23 129 4
Backwater 3 9 0.5 513 (257) 2,110 (1,416) 290 (256) 5 19 3
OFF-CHANNEL HABITATS
Terrace tributary 7 52 2.7 668 (485) 173 (150) 1,150  (420) 35 9 60
Tributary mouth b 29 1.5 643 (500) 3,789 (2,128) 2,274 (1,988) 19 10 66
Upland slough 4 7 0.4 0 (0) 7,343 (4,556) 5,823 (2,694) 0 51 41
Beaver pond & 13 0.7 93 (92) 4,793 (3,973) 5,850 (2,757) 1 62 76
Totals 49 1,929 100.0 274 632 295
95% confidence limits 90-458 182-1,084 122-468
Degrees of freedom 8 14 8
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MEL SEIBEL: Are the fry dropping out of the upper areas of the
watershed? Do you know the spawning distributions?

MIKE MURPHY: I am not certain of the spawning distributions,but
I believe that much of the spawning occurred in upstream waters.
The salmon fry probably are going downstream in the early summer
migration period; after emergence, they would move and colonize
areas in the lower river. Because the densities in the lower
river are very low compared to other systems,they are probably
not up to carrying capacity because of underseeding.

BRUCE BACHEN: Are fish overwintering in the lower river? Is
there any reason to believe that overwinter survival differs from
your survival estimate?

MIKE MURPHY: We do not know the overwinter survival, but that
seems possible.

ALEX WERTHEIMER: Are you going to look at density per habitat
type to see whether it is the same in the upper and lower river?

MIKE MURPHY: That is not in our current plan, but it would be
something interesting to look at.

BRUCE SHEPHERD: Were the fish able to avoid the nets while going
downstream?

MIKE MURPHY: Based on the catch by species,it seems unlikely
they were able to avoid the downstream migrant net easily because
the water was so turbid. The net was designed so that fish would
be funneled into it.

QUESTION: Should freshwater rearing area be considered, as
well as saltwater rearing area?

MIKE MURPHY: Yes. Saltwater rearing areas are probably
extremely important and should also be considered in determining
each country's contribution to salmon production from the river.

KEN LEON: Concerning the low growth between August and Septem-
ber, could you tell whether it was from the same population?

MIKE MURPHY: No. Fish were never marked so it is not known
whether the growth was for individual fish or the same popula-
tion. Based on the low catch in the downstream migrant trap,
migration probably is not as important at growth. I think that
Paul Kissner also found that there was a drop off in growth.

KEN LEON: Did the water temperature change drastically between
August and September? Did you look at food availability, such as
insects?

MIKE MURPHY: Water temperature does begin to drop off in late
August. We did not look at insects.
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DOUG MECUM: How did you determine mean density?

MIKE MURPHY: The mean density figures are based on repeated
seining in each area. The density for each site was made up of
separate estimates at 3-11 places that were seined at each site.
The mean calculated for each habitat type was just a straight-
forward mean of the site densities.

DOUG MECUM: How did you calculate densities? Did you have a
mean for the area seined?

MIKE MURPHY: We got a population estimate for each area and just
divided it by the area seined in square meters.

DOUG MECUM: The river channel comprised a large portion of total
area in the lower river, so you were really able to sample only a
small portion of it?

MIKE MURPHY: Yes. That was the channel edge habitat which was
good rearing habitat. The main channels and side channels were
rapid and turbulent with current velocity >30 cm/s. Those areas,
because of their fast currents were assumed to be uninhabited by
rearing salmon and were not included in our sampling or in total
population.

DOUG MECUM: Would the main channel be important rearing habitat
in winter when turbidity is reduced? Also, will or has there
been work done on overwinter habitat in the Taku River?

MIKE MURPHY: I am not aware of any work that has been or will be
done on overwinter habitat, except some minnow trapping around
large pools. I am not sure that the main channels in the Taku
River would support any overwinter rearing. However, because of
generally low flow in winter, currents in the main channels
probably are greatly reduced, which would make these areas more
suitable for overwintering.

SITUK RIVER AGE-0 CHINOOK SMOLTS

Paul D. Kissner
Alaska Department of Fish and Game
, Sport Fish Division
P. 0. Box 20
Douglas, Alaska 99824

Juvenile chinook salmon in southeast Alaska typically spend
approximately 12 months in freshwater after emergence before
beginning their seaward migration (Kissner 1976, Van Alen and
Olsen 1984). The adults that produced these juveniles spawn from
mid-July through mid-September. Generally, spawning occurs
earliest in the cold headwater streams and later in warmer lake
fed tributaries and more southerly Southeast populations.
Juveniles emerge during late April through June, with the peak of
emergence occurring in May.
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Juvenile chinook salmon grow slowly and the mean size in the
Taku, Stikine, Alsek, Unuk and Chickamin Rivers over various
brood years average 56-65 mm (Fork Length) during September, 58-
66 mm during October, and 63-68 mm during November. At or near
outmigration the following spring, Jjuveniles over various brood
years from the five rivers average 66-78 mm during April and 70-
80 mm during May. Thus, most wild juvenile chinook salmon grow
less than 10 mm between September and the following May.

Based on adult scale interpretations by many observers and
coded-wire tagging of known age juvenile fish (age-0 in September
and October and age-l1 smolts during March, April and May) and
their subsequent recovery as adults, we are confident about the
freshwater ages of Southeast chinook salmon. Generally, over 95%
of the juvenile chinook salmon migrate to sea after 1 year of
rearing in freshwater (l-check smolts) with most of the remainder
emigrating as 2-check smolts.

Age~-0 outmigrants (fish that migrated seaward a few months
after emergence) have been detected in extremely small numbers in
several chinook systems in southern Southeast Alaska.

Just about the time we though we had stereo-typed freshwater
age and growth of juvenile chinook salmon in southeast, we were
shocked to discover a population that didn't conform.

The Situk River system, which is located about 16 kilometers
northeast of Yakutat, includes Situk and Mountain Lakes, with a
combined area of about 485 surface hectares and approximately 40
kilometers of river. The Situk River is classified as a medium
producing chinook salmon system with annual total return
estimated to be 1,500 to 10,000 chinook salmon.

The Situk's recent claim to fame is the probability that the
impoundment of Russell Fiord by Hubbard Glacier will eventually
cause the drainage of the Fiord to flow down the old Situk River
and impact the fisheries resources of at least a portion of the
system.

Seining and coded-wire tagging of chinook salmon smolts was
conducted in the lower 2/3 mile of the Situk River, from the
Cable Hole to the landing, from June 21-July 9, 1984 (Kissner
,1985). The major objective of the project was to determine their
areas of exploitation and harvest rates.

Large schools of juvenile salmonids were first observed in
various holes in the lower Situk River, and then seined utilizing
a 100-foot beach seine, 10 feet deep, of 1/4-inch mesh. Seining
efforts during the first 3 weeks produced very large numbers of
sockeye smolts (35,017), good numbers of coho smolts (9,867), and
less than .1% chinook smolts. The few chinook smolts that were
captured during the first 3 weeks ranged from 120-150 mm F.L.
This was 45-75 mm larger than chinook smolts that had been
captured in other rivers.
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On June 20 and continuing through the project's termination
on July 9, large numbers of smaller juvenile chinook salmon were
migrating to the river mouth and were available for capture. The
mean size increased from approximately 77 to 83 mm F.L. during
this 3 week period.

Because of the increased density of chinook, and to reduce
the incidental capturing of sockeye and coho smolts, our capture
technique changed. Chinook were chummed with salmon roe into
shallow water and seined.

By late June, the juvenile chinook salmon began displaying
characteristics of smolts and were actively moving in the lower
2/3 mile aided by the tide. Because of a week long high water
period beginning on July 9, and the high percentage of recaptures
during the first week of July (22%), it was decided to terminate
the project. Thus, movement was not monitored after July 9, but
we believed that the juvenile chinook migrated seaward. The
return of four 2-ocean jacks in 1986 confirmed that at least a
portion of the chinook tagged did migrate to sea in 1984.

Generally, less than 0.5 hours per day were spent seining
juvenile chinook salmon and the remainder of the day was spent
tagging them. A total of 12,552 chinook smolts averaging 81 mm
F.L. were captured and tagged.

After the 1984 field season, we aged scales collected from
20 of the juvenile chinook and were extremely surprised to find
no freshwater annulus on any of the scales. At this point, we
felt that we were dealing with a new life history type; but to
confirm our initial findings, we collected additional data and
scales during 1985. Based on the timing data collected during
1984, plans were made to commence coded-wire tagging operations
on June 20, 1985. In retrospect, we probably should have been
prepared for a delayed downstream movement of age-0 chinook as
southeast Alaska had an extremely cold and late spring.

The lower Situk River was minnow trapped four times between
June 20 and July 8, and numerous coho young were caught, but only
one Jjuvenile chinook salmon. By July 20, large numbers of
juvenile chinook salmon were migrating into the lower river, but
averaged only 67 mm F.L. compared with an average of 83 mm F.L.
during July of the previous year.

I feel that the downstream movement of the chinook juveniles
was delayed because of the cold spring which probably retarded
both their emergence timing and growth. On August 30, the mean
fork length had increased to 88 mm F.L. and the fish had the
silvery appearance of smolts. Scales collected from several
groups of these juvenile chinook salmon again showed no annulus.
At the time of the juvenile chinook collection, I also sampled
several coho of the same general size as the chinook; and they
all had a very obvious winter check. I have also compared scales
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from adult Situk River coho with adult Situk chinook salmon. The
coho all have at least one obvious freshwater check, while very
few of the chinook had obvious checks.

The convention developed by Koo and Isarankura (1967) was
utilized to separate age-0 from age~1l freshwater life history
types on adult scales. Age-0 outmigrants have greater marine
growth during their second ocean year than their first ocean year
because a portion of the first year is spent in freshwater
(Figure 1), while age-1 outmigrants have similar growing during
their first and second ocean years (Figure 2).

I believe the proportion of juvenile chinook migrating from
the Situk at age=-0 could vary greatly from year to year depending
on the temperature regime of the Situk River drainage. In cold
winters and springs, a higher percentage would hold over to
migrate as l-checks than in years of warm winters and/or springs.

I think the major factors that permit age-0 chinook to
attain a size where they can osmoregulate during their first
summer after emergence, which is usually considered to be 70 mm
F.L. (4 grams in weight), is the combination of a warm productive
river and a productive intertidal area. Based on available
freshwater temperature data and using a table by Alderdice
(1978), chinook fry in the Situk River could emerge as early as
late February.

Although we did not study the amount of time juvenile
chinook salmon spent in the intertidal area, the high recapture
rate of tagged chinook (averaging 22%) during early July)
indicates that fish were not moving rapidly through this area.
Thus, it appears that if Russell Fiord does eventually flow down
the 01d Situk River channel, it could have a major negative
impact on Situk River O-check chinook salmon by eliminating the
productive intertidal area.

LITERATURE CITED

Alderdice, D.F., D.F. and F.P.J. Velsen. 1978. Relation between
temperature and incubation time for eggs of chinook salmon

(Oncorhynchus tshawytscha). J. Fish. Res. Board Can. 35:
69-75.

Kissner, P.D., Jr. 1976. A study of chinook salmon in southeast
Alaska. Alaska Dept. of Fish and Game, Annual report 1975-
76, Project F-9-8, 17 (AFS-41).

1985. A study of chinook salmon in southeast Alaska.
Alaska Department of Fish and Game, Annual Report 1984-85,
Project F-9-17, 26 (AFS=-41).

Koo, T.S. and A. Isarankura. 1967. Objective studies of scales

of Columbia River chinook salmon, Oncorhynchus tshawytscha
(Walbaum). Fishery Bulletin Vol. 66, No. 2: 165-180.

22



Van Alen, B.W. and M.A. Olsen. 1984. Abundance, age, sex and
size composition of chinook salmon (Oncorhynchus tshawytscha
Walbaum) catches and escapements in southeast Alaska, 1984.
Alaska Department of Fish and Game, Tech. Data Report No.
190. 79 pp.

CARL BURGER: When do the fish spawn?

PAUL KISSNER: The Situk fish spawn from mid to late August to
probably about mid-September.

CARL BURGER: Did you expect late spawners; i.e., two runs?
PAUL KISSNER: No, not in the Situk.

GARY GUNSTROM: Do you know the percentage of age zero smolts and
age l-check smolts?

PAUL KISSNER: That is a difficult question to answer because
many of the scales from the Situk fish are difficult to read.
There are obvious age .0 and .1 fish, but many others are
difficult to classify.

JIM REEVES: What is the temperature at emergence?
PAUL KISSNER: I am not sure about southcentral, but in south-

eastern Alaska, it is quite warm. Late February is about the
earliest I've seen them.
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THE IMPORTANCE OF LARGE ORGANIC DEBRIS
FOR REARING CHINOOK SALMON HABITAT

Donald L. Siedelman

Alaska Department of Fish and Game
Sport Fish Division
415 Main Street, Room 208
Ketchikan, Alaska 99901

Paul D. Kissner

Alaska Department of Fish and Game
Sport Fish Division
P. 0. Box 20
Douglas, Alaska 99824

IMPORTANCE OF UNUK AND CHICKAMIN RIVER CHINOOK STOCKS

The Unuk and Chickamin Rivers lie approximately 45-50 air
miles east of Ketchikan. Both rivers are transboundary glacial
rivers with their headwaters being fed primarily by glaciers and
snow melt. All chinook spawning in the Chickamin River exists
within the continental USA. Presently, there is very 1limited
chinook spawning in Canadian waters of the Unuk River system.
All known spawning is taking place in short tributaries of both
main stem rivers.

Excluding the transboundary rivers (Taku, Stikine and
Alsek), the Unuk River produces the largest wild population of
chinook salmon in Southeast Alaska. The major reason for the
Unuk River producing a large number of chinook is the high
quality of the freshwater rearing and over-wintering habitat.

The Chickamin River possesses the third or fourth most
important wild chinook population in Southeast Alaska. It does
not produce as many juvenile chinook as the Unuk because there is
not as much quality habitat available for rearing.

The Department of Fish and Game determined that chinook
salmon populations were at a low level throughout S.E. Alaska.
Regulations were initiated to rebuild depressed stocks, such as
those in the Chickamin and Unuk Rivers. Chinook populations are
in the process of rebuilding, and it is essential to maintain
rearing habitat to maximize their production.

Chinook salmon habitat requirements are much more specific
than the other salmonids, as only 34 chinook salmon systems are
documented in S.E. Alaska. Unlike juvenile coho salmon, which
are found in a variety of habitat types such as lakes, beaver
ponds, shallow and warm weedy areas, lateral tributaries, as well
as mainstream areas, chinook occupy a very narrow range of
habitats. Juvenile chinook are usually not found in lakes,
beaver ponds, or shallow weedy areas and only in small numbers in

26



u

most lateral tributaries. In our large river systems, such as
the Taku, Stikine, Chickamin and Unuk Rivers, most juvenile
chinook are found in the main stream, usually associated with
large or small organic debris. This woody debris functions as
escape cover from predators and holding water from velocities
that would often preclude rearing in many microhabitats. From
these areas, chinook juveniles move out into faster waters to
feed and then return to these holding areas to conserve energy.

During the summer and fall in these mainstream areas we have
found that the highest densities of juvenile chinook are found in
areas where the rivers are the most braided, if cover (large or
small organic debris) is available (shelter from high water
velocity). The more the river is confined to one channel and the
fewer the log jams and cover available, the lower the density of
rearing chinocok. If large organic debris was missing from these
areas (such as would occur after salvage logging), there would be
fewer braids (braids are usually formed by large organic debris),
increased water velocity, and fewer juvenile chinook. 1In other
words, the majority of the rearing juveniles would be forced to
move to areas with decreased velocity, the primary rearing areas
would be lost, and production of juvenile chinook would decrease.

In late fall, as water temperatures approach 32-34°F. and
water levels drop, Jjuvenile chinook leave their summer and fall
habitat and seek deeper water, with cover and little velocity, to
overwinter. Most of the overwintering holes that we have
observed have been formed by river hydrology cutting a hole
around large organic debris.

Studies of five brood years of Taku River chinook indicate
that a major factor in juvenile chinook production is overwinter
survival (Kissner, unpublished).

LOG SALVAGE METHODOLOGY

Salvage logging is the remove and sale of timber that has
fallen into the river bed through the process of erosion. Logs
to be salvaged (primarily Sitka Spruce) are cut from their root
wads along the flood plains of the Chickamin and Unuk Rivers.
Logs not already near the river are moved to or near the water's
edge and as the rivers rise, the logs are carried downstream.

Permitted log salvage activities on record in the Unuk River
date back to 1972. The permittee was allowed to salvage downed
timber from the Unuk tide flats. In 1975, the department
reviewed a permit proposal to salvage logs along the Unuk River.
At that time, the primary concern of the department was to
protect migrating and spawning adult chum and chinook salmon.
The department has no objections to the permittees proposal,
provided no instream salvage operations were conducted during the
period June 14 through November 1.

In 1979, the license application expanded to include the
Chickamin River.
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In 1983, the Department began capturing juvenile chinoock and
coho salmon on the Chickamin River for coded-wire tagging to
determine ocean migration patterns, timing of harvest,
exploitation rates and other general life history information.
At the start of this program, log salvage activities were
discussed and the importance of these downed trees to chinook
production. Staff concerns were then expressed to stop and
eliminate the removal of large organic debris (LOD) from the Unuk
and Chickamin Rivers.

This started the Unuk and Chickamin River log salvage
controversy between the State and desired permit holder and his
attorney.

The State decided to issue a permit for log salvaging in the
Chickamin and Unuk Rivers for 1983 due primarily to [economics].
One clause in this permit was that the Department of Fish and
Game would mark the LOD that was deemed critical for salmonid
rearing habitat in the Chickamin River. All other trees could
then be salvaged.

In 1984 and 1985, log salvaging was permitted on the Chicka-
min and Unuk River again with specific conditions to minimize the
impact to juvenile chinook salmon. The final permit allowed to
salvaging above the Chickamin River tidal area and in the Unuk
River no log salvage work could be done above Lake Creek (approx-
imately 7 miles up stream). The 1985 permit was not utilized.
No permit was issued in 1986 or 1987.

The permittees basic argument was that the 100-120 trees per
year are insignificant because of the immense volume of timber in
the drainage. Permittee also felt that removal of the root wad
from the remainder of the tree makes the root wad more stable and
does not significantly alter the chinook habitat.

The Department of Natural Resources (DNR) Forestry Division
estimated that annually up to 650 trees in the Unuk and 450 trees
in the cChickamin River that are greater than 10 inches in
diameter, were eroded into the rivers. In determining this
erosion factor DNR: 1) compared past and present aerial photos
indicating stream side changes in acres and 2) utilized the
average tree per acre for Southeast Alaska timbered land. No one
from DNR had ever set foot on either the Unuk or Chickamin
Rivers. These factors weighed heavily against rejecting the
salvage permit request, even though this was a gross over
estimate of tree abundance.

There was not a lot of support from the commercial fisheries
groups for assisting in stemming this loss of habitat.

During 1985 and 1986, the average number of trees washing
into the Unuk River was 43 and 10 in the cChickamin River that
were larger than 10-inches in diameter. Our field surveys
indicate that no LOD that was marked for critical habitat in 1983
has washed from the Chickamin River.

28



ROOT WAD REORIENTATION AND HABITAT LOSS

With the root wad attached, a downed tree usually orients
itself with the root wad upstream and the stem facing downstream.
Turbulence at the upstream end of the root wad erodes the
stream bottom away from the area around the root wad and often
creates a pool or relatively calm water. Depending upon where
the tree system was deposited in the river channel, this pool
provides cover from predators, food, and a resting area for
juvenile chinook. Tree systems which may not be valuable as
habitat at a given water level may become valuable habitat as the
rivers rise and fall, or in future years when they are washed to
another location.

Once the root wad is removed from the remainder of the tree
(such as occurs during salvage logging), we have observed a major
change in the orientation of most root wads that have not washed
downstream. The orientation of a root wad after stem removal
becomes somewhat arbitrary, but often it comes to rest with the
stem pointing upward or downward at a steep angle, or it may wash
into the hole that had been created before the stream was
removed, often to be covered by sand or gravel. In most cases,
the pool that was chinook habitat before stem removal is greatly
reduced or eliminated.

Log salvage operation decreases the carrying capacity of
juvenile chinook in the Unuk and Chickamin Rivers, but the
decrease is presently difficult to quantify. Most of the trees
salvaged are at, or near, the margin of the river at a mean water
level and are thus among the most valuable to chinook production.

The Department's king salmon tagging program has been keep-
ing salmonid counts by habitat site in the Chickamin River. Data
collected indicated multiple tree/root wad systems along with
other woody debris provides the greatest habitat. The second
most important habitat was single large trees with root wads.

Minnow trap catches of pre-smolt chinook salmon around the
multiple large organic debris (LOD) systems were in excess of
500. The chinook presmolt catches around the single sources of
ILOD ranged between 50 and 180. Many of the root wads that had
not washed out of the systems after log salvaging provided
catches of less than 50 and in many cases, less than 10 chinook
presmolt per system.

Local areas chinook salmon management, in conjunction with
the U.S./Canadian Salmon Treaty, has increased the chinook
returns in the Ketchikan area systems from less than 200 to over
1,000 in both the Unuk and Chickamin Rivers. It would seem
appropriate to eliminate log salvaging in these rivers to meet
the needs for increased salmon production and habitat require-
ments.
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The moral of the story is: 1) log salvage does not benefit
chinook rearing habitat and 2) the more woody debris in the
system - the greater the potential for increasing wild chinook
populations.

MEL SEIBEL: One of the critical questions is whether rearing or
spawning habitat is a more limiting factor. What 1is your
opinion?

DON SIEDELMAN: We have increased spawning escapements in both
the Unuk and Chickamin rivers from >200 fish in 1976 to over
1,000 fish last year--one of the best escapements that we have
ever had. One of the limiting factors could be spawning, but
carrying capacity probably has not been reached yet. As long as
we continue putting large organic debris in the river, fish
abundance will continue increasing. Sooner or later, we will be
able to increase spawning areas through barrier modification
projects. To most of those fish, overwinter habitat becomes a
critical factor; increasing the need for large organic debris in
the channel is essential.

PAUL KISSNER: Systems like the Unuk and Chickamin have a lot of
large organic debris. In the Chilkat River, there are spawning
and rearing areas with little large organic debris because this
debris washes downstream.

ALEX WERTHEIMER: Would you propose knocking more trees into the
river to increase rearing habitat?

DON SIEDEILMAN: That is not a necessity, although it is a
possible alternative. However, I do not see an immediate need
for that. As escapements increase and the need for woody debris
increases, we will continue to see an influx of large woody
debris and that should take care of the annual increment in
escapements.

CROOKED CREEK CHINOOK SALMON
David C. Waite

Alaska Department of Fish and Game
FRED Division
P. 0. Box 20
Douglas, Alaska 99824

INTRODUCTION

Chinook salmon, Oncorhynchus tshawytscha (Walbaum), returns
to Crooked Creek, on the Kenai Peninsula (Figure 1), have been
monitored by the Division of Fisheries Rehabilitation, Enhance-
ment and Development (FRED) since 1974. Results are reported in
Waite (1979, 1982 and 1983), Waite and Flagg (1986). This
summary highlights the results for the past 12 years.
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LIFE HISTORY

The chinook salmon is the dominant salmon species in Crooked
Creek. Juvenile chinook salmon are widely but not equally
distributed in this system. Distribution, density and mean size
of chinook salmon fry all increase in the downstream sections of
the creek during the fall, winter and spring months. Age 0 fry
as well as age 1 smolt migrate from Crooked Creek. These fish
may spend winter in the Kasilof River and subsequently migrate to
salt water at age 1. Thus, most of the Crooked Creek chinoock
stock become smolts in the Kasilof River just prior to entering
salt water.

The adult chinook salmon return is composed mainly of four
age classes expressed as age .1, .2, .3 and .4; referring to the
number of years that the chinook salmon spent in salt water
(European Formula). Adult returns to the Crooked Creek welir peak
the first week of July (Figure 2). Total escapement ranges from
280 in 1974 to 12,129 in 1986 (Table 1).

Wild chinook salmon from Crooked Creek have been used for
artificial propagation since brood year 1974. Hatchery marked
and unmarked chinook salmon smolts have been released in Crooked
Creek since 1975 (Table 2). Hatchery smolts are released as age
O's. Crooked Creek stocks are transported to Elmendorf hatchery.
Use of a warm water source produces smolts in less than 1 year.
The smolts are returned to Crooked Creek for release. Age 1
smolts have also been released from the Crooked Creek Hatchery
since 1981.

HATCHERY CONTRIBUTION AND SURVIVAL

Survival of age 0 Crooked Creek chinook salmon smolts to
adult return has ranged from .69% (1978 release) to 6.43% (1981
release) with a mean survival for completed returns of 2.6%.
Returns from the 1981 release are over twice the mean survival
rate (Table 2), yet nothing in the treatment of this particular
group of fish is strikingly different from other releases.

The chinoock salmon returning to the Crooked Creek weir in
1986 included age .3 adults from two different releases in 1983.
One group of smolts released were age 0 from the Elmendorf
Hatchery, while the other group of smolts were age 1.0 from the
Crooked Creek Hatchery. The age 0 smolts had been released in
late May at 10.2 g while the age 1.0 smolts were released in
early July at 18.2 g. Survival to date (age .1, .2 and .3) of
the age 0 smolts is estimated at 1.4% while survival of the age
1.0 smolts is 9.2%. We expect that the survival from the age 1.0
smolts will be greater than that of age 0 smolts for the fourth
year of return. We do not know if the improved survival of age
1.0 smolts is due to time of release, size at release, age of
release or other variations in treatment by the two hatcheries
involved. Other factors that may have influenced survival over
the years include smolt readiness (blood chemistry), condition of
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fish at time of release, environmental conditions in Crooked
Creek at time of release, and marine survival. It could be a
combination of factors.

A second study, initiated in 1984 may help to answer these
questions. In 1984, the age 1.0 and age 0 smolts for this
experiment were released close to the same date (late May/early
June) and same size (20.1 g/17.4 g). Returns through age .2
jacks in 1986 indicated that the two groups were surviving at
rates more similar than observed for the 1983 release (survival
was estimated at 1.04% for age 1.0 and 0.94% for age 0). We will
continue to monitor the survival of the above groups of fish over
the next two years and hopefully gain a better understanding of
which practices result in the best survival rates for Crooked
Creek chinook salmon smolts.

Mean lengths and weights of marked (hatchery) and unmarked
(wild plus hatchery) chinook salmon returning to Crooked Creek in
1986 were compared (Figure 3).

SPORT FISHERY

Returning Crooked Creek chinook salmon are intercepted in a
sport fishery below the mouth of Crooked Creek on the Kasilof
River. The fishery starts in mid-May and ends on June 30. Creel
surveys have been conducted since 1978. The creel surveys are
shore based. In 1985 and 1986, a rapidly developing and
successful drift boat fishery with a season extended until the
end of July was not included in the final catch results. In
1986, sport harvest was estimated at 8,146, the highest on record
by over 3,000 fish.

Observations from the new drift fishery indicate that the
total harvest would probably exceed 9,000 chincok salmon. The
total effort for the chinook salmon sport harvest was 26,185 man
days (Figure 4). Sport fishermen harvested 65% of the total
Crooked Creek chinook salmon return in 1986 (Figure 5). To put
this into perspective, this is a greater number of chinook (king)
salmon than was harvested from either the Kenai River "early run"
or "late run" in 1986. The Sport Fish Divisions statewide
harvest survey, when completed, may provide some information on
this new boat fishery.
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Table 1. Crooked Creek adult chinook salmon escapement, 1986.

Chinook weir

escapement Below Crooked Total
Year M F Creek weir Sport catch run
1974 184 96 N.D. N.D. 280
1975 167 176 N.D. N.D. 343
1976 1,143 539 96 N.D. 1,778
1977 2,054 1,015 ' 125 N.D. 3,194
1978 2,730 1,985 117 251 5,083
1979 1,764 1,780 55 283 3,882
1980 1,169 1,113 73 320 2,675
1981 1,899 1,005 76 1,283 4,263
1982 2,075 1,428 853 2,787 7,143
1983 3,058 1,247 210 4,361 8,876
1984 1,923 1,727 407 5,138 9,195
1985 1,770 1,042 N.D. 3,049 5,861
1986 2,872 1,002 598 7,657 12,129

One year jacks are excluded from this table.
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Table 2. Total numbers of hatchery chinook salmon smolts releas-
ed, total numbers of adults returned and percent smolt
to adult survivals for each brood year, Crooked Creek

1974-85.
Brood Release Number Number Percent smolt to
Year year released returned adult survival
1974 1975 3,679 70 1.91
1975 1976 82,000 1,170 1.43
1976 1977 131,287 1,237 0.94
1977 1978 172,512 1,197 0.69
1978 1979 379,478 8,953 2.36
1979 1980 51,998 N.A. N.A.
1980 1981 203,988 12,955 6.35
1981 1983 53,7411 4,954 9.222
1982 1983 211,179 1,995 1.392
1982 1984 67,8001 708 1.043
1983 1984 195,531 1,834 0.943
1983 1985 53,700% 15 0.034%
1984 1985 175,236 968 0.554%
1984 1986 69,1641 03 -
1985 1986 184,456, 0° --

1Age 1 smolt released from Crooked Creek Hatchery (all others age
age 0). No age 0 smolt released in 1982.

2Completed only for three years return.
3Completed only for two years return.
4Completed only for one year return.

SFirst returns expected in 1987.
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ALEX WERTHEIMER: How did you calculate the weighted average of
2.6% smolt to adult survival for fish returning to Crooked Creek?

DAVE WAITE: The total number returned during the first 4 or 5
years was divided by the number released.

ALEX WERTHEIMER: That is not an appropriate way to calculate
survival because of the variability.

DAVE WAITE: The individual figures on the table were for that
individual release year, and the 2.6% was just the total number
released up to that time.

JIM REEVES: What was the size of your released smolts?

DAVE WAITE: During the year with the difference 1in survival
(9.2% versus 1.4%), the July release averaged 18.2 g/smolt and
the late May release averaged 10.2 g/smolt.

BRUCE SHEPHERD: During escapement, do you have any hatchery fish
spawning naturally?

DAVE WAITE: Yes.

BRUCE SHEPHERD: Do you know what the mix is .of hatchery and wild
fish?

DAVE WAITE: No. We are basing our total hatchery contribution
on marked fish. Some marked fish that come to our weir are
allowed to spawn naturally.

DON AMEND: Could you give the range of size at release and time
of release?

DAVE WAITE: The average time of release of age zero smolts
occurs the last week of May and the first week of June, as
determined from seawater challenge and the blood sodium levels
within our fish. The 9.22% survival was for fish released in
late June; however, the optimum release time is a little earlier
than that, even though that release had a good survival rate.
Our average size runs about 14-18 g/fish. The age .1 fish that
we release from Crooked Creek and hold for a 1-1/2 years average
somewhat smaller because we are working with cold water regimes.

DERER MONTEITH: What were ocean temperatures compared to
hatchery temperatures at the time of release?

DAVE WAITE: I cannot answer that question, I really do not know.
Between saltwater temperature in Cook Inlet and the hatchery, I
would guess it would be less than 8-9°F difference.

PAUL KISSNER: 1Is it possible to determine by scale analysis the

hatchery versus wild stock escapement on the spawning grounds?
The age .1 fish from the hatchery would be an indicator.
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DAVE WAITE: The first 4 or 5 years when we were releasing age
zero smolts in Crooked Creek from Elmendorf hatchery, the mark
that the hatchery put on the scales was very prominent, much the
same as the age zero smolts on your chart. Compared to a scale
from a wild fish, a scale with a freshwater winter mark from a
wild fish had a much smaller freshwater zone. A hatchery fish
had a larger freshwater zone with no winter check mark. However,
this mark disappeared because of the freshwater culture
techniques used at Elmendorf. Because the fish were getting so
large and crowding the raceways, there was a need to control
their weight. More cold water was put in the raceways earlier in
winter, and as a result, these fish would exhibit freshwater
check marks and a smaller freshwater zone. Since then, we could
not differentiate between wild and hatchery fish. I have not
been able to differentiate the two by scale analysis; I can only
tell the two apart by a missing adipose fin and tags..

KEN LEON: The importance is not on how many fish are wild; most
are hatchery escapements. In early years, there were only a few
hundred adults and now there are thousands. In other words, the
river has been rehabilitated by the hatchery.

DAVE WAITE: That is right. We are basing our hatchery contribu-
tions basically on marked fish. We have good confidence in
knowing the number of hatchery fish returning; the rest, we
assume, are wild. In the first 5 or 6 years of the study, we
were able to confirm that this was true, and later on, we went on
adipose fin clipped fish and then did our expansion on total
numbers. Anything in excess of that was considered wild. Scale
analysis indicated that these fish must be wild, but there is a
high possibility that they are hatchery fish, indicating that the
hatchery contribution may be higher than 70%, may be as high as
90% or higher. What we are calling wild fish may actually be
hatchery fish.

MARK ANDERSEN: Assuming these fish continue to be genetically
successful, could you speculate on other small hatcheries being
used to rebuild other specific stocks?

DAVE WAITE: That has been considered. I am not able to fully
answer that question because of declining budgets and other
factors. But working with chinook salmon in the central Cook
Inlet area is an important asset to the ADF&G and FRED Division.
With the increasing numbers of sport fishermen and people
searching for chinook salmon, it is an important aspect of the
FRED Division. Other divisions also are looking at this as being
very important. Other people in this workshop will talk about
other programs and relate them to this.
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ECOLOGICAL STUDIES ON CHINOOK SALMON REARING
IN THE SUSITNA RIVER SYSTEM

Paul M. Suchanek

Alaska Department of Fish and Game
Sport Fish Division
P. O. Box 20
Douglas, Alaska 99824

INTRODUCTION

The Alaska Department of Fish and Game conducted studies of
juvenile chinook salmon rearing in the Susitna River located in
southcentral Alaska during 1982 through 1985. These studies were
funded by the Alaska Power Authority, which was studying the
river basin for proposed development of a large hydroelectric

project.

It was found that potential effects of the proposed project
on chinook salmon would be restricted primarily to rearing
juveniles. Adult chinook salmon would be little affected because
they are naturally restricted from moving past the proposed dam
site on spawning migrations by a velocity barrier and also they
spawn in tributaries unaffected by mainstem flow. Changes in
downstream flows could cause significant changes in habitat
quality and quantity for chinook rearing in mainstem affected
areas. These mainstem areas include a large number of turbid,
braided side channels interspersed with clear-water sloughs and
tributary mouths.

METHODS

Field studies were done downstream of the Devil Canyon
damsite during both the open-water and ice-covered seasons
(Figure 1). Inclined plane outmigrant traps were used to monitor
juvenile movements at Talkeetna Station (1982-85) and Flathorn
Station (1984-85) from May to September or early October.
Habitat studies at selected rearing sites were of several types.
In one group of studies carried out during both the winter and
open-water months at selected sites above the Talkeetna-Chulitna
River confluence, chinook captured in minnow traps or seines were
cold-branded and then recaptured on subsequent occasions. In
some instances, population estimates were made and also movements
from specific sites were studied. Food habits of chinook salmon
were also studied at selected sites during the summers of 1982
and 1984.

Other habitat studies were done in the open water season at
sites above the Talkeetna-Chulitna River confluence (1983) and
areas below the confluence (1984). Sampling sites were selected

from four habitat types: tributaries, side channels, side
sloughs and upland sloughs. Each site was sampled once or twice
a month from May through mid-October. At each sampling site,
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6'x50' rectangular areas called cells were sampled for fish with
one pass of a beach seine or backpack electroshocker and then a
depth, velocity and cover measurement was taken. A turbidity
sample and other water quality measurements were also taken at
each site. Suitability criteria were constructed from fish
sampling data and also the habitat response of these sites to
changes in mainstem flows were modelled.

Detailed discussion of methods and results of studies
summarized here can be found in ADF&G (1983), Schmidt et al.
(1984~-85), Hansen and Richards (1985), Roth et al. (1986), and
Stratton (1986).

RESULTS AND DISCUSSION

After chinook fry emerge in natal tributaries located above
the Chulitna River confluence in the spring, they begin to
redistribute downstream and generally group into three categories
(Roth and Stratton 1985). One group is composed of Jjuveniles
which rear and overwinter in their natal tributary and then
outmigrate the following spring. Another group of chinook fry
move into side channels and sloughs of the middle reach where
they rear and overwinter. The last group leaves the middle reach
as 0+ fry and either enters the ocean or finds overwintering
habitat in the lower reach. Since only about 2% of the adult
chinook returning to the middle reach are age 0 freshwater fish
(Barrett et al. 1985), it appears 0+ outmigrants suffer poor
survival.

The group of fish which rear and overwinter in the middle
reach would be most affected by changes in mainstem flows. These
chinook juveniles make extensive use of side channels in the
middle reach and often use turbidity as cover (Schmidt et al.
1984). Habitat modelling studies have shown that optimal
conditions for chinook juveniles occur when flows in side
channels are small. Drift of invertebrates through the side
channels is composed of mainly Chironomids (midges) and chinook
feed extensively on them (Hansen and Richards 1985). A lack of
cover may limit use of some sloughs, although chinook fry move to
sloughs used by spawning chum and sockeye salmon, probably in
response to the large supplies of salmon eggs available for food.

As winter approaches in the middle reach, chinook fry move
to sloughs which have upwelling ground water and good cover.
Winter cold branding studies have shown that some winter movement
occurs but that catches generally decrease through the winter
(Stratton 1986). This could be due to poor survival as mainstem
staging during freeze-up causes extensive overflows in sloughs
and also extensive predation by dippers and secondarily by
sculpins was noted.

Below the Chulitna-Talkeetna River confluence, chinook
rearing in side channels is limited by turbidity (Schmidt et al.
1985). The chinook catch per cell in side channels in the lower
reach was only 25% of that in the upper reach. The Chulitna
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River is extremely turbid and it raises turbidity in the Susitna
downstream. Cover provided by substrate and debris is also
limited in clear water in this reach due to the heavy silt loads
deposited. Due to the lower stream gradient, however, backwater
effects at tributary mouths provide important rearing areas for
chinook in this reach.

Potential effects of the project on rearing chinoock would be
greatest in the reach from the damsite downstream to the Chulitna
and Talkeetna River confluence (APA 1985). Below this conflu-
ence, variations in flow regimes caused by the dam would be
masked by inflows of the Chulitna and Talkeetna rivers. Project
effects on natural river flows would include lower but more
stable flows in the summer with much larger flows in the winter.
Effects of the project on summer chinook rearing would depend
greatly upon the specific flow regime used during project
operation. Due to the large number of side channels, lower flows
would eliminate some small side channels as habitat, but large
side channels would become better habitat with reduced flows in
them. Winter effects of the project on chinook rearing are very
difficult to predict.
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BILL HAUSER: What do you believe is the limiting factor or the
limiting season of rearing juvenile chinook salmon? Also, could
you speculate on what happens to these fish during freeze-up and
break-up?

PAUL SUCHANEK: Summer probably is less limiting than winter when
conditions are much more severe on the fish. Fish that do not
move to a good area of welling or groundwater are probably not
going to survive. As the water warms during break-up, the fish
tend to move out and start moving down river. It is a tough time
of year. Break-up on the Susitna is very catastrophic--the ice
can be backed way up in the trees by large ice dams.
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Map of the lower and middle Susitna River basin showing major
tributaries and juvenile chinook sampling stations. Taken
from Roth and Stratton (1985).
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STRAYING OF CODED-WIRE TAGGED CHINOOK SALMON
IN SOUTHEAST ALASKA

Dennis J. Hubartt

Alaska Department of Fish and Game
Sport Fish Division
P. 0. Box 20
Douglas, Alaska

The homing ability of Pacific salmon is commonly thought to
be a biological law. However, as with most laws in biology,
there are exceptions. The widespread use of coded-wire tags in
chinook salmon in southeast Alaska since the late 70's has shown
that although most chinook salmon actually return to the stream
or hatchery of origin, there are individual fish which return to
other areas for spawning.

One of the concerns of fisheries managers when confronted
with the addition of large numbers of hatchery-reared fish to
mixed-stock fisheries is the possible impacts that may be felt by
the wild stocks. The tendency of separate stocks to maintain
their genetic integrity by breeding in specific locations has
helped to minimize this concern. If, however, significant
numbers of hatchery-reared salmon were found to stray from their
home streams to breed with other stocks. then the genetic
integrity of wild stocks could be affected. Thus, the incidence
of straying chinook salmon is of particular interest to fisheries
biologists.

One of the major difficulties associated with determining
whether or not straying chinook salmon may be a problem is the
detection of strays on the spawning grounds. In southeast
Alaska, although most hatcheries examine returning adults for
coded-wire tags, only a few wild spawning populations have been
sampled. Therefore, the information presented here is biased
towards the recoveries of strays at hatcheries.

Table 1 summarizes the straying of adult coded-wire tagged
chinook salmon recovered at hatcheries or on the spawning grounds
in southeast Alaska from 1980 through 1986. Most of the observed
occurrences of straying listed in table 1 are of hatchery-reared
chinook salmon returning to a different hatchery. Only one
instance of straying of wild chinook salmon (a chinook tagged in
the Taku River was recovered as an adult in the Stikine River)
has been recorded to date. Neets Bay hatchery currently holds
the record for the largest number of strays (most strays showing
up at the Deer Mountain hatchery), while Little Port Walter holds
the record for straying to different areas.
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Table 1. Stray coded-wire tagged chinook salmon recovered at
hatcheries and on the spawning grounds in southeast
Alaska, 1980-86 (preliminary listing from ADF&G, FRED
Tag Lab database).

Number
of Recovery
Strays Facility/Release Site Recovery Site Date
1 Medvejie/Bear Cove 113-41 Ford Arm Lake 1985
1 Whitman Lake/Carroll R 101-45 Deer Mountain 1986
1 Crystal Lake Hatchery Andrews Creek 1982
1 Deer Mountain Hatchery Klawock 1983
3 Deer Mountain Hatchery Hard Creek 1984
1 Deer Mountain Hatchery Karta River 1983
9 Deer Mountain Hatchery Whitman Lake 1983-84
1 Hidden Falls Hatchery Falls Creek 1984
1 Deer Mountain/Ketchikan Creek Hard Creek 1985
2 Deer Mountain/Ketchikan Creek Whitman Lake 1986
6 Little Port Walter Hatchery Crystal Lake 1983-86
6 Little Port Walter Hatchery Falls Creek/Lake 1983-85
1 Little Port Walter Hatchery Snettisham 1984
1 Little Port Walter Hatchery Stikine River 1982
7 Little Port Walter Hatchery Hidden Falls 1982-83
1985-86
2 Little Port Walter Hatchery Politofski 1982
2 Little Port Walter Hatchery Medvejie 1982-85
1 Little Port Walter Hatchery Other Alaska Esc 1986
1 Little Port Walter Hatchery Deer Mountain 1986
62 Neets Bay Hatchery 101-90 Deer Mountain 1982-86
1 Neets Bay Hatchery 101-90 Unuk River (wild) 1986
16 Neets Bay Hatchery 101-90 Whitman Lake 1983-84
1986
19 Neets Bay Hatchery 101-90 McDonald Lake 1984-86
1 Taku River (Wild) Stikine River 1983
5 /Tamgas Creek Deer Mountain 1985-86
2 /Tamgas Creek McDonald Lake 1985-86
1 /Tamgas Creek Whitman Lake 1985

3 Whitman Lake/Herring Cove Deer Mountain 1986
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JIM REEVES: I am interested in the genetic basis for homing.
Have you looked at the source of eggs from these hatcheries to
determine whether there is a tendency for the fish to return to
their brood source?

DENNIS HUBARTT: We have had one documented case of second
generation straying. It was a fish from the Unuk River brood
stock and had been raised at Little Port Walter. Last year, I
believe, it returned to the Unuk River with the Unuk stock.

QUESTION: Was it a Little Port Walter fish transplanted at
Neets Bay?

DENNIS HUBARTT: Yes.
QUESTION: Do you know of other examples?

DENNIS HUBARTT: No. Most straying is to other hatcheries; very
few fish have been documented to stray to the wild systems,
although little effort to sample has been made. The few found to
stray to wild systems are brood stock from Little Port Walter

fish.

QUESTION: Were the fish examined for placement of tags to
determine whether straying was due to olfactory damage?

DENNIS HUBARTT: No. The tag codes were not known until later so
at the time the fish were captured, it was not known whether a
fish was a stray and, therefore, fish were not examined for
olfactory damage.

QUESTION: How do you define a stray?

DENNIS HUBARTT: I would define a stray as a spawning fish found
in a stream where it had not been released.

ALEX WERTHEIMER: There are two types of straying: localized
straying and truly lost fish. Is the number of truly lost fish
relatively low compared to localized straying?

DENNIS HUBARTT: Yes. I would not put a lot of weight on the
numbers, except for the Neets Bay fish. This is local straying.
From Neets Bay, there were 16 strays to Whitman Lake, 62 to Deer
Mountain and 19 to McDonald Lake. In terms of hatchery location,
Little Port Walter is in outside waters so the fish would tend to
stray more, especially since most of the brood sources are inland
stocks.

HAL GEIGER: The more fish released, the greater the chance the
fish will stray. Have you tried to adjust the number of strays
per number released?

DENNIS HUBARTT: That is a future project. We do have a summary
of that information on all these fish, actually brood stocks and
the date.
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TED PERRY: Is the straying rate related to sea-pen rearing or
water flow? 1Is straying related to hatchery fish being released
later than the wild smolt migration?

DENNIS HUBARTT: Concerning the 1last part of your question,
little information exists on wild stocks. But I do not think
that release time would have much to do with it. As far as the
first part of your question, yes. I would expect that,
especially from Neets Bay where many fish are being released and
are in an area where it would be easy for them to stray. Already
the numbers seem to indicate that Neets Bay is where most fish
are straying, and we only have a couple of years of information
from returning CWT fish.

DON AMEND: In the past, eggs were obtained from Little Port
Walter, incubated at Whitman Lake Hatchery, reared at Whitman
Lake, transported to neets Bay, and released at Neets Bay--which
might account for the rate of straying. Now they are at Neets
Bay, reared at Neets Bay and released at Neets Bay.

GARY FREITAG: We looked at the straying data and found that the
1981 broods with CWT's represented most of the straying. There
were two release groups: the one with a short rearing time
strayed everywhere compared to the longer reared group.

DENNIS HUBARTT: I will be working on this in the future.
Whether or not the fish stray will be an important issue. Wild
fish straying does occur so the fact that fish are hatchery
reared is not the only factor involved.

PAUL KISSNER: One hypothesis of Alex Wertheimer and Bill Heard
of the Auke Bay Laboratory is that low flow may be related to
straying at Little Port Walter.

BILL HEARD: Part of the history of chinook straying from Little
Port Walter has involved Sashin Creek's low flows in summer. The
returning adults should be captured early before low flows to
prevent straying. Coastal versus the mainland source of brood
may have something to do with the incidence of straying. Also,
last year was the first time that we saw stray chinook enter
Little Port Walter from another hatchery, in this case, from the
Kasilof Hatchery in Cook Inlet.

BRUCE BACHEN: Do you have any data on wild fish entering a
stream and then backing out?

KEITH JOHNSON: Rarely have we had the opportunity to look at
wild straying. In the Great Lakes, as a model system, they are
studying straying rates to pinpoint a pattern.

QUESTION: 1In Cook Inlet, a variety of marking projects exist in
the Kenai River and in other locations, and we are doing some
recovery work in Crooked Creek. Three miles of Crooked Creek and
the Kenai River are approximately 10 or 15 miles apart; fish have
been documented entering the Kenai, moving some distance
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upstream, being marked in the Kenai, moving back downstream and
out of the Kenai, and moving several miles up Crooked Creek. Or
vice versa. An astonishing amount of straying is occurring in
these two systems. It is important to define straying, as you
have with spawning activity. In northern Cook Inlet, a
surprising amount of straying occurs as well. In the Susitna
drainage, fish traveled a long distance up the Susitna River,
then back down, and came up another drainage.

PAUL SUCHANEK: Those fish in the Susitna were all wild coho
salmon.

SIZE, AGE, ORIGIN, AND DISTRIBUTION OF
JUVENILE CHINOOK SAIMON IN
THE MARINE WATERS OF SOUTHEASTERN ALASKA

Joseph A. Orsi

Northwest and Alaska Fisheries Center
Auke Bay Laboratory
National Marine Fisheries Service, NOAA
P. 0. Box 210155
Auke Bay, Alaska 99821

Juvenile chinook salmon (Oncorhynchus tshawytscha) were
sampled by reduced-sized hooks and lures (Orsi, In Press) in the
northern, central, and southern regions of southeastern Alaska in
1986. Sampling in each region was divided into inside and
outside waters and occurred during September in all three regions
and during May in the northern region. Each region was sampled
for 15 days by a chartered commercial power troller with an
owner/operator, a one-person crew, and a biologist on board.
Each troller fished four lines with about five identical flasher-
hootchie combinations per line at depths of about 4-30 m.

Once caught, each salmon was dipped from the water with an
electric basket (Gunstrom and Bethers 1985; Orsi and Short, In
Press) and administered a quick electrical "shock". Processing
with an electric basket reduced handling stress. All captured
salmon were measured (fork length (FL)), sampled for scales, and
examined for missing adipose fin, which indicates the presence of
a coded-wire tag (CWT). All adipose fin-clipped chinook salmon
<65 cm FL were sacrificed for CWT's; all other viable salmon were
externally tagged and released. Processing time for an
individual fish once it was out of the water was about 45
seconds.

Sizes of the chinook salmon ranged from about 18 to 72 cm
FL. The smaller chinook salmon increased in relative abundance
from north to south and were primarily located in the inside
waters (Fig. 1). Small salmon were effectively sampled by the
small hooks and lures, as indicated by the lack of legal-sized
(>65 cm) chinook salmon.
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Age composition was determined, and species identification
was confirmed, by scale analysis. The scale analysis was tested
against the known ages and species identifications of about 150
CWT fish and proved to be a reliable method for ageing and
identification: 93% of the salmon were accurately aged, and
about 99% were accurately identified.

Age designations used in this paper follow the conventions
of Koo (1962). The two freshwater age classes, which were first
described by Gilbert (1912) and later by Healey (1983),
correspond to chinook salmon that either migrate directly to sea
(i.e., ocean type (age 0.)) or remain in fresh water for one
winter before migrating to sea (i.e., stream type (age 1.)).
Only the first two ocean age classes of stream- and ocean-type
fish will be discussed--the zero ocean (.0) fish and one ocean
(.1) fish. Using the two freshwater and two ocean age classes
results in four different age classes: stream-type fish that are
zero ocean (1.0) and one ocean (l1l.1) and ocean-type fish that are
zero ocean (0.0) and one ocean (0.1).

Age 0.0 fish were scarce; only two were sampled in the

southern region (Fig. 2). Age 1.0 fish increased in abundance
southward and were primarily in the inside waters; this result
corresponded with the 1length data. Age 0.1 fish peaked in

abundance in the northern region and were predominant in the
outside waters. Age 1.1 fish were most abundant in the central
region and were primarily found in the inside waters.

Origins of the age .0 chinook salmon age class were based on
expanded numbers of CWT's (Table 1). No CWT age .0 chinook
salmon were sampled in the northern region in 1986. Age .0 in
the central and southern regions were mostly age 1. fish of
Alaskan origin, with a few age 1. fish of non-Alaskan origin.
Only one CWT age 0.0 fish of Alaskan origin was captured.
Recoveries of CWT's in 1984 and 1985 in the northern region
indicated that age .0 chinook salmon in this region were
exclusively age 1. and of Alaskan origin (Orsi et al., In Press).
In summary, our research has shown the .0 age class 1in
southeastern Alaska to be primarily age 1. fish of Alaskan
origin.

Origins of the age .1 chinook salmon, however, were repre-
sented by primarily age 0. fish of non-Alaskan origin (Table 2).
Alaskan origin fish were still all age 1. but were a minority.
These data indicate an influx of the age 0. non-Alaskan fish into
the marine waters of southeastern Alaska after their first winter
at sea.

Differences were observed in the abundance of age zero (0.)
smolts and yearling (1.) smolts of Alaskan origin. In 1985 and
1986, nearly identical numbers of age zero smolts and yearling
smolts were released from southeastern Alaska hatcheries (Fig.

3). If their marine survival and distribution patterns are
similar, equal numbers of these two smolt types should be
available to our sampling gear. However, only one CWT Alaskan
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age zero smolt was recovered in the southern region, while 25 CWT
yearling smolts were recovered. In addition, our February 1987
charter in the southern region sampled 63 CWT Alaskan yearling
smolts and no age zero smolts. The age zero smolts may not have
been as available to the gear in September as were yearling
smolts because of their smaller size. In February, however, no
additional age zero smolts were recovered, while yearling smolts
had grown 6 cm since September. Furthermore, in our 4 years and
over 200 days of juvenile trolling research effort, we have yet
to recover a CWT age .1 or .2 fish that was released from a
southeastern Alaska hatchery as an age zerc smolt.

Early marine distribution of chinook salmon was related to
size and age. Mean sizes of chinook salmon within the 1.0 age
class in all regions were smaller in the inside waters compared
to the outside waters (Fig. 4). Recoveries of CWT's in the
outside waters of the central and southern regions were solely
from fish of non-Alaskan origin, whereas fish in the inside
waters originated from Alaskan and non-Alaskan stocks. These
data suggest that non-Alaskan chinook salmon have a progressive
offshore movement related to size. A similar movement pattern
was observed in the age 1.1 fish in the northern region in May
(Fig. 5). These fish were, however, represented by CWT's of
exclusively Alaskan origin, suggesting movement is also size
related.

Data from 744 CWT chinook salmon incidentally taken in trawl
fisheries operating in the Gulf of Alaska, bering Sea and off the
coast of WAshington and Oregon in 1986 indicated an absence of
the small size classes present in our samples from the inside

waters. These fisheries commonly sample pollock and hake as
small as 20 cm; therefore, it is unlikely that all small chinook
salmon escaped through the mesh. These data corroborate our

hypothesis that offshore movement of chinook salmon is related to
size.

Two distinct distribution patterns of chinook salmon have
emerged from our external tagging data: one of an extremely
localized marine distribution pattern exhibited by fish tagged in
inside waters and one of a random pattern exhibited by fish
tagged in outside waters (Fig. 6). These data suggest that
chinook salmon in the inside waters tend to reside in or return
to the same general area, whereas fish in the outside waters are
using this area as a migration corridor.

CONCLUSIONS

1. Juvenile chinook salmon from ocean-type (age 0.) non-Alaskan
stocks do not migrate to southeastern Alaska until after
their first ocean year, whereas some stream-type (age 1.)
non-Alaskan stocks migrate to southeastern Alaska during
their first year.
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2. Juvenile chinook salmon in southeastern Alaska of both
Alaskan and non-Alaskan stocks have a general westward and
of fshore movement that is related to size.

3. Components of some stocks of chinook salmon reside in the
waters of southeastern Alaska for perhaps their entire
marine life history; individual fish may remain at or return
to specific "home areas" during their marine residency
period.

4. Age zero (0.) chinook salmon smolts from southeastern Alaska
hatcheries are not nearly as abundant as yearling (1l.)
smolts, based on our sampling. This result is indicative of
low survival or a different distribution pattern of these
fish.
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Table 1.-~0rigin of zero ocean (.0) chinook salmon sampled in southeastern Alaska,
September 1986, based on expanded coded-wire tags (CWT's]).

Origin of fish (%)

Age 1.0 fish Age 0.0 fish
Alaska British Washington Alaska British Washington
Region g; CWT's Columbia or Oregon Columbia or QOregon Total
Northern 37 0 » 0
Central 144 7 92.6 7.4 100
Southern 458 33 84.8 6.8 4.3 4.1 100

/
2 Number of fish aged by ocean age class,

Table 2.--Origin of one ocean (.1) chinook salmon sampled in southeastern Alaska,
September 1986, based on expanded coded-wire tags (CWT's).

Origin of fish (%)

Age 1.1 fish Age 0.1 fish
Alaska British Washington Alaska British Washington
Region gg CWT's Columbia or Oregon Columbia or Oregon Total
Northern &29 25 9.0 0.9 60.3 29.8 100
Central 300 18 33.1 61.5 5.4 100
Southern 207 23 31.8 37.6 30.6 100

a
-/Number of fish aged by ocean age class.
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GENETIC RELATIONSHIPS OF ALASKAN CHINOOK SALMON:
POTENTIAL FOR STOCK SEPARATION

A. J. Gharrett

University of Alaska, Juneau
11120 Glacier Highway
Juneau, Alaska 99801

ABSTRACT

Chinook salmon (Oncorhynchus tshawytscha) collected from
thirteen Alaskan drainages were genetically characterized at 28
protein coding loci using starch-gel electrophoresis. Chinook
salmon in western Alaska are generally quite similar to each
other but are distinct from the more diverse southeastern Alaskan
populations. Genetic compositions of southeastern Alaskan popu-
lations are generally intermediate between those of western
Alaska and previously studied non-Alaskan populations to the
south (Gharrett et al. 1987).

Simulations were done to examine the adequacy of the base-
line data for stock separation. With the exception of the upper
Yukon River collections, western Alaskan populations were similar
genetically for inter-stock comparisons. Because the lower Yukon
samples were taken from gill net fisheries, the Tanana River
populations were the only Yukon collections that clearly repre-
sented a distinct stock. The genetic differences between the
Tanana collections and the other collections suggests that diver-
gence among chinook salmon stocks has occurred in the Yukon and
that further investigation of Yukon <chinook may provide
information useful to managers.

In southeastern Alaska, greater genetic variation was
observed among the populations studies; and these populations
were distinct from more southerly populations examined by Milner
et al. (1981, 1983). The Chilkat collections differed from other
southeastern populations, more resembling Washington fall and
Fraser River chinook. Simulations involving southeastern Alaskan
stocks and composites of stocks and composites of stocks from the
south show that, with the exception of Chilkat River stocks, the
southeastern Alaskan chinook studied may be too similar for
within region stock separation. However, their distinctness from
southern stocks coupled with their similarity to each other
suggests they may be considered as a group for separation from
southern populations.

Because data was not available from all wild southeastern
Alaskan and British Columbian chinook drainages, and it was not
possible to resolve all informative loci, identification of
stocks within southeastern Alaska and between southeastern
Alaskan and separation from more southerly stocks may be even
better than this preliminary study suggests.
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JIM RAYMOND: I was surprised by your diagram that indicates
chinook salmon from the lower Yukon are more closely related to
fish from the upper Susitna than those from western Alaska.

TONY GHARRETT: Basically, there is very 1little variability in
these fish, and when variability is very low, you can see some
anomalous similarities. One thing to consider is where did those
Susitna fish come from? About 10,000 years ago, the Susitna was
glaciated. It was colonized from some place, but from where?
The lower Yukon and Kuskokwim area? The Susitna extends all the
way across the mountains to the other side.

HAL GEIGER: Do you think that increasing the number of loci will
increase the ability to discriminate?

TONY GHARRETT: Not necessarily. The data used here 1is a
preliminary baseline. Preliminary means that we have not exhaus-
ted the stocks. We do not have data for the Chickamin which is
an important stock, and our Unuk data is not very good.
Secondly, there are a number of variable loci reported for
populations down south that we have not used for this particular
data set. However, more loci may help discrimination of
additional populations. These additional loci and populations
may not be adequate to perform all separations, and it is
possible--I will say this quietly--that enough gene flow exists
among the streams that we will never find enough genetic
variability to distinguish them. I do not quite believe that,
but it must be stated at some point and this is as good a place
to state it as any. There are many possibilities other than the
use of allozymes for determining genetic variability. The
allozymes reflect only a tiny amount of the genetic variability
that is possible in a critter. These differences may just be
small differences in DNA base sequences. A technique exists now
that enables us to look much more directly at DNA base sequences
and increase by a million-fold the potential variability that can
be found within a critter. A million-fold means there is a great
deal of work involved, too. There may be more diagnostic kinds
of traits--ones that are quite variable, always fixed one way in
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one population and another way in another population. Or it may
be multi-faceted,multi-allelic. It does look as if this
technique will be quite useful in the near future for separating
stocks. The problem is how do you get good and representable
tissue samples from troll-caught fish?

DOUG MECUM: Why is the Chilkat River stock so different?

TONY GHARRETT: I have no idea. There are three possibilities
why they are so different. The variability may be due to the
environmental condition in the Chilkat. If they are sufficiently
divergent, selection may have occurred. I do not believe that.
I think it's more 1likely the stock went through some radical
population size problems, down to several individuals at one
point in time so that by random chance the composition was
totally changed. A third possibility is that they were colonized
from genetically different stocks than other southeastern Alaskan
populations. It may be there is an equivalent to the Little Port
Walter strays--from the Fraser River, for example, which are
reasonably close genetically.

WHAT WE KNOW AND DON'T KNOW ABOUT
HATCHERY CONTRIBUTIONS TO THE WINTER FISHERY
1980~-1985

Steve Schwartz

Alaska Department of Fish and Game
FRED Division
P. 0. Box 20
Douglas, Alaska 99824

The winter troll fishery for chinook salmon 1in southeast
Alaska has historically contributed a small percentage of the
annual chinook salmon harvest by troll gear. The winter fishery
is that part of the catch accounting year which runs from October
1st to April 15th. The catch accounting year runs from October
1st to September 30th. The area open to trolling in the winter
is approximated by a 1line east of the surf line from Cape
Suckling to Dixon Entrance. In addition, areas adjacent to the
transboundary rivers in southeast Alaska are closed to the taking
of chinook salmon during the winter fishery. In 1980, the winter
catch was only 2.5% of the annual chinook salmon harvest by troll
gear. In 1984, the winter catch was 14% of the annual chinook
salmon harvest by troll gear. In 1985, the winter catch of
chinoock salmon was 10% of the total chinook salmon harvest by
troll gear. The chinook salmon harvest for troll gear during
these years was 235,000; 217,000 and 300,000 chinook salmon
respectively.

The winter fishery is becoming a subject of increased
interest to the Alaska Department of Fish and Game, FRED
Division. Relative to the summer fishery, the winter fishery has
been a low volume high price per pound fishery. Winter caught
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chinook salmon generally command the highest price because the
supply of fresh salmon is the lowest in the winter. The winter
months are also a time when there are fewer opportunities for
income from fishing. Equally as important, the winter fishery
may hold potential for a greater proportional catch of hatchery
stocks relative to wild stocks. Under the provisions of the
U.S./Canada Salmon Treaty, "new hatchery production" allows for
additional chinook salmon catch or "add-on" of hatchery produc-
tion over and above negotiated catch ceilings. Beginning in the
early 1970's, chinook salmon released from Alaskan hatcheries
were tagged with micro coded-wire tags. Sampling of the winter
catch for coded-wire tags was not conducted until the second
period of the winter fishery in 1983. Total catch by year by
time and area is available from fish ticket information. The
hatchery component of the winter fishery prior to the first 1983
period sampled is unknown due to the lack of coded-wire tag
sampling. The Alaskan hatchery contribution to the 1983 winter
troll fishery was estimated to be 2.5% of the total enhancement
contribution or 44 fish. The Alaskan hatchery contribution to
the 1984 winter troll fishery was estimated to be 5.1% of the
total enhancement contribution or 170 fish. The Alaskan hatchery
contribution to the 1985 winter troll fishery was estimated to be
38% of the total enhancement contribution or 1,051 fish. Fish
contributing to these years catch were from brood years 1976
through 1981 (Figure 1). Hatchery releases from the 1981 brood
and prior are rather inconsequential compared to more recent
releases (Figure 1l). We expect hatchery releases to continue to
increase substantially until current hatchery production reaches
full potential sometime in the mid-1990's.

Information on hatchery stocks comes to us through micro
coded-wire recovery data. A portion of the catch in a week and
PMFC area is examined for missing adipose fins by Department of
Fish and Game samplers. The tags recovered from these fish are
decoded. The estimated contribution for a tag code decoded can
be inferred by multiplying each decoded tag by the ratio of the
fish sampled to the total fish caught in each week and area.
This number is further expanded by the ratio of marked to
unmarked fish in each code lot. Fish processors supply us with
the numbers of fish in each code lot. Fish processors supply us
with the numbers of fish caught through a fish ticket system.
Using the catch and sampling information from the 1985 winter
fishery as an example, a plot of the chinook salmon caught by
week shows a close parallel between the number of chinook salmon
landed during any weekly period and the number of chinook salmon
sampled during that same time period (Figure 2). The message
implied by this graph is that a good portion of the chinook
salmon landings that occurred during the winter fishery were
sampled for coded-wire tags by the port sampling project
personnel. My contention is that the fishery should be viewed
three dimensionally, catch by time by area (Figure 3). The
vertical bars formed by the three dimensional plot provide clear
representation of the catch on a time and area basis. With the
added dimension not only is catch and time apparent, but we have
the added benefit of spacial distribution as well. Plotting the
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sampling information in the same manner reveals startling
information not detectable in a two dimensional plot (Figure 4).
The catch sampled is clearly clumped in a single area with minor
or missing sampling in the other time and area strata. Comparing
the two graphs, there were many areas which have considerable
catch but little or no sampling. Because of how we determine the
composition of the catch in a given time and area, those areas
with no sampling have an estimated catch with no hatchery
contribution reported for them. The result of a sampling scheme
which concentrates on a few ports will be consistently low
estimates of the hatchery contribution for certain time and area
strata. Again, we do not know the total chinook salmon catch of
a given time and area from the processor information; but because
the sampling poorly represents the catch by time and area, the
composition of the catch is misrepresented.

In considering the requirements for information before the
U.S./Canada Salmon Treaty, these data are probably adequate.
Also, during this time, there was very little Alaskan hatchery
production contribution to the winter fishery and the coded-wire
tagged stocks that were present are not completely representative
of composition of future stocks. How good is our winter sampling
program for future needs? Will the information help identify
potential new opportunities?

Resources to sample the winter fishery are the same
resources that other programs are competing for to fund urgent
data collection needs. Managers requiring information on fishery
performance may have been 1lulled into complacency because
estimates of the hatchery contribution have been dutifully
calculated and distributed without careful description of the
limitations of this information. When the importance of the
hatchery contributions to the winter fishery is carefully weighed
against the needs for other kinds of information, sampling the
winter fishery as in years past may adequately answer the
questions managers and researchers will have. However, the
current sampling program will never allow areas of high hatchery
abundance to be identified or even accurately reflect a true
accounting of hatchery contributions. Given the hatchery "add
on" for new enhancement, escalating production and production
potential, increased effort, the desire to target enhanced
chinook salmon for harvest and potential hatchery/wild stock
management conflicts, the winter fishery deserves a closer look
in the future.
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LOU BARR: It looks to me as if you are just adapting your summer
sampling methods to your winter sampling. Port sampling and
probably concentrating on cold storages are total inappropriate
for winter fishing. You are missing a very large percentage of
catch by being so confined to looking at the traditional summer
landing areas where 99% of the poundage probably goes into cold
storage. In the summertime, Juneau for example, will have none.
You can sit and watch Douglas Cold Storage all winter and never
see chinook salmon, but that does not mean there are no fish
coming into Juneau. There must be much more imagination applied
to your winter sampling if you are ever to get an accurate
picture of what is happening.

STEVE SCHWARTZ: In addition to that, I think there are many
fishermen who act as catcher/processors,if you will. They are
shipping those fish in a wet-lock box to Seattle. How those fish
will be counted is a real problem. We have had members of the
Alaska Trollers Association and trollers such as yourself talk
with us about that same problem. They are fishing in the Glacier
Bay area and catching a high percentage of tagged fish, but those
fish never have the opportunity to be looked at by the ADF&G.

SOME TRENDS IN THE OCCURRENCE OF ALASKAN HATCHERY CHINOOK
SAIMON IN THE S.E. ALASKAN SUMMER TROLL FISHERY

Hal Geiger

Alaska Department of Fish and Game
FRED Division
P.O. Box 20
Douglas, Alaska 99824

Recently we found that users of our estimates of hatchery
contribution wanted to use the data to look for areas of high

hatchery chinook salmon availability or abundance. Looking at
estimates of catch alone to infer availability requires the
assumption that effort is constant over the whole fishery -- an
assumption that is not correct. In this paper, we wish to

provide a way to adjust catch estimates to allow estimates of
availability.

In southeast Alaska, the chinook salmon fishery occurs in
the area outlined in Figure 1. We have divided the fishery into
weeks and nine areas, called the PMFC areas. These week-area
breakdowns are called recovery strata. The fishery 1is also
divided into summer and winter fishery parts. The summer chinook
fishery occurs from mid-April through September, but only a few
days are open for fishing during that time. The winter fishery
operates without time closures, but trolling is allowed only in
inside waters, essentially excluding most of PMFC areas 1, 2 and
3. In both the winter and summer, there are large areas of
closure in the inside waters, such as most of PMFC areas 7 and 9,
and areas around transboundry rivers (ADF&G, 1986 a).
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In the years 1982 through 1986, the summer chinook troll
fishery changed considerably. 1In 1981, 100 days of trolling for
chinook salmon were allowed. In 1982, the management of the
fishery had reduced this to 65 days. By 1986, only 41 days of
chinook trolling were permitted, which was up from 33.6 days
allowed in 1985. 1In 1986, large areas with high catch rates were

closed to delay the final closure of the chinook fishery. From
1982 through 1984, there were two openings per season, with a
later opening for coho salmon only. More importantly, these

openings did not occur at the same time each year, changing the
ratio of spawners to feeders in the catch. This means that the
pattern of availability changed from year to year because of the
way the fishery was conducted. In 1985, a short third opening
was allowed; in 1986 the season again consisted of three
openings, although in 1986 the last opening was later and longer
(ADF&G, 1986 b).

Two gear types are allowed in the Alaskan troll fishery,
power troll and hand troll. The power trollers are allowed to
use power driven mechanical devices to retrieve their gear. This
gives them an advantage in that they can return their gear to the
water much faster after capturing a fish. Power trollers are
allowed four lines through most of the fishery and six lines past
12 miles from shore in PMFC area 1 (the Northern Outside).
Participants in the hand troll fishery are required to use human
power to retrieve their gear, and are restricted to four fishing
rods, or two gurdies. Power trollers tend to use larger boats,
giving them more stable fishing platforms, which means less
interference from weather, and generally giving them greater
range and allowing longer fishing trips.

Southeast hatcheries have been releasing increasing numbers
of chinook salmon in recent years (See Figure 2). FRED Division,
of the Alaskan Department of Fish and Game, produces chinook
salmon at Deer Mountain Hatchery in Ketchikan, Crystal Lake
Hatchery near Petersburg, Hidden Falls Hatchery on Baranof
Island, and Snettisham Hatchery south of Juneau. The Little Port
Walter Hatchery on Baranof Island is a Federal hatchery producing
chinook salmon. During 1982 to 1986, chinook salmon were also
produced at the Whitman Lake Hatchery and Neets Bay Hatchery near
Ketchikan. These are operated by SSRAA, a private non-profit
organization. Medvejie and Tamgass hatcheries are expected to
contribute chinook salmon in the future.

Deer Mountain and Crystal Lake, two of FRED Division's older
chinook salmon hatcheries have been releasing chinook salmon
smolt since the early 1970's. These two State hatcheries were
expected to contribute relatively large numbers of fish to the
1982 through 1986 fisheries, and have built up self-sustaining
brood stocks. Deer Mountain Hatchery uses a brood stock that
originated in the Unuk River. Crystal Lake Hatchery uses a stock
of Andrew Creek (a tributary of the Stikine River) origin.
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Snettisham and Hidden Falls hatcheries, began to release
important numbers of fish only recently, and will not be contri-
buting at their potential until into the 1990's. FRED Division
currently is maintaining two separate brood stocks in these two
hatcheries. Coded-wire tags allow the stocks to be segregated at
spawning. Both hatcheries began to operate with eggs of Andrew
Creek origin transferred from Crystal Lake. Snettisham is
developing the King Salmon River stock; King Salmon River is
located on Admiralty Island, across Stevens Passage from
Snettisham Arm. Hidden Falls is developing the Tahini River
stock; Tahini River is a tributary to the Chilkat River, near
Haines. FRED biologists are eagerly awaiting the recovery of
significant numbers of tags from the new brood stocks at
Snettisham and Hidden Falls. The hope is that these stocks will
contribute heavily to sport fisheries, and will be available in
heavy concentrations in places to which effort can be directed.

The fishery itself has limited usefulness as a sampling
process that provides information on the availability of hatchery
fish in every time and area that the fishery could occur in. For
example, the fishery could have occurred earlier in each year
under study. If the fishery had occurred earlier, then presum-
ably more fish returning to spawn would have been available to
the fishermen, shifting the estimates of high availability closer
to terminal areas. Similarly, the fish would not have had time
to build up in the areas they were in at the time the fishery
actually did open -- again changing the pattern of availability.
We present this data as estimates of where the hatchery chinook
salmon were available during the years under study, as the
fishery was managed in those specific year, with those specific
mixes of hatcheries that contributed, and with those specific
mixes of brood stocks that were in the hatcheries. We feel this
informa~-tion may be useful for narrowing the fishing areas to
focus attention for future studies, and only broadly suggesting
patterns of availability for future years.

Table 1 shows our combined estimates of effort, in units of
standardized 13.2 hour power troll day equivalences. These are
combined estimates for both hand and power troll gears. Notice
in response to the shortening of the troll season from 65 days in
1982 to 41 days in 1986, the estimated total effort fell from
approximately 54,000 standardized boat-days to 31,000 standar-
dized boat days. Table 2 shows the estimated catch per unit
effort for the troll fleet by PMFC area and year. Table 3 shows
the estimated catch per unit of effort for all S.E. Alaskan
hatcheries combined. Table 4 shows the estimated catch of S.E.
Alaskan hatchery chinook salmon as a percent of the total catch.
Notice these hatchery stocks have increased their proportiocnal
contribution in recent years.

Our effort estimates need to be evaluated cautiously. A
standardized boat-day for a larger, better equipped boat would
represent more effort than a smaller boat. In general, boats
that fish on the outside tend to be larger and better equipped.
Power trollers in parts of PMFC area 1, the Northern Outside
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area, are allowed to use six lines rather than the four allowed
elsewhere. PMFC area 1 consistently shows the highest catch per
unit of effort; however, this area has an artificial advantage
because this extra gear is not considered in our calculation. We
have no obvious way to make this adjustment for extra lines in
the water. Possibly the greatest difference in the actual effort
between similar boats fishing a single boat-day is the difference
in experience and skill of the skipper. Our results show an
increase in CPUE for the troll fleet over time. Certainly
improved technology and experience accounts for some of this
effect.

Even with the limitations of the effort estimates, they are
a useful index for measuring the relative availability of hatch-
ery chinook salmon, especially within a single year. Certainly
they are a great improvement on simply examining the estimated
contributions of a hatchery stock to each PMFC area, and
inferring the greater the catch, the greater the availability.
Notice someone doing this would conclude that hatchery fish were
much more available in the outside waters during the last few
years than they actually were. In considering the catch per unit
of effort for S.E. Alaskan hatcheries, notice the Alaskan
hatchery chinook salmon are much more available in the inside
waters. (PMFC areas 7 and 9 have essentially no trolling in
them; these areas show high catch per unit of effort estimates,
but these are usually the result of a very few interviews,
sometimes a single interview.

Because in each year we consider, the fishery was open for a
very small amount of time, the catch per unit of effort is
actually an index of availability for the fishery as it was
managed in that particular year. Because the openings overlap
very little, and so little of the whole season is open, it is not
possible to offer any insight into a time component of avail-
ability.

In 1982, essentially none of the chinook salmon in the S.E.
summer troll fishery were of Alaskan hatchery origin. By 1986,
this had jumped to about 4%. Not until 1985 did any of the
estimated hatchery catches begin to approach 10% of the total
catch in any area. PMFC areas 4, 5, and 6 (these are the South-
ern inside waters which contain most of the S.E. Alaskan
hatcheries) show about 10% Alaskan hatchery catch in 1985, but by
1986, areas 6 and 8 were showing almost 15%. This compares with
2% or less coming from outside waters. By 1986, the Alaskan
hatcheries were providing a considerable contribution in some
areas, and comparatively little in others. Their effect has been
far from uniform. We expect this trend of increased contribu-
tions to the inside waters to continue until these fish cannot be
harvested without redirection of fishing effort.

Our results show that Alaskan hatchery chinook salmon have
generally been more available in inside waters in recent years.
The hatcheries that put those fish there will continue to release
greater numbers of chinook salmon into the 1990's, and will
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constitute a major challenge to fisheries management. If the
fishery continues to be delayed, hatchery fish will need to be
harvested as feeders, and much more is going to have to be
discovered about the life history of these chinook salmon. If
management tries to promote the harvest of these fish as mature
spawners, much more will need to be known about migration
patterns. In either case, we have only suggested large areas
upon which to focus further more detailed research.
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Table 1. Estimated total effort in summer troll fishery, in
units of 13.2 hour power troll boat-day equivalences.

1982 1983 1984 1985 1986 PMFC Area
3424 3296 2298 4465 3332 North. Outside 1
24869 25476 23913 18719 16583 Cen. Outside 2
12361 6913 4792 5084 4425 South. Outside 3
2534 3136 1952 1765 2452 South. Inside 4
3614 4882 4284 2814 2371 South. Intr. 5
1048 2361 709 321 483 Cen. Inside 6
87 0 31 41 12 Stevens Pass. 7
5863 6844 3198 2471 1212 Cen. Intr. 8
80 10 44 74 10 Lynn Can. 9
53880 52920 41222 35754 30880 Total Effort
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Table 2. Estimated catch per unit of effort for total catch in
troll fisheries.

1982 1983 1984 1985 1986 PMFC Area

11.08 7.63 9.48 5.79 10.58 North. Outside 1
3.56 4.01 4.23 4.25 6.27 Cen. Outside 2
3.07 5.22 5.00 5.24 4.74 South. Outside 3
6.16 6.51 3.70 4.13 5.28 South. Inside 4
6.58 4.67 5.02 9.70 8.22 South. Intr. 5
5.30 3.51 4.61 11.30 15.56 Cen. Inside 6
6.66 0.00 8.19 18.89 26.42 Stevens Pass. 7
2.90 2.72 6.31 6.99 7.33 Cen. Intr. 8
2.34 1.36 11.80 3.31 11.70 Lynn Canal 9
4.21 4.41 4.85 5.27 6.79 Annual CPUE

Table 3. Estimated catch per unit of effort for S.E. Alaskan
‘ hatchery stocks.

1982 1983 1984 1985 1986

0.01 0.04 0.04 0.04 0.11 North. Outside 1
0.01 0.02 0.03 0.07 0.08 Cen. Outside 2
0.01 0.02 0.05 0.13 0.10 South. Outside 3
0.05 0.07 0.19 0.40 0.48 South. Inside 4
0.09 0.09 0.28 0.87 0.96 South. Inter. 5
0.04 0.05 0.23 1.42 2.21 Cen. Inside 6
0.00 0.00 0.00 0.49 1.21 Stevens Pass. 7
0.02 0.04 0.20 0.58 1.17 Cen. Inter. 8
0.00 0.00 0.11 0.00 4.82 Lynn Canal 9
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Table 4. Estimated Alaskan hatchery catch as a percent of total
catch in S.E. summer troll fishery.

1982 1983 1984 1985 1986
.1% .5% .5% .8% 1.1% North. Outside 1
.2% 4% .8% 1.6% 1.3% Cen. Outside 2
.2% .4% 1.0% 2.5% 2.0% South. Outside 3
.9% 1.0% 5.2% 10.2% 9.1% South. Inside 4

1.4% 1.9% 5.5% 9.0% 11.7% South. Inter. 5]
.8% 1.5% 4.9% 12.6% 14.2% Cen. Inside 6
.0% .0% .0% 2.6% 4.6% Stevens Pass. 7
.6% 1.4% 3.1% 8.3% 15.9% Cen. Inter. 8
.0% .0% 1.0% .0% 41.2% Lynn Canal 9
.4% .7% 1.7% 3.8% 3.9% Annual Contribution
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DOUG MECUM: Efforts to harvest fish in terminal areas has been
difficult from the troll fisheries standpoint. Are there other
management strategies available?

HAL GEIGER: Up to now, the hatcheries have produced small
increases in the catch occurring over large areas, and I did not
think harvest has been a problem and it may not get to be. We do
not know where those fish are going to end up in the 1990's,
where those hatchery fish are going to be caught. We may want to
see a general increase in everybody's catch and that would be a
good way to divide up those hatchery fish. If small increases in
catch won't work, we will have to redirect effort,but currently
that is an unknown, and will depend on the release strategies.

ALEX WERTHEIMER: One of the prime management problems in south-
eastern Alaska is terminal harvest. Exploitation rates are low,
30-60%; 1 in 10 or 1 in 5 is not high enough to drive the
exploitation rates up. The terminal harvest areas are small and
the optimum time period is very short; up to now it has not been
a great success. Management strategy needs to try and pick up
those areas to spread out the returns.

HAL GEIGER: We are just glimpsing how remote releases might be
used to spread out the harvest. At Crystal Lake, by releasing
coho salmon at Ohman Creek on the other side of the island, the
return was spread out. We are just beginning to experiment with
that.

BOB BURKETT: Are you optimistic?

HAL GEIGER: Yes.
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SOUTHEAST ALASKA TROLL TEST FISHERY - 1986l
Alan Davis and Jeff Kelly

Alaska Department of Fish and Game
Commercial Fisheries Division
State Office Building
P. 0. Box 510
Sitka, Alaska 99835

INTRODUCTION

During the period May 11 - June 20, 1986, the Alaska
Department of Fish and Game conducted a Troll Test Fishery in
selected areas of Southeast Alaska. The purpose of this fishery
was to locate, if possible, areas where Alaska hatchery chinook
salmon were concentrated. The Alaska Board of Fisheries
directed, in December of 1985, that such a study be done because
of difficulties it encountered in attempting to set troll seasons
to minimize periods of hook and release and harvest returning
Alaska hatchery chinook salmon.

OBJECTIVES

The overall objective of the study was to determine areas
where Alaska hatchery chinook salmon might be available for
harvest. In addition to the prime objective, the study was also
designed to locate areas where returning mature chinook salmon
might be migrating and to determine the corresponding relative
abundance of natural stock and other non-Alaskan stocks. The
Department believed that acquiring this knowledge might take
several seasons so the study was designed to determine the
feasibility of conducting such a study on a larger scale.

METHODS

Vessel Selection

Sixteen troll vessels were selected by competitive bid.
Fifteen vessels fished and one was a stand-by vessel in case any
of the selected vessels could not participate. Criteria for
vessel bidding were based on vessel size and equipment. Selec-
tion of a vessel was determined by lowest bidder that bid for an
area for all time periods.

lEditor's note: Mr. Davis did not provide a written account of
his presentation at the workshop. This paper, on the same
subject and material covered by Mr. Davis at the workshop, was
extracted from a final U.S./Canada Treaty research contract
report.
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Area Selection and Assignment

Vessels were generally assigned to fish areas close to their
home port. This was a function of the bidding process because
fishermen who did not have to travel long distances could bid
lower per day rates. Six areas in Northern, Central and Southern
Southeast Alaska were selected. They were: Northern Chatham
Strait; Southern Chatham Strait; Frederick Sound; Sumner Strait;
Northern Clarence Strait; and Southern Clarence Strait (Figure
1). These areas were selected because it was thought that they
were areas where Alaska hatchery chinook salmon would be most
abundant. Fishermen were instructed to fish throughout the area
assigned but not in areas that proved to be non-productive.
Fishermen selected were all familiar with the areas assigned to
them. Fishermen were also instructed to leave a productive area
after catching a few fish. The objective was to sample the
entire area, if possible, and not to catch large numbers of fish.

Fishermen were instructed to fish two days each week for six
weeks, weather permitting. An attempt was made to have all
vessels fish the same days of the week within certain areas but
this proved difficult in practice.

Two days per week were selected because of administrative
constraints on vessel charter length and the Department's desire
to sample throughout the period May 11 - June 20.

Delivery and Sampling of the Catch

Fishermen were instructed to deliver to specified processors
in each port of 1landing. This was done so that limited
Department staff could sample every delivery. Fish were sold at
a previously agreed upon price per pound and proceeds accrued to
the Test Fish Fund. Each fish delivered had been previously
marked by the fishermen with a numbered external tag. This
number and associated sample data were recorded for each fish
delivered.

Species and Size Composition

Fishermen were instructed to retain only chinook salmon of
legal (larger than 28-inches total 1length) size or sub-legal
chinook salmon that were adipose-clipped. Sub~-legal chinook
salmon were not sold but were given to local publicly sponsored
organizations. (Hospital, Pioneer Home, etc.) Note: One tagged
chum was retained and sold. It was a Hidden Falls release, 1984.

Completing the Logbook

Fishermen were instructed to complete a daily log of fishing
activities. The log contained the following information:

1. General Information Boat name, general area fished, de-
scription of vessel, etc.
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2. Name of Place Fished: For each day, a description of each
drag and the number of hours that specific place was fished.

3. Fish Identification Number Each fish retained was given an
identifying number. Each fisherman had a different number

sequence. An appropriately numbered tag was attached to the
fish and that number was recorded.

4. Number of Non-Clipped Sub-legals (shakers): The number of

sub-legal chinook salmon that were not adipose-clipped were
recorded for each drag.

5. Number of Lines and Hooks

6. Gonad Sample: Each fisherman was instructed to keep the
gonads of every chinook salmon retained. This sample was
numbered with the same number as the fish.

Logbook information was picked up from each fisherman at
every delivery.

on Board Observers

Several of the vessels were assigned observers for at least
one trip. This was done for additional biological sampling and
as a means of acquiring first hand information on needed
improvements in the Troll Test Fishery Program.

RESULTS

A total of 207 boat days were fished by the test boats in
1986. During the fishery, 977 chinook salmon of legal size were
retained. Of those, 122 were adipose-clipped. There were 2,629
sub~legal chinook salmon released and 295 retained because they
were adipose clipped (Table 1).

Catch by Time Period:

Weeks 24 and 25 (June 8-21) produced the greatest catches of
legal-sized chinook salmon. The period May 11-31 produced the
fewest legal-sized chinook salmon. The largest numbers of
adipose-clipped chinook salmon were caught in the period June 8-
21. During the period June 8-14, 38 legal-size adipose-clipped
chinook salmon were caught. During the period June 15-21, 36
legal-sized adipose-clipped chinook salmon were caught. During
this two week period (June 8-21), 525 or 53.7% of all legal=-sized
chinook salmon were caught.

The period June 8-14 also accounted for the greatest number
of sub-legal-sized chinook salmon with 1,664 or 56.9% or all sub-
legals caught. June 15-21 accounted for 716 or 24.4% of all sub-
legals caught. Of the 1,664 sub-legals caught during this two
week period (June 8-21), 150 or about 1% were adipose-clipped.
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Catch by Area:

The areas with the greatest catches in numbers of 1legal
chinook salmon were Frederick Sound and Southern Clarence Strait.
These two areas also had the most vessels assigned to them with
three boats in Frederick Sound and four boats in Southern
Clarence Strait. To compare catches between areas, a catch rate
was obtained by dividing the total legal-sized chinook salmon
catch by the number of days fished for each area (Figure 2).
Catch rates of legal-sized chinook salmon in Frederick Sound were
5.0 and in Southern Clarence Strait 6.4 (chinook/boat/day).
These were the highest catch rates of any of the six areas, but
Sumner Strait was nearly equal to Frederick Sound at 4.6
(chinook/boat/day) .

A similar treatment of sub-legal chinook salmon catch showed
the Northern Clarence Strait and Southern Clarence Strait had the
highest catch rate of sub-legal-sized chinook salmon at 34.5 and
23.6 chinook per boat day, respectively (Figure 3).

Coded-Wire Tagged Chinook

There were 388 coded-wire tagged chinook salmon recovered in
the Troll Test Fishery. Of those, 114 (29.3%) were recovered
from legal-sized chinook salmon and 274 (70.6%) were from sub-
legal-sized chinook salmon.

Alaska Hatchery Contribution

To calculate Alaska hatchery contribution, catch of Alaska
legal-sized chinook salmon by area was expanded by tagging ratio
for each release code. There was no expansion for sample
percentage since all fish caught were sampled.

Frederick Sound and Northern Clarence Strait had the highest
percent of Alaska hatchery contribution of legal-sized chinook
salmon at 19.5% and 19.7%, respectively (Figure 4). Catch rates
in these areas were 5.0 and 4.1 legal-sized chinook salmon per
day respectively regardless of origin therefore, we can assume
that at present hatchery production levels, about one legal
chinook salmon in five in these two areas would be from Alaskan
hatcheries.

All other areas in which fishing was conducted were lower in
catch rates of Alaskan hatchery legal-sized chinook salmon.

Test Fishery Scale Samples

Scale samples were taken from all test fish delivered. Of
the legal-sized fish, readable scale samples were obtained for
886 chinook salmon. Ocean-aged 3 chinook were most common with
0.3 aged chinook salmon accounting for 39.1% of the total and 1.3
aged chinook salmon accounting for 30.0%. Ocean-aged 3 chinook
salmon accounted for 69.1% of the total. In Northern cChatham
Strait, 65.8% of the legal-sized chinook salmon were determined
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to be spring spawners or those with a freshwater-age of 1.
Southern Chatham Strait had the greatest percent of fall spawners
with 73.9% of chinook salmon taken determined to be freshwater-
age 0. There were 14 chinook salmon (1.6%) of legal-size that
were ocean-aged 2. All were fall spawners or freshwater - age 0.

Test Fishery Gonad Analysis

The major objectives of the reproductive tract analysis was
to determine the timing and maturity of chinook salmon from the
various enhancement facilities through specific areas. A
secondary objective was to determine maturity of the legal catch
(fish over 28-inches total length) by time and area. Reproduc-
tive tracts from all chinook salmon kept during the fishery were
collected and frozen for later analysis. Maturity was determined
by calculating the ratio of gonad weight to body weight for males
and by measuring egg diameters for females®. A total of 279
coded-wire tagged Southeast Alaska chinook salmon were recovered
with maturity data. Mature chinook salmon represented 26.5% of
the coded-wire tagged Alaskan chinook salmon sampled and immature
chinook salmon 73.5%. Because of the small number of mature
chinook salmon caught from Southeast enhancement facilities
during the fishery, little can be stated about areas of concen-
trations or timing of these fish. Additional years of informa-
tion will be needed to define if there are times and areas where
maturing Alaska hatchery fish concentrate and can be caught. A
pattern for immature chinook salmon of Southeast origin was more
evident. Based on the 205 recoveries of immature chinook salmon
which were coded-wire tagged, it appears that a portion of the
releases from most chinook salmon enhancement facilities in
Southeast and part of the wild Unuk and Chickamin River popula-
tions remain in fairly close proximity to their release site or
river of origin for the majority of their marine life history.
That is, most immature chinook salmon sampled that were from
various broods released from Whitman Lake, Neets Bay and the Unuk
and Chickamin Rivers were caught in areas 101 and 102, immature
Little Port Walter and Crystal Lake chinook salmon in areas 108,
109, 110 and 112 and immature Hidden Falls chinook salmon in area
112. Of the 957 samples from legal-sized chinook salmon, 468 or
48.9% were determined to be mature (in the final year of life)
(Tables 8 and 9). Examination of these data by area indicates
that of the chinook salmon in Southern Chatham Strait, about 73%
were mature for the time period May 15 - June 19. Of the chinook
salmon caught in Northern Chatham Strait for the same period,
about 35% were mature (Table 8).

2p Study of Chinook Salmon in Southeast Alaska - 1973. Paul D.
Kissner, Jr.
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DISCUSSION

A discussion of a study such as the Troll Test Fishery
should be prefaced with a word of caution concerning the data
gathered by the test fishery. There are several reasons why the
data may not accurately reflect what would occur during a general
commercial fishery opening.

1. The sample size from each area and time period was
relatively small. The number of boats was necessarily low
because of budgetary and administrative constraints.

2. The areas fished represent a small proportion of the
Southeast Alaskan Region.

3. The fishermen were told where to fish. In a normal commer-
cial fishery, fishermen would not have fished in many of the
areas because of the predominance of sublegals or complete
lack of fish.

4. Fishermen were placed on daily catch limits, although this
did not often cause them to have to stop fishing, it did
cause them to leave the most productive areas in an attempt
to sample the entire area.

5. Fishing gear was not standardized between boats.

However, the data gathered provided indications of possible
solutions to questions regarding Alaskan chinook salmon.

It appears that of the areas fished, Frederick Sound and
Southern Clarence Strait offer the best opportunities to inter-
cept Alaskan hatchery chinook salmon. The numbers of Alaska
hatchery chinook salmon caught in those areas during a general
commercial fishery would depend on the numbers of chinook salmon
available (hatchery release) and the number of boats fishing. It
is probable that the proportion of Alaskan - non-Alaskan chinook
salmon would decrease in a general commercial fishery unless the
numbers of Alaska hatchery chinook salmon in those areas were
great.

From the study, it seems that the period June 8-21 is the
most appropriate time to try to .intercept Alaskan hatchery
chinook salmon. Again, it should be remembered that the study
was limited in time by budgetary constraints and the start of the
commercial season. An earlier or later time might prove to be
more appropriate in future studies as Alaskan hatchery production
increases.

There were some interesting things demonstrated by the
study. The catch in Frederick Sound for the first few weeks of
fishing was extremely low. Several of the boats reported catches
of 1 or 2 fish per day. In hindsight, this may have been due to
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the weakness of the return to Crystal Lake Hatchery. In future
years, documentation of such phenomenon might be useful in pre-
season assessment of hatchery returns.

It appeared that legal and sub-legal catch rates increased
from the earlier to the later part of the test fishery. When
there were few fish in an area, catch rates for both legal and
sub-legal-sized chinook salmon were low, but when catch rates for
legal-sized chinook salmon increased, the sub-legal-sized catch
rates also increased. The exception to this was Northern
Clarence Strait during the first week when only sub-legal-sized
chinoock salmon were caught.

Southern Chatham Strait and Sumner Strait had the lowest
sub-legal to legal catch ratio of any of the areas at approxi-
mately 1:1 for each area. Northern Clarence Strait had the
highest sub-legal to legal ratio of 8.3:1.

Another interesting phenomenon from the study was the
apparent high ratio of Alaska-non-Alaskan tags in all areas and
time periods. This is probably due to the high tagging percent
of Alaskan hatchery releases. But, it provides promise that
increases in Alaskan hatchery production will be available and
can be caught by troll gear.

It was also demonstrated that the legal and sub-legal-sized
tagged chinook salmon recovery ratios were similar. The tagged
to untagged recovery ratio of sub-legal-sized chinook salmon was
1:9.4. The tagged to untagged recovery ratio of legal-sized
chinook salmon was 1:8.04. The slightly higher ratio of sub-
legals may be due to increases in hatchery production in recent
years; may represent the difference in natural mortality between
the second and third years of life; or may be due to bias of
program design and implementation. The fact that the ratios are
similar is encouraging because it demonstrates that data
collected by the test fishery are representative of the stocks of
chinook salmon in the area and time period sampled.
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BOB BURKETT: Is this kind of study going to continue?
ALAN DAVIS: I don't have any idea.
BOB BURKETT: In one sentence, how would you summarize the data?

ALAN DAVIS: It's worth looking at, but you wouldn't want to
consider it fact yet because it's limited information.

PAUL KISSNER: Area 101 is a major shaker area. Are hatcheries
creating problems with immature fish when mature return?

ALAN DAVIS: Any hatchery creates problems. It's not going to be
easy to find these areas. We put researchers into six different
areas in southeastern Alaska, and they had some real difficulties
within their areas of staying away from immature fish. For
example, in Lynn Canal, if you had significant numbers of hatch-
ery fish returning, you would be able to act before they got into
terminal areas. You would have a difficult time doing that with
the wild stock. You have to be very selective about where to
fish. We don't know enough about where the hatchery fish are
coming back to yet to react accordingly, simply because we
haven't had hatchery fish coming back long enough to be able to
say that we get 80% of them in one spot. We have to wait until
we have numbers and then we can start making some assumptions.

DON AMEND: With only the 1 year, the data are limited. The data
shows one direction, and it would be good to continue study for
several years to see if the hatchery contribution to potential
harvest stays the same.

ALAN DAVIS: It's also possible that the hatchery contribution
rates would probably stay the same but the numbers would go up.

SPECIAL HARVEST AREA MANAGEMENT
FOR CHINOOK SALMON

Keith A. Johnson, Operations Manager

Southern Southeast Regional Aquaculture Association
1621 Tongass Avenue
Ketchikan, Alaska 99901

INTRODUCTION

Chinook salmon returning to a special harvest area (SHA)
creates a unique management opportunity and one whose importance
for SSRAA will increase in the next few years. SHA management of
Neets Bay fall chum and coho was directed by the Alaska Board of
Fisheries in 1985 to adhere to the following priorities:
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1. Broodstock acquisition

2. Cost recovery income for the association

3. Emphasis on a quality harvest

4. Maintenance of a rotational harvest by all gear types

These guidelines have been applied to chinook salmon with
certain changes. The objective of this presentation is to
describe the results obtained in the 1985 and 1986 harvests, the
constraints imposed by the release schedule of smolts, and how
this will change the future management plans.

The historic smolt release of Unuk stock chinook from Neets
Bay and Whitman Lake hatcheries are listed in Table 1. This
shows a dramatic increase in both yearlings and zeros. Predic-
tions of survival are based on actual survival figures and age
composition obtained from Whitman Lake (BY80) and from Neets Bay
(BY81 and BY82). The timing of smolt releases from marine
netpens is June 1 for yearlings and July 4 for zeros. We prefer
not to have seine fishing effort in the vicinity for at least 10
days following release date in order for the smolts to leave the
bay. This imposes a constraint on broodstock collection and
harvest activities.

RUN TIMING

Arrival timing of chinook into Neets Bay SHA is illustrated
in Figure 1 and shows that 70% of the fish have arrived in the
area by July 1. The peak arrival timing appears to be between
June 15 and 25. This 1is about one month prior to the peak
arrival at the freshwater holding facility and, therefore, any
activities in salt water must be done without having the
broodstock in freshwater captivity.

BROODSTOCK ACTIVITY

Fish to be used for broodstock have been obtained in two
ways. Most fish have been captured by seining, transferred into
net pens, and sorted inside the barrier net. After July 4th, the
barrier net is usually opened to allow volitional entry into the
broodstock holding area. The goal of 1,200 females will provide
the needed egg take with a safety margin of 50%. Broodstock
sorting activities have occurred during stat weeks 24-26 and a
minimum goal of 850 females is used for this period.

COST RECOVERY

The bulk of the cost recovery income must come concurrently
with broodstock collection. Fish for cost recovery will consist
of surplus males sorted during broodstock acquisition and sets
specifically made for cost recovery. This depends on how well
the broodstock goals are being obtained. Cost recovery goals are
made during stat weeks 24-26 because of the rapid arrival of fish
and decreasing percentage of bright fish.
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COMMON PROPERTY FISHERIES

Troll Fisheries (June 1-30)

Neets Bay SHA has been opened to troll fishing during the
month of June in 1985 and 1986. The entire SHA was opened during
June 1-15 and the outer portion of the bay remained open during
the last half of the month. This effectively closes the area in
which we conduct our broodstock and cost recovery activities.
Fishing pressure decreases dramatically if there 1is a normal
troll opening in the common property fishery. Several
conclusions have been made regarding the troll fishery:

1. Participation is generally low but may increase as adult
returns increase.

2. Traditional fishing techniques are not very effective for
trollers in a SHA; in 1986, 23 boats caught 95 legal
chinook.

3. The troll fishery has not caught more than about 3% of the
available fish in the SHA. The CPUE during stat weeks 25
and 26 was higher than earlier weeks, but was still low (.25
fish/hour) compared to a normal opening.

4. Wild stock interception is very low during the June fishery.

Gillnet Fishery (July 1-3)

Seventeen gillnet vessels fished the Neets Bay SHA opening
which extended from 10:00 P.M. July 1 to 10:00 A.M. July 3.
About half of the boats checked out on July 2. Generally, the
second night of fishing was better and those boats fishing larger
mesh did best. The total catch was 303 chinook and 225 summer
chum. Quality grading by Ketchikan processors yielded 36% bright
and 65% dark for kings and about 70% bright chums.

Seine Fishery (July 4, 4:00 A.M. to 10:00 P.M.)

Twenty seiners registered for this fishery and caught 192
chinook and 201 summer chum. Several boats were present to break
in a green crew or check out gear ahead of the general opening.

The by-catch of summer chum has been low and has not signi-
ficantly impacted the broodstock needs. In future years, as the
numbers of both chinook and summer chum increase, we will have to
continue to monitor these interactions.
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EXPECTATIONS FOR 1987

Our expectations for the chinook management plans for Neets
Bay SHA are to deal with about 9,000 chinocok with an average
weight of 22 pounds. .This is a doubling of the 1986 numbers.
The management program will probably be similar to 1986 and,
therefore, we expect the utilization to be as follows:

Broodstock (to July 1) 2,000
Cost recovery (to July 1) 5,000
Common property 1,500
Surplus broodstock (after July 1) 500

Coded-wire tag recoveries from the 1985 and 1986 general
season indicate good survival for the brood year contributing to
the 1987 season.

ALEX WERTHEIMER: What are the shaker rates in this fishery and
is it a problem?

KEITH JOHNSON: As far as shakers, I would say that they are not
a problem. As far as wild stock interception, it is variable.
Our 1985 data indicated that only in the last week of May was
wild stock interception even a consideration. Not very many fish
resided in Neets Bay.
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Table 1--Price changes and percent brite grade over time for SHA
chinook harvests.

Stat Bright Dark Percent
Date Week Price Price Bright
5/24 21 $1.52 N/A 100
6/01 23 $1.52 $1.00 85
6/10 24 $1.32 $1.00 60
6/18 25 $1.32 $1.00 42
6/25 26 $1.30 $0.80 38
6/30 27 $0.90 $0.70 15
7/03 28 $0.90 $0.70 10
7/07 28 N/A $0.55 0
7/08 On 29+ N/A $0.25 0

Table 2.--Price change and percent bright grade over time for SHA
chinook harvests.

Stat Bright Dark Percent
Date Week Price Price Bright
5/24 21 $1.52 $1.00 100
6/01 23 $1.52 $1.00 85
6/10 24 $1.32 $1.00 60
6/18 25 $1.32 $1.00 42
6/25 26 $1.30 $0.80 38
6/30 27 $0.90 $0.70 15
7/03 28 $0.90 $0.70 10
7/07 28 N/A $0.55 0
7/08 On 29+ N/A $0.25 o
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MORTALITY RATES OF CHINOOK SALMON ASSOCIATED WITH INCIDENTAL
CATCH DURING CHINOOK-ONLY TROLL CLOSURES

Alex Wertheimer

Northwest and Alaska Fisheries Center
Auke Bay Laboratory
National Marine Fisheries Service, NOAA
P. 0. Box 210155
Auke Bay, Alaska 99821

Hooking mortality associated with the incidental catch of
chinook salmon (Oncorhynchus tshawytscha) during chinook-only
troll closures was assessed as two chartered power trollers
fished their normal complement of gear directed at coho salmon
for 10 days in August 1986. For each chinook salmon caught,
observers aboard the trollers recorded the wound location, fork
length of the fish, depth of capture, lure type and the time from
landing to transfer to a holding pen and assessed the condition
of the fish based on wound severity. Live fish were marked with
an anchor tag and then transferred to a large holding pen and
held for up to 5 days. Dead fish were removed from the pen at
the end of each fishing day.

Wound location, fork length and lure type were the factors
principally associated with mortality; assessments of condition
also were significantly related to mortality. Assessments of
condition can be generally predictive of subsequent mortality;
however, substantial differences in assessments between observers
were noted. Maximum likelihood estimates (with 95% confidence
intervals in parentheses) of total mortality over the course of
the experiment were 24.6% (20.1-29.0%) for sublegal-sized chinook
salmon and 20.4% (0.0-31.9%) for legal-sized chinook salmon.

Hooking mortality estimates from previous tagging experi-
ments were recalculated by using the mortality rates observed in
this study rather than assuming no delayed mortality occurred for
certain categories of wound location or condition. The recalcu-
lated estimate of total hooking mortality for sublegal fish,
based on wound location, was 25.7%. Bootstrapped confidence
intervals for this estimate were 22.7-28.1% if recapture rates
for the tag recovery data were considered fixed, and 13-36% if
recapture rates were resampled as random binomial variables.
From tag recovery data including both sizes of fish, the recalcu-
lated estimate of total hooking mortality, based on condition of
assessment, was 22.5%.

The recalculated 25.7% estimate of total hooking mortality,
based on wound location, is the best available for sublegal
chinook salmon. This estimate is based on large sample sizes
from research projects that attempted to simulate commercial
fishing activity. The 20.4% estimate of total hooking mortality
is the best available for hooking mortality of 1legal chinook
salmon during chinook-only closures, although the confidence
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interval is high. It is also the only reported estimate for this
size class that is based on observations of delayed mortality
rather than on qualitative assessments of wound severity.

DOUG MECUM: You had a really wide confidence interval for the
legal-sized chinoock salmon. Why?

ALEX WERTHEIMER: A really small sample size.

DOUG MECUM: Was there a response difference between large and
small fish in handling and transfer?

ALEX WERTHEIMER: Intuitively I'd think it would be more diffi-
cult to transfer larger fish because of body weight. Generally,
both large and small lie quietly on their sides in the tub.
Interestingly, the delayed mortality of legal fish was very
similar to that of sublegal fish. The difference in estimates is
due principally to the difference in immediate mortalities. In
the regression, differences were according to fish size as a
variable, but without controls, it's hard to say how much of a
difference is made by stress. I would expect that mortality
would continue to decrease as fish size increases.

TODD JONES: Do I understand that you are extrapolating your
chinook data from coho fishing?

ALEX WERTHEIMER: No. We used coho gear and vessels that were
representative of the coho troll fleet to simulate incidental
catches during chinook-only troll closures.

STEVE SCHWARTZ: You were simulating a single species hooking
mortality by coho gear?

ALEX WERTHEIMER: Yes. This was specific, and although some
trollers do use other gear, we used what we considered to be the
standard gear type. The agreement with the work by Butler and
Loeffel off the Oregon coast, where a wider variety of gear was
used, supports an estimate of about 25% for the actual mortality
rate for sublegal fish.
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THERMAL ADAPTATIONS IN ALASKA CHINOOK AND SOCKEYE SALMON
Carl V. Burger

U.S. Fish and Wildlife Service
Alaska Fish and Wildlife Office of Research
1011 East Tudor Road
Anchorage, Alaska 959503

Salmon spawning areas and times were compared in several
Alaskan streams that produce multiple runs of chinook and sockeye
salmon in an effort to determine the factors that affect their
spawning time and distribution. The populations compared were
Kenai River chinook (4-year study) and sockeye salmon in the
Russian, Brooks and Karluk Rivers (literature review).

Our study of 188 radio-~-tagged chinook salmon (1979-82) in
the Kenai River confirmed that an early run occurred each May and
June and spawned primarily in two tributaries, while a late run
(July and August) spawned in the river's mainsten. Once this
distribution was known, peak spawning times were determined.
Spawning peaked during August in tributaries (six streams)
influenced by lakes, but during July in tributaries (three
streams) having no lake influences. The moderating effects of
lakes may have increased fall and winter temperatures of
downstream waters, enabling successful reproduction for later-
spawning fish because hatching and emergence can be completed in
a shorter time in lake-influenced waters.

The occurrence and the time of spawning (late August) of the
late run is unique among chinook stocks in southcentral Alaska.
This behavior may have developed only because two large lakes
(Kenai and Skilak) directly influence mainstem spawning areas.
Multiple runs of two additional species (sockeye and coho) in the
Kenai River provide further evidence ~- late run sockeye and coho
salmon spawn immediately downstream of Kenai and Skilak Lakes.

Multiple runs of sockeye also exist in each of the Russian,
Brooks and Karluk Rivers and their spawning areas are well-
documented. Early-run salmon in the Russian River spawn near its
headwaters (no lake influence) while the late run spawns
downstream of Upper Russian Lake. Brooks River sockeye spawn in
five tributaries upstream of Brooks Lake (early run) and in the
river below Brooks Lake (late run). Early-run sockeye in the
Karluk River drainage spawn in 12 tributaries to Karluk Lake,
none of which are lake-fed. The Karluk late run, however, spawns
in Lower Thumb, O'Malley and Karluk Rivers, all of which are
lake~influenced. Partial stream flow records for the Karluk
drainage demonstrate that temperature in Falls Creek (used by
early-run spawners) decreases to 0°C for about 2 months during
winter. Temperatures in Lower Thumb and Karluk Rivers, however,
do not fall below 1-2°C during winter. These data support our
argument that differences in spawning times in lake-influenced
areas are temperature related.
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We hypothesize that salmon have adapted to thermal regimes
in the home stream and that selection has occurred for stock-
specific run times that insure the presence of adults at spawning
areas just prior to the optimum spawning period. This strategy
promotes emergence times that enhance survival of fry. The
occurrence of multiple runs insures optimum use of habitat and
species abundance. If run timing is now genetically controlled,
and if the various spawning groups in a drainage are isolated
stocks that have adapted to predictable stream temperatures,
there are implications for stock transplantation programs. If
migration and spawning times of indigenous stocks are predeter-
mined for local environmental conditions, the implications
associated with changes in temperature regimes resulting from
hydroelectric and other types of riverine development must also
be considered.

QUESTION: You suggested that hydroelectric projects and their
associated dams could adversely affect salmon reproductive suc-
cess by altering stream temperatures. Wouldn't the construction
of the proposed twin dams on the Susitna River actually lower

temperatures?

CARL BURGER: Not necessarily. If the twin dam scenario 1is
constructed on the Susitna, temperature will increase, especially
in proximity to the dams.

PAUL SUCHANEK: You are correct. Water temperature would tend to
be higher in winter but lower in summer than it is now.

CARL BURGER: Currently, the Susitna has only one run of chinoock
salmon, an early run, and these fish are spawning in tributaries.
There is some speculation that if dams are built and the drainage
warmed up, another Kenai River situation would be created over
time; i.e., a late run may evolve. I venture to say that it
would take several generations, if it ever occurred.

One study that I would like to conduct (I have talked with
several people with the ADF&G FRED Division in Anchorage and also
with Bob Ochs at the Crooked Creek Hatchery), is to obtain eggs
from each of the two Kenai River runs; raise the fry to
approximately the same size; release them from a common point,
such as Crooked Creek Hatchery; and monitor their returns 4 years
later. That type of study may help answer the gquestion of
whether timing is genetically or environmentally controlled. It
seems to me that if all the fish returned over the same peak
period, one could argue that some environmental control is
occurring, whereas if the fish returned at their normal early and
late times, then one could argue that run timing is genetic.

BRUCE SHEPHERD: Regarding the thermographs you have installed;

have you taken into consideration that temperature readings would
differ by whether they were taken from the surface or from the
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intergravel? For example, surface temperature might indicate
there are 8 weeks before emergence, whereas intergravel readings
might indicate 3 weeks.

CARL BURGER: I am aware of the potential for differences between
surface and intergravel temperatures. In one project with multi-
thermographs in the same Susitna River slough, the temperature
readings were different, indicating that two thermographs
separated by as little as 10 m might give different readings.
There also are subtle differences within the gravel; we are going
to use our intergravel probes only as a guideline to model after.

BILL HAUSER: Can you speculate why there is a difference in
average size of adult fish returning to the Kenai River,
depending on the run?

CARL BURGER: Yes. As you may know, Steven Hammarstrom of ADF&G
Sport Fish Division determined that early-run chinook weighed
about 35 pounds, while late-run fish averaged 45 pounds (1983
data). I do not have the exact figures. But that certainly
appears to be a significant difference in weight. That differ-
ence apparently cannot be related to the fish spending an extra
month in salt water. Instead, I believe that the size difference
is related to the late-run chinook salmon in the Kenai being
adapted for spawning in the main stem of a big river. Recently,
published research from Canada indicates that differences in body
size are associated with the physical sizes of different streams.
The Kenai River is a classic example: early-run chinook spawn in
smaller tributary streams while the bigger, late-run salmon spawn
in the physically larger, main-stem Kenai River.

100



ABSTRACT

Life history comparisons were made in attempts to determine the
factors affecting distribution and spawning time of certain early and
late runs of Alaskan chinook and sockeye salmon. Early-run saimon
(June) typicaily spawned during July in streams having no lake
influences whereas late runs (July) spawned during August and
September in lake-fed streams. The moderating effects of lakes
apparently increase fail and winter temperatures of receiving waters.
Reproduction is successful for late-spawning fish because hatching
and emergence times are shortened in lake-warmed streams.

We hypothesize that saimon have adapted to the thermal regime of the
home stream. Selection for stock-specific run and spawning times has
insured specific emergence times that enhance fry survival. If this
interpretation is correct, there are implications for stock transplantation
programs and for any activities of man that aiter stream temperatures.

INTRODUCTION

Up to three seasonal runs of some salmonid species occur in certain
parts of the Pacific Northwest. In Alaska, up to two distinct runs
(early and late) may occur, but these are normally limited to summer
months. Early and late runs of chinock salmon were suspected in one
Alaskan drainage (Kenai River). Two runs of sockeye salmon have
been well documented in several Alaskan streams.

Why do muitiple runs occur in some but not in other streams?
Saimon life history events were compared among several streams
producing early and late runs in an effort to determine the factors
affecting spawning time and distribution. On the basis of these
comparisons, we develop a hypothesis to explain the reasons for
the occurrence of multiple runs in the study streams.

METHODS

Populations compared were:

1. Chinook salmon; Kenai River. A 4-year study (1979-82) of 188
radio-tagged fish was conducted to determine spawning areas
and times for two apparent runs. Stream surveys were also
used to determine spawning times.

2. Sockeye salmon; Brooks, Russian and Karluk rivers. Early and
late-run spawning areas and times were compared by review of
existing literature.
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RESULTS

Chinook Salmon

Previous creel censuses (Alaska Department of Fish and Game)
suggested two runs of chinook salmon in the Kenai River:

064
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Kenai River
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Radio tagging confirmed that an early run (destined for tributaries,
especially the Killey and Funny rivers) occurred during May and June
while a late run (Kenai River main stem spawners) peaked during July:

Kenai River Tributaries
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Tagged chinook in the Killey and Funny rivers spawned in July, but
late-run fish spawned in August:

40 -
Number of 30 |
Observations 20 -
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N = 42
Main-Stem

N =45
Killey and

Funny Rivers Kenai River
¥ ' H

30 10 20 30 10 20 30 9
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In Alaska, the existence of two runs of chincok has been documented
only in the Kenai River. What is the reason for this occurrence?
Drainage-wide spawning comparisons show that August spawning

( A) occurs in lake-fed streams, but July spawning ( J ) occurs

in areas not influenced by lakes:

Kenai River Drainage, Southcentral Alaska

Cook
Inlet

Funﬁy River

Russian River

Killey River

4
J = July Spawning N
A = August Spawning Km —

Lakes may have warmed stream temperatures sufficiently to have
caused selection for late spawning times.
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Sockeye Salmon

Comparison of some early ( E ) and late-run ( L ) sockeye
salmon spawning areas provides further evidence. Late-run
spawners use lake-influenced streams:

Naknek Lake A Kenai River
N
|
Alaska =
E Km v—-;
Brooks River Drainage Russian River Drainage

Kariuk River Drainage, Kodiak

Kariuk River E = Early Run
L = Late Run
E )
E
M) Thumb Lake

E .. Canyon Creek

Km g E

Falls Creek
E O’Malley Lake

In the Karluk River drainage, early-run salmon spawn in 12 tributaries,
none of which are lake-fed. But late-run fish spawn in Lower Thumb,
O’Malley, and Kariuk rivers, all of which are lake-influenced.
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Limited stream flow data (U.S. Geological Survey) for the Karluk
drainage show that temperatures in Falls and Canyon creeks (early-
run spawning areas) fall to 0° C for two months during winter, but
only as low as 2° C in the Karluk River:

16 4

14 4

124

Temp. 101
°C

Falls Cr. 1975 ==
4 4 Canyon Cr. 1975, 76

2 «

L] L] ] ]

J A S o) N D J F M A

Plot of median daily temperatures (July through April)
in Falls and Canyon creeks, and Kariuk River, Alaska.

Sockeye spawn in mid-July in Fall and Canyon creeks, but during
September in the Karluk River. Despite this difference, fry could
emerge to enter a common rearing area (Kariuk Lake) at about the
same time for spring feeding because those spawned late are
incubating at warmer temperatures.
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CONCLUSIONS

. We hypothesize that saimon stocks have adapted to the thermal
regimes of their home streams.

. The occurrence of late runs of salmon in certain Alaskan streams
is a result of the moderating (warming) effects of lakes.

. Natural selection has "fine tuned” salmon run and spawning times
-a strategy that promotes specific emergence times that enhance
fry survival (both early and late-run offspring emerge when food
sources are pientiful).

. This adaptation is one towards abundance because spawning
habitat is effectively increased in certain drainages.

IMPLICATIONS

. It run timing is now genetically controlled, stock transplantation
programs desiring self-perpetuating runs must insure that donor
stocks are thermally adapted to the temperature regime of the
stream being enhanced.

If migration and spawning times of salmon are predetermined for
local environmental conditions, reproductive success may be
affected by aiterations of stream temperature regimes.
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ESTIMATING STOCK SOURCE CONTRIBUTIONS TO THE
SOUTHEASTERN ALASKA SPORT FISH HARVEST

Robert D. Mecum

Alaska Department of Fish and Game
Division of Sport Fisheries
P. 0. Box 20
Douglas, Alaska 99824

INTRODUCTION

On-site creek surveys of the Juneau marine sport fishery
have been conducted every year since 1960. Other major fisheries
in Ketchikan, Sitka, Haines, Petersburg and Wrangell have only
been surveyed on an annual basis since 1983. Over the years, the
marine creel survey program in Southeast has been plagued by a
lack of consistency both in funding and in methods used to obtain
effort and harvest estimates. In recent years, the Alaska
Department of Fish and Game (ADF&G), Division of Sport Fisheries
has expanded the Southeast marine creel survey program primarily
because of the recently enacted U.S./Canada Pacific Salmon
Treaty. The Treaty calls for strict monitoring of the harvest of
chinook salmon by all commercial and recreational fisheries in
Southeast in order to determine Alaska's compliance with estab-
lished catch quotas. In addition, in-season estimates of the
contribution of chinook salmon produced by Alaska hatcheries are
now important in annual negotiations to determine the magnitude
of additional harvest of Alaska hatchery stocks.

Secondly, several new ADF&G projects were initiated in 1985
to enhance sport fisheries in southeast Alaska. These new
enhancement projects are funded by the recently expanded Federal
Dingell-Johnson Program. The sport fish creel survey program
will be expected to determine the success of these enhancement
projects, many of which employ newly developed rearing and
release strategies.

METHODS

Two very different methods are used to estimate angling
effort and harvest of chinook salmon in southeast Alaska. Total
estimates for all of Southeast for the entire year are obtained
from a statewide postal survey that is mailed at the end of each
season to a random sample of all license holders (Mills 1986).
Results from this survey are used to provide a reliable index of
the direction of the sport chinook harvest from year to year.
Hatchery contributions and inseason estimates of the sport
chinook harvest are obtained through comprehensive, on-site creel
surveys of marine recreational anglers in all of the major
communities in Southeast (Mecum and Suchanek 1986).
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On-site creel surveys are generally conducted from mid-April
to the end of September. Angler effort, species catch
composition, and heads from coded micro-wire tagged chinook
salmon are collected by creel samplers during interviews at
docks, launching ramps and other access points into the various
fisheries that are surveyed. Hatchery chinook contributions to
the respective marine sport fisheries are estimated as follows:

C =m, (N/n) (M/m)

where: m, = number of tags randomly recovered during
the creel survey from a given tag code.

N = estimated harvest of chinook

n = number of chinook examined for the
presence of missing adipose fins

M = estimated total number of chinook
in a given hatchery release
(tagged and untagged)

m = number of tagged chinook from a particular
tag code in a hatchery release

FINDINGS

Approximately 71,000 anglers sport fished in southeast
Alaska in 1985. This represents an increase of 20 percent over
1984 (Mills 1986). Preliminary results from 1986 indicate that
effort levels will be the same or lower than in 1985. The
majority of sport fishing effort in southeast Alaska occurs in
marine waters surrounding the major communities. The Juneau and
Ketchikan marine sport fisheries account for the bulk of sport
fishing effort in Southeast averaging 37 and 24 percent, respec-
tively, of the total southeast Alaska sport effort. The majority
of sport caught chinook are also taken in the Juneau and
Ketchikan marine sport fisheries (Figure 1). Over the past 9
years, the sport harvest of chinook salmon has increased from
17,000 in 1977 to 24,00 in 1985 (Figure 2).

A particularly interesting aspect of the sport chinook
harvest over the past few years has been the rapidly increasing
contribution of Alaska hatchery stocks. From 1983 to 1986, the
percentage of Alaska hatchery contributions to Southeast sport
fisheries increased from 4 percent to over 20 percent, while the
estimated harvest of wild stock origin chinook has remained
relatively stable (Figure 3). In 1986, the southeast Alaska
sport harvest represented only 7 percent of the total harvest of
chinook salmon by all gear types combined (Figure 4). In con-
trast, sport anglers harvested over 20 percent of the 17,000
chinook of Alaska hatchery origin caught in all commercial and
recreational fisheries (Figure 5).
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The majority of hatchery chinook harvested by southeast
Alaska marine sport fisheries in 1986 were taken in the Juneau
and Ketchikan marine sport fisheries (Figure 6). Over 40 percent
of the chinook salmon harvested in the 1986 Ketchikan marine
sport fishery were of hatchery origin. Most of these hatchery
chinook were released from the Whitman Lake (Southern Southeast
Regional Aquaculture Association) and Deer Mountain (ADF&G)
hatcheries. In the Juneau marine fishery, 20 percent of the
harvested chinook were produced by hatcheries; the majority of
these chinook were released from the Crystal Lake (ADF&G), Little
Port Walter (National Marine Fisheries Service), and Snettisham
(ADF&G) hatcheries.
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HAL GEIGER: In 1985, the research methods were changed
completely. How can you ensure compatibility with previous data?

DOUG MECUM: We do not have a long-term, continuous data set as
it is. Basically, the methods were completely revised in 1985,
and before that, the fisheries were surveyed on an intermittent
basis from year to year. The one thing that we do have going for
us, starting in 1985, we did put the sampling programs into a
more statistically valid frame. We have variance estimates now
that we did not have in the past. I am fairly confident that as
long as we have variance estimates, then we also have
comparability of our data. Our sampling fractions in the fishery
are probably going to remain about the same. At this point, I do
not know whether problems will arise with vast comparisons of
data, but they should be few. The problem facing us is bias,
which is particularly bad in places such as Ketchikan, with major
facilities located right in the community within striking
distance of many sport anglers and particularly with respect to
charter boats. To give you an example, in Juneau, there is an
angler who, when he is out fishing (which he was not very much
last year), can harvest 400-500 fish; that is 400 times what I
caught last year and I was lucky to catch that one. If he is
fishing at a dock, I cannot sample there because I might be
undersampling on the order of magnitudes almost. It is a real
problem, the increase with charter fishing activity across South-
east Alaska. Also, if we do not do a good job of determining
what the catch composition is for hatchery stocks, we could get
into real problems.
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ALSEK RIVER JUVENILE CHINOOK SALMON RESEARCH

Adrian Celewycz
Northwest and Alaska Fisheries Center
Auke Bay Laboratory
National Marine Fisheries Service, NOAA
P. 0. Box 210155
Auke Bay, Alaska 99821

INTRODUCTION

The Alsek River, which originates in the Yukon Territory and
cuts through the St. Elias and Fairweather Ranges (Fig. 1), is
considered one of the three major producers of chinook salmon
(Oncorhynchus tshawytscha) in Southeast Alaska (Holland et al.
1983). Because the Alsek River is a transboundary river system,
management of its anadromous fish stocks is a major concern of
the U.S./Canada Salmon Treaty. Since 1901, there has been a
commercial gill-net fishery on the Alsek River (Moser 1902) that
is conducted almost entirely within the river (Gmelch 1982). The
chinook salmon catch has been extremely variable, ranging from
22,882 in 1920 to 125 in 1963 (Kissner 1982). The chinook salmon
stock 1is presently depressed (Kissner 1984; Anonymous 1985).
Since the mid-1970's, the Alaska Department of Fish and Game
(ADF&G) has regulated the commercial fishery to help rebuild the
wild chinook salmon stocks (Kissner et al. 1981; Anonymous 1985).
At present, chinook salmon are only harvested incidentally in the
Alsek River. However, the population has yet to rebound
(Anonymous 1985).

Virtually nothing is known of the ocean distribution or
exploitation of Alsek River chinook salmon outside the river.
Therefore, a project to mark juvenile chinook salmon with coded-
wire tags (CWT's) was initiated to determine what happens to
these fish after they enter the Gulf of Alaska.

1985 RESEARCH

Dry Bay

Five miles from the open ocean, the Alsek River breaks into
various braided channels and side sloughs which fan out over an
80-100 square mile delta called Dry Bay. Because scales from
Alsek River adult chinook salmon often display several circuli of
plus-growth after the freshwater annulus, it was thought that the
juveniles might mill and feed in Dry Bay before entering the open
ocean. Dry Bay was sampled for juvenile salmon from 20 May to 30
July 1985, as part of a cooperative agreement between the
National Marine Fishereis Servide (NMFS) and the ADF&G.

Fish were sampled by beach seines and traps set in backwater

sloughs and tidal channels off the main current. High water
velocity precluded sampling for smolts in the main channel. Only
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92 chinook, 275 coho, and 1,202 sockeye salmon smolts were
captured in 42 sampling days (Table 1). One possible explanation
for the low catches is that most out-migration occurred either
before or after sampling. A second possibility is that smolts
migrate rapidly out of Dry Bay. If the majorityof out-migrants
did not remain in the estuary for any length of time, then our
fishing techniques were mostly ineffective--they did not sample
the main population of fish.

1986 RESEARCH

Dry Bay

In 1986, Dry Bay was sampled by beach seines and baited
minnow traps during three 9-day periods in early June, mid-July,
and early September, to determine the degree of usage of the bay
by juvenile chinook, coho and sockeye salmon, and to measure its
physical characteristics that might influence juvenile salmon
rearing. Only 14 chinook, 111 coho and 368 sockeye salmon smolts
were captured (Table 1). Their mean fork lengths were 84, 105
and 66 mm, respectively. Low catch rates in both 1985 and 1986
suggest that juveniles do not mill around Dry Bay very long.

Plankton tows and benthic sampling indicated that Dry Bay is
an unproductive rearing area for juvenile salmon; the abundance
and biomass of 2zooplankton are low compared to other Alaskan
systems. For instance, peak zooplankton abundance in Auke Bay
last year ranged from 2,000-30,000 organisms/m~ (Wing and cOylg
1986). The highest we observed in Dry Bay was 187 organisms/m
in one isolated tow. More typically, zooplankton and insect
abundance in the tows ranged from 0-3 organisms/m-. The most
abundant organisms in the plankton tows were Osmerid larvae
(especially in July), Gammarid amphipods, and larvae of the
Orders Plecoptera, Ephemeroptera, and Diptera. Additionally,
benthic samples at many sites often contained no great numbers of
organisms in the sediment.

Ironically, however, stomach analysis of the few juvenile
salmon captured showed that most stomachs were full or almost
full (Fig. 2). From the low availability of plankton, a much
higher percentage of empty stomachs was expected. One possible
explanation is that at low tide the volume of Dry Bay decreases
so radically that the =zooplankton and drifting insects become
concentrated into small pockets where the few juvenile salmon
present can effectively prey upon them, as documented in the
Fraser River estuary by Levings (1982). Overall, however, Dry
Bay apparently does not have the food resources to support
substantial numbers of juvenile salmon.

The timing of capture suggests that smolts emigrate from the
Alsek River later than from other large Southeast Alaska systems
such as the Taku River. In both years, the abundance of chinook
and sockeye salmon smolts peaked in July (Fig. 3), when the
dominant prey item was Osmerid larvae that resulted from the huge
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smelt run in spring. The late downstream migration of smolts on
the Alsek River may have evolved to take advantage of the
relatively abundant Osmerid larvae in July.

I hypothesize that the chinook salmon stock has not
responded to 25 years of rebuilding because, the system is now
estuary limited. Dry Bay, once a deep-water bay, 1is now
shallower due to silting and the land rising with the general
recession of the glaciers in the area (Gmelch 1982). Skiffs
today may run aground in places where an ocean-going cannery
tender could cruise inside Dry Bay 60 years ago (Brogle 1981).
The channels in Dry Bay frequently change; for example, 7 years
ago the main channel ran along the east bank but now it is
several miles away following the west bank. Also, the river used
to have 3 main channels where now there is one. Dry Bay is not a
productive transition zone where juvenile salmon could undergo
hyperosmotic adaptation. Salinity measurements detected no
saltwater intrusion from the Gulf of Alaska, revealing that the
bay fits the description of a freshwater lagoon rather than a
true estuary.

Dalton Post

Klukshu River drains Klukshu Lake in the Yukon Territory and
flows 20 miles before joining the Tatshenshini River at the
abandoned settlement of Dalton Post (Figure 1). The Tatshenshini
River flows southwest for approximately 60 miles to its
confluence with the Alsek River. The Klukshu River is considered
to be the single most important chinook salmon system 1in the
whole Alsek River drainage. It is estimated that 50% of the
chinook salmon spawn in this tributary (Anonymous 1985).

With approval from the Canadian Department of Fisheries and
Oceans (DFO), two biologists from the Auke Bay Laboratory Early
Ocean Salmon (EOS) program and one from the aDF&G conducted a CWT
study on juvenile chinook salmon around Dalton Poast from 17
September to 1 October 1986. The main objective was to evaluate
the ocean distribution and areas of exploitation of Alsek River
chinook salmon by foreign and domestic fisheries. Two methods of
capture were attempted.

The first method of capture used was inclined plane traps
(ITP's), provided by DFO, in the Klukshu River. 1In 2 nights, our
catch consisted of 6,095 sockeye, 103 coho and only 74 chinook
salmon--although Canadian researchers had captured over 11,000
juvenile chinook salmon (using IPT's in August). Clearly, the
downstream migration of chinook salmon out of the Klukshu and
into the Tatshenshini River was mostly over by mid-September,
thus 1limiting the effectiveness of the IPT's so late in the
season. Because of the relatively low numbers of chinook salmon,
the time spent sorting the fish, and the constant clearning of
debris that the IPT's required, an alternate method of capture
was used.
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The second method involved floating a small rubber raft in a
short (1- to 2-mile) section of river to set minnow traps baited
with salmon roe. The traps were checked and rebaited the
following day, and the fish were placed in a live tank and hauled
back to camp in a pickup truck to be marked with CWT's. The
small network of mining roads around Dalton Past enabled us to
set traps on four different stretches of river.

In 9 days of sampling, a total of 5,642 juvenile chinook
salmon were caught (Table 1°). The fish ranged from 49 to 101 mm
FL (mean, 66 mm FL); 4.5% of the fish were <55 mm FL and were not
tagged. Both pre-tagging and post-tagging mortality were
negligible (<0.2%). A total of 5,386 CWT chinook salmon were
released in goocd condition.

FUTURE RESEARCH

The original rationale for our Alsek River research is still
valid. The ocean distribution and fishery contribution of not
only chinook salmon but also coho and sockeye salmon are still
necessary and yet unknown. It is imperative to ascertain why
this wild chinook salmon stock has not responded to rebuilding
efforts by ADF&G and DFO. The 1986 Report of the U.S./Canada
Transboundary Technical Committee recommended coded-wire tagging
as a first priority for Alsek River chinook salmon, stating that
because "little is known regarding the degree of interception of
Alsek River chinook salmon in non-terminal gillnet and troll
fisheries, reconstruction of annual return is not possible, and
optimal spawning goals can not be set without the ability to
reconstruct annual return" (Anonymous 1986).

The upriver tagging of chinook salmon on the Klukshu and
Tatshenshini Rivers should be continued. We now have two
effective methods of capturing taggable numbers of juvenile
chinook salmon in the Alsek River. By operating the IPT's in
August (when the peak downstream movement from the Klukshu
occurred in 1986) and by using minnow traps in September and
October, it should be possible to capture and mark with CWT's
20,000 to 25,000 1986-brood juvenile chinook salmon. The
accessibility of the Dalton Post area via the road system allows
for an economical means to tag a wild chinook salmon stock--at no
other location in Southeast Alaska would such a project be as
cost-effective. No funding, however, is currently available to
continue this project.
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LOCATION YEAR SAMPLING CHINOOK COHO SOCKEYE
DAYS SALMON SALMON SALMON
Dry Bay 1985 42 92 275 1202
Dry Bay 1985 27 14 111 368
Dalton 1986 9 5642 103 6095
Post
Table 1. Alsek River Catch Totals.
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PAUL KISSNER: What about the large number of seals? There's a
potential there for seal predation.

ADRIAN CELEWYCZ: One of the things that we did this past year
was seal surveys. In mid-May, the seal population was very low;
fewer than 100 seals were hanging around the mouth of Dry Bay.
By June, when the chinook run started, there were about 115
seals. In July, the seal population was about 150. I am not
sure why the number of seals was so low in July because the
sockeye run was near its height. Later in the season, in between
the sockeye and coho runs, the seal population increased to about
700: we couldn't really figure out what they were focusing on.
The Alsek River is so turbulent that I think it would be hard for
a seal to find an adult salmon, particularly something like a big
chinook.

ALEX WERTHEIMER: The shallowness of Dry Bay could result in less
refuge. Most 1likely the seal population is not an effective
predator, but chance encounters could elevate chinook mortali-
ties.

ADRIAN CELEWYCZ: That's a real possibility. Of course, one
thing the seals are really good at is fishing the gill nets when
the fishermen aren't around.

JIM RAYMOND: I heard that in the Yakutat foreland, the streams
are connected in such a way that juvenile salmon can move from
one stream to another, thereby increasing the rearing habitat.

ADRIAN CELEWYCZ: I really don't think that would be the case in
Dry Bay. There aren't many different rivers that flow into the
bay, even at the high water levels we observed. At low tide, we
see rearing habitat mainly from one river, the Alsek, and to a
lesser extent, from Muddy Creek.

JIM RAYMOND: Do you have any old aerial photographs of the Dry
Bay area?

ADRIAN CELEWYCZ: No, but I do have some from the Forest Service
taken in 1980. Just by going into Dry Bay in June and again in
July, I saw dramatic changes in the river's course. One way to
document changes in the bay is by referring to topographical maps
of that region from the 1950's. By comparing those maps with
current ones, you can see dramatic differences.

BILL HEARD: I'm very intrigued with your hypothesis that Dry Bay
estuary has dramatically changed from post-glacial uplift and is
now limiting chinook production. Regarding what Tony Gharrett
said this morning about post-glacier dispersion of genetic
stocks: is there any indication that what happened with the
chinook salmon is happening with sockeye in the Alsek River? Do
you know of other areas where such a rapid and dramatic
geological influence on fish production is occurring?
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ADRIAN CELEWYCZ: As far as dramatic change, it's probably
happening no where as fast as in the whole Yakutat forelands with
the Hubbard Glacier and Situk River. The area is open to
dramatic change; you can see it month by month. Regarding the
sockeye salmon: I haven't been following the sockeye runs that
closely. I know the sockeye run has decreased in the past 30
years or so, however, the situation is not as drastic as with the
chinook salmon run.

THE CHINOOK SAIMON PLAN FOR SOUTHEAST ALASKA
J. S. Holland

Alaska Department of Fish and Game
FRED Division
P. 0. Box 20
Douglas, Alaska 99824

INTRODUCTION

In southeast Alaska, five species of salmon abound. They
are pursued by three major gear groups of commercial fishermen, a
vast array of sport fishermen and are the prey of assorted
mammals and birds in the natural order of things. Since the ad-
vent of man into this area, salmon fishing has been a major way
of life and everyone wants things to continue in this fashion.
At the same time, everyone wants to be assured that if the fish
are going to be there, he gets his fair share. This, of course,
requires some planning and that is what this paper is to discuss.
There have been many levels of plans and planning in southeast
Alaska fisheries. Our present interest, because of the audience
this paper is designed for and the limited knowledge of the
author in other areas of planning, is the Chinook Salmon Plan for
Southeast Alaska.

RECENT HISTORY OF FISHERIES PLANNING

It's a safe bet that without too much effort one could find
evidence of fishery plans in Alaska back well into the last
century. Since our present interest is not in historical plan-
ning, we'll start in 1976 when the Alaskan legislature directed
the commissioner of ADF&G to begin the process to produce compre-
hensive salmon plans for designated regions of the State. The
legislature, in 1977, repealed and re-enacted portions of the
legislation, but the result was essentially the same. From House
Bill 264, "Subject to plan approval by the commissioner, compre-
hensive salmon plans shall be developed by regional planning
teams consisting of department personnel and representatives of
the appropriate qualified regional associations--"set up regional
planning teams and charged them with development of regional
comprehensive salmon plans. In southeast Alaska, the regional
planning teams (there are two) decided to combine plans because
the nature of southeast Alaskan fisheries is such that fishermen
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can fish in either of the regions at will. In 1981, a Comprehen-
sive Salmon Plan, Phase, I was produced by the Jjoint RPT's.
Subsequent Phase II plans followed in 1982 and revisions have
been produced in 1985 and 1986.

THE CHINOOK SALMON PLAN

Late in 1982, because of ongoing negotiations between the
U.S.A. and Canada for a salmon treaty, chinook salmon management
and enhancement activities assumed very high priority. The need
for a species specific plan was widely discussed. At the
commissioners direction, a scoping session was held on February
15, 1983, at which representatives of all agencies involved in
chinook salmon management or production discussed the status of
the species in southeast Alaska. From that meeting, a recommen-
dation to the commissioner resulted in the appointment of a team
composed of members of all agencies interested in chinook salmon
production in southeast Alaska charged with producing a draft
chinook salmon plan for southeast Alaska. The team met during
the week of March 14 1983, and submitted draft plans to all
agencies and groups for initial review on April 19. After
several meetings for review and redrafting, the team sent a final
draft to the commissioner on July 1, 1983. He obtained official
approval from all agencies involved and approved and adopted the
plan and its first annex on September 19, 1983.

The Comprehensive Salmon Plan for Southeast Alaska laid the
framework for all salmon activities in southeast Alaska. The
Chinook Salmon Plan adopted the mission statement and all
applicable goals. We view the Chinook Salmon Plan as a means of
implementing aspects of the Comprehensive Salmon Plan with
respect to chinook salmon. For instance, the Comprehensive
Salmon Plan, Phase II for Northern Southeast Alaska, referring to
chinook salmon on page 34 states:

"Current hatchery production of chinook is limited by
the availability of broodstock. Because a very few wild
broodstock sources, generally in depressed condition,
must be utilized for starting up all hatchery production
in northern Southeast, careful planning is needed.
Surplus returns to a hatchery which has reached capacity
can provide a broodstock for other facilities, and thus
alleviate demand on wild stocks. Decisions concerning
allocation of available broodstock among facilities
should be based on the strategic and biological
desirability of producing the particular stock at a
given site."

The Chincok Salmon Plan addresses in detail, providing
policy statements where necessary, stock movement in the region,
recommends in its annexes brood stock allocation, has provided
for a scheme in which production allocations of eggs can come
from a hatchery with excess eggs to a hatchery which is building
a new brood stock and in general provides the careful planning
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called for. The above mentioned document calls for development
of enhancement technologies. The Chinook Salmon Plan and its
subsequent annexes provide detailed recommendations for manage-
ment and research programs to develop technologies specifically
mentioned in the Comprehensive Salmon Plan. Finally, the Phase
II document states,

"Because work with chinook is costly and involves
developing technology and limited broodstock, inter-
agency chinook workshops could be valuable for sharing
information and coordinating activities toward the
efficient attainment of production targets. Timely
communication of developing knowledge will allow each
agency to make the most of limited research monies."

The Chinook Salmon Plan team is an inter-agency team which
meets annually to review the chinook salmon program and write its
annual annex. It provides a constant line of communications
between agencies which, to my knowledge, is unique among the
species programs.

In writing the Chinook Salmon Plan, we wanted a means to
keep it current and therefore useful. We decided that an annual
annex would allow us to maintain communications, provide recom-
mendations on research, management strategies, and egg alloca-
tions review the chinook salmon program in general and to update
the plan as needed. We are now in the process of completing the
fifth annex. We are cutting back on some aspects of the
recommendations for this year, specifically those involving
research and management. We feel that specific requests for
review of management and research needs will provide recommenda-
tions that will find better acceptance. The annexes are also
data sources in that releases, returns, catch statistics, etc.,
are updated each year for all facilities producing chinook salmon
in the region.

There are a number of positive accomplishments attributable
to the Chinook Salmon Plan and its annexes. It has established a
number of policies through the commissioners signature which
specifically address problematic areas relating to chinook salmon
in the region. It has established an interagency communications
route for chinook salmon producing and/or management agencies.
It has brought about an awareness of specific problems associated
with chinook salmon culture in southeast Alaska; i.e., genetics,
pathology, stock acquisition, etc. unique to this species. It
has contributed to a standardization in chinook salmon production
and culture methods not found in other areas or in other species
in this area. Through the egg allocation process, the plan has
contributed to a stability in the chinook salmon hatchery program
that might not have existed without it.

The Chinook Salmon Plan for Southeast Alaska is now four
years old. There has been discussion of an eventual revision of
the plan itself. I feel that there may well be a need for a
complete revision which could summarize the additions made to the
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original document through the annex process and examine the whole
program in light of the changes in the chinook salmon program
occurring through time. The annual annexes are an integral part
of the process of keeping the Plan current and the lines of com-
munication open. They should be maintained. There is discussion
of expanding the single species planning concept to other
species. I think it should be done.

MARK ANDERSEN: I don't see any way around the problem of greatly
increased hatchery fish production causing increased effort on
the part of the fishermen and leading to decreased numbers of
wild fish in the Southeast Alaska region.

JOHNNY HOLLAND: We don't think that's really going to happen.
We have faith in our management teams and as we increase hatchery
production in chinook salmon, management will help the fishermen
to find out how to increase catches. If you look at the whole
plan, the basic tenant of the plan is that consideration of the
wild stocks is important and we will do everything possible to
protect those wild stocks.

MARK ANDERSEN: Are you willing to underutilize hatchery fish to
protect the wild stocks? Also, I was wondering about the feasi-
bility of smaller hatchery projects to enhance wild stocks; e.qg.,
egg plants directly in the streams.

JOHNNY HOLLAND: We are doing that at several hatcheries right
now. I'm not sure that smaller hatcheries is the answer; maybe a
central incubation facility would be better. I'm not sure I
understand all of your question.

MARK ANDERSEN: It seems we're having a huge increase in hatchery
production at a time when we're trying to rebuild our wild stock
in Southeast Alaska.

JOHNNY HOLIAND: We firmly believe the two can go hand in hand.
I see no reason why they cannot.

MARK ANDERSEN: It seems there is going to be an increase in both
the outside and inside fisheries and more wild fish will be
captured.

JOHNNY HOLLAND: When you look at the history of fishing chinook
salmon in Southeast Alaska, it was not many years ago that we

were catching 500,000 chinook salmon yearly in Southeast. In
just the past couple of years, we've been limited to 200,000. I
think we can make up those losses. The big question is how we

are going to do it; I think we will find a way.
ALEX WERTHEIMER: There are treaty limitations on catch amounts.

Until the stocks are rebuilt, any increase has to be approved by
the treaty. Increasing catch limits of common property fish at
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this time produces a danger of catching more wild stock.
Appropriate management cannot make necessary determinations of
catch without limitations on catch of wild fish.

MARK ANDERSEN: True, but you do not tag all the hatchery fish
and. use code expansion and do not have a very firm understanding
on what is a hatchery fish and what is a wild fish.

JOHNNY HOLLAND: I am aware of no chinook salmon being released
in Southeast without having an adequate number of tags; adequate
as determined by a biometrician.

ALEX WERTHEIMER: The risk adjustment to the add on is the bottom
95% confidence interval. Biometricians use a very conservative
estimate and as accuracy increases, their estimates may increase.

HALIBUT COVE LAGOON CHINOOK SAILMON PROJECT
Nick Dudiak

Alaska Department of Fish and Game
FRED Division
3298 Douglas Street
Homer, Alaska 99603

The Halibut Cove Lagoon Saltwater Rearing Facility, located
approximately 10 miles across Kachemak Bay from the Homer Spit,
was established in 1974 as an experimental rearing site for all
five species of Pacific salmon. However, since 1979, it has been
used primarily as a chinook salmon smolt imprinting and release
site to obtain experimental data on survival of reared versus
direct release chinook smolts and toprovide increased sport
fishing opportunities in the Kachemak Bay area. Over 1.1 million
chinook salmon smolt have been released at the site since 1974.

The project has provided a substantial contribution to the
area sport fishery since 1979. Over 13,000 chinook have returned
to the release site with over 9,500 harvested by sport fishermen.
Largest catches occurred in 1982, 1983 and 1984 at 2,200, 2,170
and 2,640 fish, respectively. This project has provided angling
opportunities for as many as 3,700 anglers in a single season.

Although snagging 1s legal in this saltwater terminal
harvest area, many anglers are successful by trolling artificial
lures or herring. A recently developed technique involving egg
clusters, suspended near the surface, has proven extremely
effective.

Average chinook salmon survival rates from smolt to adult
for 11 complete hatchery brood years was 2.5%. Average survival
rate for smolts released directly into the estuary was 2.3% as
compared to 2.6% for reared. However, these results involved
different brood and release years, minimizing comparability. An
experiment conducted in 1981 compared survival rates of smolts
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from the same brood year released directly in the estuary to
those subjected to 14 day rearing in saltwater net pens. The two
distinct release groups numbered nearly 50,000 smolt each with
approximately 50% differentially marked (Ad and CWT). Smolt size
was similar at 17.2 g for the direct release and 17.3 g for the
reared fish. Ocean survival rate was somewhat higher at 6.1% for
the reared group as compared to 4.4% for the direct release. In
any case, these survival rates were among the highest observed at
Halibut Cove Lagoon.

Recommendations from these studies include: good survival
of chinook salmon smolts can be expected if healthy smolts,
weighing 17.0 g or more, are released between June 1-15;
considering budget restrictions, continue direct releases rather
than the more expensive rearing option; more experiments are
needed to further determine appropriate time and size of release
for optimal survival.
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Table 1. Adult chinook return summary for Halibut Cove Lagoon,
Sport Sport ‘

Return fishing effort Sport Sport Commercial  Total
year days man-days boats harvest harvest return
1977 R.D. N.D. N.D. N.D. 5 366 A/
1978 N.D. N.D. N.D. 100 153 567 B/
1979 55 1,331 452 500 60 580
1980 102 625 230 125 20 250
1981 68 1,086 399 689 60 800
1982 60 2,200 680 2,200 300 2,500
1983 75 3,018 1,070 2,171 600 3,080
1984 65 3,730 1,410 2,640 200 3,000
1985 70 1,632 575 705 300 1,200
1986. 65 1,100 393 400 350 750

Total 560 14,722 5,179 9,530 2,048 13,093

N.D. = No Data

A/ Approximately 44 chinocok of this total were held for egg take
operations.

B/ Approximately 110 chinocok of this total were held for egqg
take operations.

1981 CHINGOK RELEASE EXPERIMENT

TREATMENT SMOLTS ADULT OCEAN
RELEASED RETURN SURVIVAL

REARED 47,840 2,900 6.1%

DIRECT

RELEASE 49,960 2,180 4,47
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ALEX WERTHEIMER: Have you ever gotten any 5-ocean fish?

NICK DUDIAK: We never have with this Crooked Creek stock. In
fact, last year I caught a 6l-pound chinoock salmon that had an
adipose fin missing; however, I could not get a reading on the
metal detector or on the x-rays. The missing adipose fin was
probably due to natural causes. The fish was probably from the
Kenai River.

JOE ORSI: Do you ever get any minijacks returning, i.e., age
zero smolts returning the same year of release?

NICK DUDIAK: That occurs quite often in the coho salmon programs
but has not for the chinook salmon, although we thought that it
would. Later today, I will give a presentation about the Homer
Spit project that is similar to this project; we will be there
most of the summer and should be able to observe that. However,
we have not seen any minijack chinook salmon in the 3 years since
this project began.

TODD JONES: Are all of the returning fish caught by the sport
fishery or are there residual fish?

NICK DUDIAK: Probably 95-99% of the chinook salmon ar caught by
the sport fishery. When the fish return early in the run to
about 80% of the run level--they are caught by the troll and
casting fishery which uses the new egg-cluster technique. After-
wards, the fish develop another disease called "lockjaw', accord-
ing to the fishermen, and then the legal method of snagging comes
into play and allows the fishermen to capture most of the fish.
We are trying to get away from the snag-type fishery, which
previously was the major method of harvest, until the egg-cluster
technique was developed. There has been an increase in the
number of charter people, and other people also are using the
technique. As a result, some sport fishermen set up a proposal
for a program that would make snagging illegal in Kachemak Bay
salt water, unless opened by emergency order for particular
terminal harvest areas. But many of the local people wanted
snagging to remain legal. The Homer area has a population of
about 3,000, and signatures were gathered from 700 people who
wanted snagging to remain legal. It was a real turnaround from
the feedback we have received up to that point.

TODD JONES: Can you speculate as to what happens to the
remaining 5%?

NICK DUDIAK: Yes. The straying effects have been minimal. The
stream was putting out, at best, half of a cfs--less than 1,000
gallons per minute. Later in summer as the run progresses, a
siphoning system is necessary to create that imprinting attrac-
tion area. As the water flow slows down, the fish cannot move
into the stream which is only 2 to 3 inches deep. Some fish have
gone into or spawned in areas within 10 miles of the imprinting
site, with four or five fish being the maximum in any particular
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project. The fish, right -up to the bitter end, basically are
returning and dropping their eggs in the salt water or estuary
area.

BILL HEARD: One year you attempted to recycle the Halibut Cove
eggs and develop your own brood. Please comment on that. Also,
related to Todd Jones' question, has there been any documentation
of straying or have any of the fish tagged at Halibut Cove been
recovered at the hatchery at Kasilof?

NICK DUDIAK: Or Ship Creek or Elmendorf? That 1is what we
thought would happen in the beginning.

BILL HEARD: Several speakers yesterday mentioned the problem of
chinook salmon straying in southeastern Alaska. Initially, I was
fairly skeptical of your project; you have proven me wrong by
coming up with innovations that may prove useful elsewhere,
particularly in southeastern Alaska.

NICK DUDIAK: Taking eggs on-site of the returning fish requires
a suitable holding area with adequate water temperatures and
fresh water to hold these fish. We just did not have that. We
tried to impound that stream area to create a holding pool of
about 6 feet deep, but the temperature was too high in about mid-
July when the adult fish became available for egg take. Thus,
the mortality rate of brood stock was high, as was the mortality
rate of the eggs. The eyed-egg stage had only about 60%
survival. Therefore, we decided to continue to obtain our stock
from the Crooked Creek operation which is very cost efficient.
As far as fish returning to the site, again the farthest straying
effect that we have observed is one marked fish recovered at the
Bradley River (about 20 miles from the head of the bay), in
conjunction with the Bradley River hydroelectric studies.

In 1979, we thought that the direct releases may not work:
We are using a stock that is taken as eggs from one site,
incubated and raised to age zero smolts for less than 1 year at
another site, and then released--after a 6-hour transport by road
and a 2-hour transport by boat--from the Ship Creek influence
water to the Halibut Cove minimal freshwater lens effect. We
wondered where these fish would return.

136



w‘:

ENHANCEMENT OF CHINOOK SALMONl
Donald F. Amend

Southern Southeast Regional Aquaculture Association
P. O. Box 6916
Ketchikan, Alaska 99901

INTRODUCTION

The comprehensive salmon plan for southern Southeast Alaska
identified chinook salmon stocks as being severely depressed.
Priority was placed on enhancement and rebuilding of wild chinook
salmon stocks. In the first phase, the Southern Southeast
Regional Aquaculture Association (SSRAA) started enhancement of
chinook salmon at the Whitman Lake Hatchery with the 1980 brood
and chinook were added to the Neets Bay Hatchery with the 1981
brood. In the second phase, the U.S./Canadian treaty was signed
in 1985 and part of the treaty identified that chinook salmon
should be further enhanced in order to replace lost harvest
opportunity by Alaska fishermen from the treaty agreements.
Federal mitigation funds were then used to expand the Whitman
Lake Hatchery in 1986 to include more chinook production, and
these fish were destined for release in Carroll Inlet. In the
third phase, a cooperative agreement was reached between SSRAA,
Northern Southeast Regional Aquaculture Association (NSRAA), the
U.S. Forest Service, and the Alaska Department of Fish and Game
(ADF&G) in 1986 to enhance chinook salmon in Eastern Passage.
These fish were from the Crystal Lake Hatchery and released at
Earl West Cove. The above is the background of SSRAA's chinook
enhancement program in Southeast Alaska.

BROODSTOCK SOURCE

The original broodstock development started with the Unuk
River stock. Availability of brood fish was limited in the
natural system; therefore, the brood came from several sources.
Some eggs came from Cripple Creek on the Unuk River, but most
came from the National Marine Fisheries Service at Little Port
Walter (LPW). LPW had been experimenting with this broodstock
for several years and fish were returning to that facility. Some
fish also came from the ADF&G Deer Mountain Hatchery. Because
the Unuk stock was widely used, SSRAA did not believe it was
desirable to use the same stock at both Whitman Lake and Neets
Bay. Therefore, there was only one release of Unuk stock chinook
from the Whitman Lake Hatchery in 1982 (BY80). All subsequent

lpditor's note: Dr. Amend gave two oral presentations at the
workshop, one on overwinter smolts in netpens and the other on
age 0 smolt strategies. This narrative provides the submitted
account of both talks; questions and answers following this paper
are divided into separate parts dealing with the two subjects.
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releases of Unuk chinook stock have been from the Neets Bay
Hatchery (BY81 and thereafter). Self-sustaining broodstock have
been available at SSRAA facilities since 1985.

A second broodstock was selected for the Whitman Lake
Hatchery from the Chickamin River. The first egg takes were from
King Creek in 1983, but all subsequent egg takes have been from
Barrier Creek. This broodstock will be used for the releases in
Carroll Inlet. However, there was insufficient Chickamin stock
for releases in Carroll Inlet in 1986 and 1987; therefore, Unuk
stock was used. It is anticipated that a self-sustaining run of
Chickamin stock will be available starting in 1987. Oonly
Chickamin stock will return to the Whitman Lake Hatchery and the
fish returning to Carroll Inlet, which will be of mixed stock,
will not be used for brood fish. Carroll Inlet releases are
designed for terminal wipe-up fisheries.

The broodstock for the releases at Earl West Cove are of
Andrew Creek stock at the Crystal Lake Hatchery. These fish are
from self-sustaining runs returning to the Crystal Lake Hatchery.

CULTURE PRACTICES

Yearlings

The major release at SSRAA facilities are yearling fish (one
check). Typically, eggs are collected in August, the fry hatch
in midwinter, the fry are reared in fresh water throughout the
year, and released the following spring. The target size at
release is 30 g. At Whitman Lake, the smolts are released from
the hatchery into Herring Cove and are primarily for broodstock.
Releases are about 100,000 smolts per year. At Neets Bay, the
fish are placed into net pens in April at about a 15 g size and
released at the 30 g size in the marine environment. Releases
are about 1 million per year and the fish are targeted for common

property fisheries and cost recovery. The releases at Carroll
Inlet and Earl West Cove are similar in that smolts are placed in
net pens in April. Both locations are primarily for common

property fisheries. Releases in Carroll Inlet are one million
and at Earl West Cove 500,000 smolts annually. In all cases, the
smolts are released about 1 June. Studies at LPW indicated that
a mid-May release would result in better marine survival, but the
delayed release is to minimize interaction with pink and chum
salmon in the estuary. Studies have been designed for releases
into mid-June to further avoid interspecies competition. The
historical releases of yearling chinook are shown in Fig. 1.

Marine Over-Winter

A variation of the above procedure is practiced at the Neets
Bay Hatchery where some of the fry are placed in net pens in the
fall of the year and held overwinter in the marine environments.
This program is practiced because of the limited amount of fresh
water available and the production 1level can be increased by
over-wintering some of the stock. This was first practiced in
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the winter of 1983/1984. About 72,000 fingerlings were placed in
net pens in Neets Bay between 12 September and 30 September 1983
at about a 30 g size and fed adlibitum. By 28 November 1983, the
fish averaged 50.3 g and by 27 December 1983, they averaged 76.9
g. The fish continued to grow throughout the winter and by 31
March 1984, they averaged 152.4 g (range 50 to 20 g). A bimodal
population existed. The fish were too large and there was
concern about holding them until late May for release. The fish
also were too large to tag. About 53,000 smolts were released on
31 March, 1984, untagged. The over-winter survival was about

74%.

Because of the problem of the fish getting too large,it was
decided in 1984 to hold the chinook in fresh water over the
winter and hold the coho in net pens. During the winters of
1984-1985 and 1985-1986, only coho were held over the winter in
net pens. However, coho continue to experience a midwinter
mortality and it was decided to put chinook in net pens instead.
In September 1986, about 613,000 fingerling chinook at 13 g were
placed in net pens. The growth was controlled with a scheduled
feeding program. By 1 April 1987, the fish averaged 18 g and the
target size of 30 g should be easily reached. Survival has been
good and the fish are in good condition.

Zexro Check Releases

Fish that are released within the first year after hatching
and before they form the first annulus are called zero check
fish. There are natural systems where chinook migrate as zero-
check smolts. The LPW, Deer Mountain, and Crystal Lake
facilities have conducted accelerated growth studies and released
zero-check smolts. The results have been variable, but marine
survival in some cases had exceeded 6%. Also, the LPW data
indicated that a 10 g fish was a minimum target size for release.
Zero check fish are an advantage because of the increased
production possibilities and the lower production costs.

The first releases of zero-check chinook by SSRAA occurred
in 1984 (BY83). Early spawning adults at Neets Bay were used as
the egg source and the eggs were incubated at the warmest
available temperature (Neets Bay Hatchery receives water via a
variable intake pipeline in a barrier 1lake, thus giving some
temperature control). The fry were fed for maximum growth after
they hatched. Two groups were released in 1984. The first was
released in early July at 10.5 g (53,900 fry) and the second
group was released in October 1984 at 28.2 g size (152,000 fry).
Zero check releases have also occurred at Neets Bay in 1985 (BY84
- 407,200 smolts at 10.3 g) and in 1986 (BY85 - 2,300,000 smolts
at 8.3 g). The 1986 release was large but the fish were small.
The cool spring delayed growth and problems existed in attempting
to accelerate the growth of this large number of fish. Future
zero check releases at Neets Bay will be closer to 1.5 million.
Release of zero-check chinook also started in Carroll Inlet in
1986 (85BY - 280,000 fish at 12.0 g). The historical release of
zero-check chinook is shown in Figure 2.
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Survival and Interception Rates

The 1980 brood which was released from Whitman Lake is the
only cycle which has been completed (Table 1). The total
survival was 7.5% (11,000 total fish from a 145,000 smolt
release). The age class distribution was about 8% three-year-
olds, 29% four-year-olds, 56% five-year-olds and 8% six-year-
olds. Only 36% were harvested in the common property fishery and
this varied by the age group. Generally, the interception was
greater on the immature fish during the common property fishery.
Because of the manner in which the fishery is now managed, the
mature fish escaped the interception harvest and most ended up in
the terminal area. Although the data is incomplete, the results
at Neets Bay are showing a similar pattern.

The troll fleet harvests most of the chinook salmon
throughout all of Southeast Alaska (Figs. 3, 4, and 5). Figure 4
shows that the harvest is bimodal with some fish caught in late
June and another group in July. This is a function of both the
management and whether mature or immature fish are being
harvested. The early fish are mature fish and the later fish are
immature. This harvest can be expected to vary depending on the
management of the common property fishery. Also, the mature fish
are mostly caught on inside areas in southern Southeast Alaska,
whereas the immature fish are caught throughout Southeast Alaska
and a major portion on the outside fisheries. In general, the
total harvest rates have been modest but this is expected to
increase as the effect of larger releases is realized (Fig. 6).

The return of z2ero check fish has been small and the fish
are just entering the fishery. The July 1984 release of zero
check fish contained 30,000 tagged fish. In July 1985, two tag
groups of yearling smolts were released at Neets Bay, 30,000 and
31,500 tagged fish. All fish were from the 1983 brood, the
difference was the zero-check fish were released in 1984 at 10.5
g and the 1985 release was yearling fish at 30.0 g. 1In 1986 all
were three-year-old fish and some started to show up in the
fishery. The minimum size for harvest is 712 mm in length, and
the three-year-old fish were undersize. Although the number of
three-year-old undersize fish was small, the 2zero-check fish
averaged 618 mm and the yearling fish averaged 420 mm in length.
Based upon the number of fish recovered, the percent for the two
yearling groups was 0.14% (44 fish), and 0.13% (42 fish) compared
to 0.06% (18 fish) for the zero-check release group. The
survival, based on these few numbers, was 2.25% more in the
yearlings compared to the zero check. To date, none of the fall
zero check-releases have shown up in the fishery.

From the 1986 data, it was apparent that most of the three-
year-old-fish were undersized and would not enter the fishery in
significant numbers until 1987. However, if the trend continues,
this would be a very successful program. The cost of producing a
yearling smolt at Neets Bay is about $0.25 per yearling smolt
compared to $0.06 per zero-check smolt. Therefore, the cost of
rearing yearlings is four times more than the cost of rearing
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zero-check fish. Consequently, if the return on yearlings is
only twice that of zero check, one can rear over twice the number
of zero-check fish at half the cost of yearlings and obtain the
B same number of harvestable fish. Of, you could spend the same
amount on zero-check fish, produce four times as many smolts, and
obtain twice as many adult fish compared to a yearling programn.
This, of course, assumes that the above results continue and one
could consistently produce a 10 g zero check fish. Obviously, it
will take a few more years before any definite conclusions can be

B made.
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PART 1: Yearling Smolts Overwintered in Netpens

ALEX WERTHEIMER: From your return rates of the 1983 brood: does
your l-ocean component indicate that the survival rates will be
similar to the 1981 and 1982 broods? At Little Port Walter, our
1982 brood is very strong, but our jack component in the 1983
brood indicates a considerably lower rate.

DON AMEND: It is hard to say. Although the release size is
twice as high (200,000-251,000 versus 35,000 and, of this 4-year
component, 624 versus 850), the same number of fish are return-
ing. Does that mean half the fish survived or not? This is a
very weak year class; they are not showing up in the fishery and
most returning fish are jacks because they are not of a legal
size to be intercepted. I would say that it is premature to say
survival is low, but we will know at this time next year whether
that is the case or not.

ALEX WERTHEIMER: What is the salinity range of the netpens
during winter?

DON AMEND: The range is approximately 0 to 28 parts salt per one
thousand parts water. In winter when salinities may be higher
and the temperatures are low, chinook (16-17 g) mortality was
less than that of coho. When there is a drought period which
occasionally happens in January and February (2-3 weeks with low
precipitation), there is no new fresh water to increase the lens
compared to when the freshwater lens is several feet. There are
conflicting observations; however, my statements are based on my
experiences.

BILL HEARD: Referring to the 1983 overwinter netpen group that
had the bimodal growth pattern: that is the same pattern
researchers are finding at Osprey Bay. Also, I believe it may
take some innovative concepts and your continued efforts with
management in the selection of fishery openings in certain areas.
A drop in exploitation and availability is a major problem.

DON AMEND: I agree. That is why I was so interested yesterday
in that paper on test fishing and was disappointed that it
doesn't look like it's going to continue. Gary Freitag didn't
mention it but the effect on the fishery and sport fishery is
dramatic.

JOE ORSI: You mentioned that the coho didn't perform like the
chinook. In our juvenile troll research from September to
February, age .0 coho were present in good numbers but by
February, they were basically out of the waters of southeastern
Alaska. Their biology is tuned to temperature regimes, and they
are basically in the Gulf of Alaska in the winter time.
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PART 2: Age 0 Smolts

KEITH JOHNSON: You have had the 6pportunity to have two
different size egg takes because your program is not brood stock

limiting.

DON AMEND: VYes, that is why our releases of age zero smolts have
increased. We have released 2.2 million age zero smolts at a
cost of about $238,000, which is a lot of money spent if the fish
do not survive well. We are watching the returns very closely to
see how these fish do.

TODD JONES: What temperature units are required to raise fish to
10.2 g?

DON AMEND: I cannot answer that in temperature units. The
release strategy used was to transfer the fish to saltwater net
pens when they were about 3.5-4.0 g and then try to increase
their size to about 10 g before release. By incubating the eggs
in the warmest water possible, even during the winter, and by
using the best temperature regime to increase fish size as
quickly as possible--fish raised only in fresh water will not
reach the 10-g size. Currently, we use the variable intake
pipeline to get the best temperature requirement and transfer the
fish to salt water as soon as possible. Once in salt water, with
the additional temperature units, the fish grow very rapidly.
The real difficulty lies in getting them up to a size (3.5-4.0 g)
that allows them to be transferred to saltwater net pens.

BRUCE BACHEN: When is the earliest that you have transferred
them to salt water?

DON AMEND: About June 15-20 is the earliest. I think the latest
we have released them is July 4.

KEN LEON: To get back to the availability of eggs. Another
aspect of the low recovery of age .0 fish may be that commercial
and sport fishermen are unable to catch these fish.

DON AMEND: That is true. To date we have not seen many of the
survive?" According to the early marine survival research by the
National Marine Fisheries Service, none of the age .0 fish have
shown up in the fishery. In the fall of 1986, 50,000 fish were
released; none have been seen yet. Are they migrating or
behaving in a different pattern so that they are not being
caught? Are they going to show up later? ©None of these fish,
which were 28 g when released in October, have been recovered;
however, a few of the 10-g fish released in July have been
recovered.

JOE ORSI: I would like to correct you, Don. Of the 25 CWT's
that we recovered in September, one was an age .0 chinook. But
in February, none of the 63 CWT fish were age .0, and the
yearling smolts had grown about 6 cm from September to February.
We will do charters again in May of this year and in September in
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the southern region and should obtain more information about
those fish and the following year classes. What has concerned me
is that we have not recovered any 1- or 2-ocean fish from your
age zero smolt release.

DON AMEND: What was the size of the CWT age .0 fish recovered in
September?

JOE ORSI: It was 22 cm fork length. This Unuk River stock fish
had been released from Carroll Inlet on June 12, 1986, and
recovered on September 27, 1986, at Point Alva.

DON AMEND: That was one of the 12-g fish released that year.

JOE ORSI: I had expected the February charter to recover more of
those age .0 fish with increased growth, but it did not. We will
just have to wait and see what happens in future charters.

QUESTION: Are you using a standard feeding program?

DON AMEND: The age zero smolts are on an entirely different
feeding program than the normal production fish with their growth
programmed through a standardized feeding program. The age zero
smolts are fed in sequences and are pushed a lot harder to get
them up to size.

BILL HEARD: You mentioned that the fish are transferred to sea
pens sometime in mid-June when they are about 4 g and then
released in a couple weeks, just as soon as they reach the 10-g
size. That is similar to what Ted Perry was saying about their
transferring some of their coastal target fish into salt water.
Earlier, Bruce Bachen presented data that used the 4- to 5-g size
range for his July fish and a larger size for the August-
September fish. At Little Port Walter, we are using a marine
heat exchange system. Bruce Bachen mentioned that they used a
heat pump to push the fish weight up.

There may be a time-size threshold to survival. For
example, Ted Perry commented that little information exists on
the biology and migration of the age .0 fish and that they are
not appearing in the fishery. One might speculate that there is
a time-size threshold to survival in the age .0 fish from
northern British Columbia and southeastern Alaska. We are
dealing with an issue that creates many questions with no
immediate answers.

DON AMEND: Our emphasis has been on size rather than on time of
release. When the fish are transferred to saltwater sea pens in
mid-June, they are about 4 g, but by July, they are up to 10 g.
Once they enter the sea pens, they can double their weight in 2
weeks. We have seen that consistently. Growth in salt water is
not a problem; the limitations occur at the freshwater phase. We
are contemplating assessing the use of different temperature
units~-doing accelerated maturation of adults and photoperiod
manipulation to see whether we can get some additional
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temperature units in the fall. We would like to get the fish up
to the 10-g size a month or so earlier. But we have not been
able to. We have keyed in on the 10-g size rather than the date.
If we based release on the date rather than size, we would be
releasing much smaller fish. So which is more important--time of
release or size at release? We just do not know.

TED PERRY: We had a sea-pen release of 8-9 g chinook on June 20,
1984, and a July release of the same brood but larger fish. The
smaller release fish did better.

DON AMEND: So you are saying that time may be more important
than size?

TED PERRY: Much more important.

BILL HEARD: At Little Port Walter, age 0 smolts and yearlings
entering sea pens in late April and early May are not doing well.
The change is much more dramatic a short time later due to
photoperiod, vernal warming and other factors. About the best we
have done is the last week in May when the smolts were 3.8-4.0 g.
I do not think that in the central and northern parts of south-
eastern Alaska, at least, chinook can be transferred to sea pens
any earlier.

DON AMEND: Possibly the freshwater lens that we have is making
the difference. Even with our yearlings, we have been able to
transfer them to saltwater net pens around the first part of
April. This year, saltwater entry was delayed because the first
seawater challenges did not look encouraging. For the first time
in a number of years, we were unable to transfer yearlings into
sea pens by April 1. Even last year, the fish obtained from
Crystal Lake went into seawater in mid-April. Our main
difficulty is in obtaining an acceptable transfer size. We have
been concentrating on release size rather than release time.
Perhaps we are focusing on the wrong factor.

EVALUATION OF SALTWATER ACCLIMATION
STRATEGIES FROM JUNE THROUGH SEPTEMBER

Bruce Bachen

Northern Southeast Regional Aquaculture Association
103 Monastery Street
Sitka, Alaska 99835

INTRODUCTION

Overwintering chinook in saltwater net pens can substan-
tially increase facility production capacity by reducing
freshwater demand and by utilizing less costly alternative
rearing space. Northern Southeast Regional Aquaculture
Association (NSRAA) has been using saltwater pens to overwinter
chinook at its Medvejie Hatchery for 3 years, but has had mixed
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success in acclimating chinook to full-strength salt water in the
fall. Experiments were designed to assess the inherent ability
of chinook to adapt to salt water and test the effectiveness of
selected acclimation strategies.

METHODS

Three saltwater-introduction strategies were evaluated: 1)
direct introduction to full-strength seawater; 2) stepwise
acclimation, where chinook were exposed to equal weekly increases
in salinity over 1 and 2 month periods (Fig. 1; Fig. 2), and then
usually observed for an additional month in full-strength
seawater; and 3) introduction of chinook to net pens (<8 ft.
deep) in which the full range of salinities was present.

RESULTS
Direct Entry Experiments

Results suggest a diminishing ability to tolerate direct
introduction to full-strength seawater from July through
September (Table 1). Survival dropped from 43% in July to 36% in
August and then to 16% in September. Mean length of mortalities
was less than the mean length of the entry group indicating that
the saltwater challenge was more harmful to the smaller fish.
Losses were concentrated during the first week after introduction
in all trials (Fig. 3).

Stepwise Acclimation Experiments

Very few chinook died before being exposed to full-strength
seawater. Fewer than 1% were lost at salinities <25 ppt. Losses
began as salinity rose to approximately 29 ppt and did not
normally peak for 2-3 weeks (Fig. 1; Fig. 2) after full-strength
seawater exposure at the end of a 1 month acclimation period, the
June group experienced a 10% loss after 4 days exposure to full-
strength salt water. Moving these fish to a net pen halted
further losses. Other acclimation periods were followed by
month~-long full-strength seawater challenges (Table 2). Of these
tests, the July entry did best with 84% survival, whereas the
August group had only 15% survival. The 2 month acclimation
experiments indicate that June entry was better than July, with
65% survival for the June group compared to 6% survival for the
July group. None of the freshwater control groups suffered any
mortality.

Net Pen Acclimation

No mortality was observed during a 3 week period in either
the July or August groups placed in net pens =-- either with or
without an artificial freshwater lens (Table 3). The July entry
groups were moved to tanks of full-strength salt water for an
additional 2 weeks and 82-84% survived. No further testing of
the August group was done due to severe "sea-lice" infestation.
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DISCUSSION

To look at the effectiveness of acclimation strategies, I
examined results for three saltwater entry periods: mid-July to
mid-August, mid-August to mid-September, and mid-September to
mid-October. During the first period, higher survival occurred
with 1l1-month stepwise acclimation (88.5%) and net pen holding
(82-84%) than with direct entry (43%). These results are not
directly comparable due to 1length and type of saltwater
challenge,m but do suggest better survival if a gradual
acclimation strategy is used.

During the second period (mid-August to mid-September), the
test results of the several saltwater introduction strategies are
more directly comparable and reinforce the first period results.
One- and two-month stepwise acclimation followed by a 1l-month
full strength saltwater challenge resulted in 84% and 65%
survival. Only 36% survived direct challenge.

During the third period, acclimation was much less effective
at reducing losses. One-~ and two-month acclimation resulted in
15% and 6% survival after a month-long saltwater challenge. The
direct entry group survived at 16%.

CONCLUSIONS

1) Inherent ability of chinook to tolerate sudden introduction
to full-strength seawater diminishes from July through
September.

2) Gradual acclimation was more effective at reducing losses
for July and August entries to full-strength seawater than
for September.

3) While group tolerance to saltwater changes from month to
month, there is a positive correlation between size and
saltwater tolerance within the group.

4) Exposure to dilute seawater prolongs the ability of chinook
to survive, but not necessarily indefinitely.

5) Net pens can be used to acclimate subyearling chinook if a
low salinity lens is present. This strategy may be
preferred because it allows fish to determine the salinity
to which they are exposed by selecting depth.

6) Acclimation for 2 months was less desirable than acclimation
for 1 month.

7) Additional trials need to be conducted in October to see if
saltwater tolerance improves during this month.
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Table 1.--Results of direct introduction experiments where
chinook were placed in cages and lowered to a depth
where full-strength seawater was encountered. n=100

Entry Mean % Sur- End Mean length (mm) Salinity (ppt)

date length vival date Survivors Morts. Mean Max. Min.

21-Jul 72.5 43 15-Aug 79.2 67.2 29.0 31.0 26.0
18-Aug 83.7 36 15-Aug 84.0 8§0.0 29.1 31.2 21.0
15-Sep 92.8 16 10-0Oct N/A 86.7 29.4 32.5 26.4

Table 2.--Results of stepwise acclimation experiments where chinocok were
exposed to equal weekly increases in salinity over 1 and 2 month
periods. Fish were observed for an additional month in full
strength seawater,. Replicates were pooled and control data not
shown. n=200

- ————— - - - . ——————— " " >~ - s T —— ——— - - .~ — o ————

Acclimation Full-strength

period Entry Mean Approx saltwater exposure % sur-
duration date length wt. (g) begin date end date vival
1 month 23-Jun 58.4 3 15-dut 18-Aug 88.5
1 month 21-4dul 72.6 5 12-Aug 06-Aug 84.0
1 month 18-Aug 83.1 8 09-Sep 10-0ct 15.0
2 months 23-dun 59.4 3 12-Aug 15-Sep 65.0
2 months 21-Jdul 71.6 5 09-Sep 10-0ct 6.0

- —— — - " - - - " - " T — — > - " - - -~ —— -~ > - — T > —— o = — - - - A "

Table 3.--Results of chinook acclimation experiments using net
pens in and out of an artificial lens. n=50.

Full-strength

Entry Artificial Net pens saltwater exposure
date lens? % survival end date % survival end date
09-Jul Y 100 31-Jul 84 14-Aug
09-~Jul N 100 31-Jul 82 1l4-Aug
05-Aug Y 100 26-Aug NA NA
05-Aug N 100 26-Aug NA NA
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155



w
i

N
ralirailir

-
n

SALINITY (ppt)
>

@

20%

15%

MORTALITY
o S
llllalillll;lelllllllll

o
R

19-Aug 02-Sep 16-Sep 30-Sep 14-0Oct

Figure 2.--Exposure salinity and mortality
for one month acclimation and

one month seawater challenge.
156



LST

MORTALITY

50X

40%- h Entry Cumulative

Date: Mog;g}ity:

- o 22-JUL
30% 19-AUG 64%
16-SEP 84%

20X -
10% -
0% ,

2 4 6 8 10 12 14 16 18 20 22 24 26
DAYS AFTER TRANSFER

Figure 3.--Effect of date of entry on mortality

of chinook salmon subsequent to direct
transfer to seawater.



KEITH JOHNSON: Were the fish fed during the normal photoperiod?

BRUCE BACHEN: Yes.

KEITH JOHNSON: What was the introduction size of the fish in
September and October?

BRUCE BACHEN: Around 11 or 12 g in 1986; the fish that survived
were about 20 g when they were successfully acclimated to full
strength seawater in 1985.

BOB BURKETT: I agree with your statement about seapens; with
fish having a choice. Do you know if there has been a study to
monitor the behavior of fish in the water column of a seapen?

BRUCE BACHEN: I am not aware of such a study. The only informa-
tion we have is from our own experience with casual observation,
and of course, that has to be done carefully because every time
we approach the seapen, the fish dive to the bottom. You would
need to observe without disturbing them, and we are not set up
for that. I haven't done a thorough literature review, so I
don't know what information is available on handling this
problem.

BOB BURKETT: It would be an opportune project for a graduate
student.

BRUCE BACHEN: I agree.

ROY MARTIN: We haven't done a real study just to observe their
behavior in seapens, but we do find that if there is any salt
water in the bottom of the seapen and the fish are stressed, they
will go to the bottom. However, if the fish are not stressed,
they will stay in the fresh water.

BRUCE BACHEN: They dive to the bottom of the seapen because they
think it's safer there, not because they prefer a salinity
environment that reduces stress.

DON AMEND: What was the size of your fish and were they
vaccinated?

BRUCE BACHEN: All the fish were vaccinated prior to the intro-
duction to salt water. The size of the fish in June was only 3 g
and the size in July was about 5 g. They were fairly small fish
and actually the July results were about the best.

DON AMEND: Was vibrio a factor in the mortalities?

BRUCE BACHEN: No.

STAN RICE: Did the temperature regimes change at all during the
test? '
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BRUCE BACHEN: Yes, I could look that up in our data, however, it
would be normal to expect temperature rises during the summer and
into early fall. Temperature usually peaks in August, with a
maximum of between 10° and 12°C.

CHINOOK SALMON WINTER FISHERY INDEX AS A
PREDICTOR OF CRYSTAL LAKE HATCHERY RETURNS

Bob Zorich?

Alaska Department of Fish and Game
FRED Division
P. O. Box 667
Petersburg, Alaska 99833

SUMMARY

I am developing an annual index of abundance for Crystal
Lake Hatchery chinook salmon using numbers of fish harvested in
the winter troll fishery of Southeast Alaska. The index is based
on random and select preliminary coded-wire tag (CWT) recoveries
from October through December each year since 1984. This index
appears to provide a good early in-season predictor of the magni-
tude of total winter harvest and total annual adult returns of
chinook salmon from Crystal Lake Hatchery releases. Crystal Lake
Hatchery is located approximately 30 km south of Petersburg,
situated on central inside waters of Southeast Alaska. The
winter troll fishery runs from October 1 to April 15 each year.

Since the advent of winter port sampling in October 1984,
personnel from various agencies have been analyzing the CWT data
trying to glean insights on how hatchery stocks are performing.
In the first set of data (1984-85), it was intriguing to see what
fish were caught where. Crystal Lake Hatchery chinook salmon tag
recoveries in the early 1985-86 winter fishery indicated a reduc-
tion in stock availability. This was contrary to earlier predic-
tors which indicated an increase in total adult returns for the
1985-86 season. As the summer season and escapement progressed,
the winter fishery index proved accurate.

Figure 1 depicts the winter fishery index with the estimated
winter harvest and total returns for the 1984-85 and 1985-86
gquota years. It appears that a strong relationship exists
between the three sets of data. It is stronger than data I was
using for my initial projections. Using ratios from the first
two sets of data, I expanded my 1986-87 winter index to estimate
a total winter harvest and total return for this quota year. The

1  this paper was presented at the workshop by Ken Leon, FRED
Division.
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I have talked to several colleagues about the use of a
winter index to verify initial projections and most have found
little correlation to estimated winter harvest rates or total
returns for their facilities. There are several reasons why a
winter index may be applicable to Crystal Lake Hatchery stocks
and not other stocks in Southeast Alaska. During the first three
months of the 1985-86 and 1986-87 winter fishery, the Petersburg
port sampler accounted for 50-60% of all CWT's recovered in
Southeast Alaska. Because of the tendency for Crystal Lake
Hatchery chinook salmon stocks to be harvested heavily in the
northern inside waters near Petersburg, 80-85% of our tags
recovered during this same time period were landed at Petersburg.
Though I do not have complete data for the 1984-85 winter
fishery, it 1is 1likely that most tag recovery of Crystal Lake
Hatchery stocks occurred in Petersburg. As long as Petersburg
continues to maintain a stable winter port sampling program, this
index may work for releases made at Crystal Lake Hatchery.
Chinook salmon stocks released at other sites and not consistent-
ly sampled will be difficult to develop an index for.
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ALEX WERTHEIMER: Did Bob Zorich include random and select tags?

KEN LEON: Yes.

BILL HEARD: In terms of chinook management, the important point
of Bob Zorich's research, in terms of the indicated index, is the
characteristics of the winter fishery restricted inside the surf
line and the outer coast. To identify the basic ocean distribu-
tion pattern in alternate years of Crystal Lake fish, this
setting is important. Fish from Crystal Lake and Little Port
Walter hatcheries have similar ocean distribution patterns and
are showing up in the winter fishery, especially in certain
management districts that Alan Davis was talking about yesterday.
Both Crystal Lake and Little Port Walter have different
stocks, and those same stocks are being used at other hatcheries
so they may provide some insight to the question of stock versus
hatchery 1location--how it's affecting ocean distribution and,
ultimately, fishery contribution patterns.

KEN LEON: Hal Geiger's data that was presented yesterday also
indicated that type of distribution, but it is difficult to
determine the location of the fish if recoveries are dependent on
where people are fishing.

CAROL DENTON: The predicting of returns is an interesting topic.
Is anyone here using a method of predicting returns that differs
from the traditional ones that have been used over the years?

ALEX WERTHEIMER: For the Unuk River stock at Little Port Walter,
we can roughly predict the magnitude of returns of subsequent
years by previous year-class returns, similar to Bob Zorich's
predictors at Crystal Lake, but we have not used the winter
fishery as he has. Last year, using the winter fishery as a
predictor did not work well for Little Port Walter fish because
of a shift in maturation schedule, and it does not work well for
the Chickamin River stock which does not have the younger age
classes returning. For ballpark magnitudes of returns, it does
work with the Unuk River stock.
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COMPARATIVE MARINE SURVIVALS OF CHINOOK FED DIFFERENT DIETS
Kenneth Leon

Alaska Department of Fish and Game
FRED Division
P. 0. Box 3-2000
Juneau, Alaska 99802-2000

SUMMARY TEXT

Marine survivals of chinook salmon fed various diets and
released from three Alaskan hatcheries were compared. All age
classes have not yet returned so the analyses are not yet
complete.

In Experiment 1, chinook fry were fed either Oregon Moist
Pellets (OMP-4), Alaska Dry Pellets (ADP-3), or Biodiet (BD)
until release at Little Port Walter as yearling smolts in 1984.
Feeding rates were controlled so that release weights of fish on
each diet would be as close as possible. Table 1 shows that fish
fed ADP-3 were similar in size to those fed BD, but were slightly
heavier than those fed OMP-4. Although ADP-fed fish appeared to
have a slightly higher mean survival than OMP-fed fish, which in
turn had a higher survival than BD-fed fish, the absolute
differences were not statistically different.

In Experiment 2, chinook fry were fed either OMP-4 or ADP-3
until release as yearling smolts from Crystal Lake Hatchery in
1984. Fish fed ADP received about 79% of the feeding rate of
those fed OMP. Table 2 shows that ADP-fed fish had a consider-
ably higher survival estimate than the OMP-fed fish through Age
1.2. However, based on the sampling effort, the numbers are not
statistically different. The return of the Age-~1.3 class in 1987
should indicate whether the difference in estimated survivals is
real and an effect of diet.

In Experiment 3, chinook fry were fed either OMP-4 or ADP-3
until release at Deer Mountain Hatchery as yearling smolts in
1984. Although there was no attempt to keep mean smolt weights
equal, all fish were fed less than to satiation during part of
their hatchery 1life. Fish fed ADP received about 79% of the
feeding rate of those fed OMP. Table 3 shows the tendency for
more ADP-fed fish to have returned to the hatchery as minijacks
(Age 1.0). It remains to be seen whether the older age classes
survive at a similar ratio.
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Table 1. Comparative marine survival of chinook salmon fed
various diets at Little Port Walter Hatchery (1982

brood) .

Diet Size (g) Survival (%) Comments

OMP 31.1 3.57 No detectable difference between
OMP 29.9 2.98 diets through Age 1.2. (Kruskal-

Wallis, P value 0.36)

ADP 34.7 3.52

ADP 36.0 3.35

BD 32.2 2.76

BD 35.2 3.05

Note: Survivals based on rack and commercial contribution esti-
mates. Seine catch estimates of immature chinook salmon are
severely biased downwards.

Table 2. Comparative marine survival of chinook salmon fed
various diets at Crystal Lake Hatchery (1982 brood).

Diet Size (qg) Survival (%) Comments
ADP 20.4 2.4 No detectable difference between
OMP 23.0 0.7 diets through Age 1.2.

(Chi Square(4) test) P value 0.2)

Note: Survivals based on rack and commercial contribution
estimates. Seine catch estimates of immature chinook salmon are
severely biased downwards.

Table 3. Comparative marine survival of chinook salmon fed
various diets at Deer Mountain Hatchery (1984 brood).

Diet Size (qg) Rack Recoveries Comments
ADP 27.8 30 Analysis limited to return of
OMP 26.6 8 Age 1.0 to rack.
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ROY MARTIN: I am surprised that the 1982 brood showed no signi-
ficant difference in marine survival (2.4% survival for fish fed
Alaska Diet Pellets versus 0.7% survival for fish fed Oregon
Moist Pellets). The number of returning fish seems very small.
Was the number of fish recovered small?

HAL GEIGER: Yes. We examined just a few tags to do the statis-
tical test and expanded the numbers. Essentially, our data are
from a couple of seine catches; one set caught a lot of brood
tags and another set that missed them.

KEN LEON: Fish from some tagged broods seem to show up together
in the same school with which they were released. It would be
interesting for someone to get some hard data on it and publish

it.

JOE ORSI: Was there any difference in the size of the rack
recovery fish in the three groups?

KEN LEON: I looked at that wondering whether fish fed the Alaska
Dry Pellets were reaching legal size earlier, which would explain
why they were entering the fishery. Our data indicate no differ-
ence in size.

ALEX WERTHEIMER: The distribution of the number of fish was very
similar at the rack and much more variable in the fishery:; I
assume they are expanded numbers. The variation around those
expanded numbers is probably quite large and may just be reflec-
tive of the variation in sampling, which is one of the reasons
why we do the test on observed tags rather than expanded numbers.
Do you have a listing of the observed tags?

KEN LEON: Yes, that is correct. The variation may be an arti-
fact of the sampling. We will have to wait until this year and

look at it.

ROY MARTIN: Your using the 1983 brood as replicates was a good
idea; that will allow you to look at return rates.

HAL GEIGER: You mentioned that the diet was evolving. When did
it stabilize or are you still fine tuning it? 1Is the diet the
same for each fish group?

KEN LEON: The diet is the same within each fish group. With the
exception of the Deer Mountain study, the data are based on the
lower level of vitamins, which was the major change in the diets
over the years. The base is still salmon meal and marine fish
oil. For about the past 2 years, the formulation has been
stable.

HAL GEIGER: Are there any more changes to be made in the diet?
KEN LEON: It is a living formulation. Any time we get better

information, we will make a change, but we have not seen any all
the data because the returns are incomplete.
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NORTHERN B.C. CHINOOK ENHANCEMENT
OVERVIEW OF SPECIES REQUIREMENTS

Bruce G. Shepherd

Department of Fisheries and Oceans
Salmon Enhancement Program
1090 West Pender Street
Vancouver, British Columbia
CANADA V6E 2P1

Before addressing enhancement activities in B.C., I'd 1like
to review what are field work has been telling us about this
species' ecological needs. At the 1977 Northeast Pacific Chinook
and Coho Workshop held in Vancouver (Shepherd and Ginetz, 1978),
there were indications that B.C. chinook might be gquite a
different beast compared to the Alaskan one. Since then, we have
looked at about 50 systems throughout B.C. that support chinook,
and that we thought might be amenable to enhancement (about 10 of
those systems are in the North Coast region). The results of
these studies, which were summarized in Shepherd et al. (1986),
tend to confirm this earlier perception. Some of the apparent
differences are:

(1) B.C. chinook normally spawn in the mainstems of large
rivers and at lake outlets. It would appear that, as one moves
north into Transboundary (e.g., Stikine) and Alaskan systems,
chinook are more often found in smaller tributary streams, not
necessarily lake-headed. This sort of behavior I would ascribe
more to coho than chinook in B.C.

(2) Although scale readings indicated that B.C. chinook are
predominantly 5., other age groups such as 4,, 45, and 5, are
represented fairly strongly. Vancouver Island ghinook stocks
seem to be almost exclusively 0+. Conversely, 2+ fish never made
up more than 5% of the total sample in any area in B.C. This
0+/1+ dominance in B.C. contrasts strongly with the 1+/2+
dominance pattern in Alaska. At first, we speculated that this
could be a result of differences in interpreting scale patterns.
Bill Heard and I arranged a scale trade around 1980. The
outcome, as I recall, was a fairly good agreement between 0+ and
1+ readings both ways, but our people mis-identified the Alaska
2+ pattern. Despite now being armed with knowledge of that
pattern, our scale readers continue to find very few 2+ fish in
northern B.C. systems (there may be more 2+ fish found in
Transboundary and Yukon streams, but those scales are read at the
Whitehorse regional office). It would appear that the northerly
shift to a longer freshwater rearing life history is real, one
aspect of which just happens to coincide with the international
boundary.

(3) Scale readings from northern and upriver B.C. chinook
stocks that were sampled for two or more years have shown
dramatic shifts between 0+, 1+ and 2+ proportions. Take for
example the Morice River, a major tributary of the Upper Skeena:
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Sampling Yr 0+ 1+ 2+

1978 53% 47% 0%
1979 24% 75% 0%
1980 4% 95% 1%

I believe that these shifts have to do with our chinook
being opportunists when it comes to freshwater rearing.
Juveniles may hold in good rearing areas, then move on if that
area becomes unsuitable physically due to changes in flow,
temperature, competition or other factors. In several of the
upriver systems studied, juveniles have shown a classic 0+
'smolt' outmigration, complete with silvered fish:; yet adult
scales were found to be dominantly 1+. Again, juveniles may
actively move out of upriver areas only to settle out in good
rearing areas downstream. This behavior obviously raises a lot
of questions and problems regarding enhancement release
strategies for upriver stocks. We are attempting to get some of
these answers through the use of our so-called 'Experimental'’
facilities sited on Upper Fraser tributaries.

(4) The physical habitat preferences of B.C. chinook were
quite similar to the preferences demonstrated for southern U.S.
stocks by Bovee (1978). Results from such diverse sources as
minnow traps and pilot hatchery operations indicate that even
Skeena chinook stocks have a strong low-temperature activity and
feeding threshold. At temperatures lower than 5.5°C, we are
wasting our time using minnow traps, and we have real problems
getting hatchery fry started feeding. This I contrast with
various Alaskan anecdotes of setting minnow traps through the ice
and getting large catches of chinook. It seems that even basic
behavior is changing as we move north across the border.

What this tells me is that what works even for our northern
stocks such as Kitimat and Skeena may not necessarily work for
your more northerly stocks. Oon the bright side, there are
indications that some behaviors are not as obligatory as some may
think -- you may be able to do things differently from Nature and
still be successful.

Overview of Enhancement Efforts

Definition of Northern Stocks

In this paper, I define northern B.C. as all rivers emptying
into the Pacific north of Vancouver Island. Upper Fraser chinook
stocks might well be considered northern stocks (Kitimat is at
the same 1latitude as Prince George), and certainly are
anticipated to generate useful data for northern enhancement
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purposes. Ted Perry will cover work on these stocks in his
paper. Data from Transboundary streams have yet to be collated
for enhancement purposes by us.

Ephancement to Date

Compared to other regions of the province, there has been
relatively little enhancement of northern chinook stocks (Table
1). Although the number of northern facilities dealing
with chinook would indicate a more even distribution of effort
between the three major areas (13 of 39 facilities total in the
North, South and Fraser areas), the numbers of chinook produced
in the North for 1985 was less than 11% of the B.C. total. This
is due to concentration on enhancement of net species in the
North during Phase I of SEP, to fewer known opportunities in the
North, and to the high Alaskan interception rate. Even if all
existing facilities were filled to design capacity, projected
adult production (57K adults) and catch (31K pieces) for the
North would still amount to less than 10% of the B.C. total. 1In
addition, 60-80% of the current northern production will come
from just two federal facilities, Kitimat and Snootli. However,
juvenile release numbers are increasing rapidly; 1987 releases
were 157% of the 1985 release numbers (Table 2). This level of
release may in fact be slightly higher than would have been
predicted using original design capacities. This primarily is a
result of species substitutions. For instance, chum space at the
Kitimat Hatchery is being temporarily used for chinook, as chum
target levels could not be achieved due to low escapements.

Regardless of how many fish are produced from the various
types of facilities, there are a number of interesting things
going on at all the facilities (Table 3). There are several
satellite operations and three minor transplants underway; the
most interesting of these is the transfer of Quinsam (eastern
Vancouver Island) stock to Pallant Creek (eastern QCI), started
in 1986. The Kitimat Hatchery is of particular technological
interest due to its use of heated effluent water from a pulp
mill. This adds a lot of flexibility; witness the 8-10g 0+ fry
being released in early May (Table 3). Studies at the moment are
focusing on release time-and-size experiments. Fish are being
released at both 0+ and 1+ ages, at sizes ranging from less than
2g to over 70g, and at various times from April through
September. Normally, though, we target for a 5g 0+ spring
release in contrast to the 16g 1+ spring-release approach used in
Alaska. All 1+ and most of the larger 0+ release groups have
CWT's on to assess fishery contributions and survivals.

Tag results are really only just starting to come in.
Alaska no doubt is pleased to know that enhanced northern B.C.
chinook still can be caught in their waters. Our most complete
data from Kitimat, where we ran a pilot using 7°C well water for
a number of years prior to construction of the current facility
(Table 4). Around a quarter of all recoveries came from the
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Alaskan catch. Release-to-adult survivals have averaged 1.2%,
which is the current biostandard for a North Coast 5g smolt
release:

Release Release Release~Adult Survivals

Stage Size Time Current Long-Term
unfed fry 0.5g Spring 0.2% 0.2%
fed fry 5.0g Spring 0.75% 1.0%
fingerling <5-8g Fall 1.0% 1.5%

8-12q Fall 1.5% 1.5%
>15g Fall 2.0% 1.0-1.5%
0+ smolt >5g Spring 1.1-1.2% 2.25-3.0%
1+ smolt 15-20g Spring 2.0% 4.0%
30g Spring 2.6% 3.0-4.0%

Snootli chinook contribute to the Alaskan catch in a similar
fashion to Kitimat, but survivals to date have been around half
of Kitimat's, despite being only 160 km south. This could be due
to regional differences in survivals,but more probably is due to
the smaller release size of the Snootli fish (3g vs 5g). Current
biostandards, which are short-~term floating numbers that change
as new data becomes available, are in general lower than the
long-term biostandards used in the development of SEP. The
reasons for this are not really known, but are thought to have to
do with changing ocean conditions -- we certainly hope the
pendulum will swing our way soon! Even incomplete tag results
from the new Kitimat facility have shown some interesting things.
As the hatchery is located right at the mouth of the Kitimat
River, it was feared that chinook juveniles released into
upstream donor tributaries would divert into the hatchery as
returning adults. For the 1983-85 recovery years, 75-96% of the
marked fish were recovered near their juvenile release areas, and
many of the remainder could have been captured in transit in the
lower river areas. In this case, short-term imprinting to the
release sites seems to be working.

Future Enhancement

The future course of SEP is at present uncertain. Much of
what happens with chinook will depend on results -- especially on
survivals -- that are not yet in. To date, reconnaissance for
new chinook facility sites in the north has been largely a search
for naturally or artificially warm water, such that we can
achieve a 0+ 5g spring fry release. Such sites are rare and we
are going to have to either adopt a 1+ release strategy, or find
ways to economically heat water -- heat pumps, for example. For
at least the next few years, it seems that there will be very
little in the way of new major facilities being built for any
species, although some existing facilities will be expanded
(Snootli-Atnarko and Pallant in particular). Instead, emphasis
is likely to be on projects not requiring an ongoing commitment
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to operating funds, such as stream improvements and unmanned
spawning channels. How well these techniques will work for
chinook remains to be seen. There are a number of reasons why
hatcheries are not popular, aside from government restraint
measures. However, the real dilemma for hatcheries is that their
major advantages are weakened when we try to use them directly
for purposes of proportional rehabilitation of stocks. What we
seem to end up doing is trying to make wild fish in a hatchery
environment. Costs go up, efficiency goes down, and we still
remain open to charges of genetic tampering, fishery impacts on
wild stocks, and so on.

One avenue that could get us around most of these problems
is what I call the New Fishery Development Project. It consists
of (1) finding a physically outstanding but currently barren
water supply, that enters a terminal ocean area suitable but not
now used for fishing:; (2) choosing a high-value species (such as
chinook) and a stock amenable to transplant; (3) ‘'going for
broke' with enhancement, the name of the game being to boost
hatchery returns back to the terminal area as rapidly as
possible; (4) closing a 1large geographic area to fishing, to
allow wild stocks to recover naturally; and (5) allowing the
displaced fishermen to fish this new terminal area. The reason I
mention this approach here is that I think the North Coast has
the best potential for such a development, quite possibly using
chinook. We are currently researching about a dozen northern
hanging-lake sites that offer tremendous physical potential.
Also, our northern management group is quite supportive of major
enhancement projects in the area.

Without Alaskan catch ceilings, this concept may not work
for chinook. Given the progress made in the International Treaty
negotiations, I'm hopeful we'll be able to try at least one pilot
using this concept within the next decade. Also in the longer
term, and also highly dependent on the Treaty negotiations, is
enhancement of Transboundary systems. I suspect that Alaska
knows far more than we do about these systems. The little we do
know indicates that there are some tremendous opportunities for
chinook enhancement waiting for us there.
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Table 1. Regional chinoock production from existing SEP facilities in 1985.

From 1985 Releases Production at

No. of Juveniles Expected Expected Design Capacityb

Region Facilities Released Adults Catch Adults Catch
Yukon 1 149K 449 17 756 29
ocI 12 - - - 2218 834
Nass 1 40K 70 21 288 85
Skeera 5 376K 3035 1260 10770 4467
Kitimat 1 1976K 23714 13873 25920 15163
Central Coast 1 1059K 5573 3079 10500 5801
Rivers/Smith 2 48K 431 238 6113 4175

Inlets

NORTH COAST 12 3648K 33272 18489 56565 30554
(32%) (11%) (7%) (6%) (7%) (7%)
BC TOTAL 38 47702K 486515 292428 775786 466018

@No Pallant transplant until 1986.
Adjusted to reflect higher actual egg-release survivals than
originally projected.

Table 2. Northern juvenile chinook releases in 1987, broken
out by project type.

No. of No. of No. of
Type of Project Projects Stocks Juveniles
# % # % # %
Community Development 7 54 13 48 1485K 26
Public Involvement 2 15 3 11 95K 2
Federal Facilities 4 31 11 41 4155K 72
TOTAL FOR NORTH 13 100 27 100 5735K 100
(17%)
TOTAL BC RELEASES 34700K
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Table 3. Current chinook enhancement activities in northern B.C. (as of February, 1987).

Location
and Time
Type of Brood Juveniles of a Study
Facility Stock Yr Released  Release Details of Release Comments
1. COMMUNITY DEVELOPMENT PROJECTS:
Masset Yakoun 85 62K Jun 0+ fed fry Actual
{QCI) HY 9K S 1+ smolts (25g+) Actual
86 80K S 0+ 4g fry Projected
60K ? 1+ 50g smolts (140K eqgs taken)
Oweekeno HY Wannock 86 100K S 0+ 49 in freshwater Projected
100K S 0+ 79 in seapens Projected
140K S 0+ 2g satellite Snootli HY transfer
45K (see Shotbolt PIP) eggs ta PIP
Kincolith Kincolith 85 122X Jun 0+ 1-2g fry
17K Sep 0+ 6g fry
5K Apr 1+ smolts
86 60K S 0+ fed fry Projected
25K S 1+ smolts Projected
Kispiox HY Kispiox 86 100K S 0+ 5¢ fry Projected
100K F 0+ 15g juv Projected
Shegunia 86 10K [ 0+ 5g fry Projected
Fort Babine HY Babine 85 40K S 1+ smolts Actual
86 115K S 1+ 129 swolts Projected
Toboggan HY Norice 85 35K May 1+ 15g smolts Transplant
Bulkley 85 20K Apr 1+ 15g smolts
Terrace HY Kitsumkalum 86 130K S 0+ 5g fry
Copper 86 30K F 1+ 40g smolts
Cedar 86 30K F 1+ 40g smolts
Erlandsen 85 20K S 1+ 70g + smolts
86 20K S 1+ 50g smolts
Coldwater 86 10K S 0+ S5q fry
II. PUBLIC INVOLVEMENT PROJECTS:
Shotbolt Kilbella 86 45K S 0+ 3g fry
Bay HY Wannock 86 30K S 0+ 3g fry
Kloiya HY Kloiya 86 20K S 0+ 3g fry
I1I. FEDERAL FACILITIES:
Snootli HY U. Atnarko 86 400K S 0+ 3g spot/acclimated releases
L. Atnarko 86 550K S 0+ 3g spot/acclimated releases -
Wannock 86 140K S 0+ 2g return to Wannock
Salloomt 86 40K S 0+ 59 (plus Atnarko transplant)
Kitimat pHy U. Kitimat 86 175K S 0+ 10g fry Heated water
L. Kitimat 86 1975K S 0+ 10g fry Heated water
Dala 86 5K S 0+ 8g fry Heated water
Kildala 86 300K S 0+ 8g fry Heated water
Hirsch 86 230K S 0+ 10g fry Heated water
Pallant HY Quinsam 86 45K S 0+ 5g fry Transplant
Whitehorse HY Yukon 86 295K S 0+ 2g fry Mitigation

% . Spring; F = Fall; three-letter code for month.
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Table 4. Kitimat chinook recoveries (expanded).

Percent
Brood No. of Date Canadian Alaskan Juv=-Adult
Year Juvs (Size) Catch Catch Esc Total Survival
1977 75K late May 422 183 13 619 0.9
(59)
1978 152K late May 473 0 23 497 0.7
(59)
1979 39K mid-May 238 143 189 571 1.6
(59)
1980 61K early May 661 162 143 954 1.6
(5-69)
1981 159K mid-May/ 296 307 185 760 1.1
early Jun
(4-69)
(OVERALL % OF TOTAL) (61%) (23%) (16%) (100%)

PAUL KISSNER: The change in the Morice River age classes is
interesting. We think that is what may be occurring in the Situk
River: in warm years, more fish become age .0 because they
emerge earlier and can grow to smolt size in spring, and in cold
winters and springs, those fish may have to hold over to age .1
because they cannot physically osmoregulate during their first
year. That might be what happens in the Morice River.

BRUCE SHEPHERD: It could be. I think that, in terms of the
Morice River, water level has much more to do with it. In the
Morice River, the chinook salmon are closely associated with the
shore, flooded bush margins and log Jjams. As the water level
drops, they pop out and move on down to other habitat. We have
seen this happen in other upriver systems also.

PAUL KISSNER: That is also found in the transboundary Taku and
Stikine rivers. There is a general tendency year round for those
fish to be moving out of headwater laterals into the main stem.
They are not migrating out of the system and, instead, are going
to the main stem area, probably as a result of competition among
themselves and with coho salmon.

JIM RAYMOND: How does the size of wild smolts compare with that
of hatchery smolts?
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BRUCE SHEPHERD: Hatchery 0+ releases normally are similar in
size to natural age 1+ smolts which are about 5 g or larger.

ROY MARTIN: Are any fry released unfed?

TED PERRY: No.

DON AMEND: Could you be a little more specific about what you
mean by spring and fall releases? What months were you looking
at?

BRUCE SHEPHERD: We release around the time of natural peak smolt
migrations, which is about May 1.

DON AMEND: And in the fall?

TED PERRY: In the upper Fraser River, as the temperature drops,
October is used as a target date.

KEITH JOHNSON: Would you give an overall view of how allocation
between gear types (i.e., trollers versus gill-netters) in north-
ern British Columbia is affecting your decision on enhancement

programs?

TED PERRY: I would say very little effect. Certainly no chinook
projects have been contested because of gear allocation
questions; allocation between countries is a more important
factor. We do not get any squabbles in the terminal areas
between the trollers and seiners.

BILL HEARD: You mentioned the transplant of the Quinsam stock to
Queen Charlotte. What is your strategy there in terms of meeting
the fish size target of 5 g?

BRUCE SHEPHERD: The temperature there is relatively warm because
the water comes directly off from a lake. We are trying moist
incubators to give a boost in early incubation.

STEVE IGNELL: There seems to be a general decline in ocean
survival of hatchery released fish throughout all of British
Columbia. This has been a concern of the Chinook Salmon
Technical Committee. Can you comment on this?

BRUCE SHEPHERD: We are somewhat puzzled ourselves, but our
suspicion is that because of its widespread nature, it is
something larger than the hatchery per se. The limited
information on the survival of wild stocks does not allow for
survival comparisons with hatchery fish. The wild stock tagging
programs that we did back in the mid-1970's were quite unsuccess-
ful in terms of returns, and part of that, I think, had to do
with holding them back in the upper river areas to get them up to
a taggable size. There are some recent indications from sockeye
salmon returns that the problem is coast wide. We do not think
the problem stems from, for instance, the new garden concept
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where the hatchery age for their survival goes down. We have
found that hatches of various ages had similar returns all in the

same year.

STEVE IGNELL: On the exploitation of northern British Columbia
hatchery fish: are most of the fish caught in the troll fishery
immature fish or mature fish returning to spawn?

BRUCE SHEPHERD: I do not know.

PAUL KISSNER: What has your experience been like with terminal
and near-terminal troll fisheries for chinook salmon? That
situation is just beginning in southeastern Alaska. For example,
a surplus of fish returning to the hatchery are being caught by
gill nets.

BRUCE SHEPHERD: They use a mix which seems to be working.

TED PERRY: At Robertson Creek, 100,000-150,000 fish return, and
few are taken in the troll fishery less than 100 miles from the
return site. The troll fishery does not do very well. However,
the sport fishery does quite well: out of the total run, they
can catch 20,000-25,000.

PAUL KISSNER: So they end up doing a mop-up fishery at most.

BRUCE BACHEN: Do you have a standard or preference of type of
feed that you use?

BRUCE SHEPHERD: Yes, basically Oregon Moist Pellets.
QUESTION: What is your standard rearing density?

BRUCE SHEPHERD: That varies with the ration level, the size of
the fish, and the temperature. We have a metabolic model which
uses a short-fall oxygen %alculation. Standard rearing densities
range from 10 to 20 kg/m”, and water flows normally range from
about 0.7 to 1.2 kg per liter per minute.

KEN LEON: In your Info Memos, it was noted a few years ago that
different diets such as the Vancouver lab formula were giving
better returns. 1Is that correct?

3

TED PERRY: It is inconclusive. We have found that the dry diets
work well for starting chinook salmon at warmer water tempera-
tures. A lot of our hatcheries started feeding at <6°C; in this
case, the Oregon Moist Pellets are by far the better diet.

KEN LEON: In that case, we start our fish out with Oregon Moist
Pellets. I have heard that the fish initially lag in growth on
dry diet, but as temperature increases they catch up.

ALEX WERTHEIMER: Referring to your survival table, are those
current projections or actual percentages?
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BRUCE SHEPHERD: Those are the long terms adjusted to reflect the
best data available. Most recent returns have been plugged into
that and adjusted.

ALEX WERTHEIMER: Your fall release of age .0 fish looks good; in
southeastern Alaska, age .0 fish have not done well.

BRUCE SHEPHERD: Some of those adjustments are based on very
scanty data.

TED PERRY: Everything was adjusted proportionately. There were
no data available for the fall releases so they were estimated.
When survival of spring-released fish changed, estimates for
survival of fall-released fish were adjusted by a similar ratio.

ALEX WERTHEIMER: What is your release strategy? Do the fish go
directly into estuaries or are they being released into rivers?

BRUCE SHEPHERD: The majority of our releases are back into
rivers, partially in hope that hatchery=-origin returns will
augment the natural spawning populations. Some of our coastal
hatchery systems are quite short; only a few miles. The rivers
are primarily an exit and imprinting corridor.

AGE O VERSUS AGE 1 SMOLT STRATEGIES
FOR UPPER FRASER RIVER CHINOOK ENHANCEMENT

Ted Perry

Department of Fisheries and Oceans
Salmonid Enhancement Program
1090 West Pender Street
Vancouver, British Columbia
V6E 2P1 CANADA

Chinook enhancement efforts for upper Fraser stocks started
growing from the very small pilot hatchery scale with the opening
of Quesnel Hatchery in 1981 (Fig. 1). Four experimental
hatcheries on the Eagle, Shuswap, Clearwater and Nicola Rivers
have since been constructed. 1In addition to these five moderate
sized facilities (2-4,000,000 egg capacity including coho and
chinook) there are three small chinook enhancement projects at
Fort St. James, Penny and Kingfisher Creek.

our concern is that these projects will fail to produce
chinook in significant numbers. Primary among the reasons for
this concern is that plans for enhancement of upper Fraser
chinook, including the Thompson system, were developed based on
release of pre-migrant fish. It was perceived that fry abundance
was inadequate to fully utilize natural rearing capacity with the
result that smolt and adult production were below optimum and
that enhancement would repair this by release of pre-migrant fish
that would 'fit' into the natural system. But hatchery fish may
not 'fit' as well as we hope.
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Behavior of upper Fraser chinook is complex. They leave
freshwater as 0+, 1+ or 2+ smolts (Table 1). Further, the
proportion of adults of a single stock returning with these life
history patterns may be consistent or inconsistent between return
years as demonstrated by data for Slim and Quesnel chinook
respectively (Table 2). To further complicate the picture, there
is strong evidence that chinook juveniles do not migrate directly
from their incubation and initial rearing areas to the sea.
Rather, they shunt their way downstream utilizing rearing habitat
enroute.

Hatchery juveniles will either rear and migrate along with
wild juveniles or they will demonstrate a different rearing and
migration behavior. If they behave similar to wild fish, rearing
limitations may be exceeded, if not in the initial stocking area,
then in one of the key rearing stations towards the sea. We know
little about rearing capacity in the stocking areas; we know even
less about the subsequent movements and constraints of chinook.
If hatchery fish do not behave like wild fish but rather exhibit
unique rearing and migrational habits, they may not survive
(assuming wild chinook life history patterns have evolved in
accordance with the principles of natural selection). 1In either
case, hatchery releases may initially appear to have achieved
their goal: supplementation of wild juvenile populations to
fully utilize visible habitat; or utilization of habitat not used
by wild juveniles. In either case, despite initial impressions,
survival of hatchery fish may be poor.

The approach taken to upper Fraser chinook enhancement
acknowledges these uncertainties. In particular, the four
experimental hatcheries were designed and sized to produce groups
of fish adequate for coded-wire tag studies comparing different
rearing and release strategies (Table 3). The major types were
to include:

- gross time and size at release, e.g., 0+ and 1+ releases,

- detailed time and size at release, e.g., releases every
two weeks over a two month period during the first or
second spring,

- pre-smolt planting locations and densities to maximize use
of available habitat, and

- release methods to ensure imprinting of stocks transported
to other rivers (all the larger upper Fraser hatcheries
produce two or more chinook stocks).

We have done some of these studies each year since 1983.
The release timing and imprinting/homing studies require large-
scale tagging and recovery efforts. The rearing optimization
studies require in-stream juvenile assessment studies in addition
to the tagging and adult recovery programs. Releases made from
the five hatcheries in 1986 demonstrate the type of studies in
progress and the emphasis we have placed on assessment (Table 4).
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Of 3,878,000 chinook released, 2,067,000 were tagged. In-stream
rearing studies done in 1985-86 on a few selected stocks included
year-round monitoring of fish populations in stocked streams and
migration of both hatchery and wild juveniles out of the streams.
There was also considerable effort to track chinook salmon
throughout the Thompson system coupled with a seining recovery
program in the lower Fraser. Reports on this work should be
available this year.

It is too early to judge the performance of chinook
juveniles released from the five upper Fraser hatcheries.
However, catch of fish released from Quesnel to various
tributaries in 1983 has been extremely low to date. This
probably reflects a combination of fishery regulations and low
survival. We projected a survival rate of 0.75% for fish
released at less than 5 g that were expected to overwinter in
freshwater before going to sea, and a rate of 2.25% for 5 g fish
that migrated directly to sea. It appears the 0.75% survival
estimate may be overly optimistic even if the population exhibits
a mixed migratory pattern which seems to be the case for Quesnel
releases.

Although adult return data for upper Fraser chinook are not
yet available, we have some indication of hatchery chinook post-
release behavior from the in-stream studies. Work in 1985 and
1986 demonstrated that most hatchery-released chinook leave their
homestream within several weeks and that many reach the lower
Fraser within two months (G. Stewart, G. Rosberg, pers. comm.).
Larger fish (>4 g) show a higher tendency to migrate quickly
after release. Recoveries of tagged fish in the lower Fraser
(below Hope) indicate hatchery chinook that migrate as 0+ smolts
arrive in the lower river considerably later (two to eight weeks)
that the majority of wild chinook smolts (primarily 1+). Five
recaptures of hatchery yearlings released into upper Fraser
streams the previous spring or summer were earlier than or near
the peak chinook migratory period. Hatchery chinook recovered in
the lower river as 0+ smolts were similar in length to wild 1+
smolts. Yearling (1+) hatchery recoveries were usually
substantially larger than wild 1+ smolts. Considering both the
timing and size of hatchery fish compared to wild fish in the
lower river suggests that juveniles expected to migrate as 0+
smolts should be released earlier but at a similar size to
current practice, and that juveniles expected to overwinter and
migrate as 1+ smolts should be released at a smaller size, if we
want to mimic wild smolts. Return rates to the fisheries and
escapement combined with release data and the in-stream juvenile
sampling data should provide insight into whether or not hatchery
chinook production will be maximized by matching wild fish
characteristics.

We are producing experimental groups of 1+ smolts at the
Eagle and Spius hatcheries to determine whether or not this
strategy is economically advantageous compared to release of 0+
juveniles. Our experience with yearling chinook smolts from
coastal stocks which typically migrate as 0+ smolts has been
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inconsistent (Table 5). Data are available comparing survival of
0+ and 1+ releases for Birkenhead chinook. The life history of
this stock is similar to upper Fraser stocks. Large yearling
smolts survived at a higher rate than sub-yearlings in one brood
year and at a lower rate in another brood year. Survival was
unacceptably low in both cases (Table 5). The Birkenhead
yearlings were large (39-45 g); our target size at Eagle and
Spius hatcheries is 10-20 g.

In summary, we do not have clear direction on optimal
hatchery production strategies for upper Fraser chinook salmon,
but we are investing heavily in assessing available alternatives.
We must at the same time cope with change: there is pressure to
convert from an experimental to a production mode of hatchery
production regardless of the high risk associated with this
approach; and, many stocks that were in need of enhancement five
years ago have rebounded largely because of reduced fishery
harvest leading biologists responsible for wild stock management
to question the continued need for enhancement. Regardless of
these changes, we are optimistic that we will 1learn how to
produce chinook salmon in the upper Fraser and that enhancement
will be an integral component for management of these stocks.
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Table 1.--Fraser River chinook juvenile migration history based
on adult scale reading.

No. No. Percent Migrating As
Samples Stocks o+ 1+ 2+
Upper Fraser 1,559 15 18.8 81.2 0.1
North Thompson 1,134 3 2.9 96.6 0.5
South Thompson 1,150 4 33.5 66.5 -

Table 2. Age composition of chinook salmon returning to Slim and
Quesnel Rivers - major age classes only.

Percent Returning at Age

Year 41 51 42 52 Total
Slim Creek 1980 8.1 0.9 16.4 74.5 100.0
1981 1.2 0 22.1 75.5 98.8
Quesnel River 1979 69.8 11.1 4.8 4.8 90.5
1980 3.8 1.8 10.6 66.9 83.1
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Table 3. Summary of production requirements for experimental chinook and coho hatchery studies
in the Thompson River system.

No. of Nos. kg kg / Module
Module Species Size Eggs Released Released Minimum Preferred
Gross CN 2-10g+ 500K 310K 1500+ 1500 3000¢
Time and Size
CO 2-10g+ 320K 200K 825 825 3150b
Dgtqiled CN 5g 200K 125K 625 625 1350°€
Timing 10g+ 250K 125K 1250+ 1250 2500°
(8{0) 10g+ 180K 125K 1250+ 1250 2500°€
Maximum CN 29 600K 400K 800 800 800
Rearing 5g 500K 320K 1600 0 1600
CO 29 600K 400K 800 800 800
5g 480K 300K 1500 1500 1500
10g 440K 300K 3000 0 3000
Imprinting CN 2g 450K 300K 600 0 600
Strategies 5g 320K 200K 1000 1000 1000
CO 29 450K 300K 600 0 600
5g+ 360K 225K 1125 1125 1125
l10g+ 200K 100K 1000 0 1000
Total CN 2820K 1780K 5175 10850
CcO 3090K 2000K 5425 12525
Grand Total 5910K 3780K 10600 23375

aTwo stocks/area.

Two stocks/area, plus 10g in first fall (750 kg/stock).
CTag lots doubled in size.
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Table 4.

Chinook releases

from the five major Upper Fraser hatcheries in 1986.

No. Beleageg

Hatchery Stocks Total Marked Studies

Clearwater 3 755,000 369,000 0+ releases in Apr, May, Jun
and Jul at progressively
larger body size.

Eagle 2 715,000 349,000 0+ releases in May and Oct;
1+ release in Mar.

Shuswap 2 252,000 166,000 0+ releases in Apr and May at
increasing body size.

Spius 1 389,000 221,000 0+ releases with and without
terminal rearing (imprinting);
0+ releases in Apr and Sep (to
be followed by 1+ release in
1987).

Quesnel 8 1,767,000 962,000 0+ releases in Apr, May and
Oct.

TOTAL 3,878,000 2,067,000
a - a o P - -~
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Table 5. Summary of B.C. studies comparing post-release survival of 0+ and 1+ chinook smolts.

Brood Release Release Survival
Year Date Size (9g) Percent
Coastal Stock
Robertson 1972 May/73 5.7 1.8
Apr/74 90.8 2.5
1973 Jul/74 5.9-6.3 0.4-0.8
Ooct/74 35.7 0.1
May/75 41.3 0.5
Puntledge 1973 Jun/74 5.9 4.3
May/75 103.2 21.9
5 1976 Jun/77 5.0 4.9
© May/78 129.7 3.9
1977 Jun/78 5.1-6.3 0.7-1.1
May/79 96.6-98.7 0.8-2.3
1978 Jun/79 5.9 0.8
May/80 98.6 4.4
Interior Stock
Birkenhead 1979 Apr/80 3.6 0.05
Apr/81 39.3 0.01
+ 1980 Apr/81 3.1 0.03
Apr/82 44.7 0.05




ROY MARTIN: Was there a difference in returning adult age compo-
sition?

TED PERRY: VYes, the average age at maturity was substantially
lower for what we call super smolts.

TODD JONES: You have an interest in computer feeding programs
for coho. Does this extend also for chinook?

TED PERRY: The feeding programs that we're using are not species
specific.

ALEX WERTHEIMER: Your table compares size at maturity by brood
year. I feel it may be more appropriate to compare by release
year because that is when they enter the marine environment.
Your suggestion earlier of what happened at Robertson Creek and
the length of the B.C. coast was a between-year effect of marine
conditions. If you look at those returns by release year, it
appears there are definite differences between age zero smolts
and yearlings that disappear by brood year. Entering the marine
environment in different years could have a year effect.

TED PERRY: That's a good point.

K KOSKI: Earlier you mentioned habitat utilization in the upper
river. Do you have any estimates or predictions of what the
habitat carrying capacity should be for juveniles?

BRUCE SHEPHERD: We have a short-fall calculation based on 1 or 2
years of indexing fish, and there's an initial figure for the
production level that we are trying to achieve. I think the
approach should be to go out prior to stocking and have another
look to give our figures an annual fine tuning. This approach
presents the problem of what to do with the left-over fish.

QUESTION: I just wanted to comment that it's much preferable to
site facilities on estuaries than it is up river. This intro-
duces another whole set of variables and people who have their
own interests in that river and continually gets more
complicated.

JIM RAYMOND: Did you have several groups of tagged fish
recovered down river? ,

TED PERRY: Yes.

JIM RAYMOND: Did you have differences in survival of tagged
fish?

TED PERRY: Yes. There were 250 recoveries and between 50 to 100
tag codes represented with a variable number of tags recovered
per group. The recovery rate along the lower Fraser River was
about the same for many groups; about 1 fish per 10,000 smolts
released.
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DAVE WAITE: In the lower Fraser River: how much of that area is
tidal influenced and are some of the lakes tidal influenced?
Also, do you have wild populations of chinocok in those tidal
influenced lakes?

TED PERRY: The official tidal boundaries are at Mission, which
is one of the sampling areas in the lower Fraser. One lake in
particular is very much tidal influenced and there is a chinoock
run.

BILL HEARD: You indicated that the exploitation is low on the
upper Fraser River fish. I'm assuming that's indicative of the
ocean migration and fishery pattern not coinciding. 1Is the ocean
distribution and fishery pattern of age zero smolts similar to
that of the wild smolts?

TED PERRY: We do not have sufficient recovery data on age zero
releases to determine that. Also, we do not have a good wild
smolt database to compare. As Bruce Shepherd said earlier, a
good portion of our wild chinook tagging program was a complete
failure. Fishery recovery was low; most of it was at spawning
grounds with total recovery very low.

BILL HEARD: ©Paul Kissner's experience on the upper Taku River
paralleled yours.

PAUL KISSNER: In southeastern Alaska, we have been coded-wire
tagging southern and more coastal stocks and they have done quite
well. Fishery tag recoveries have been good. Better spawning
ground recoveries would be made if they could get the migration
patterns of upper Taku and Stikine stocks back through Southeast-
ern Alaska to spawning grounds.

OVERVIEW OF AGE 0 SMOLT PROGRAM AT DEER MOUNTAIN HATCHERY
Carol Denton

Alaska Department of Fish and Game
FRED Division
415 Main Street, #206, Ketchikan, Alaska

Deer Mountain Hatchery (DMH) chinook salmonl were used in an
age 0 smolt program from 1982 through 1986. The main objective
was to test the marine survival of age 0 smolts; however,
experiments were carried out during freshwater rearing of most
brood years (Table 1). One group of fry from the 1983 brood was
given a diet with added salt during the final 8 weeks of
freshwater rearing to encourage smoltification. The salt fed
group showed no significant advantage in seawater rearing

1 Unuk River stock, transplanted to Ketchikan Creek adjacent to
the hatchery.
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tolerance over a control group; however, growth during saltwater
rearing was slightly better in the salt-fed group (Denton 1986).
In a diet trial conducted with the 1984 brood, Oregon Moist
Pellet feed produced significantly larger fry than either Alaska
Dry Pellet or Rangen Soft Semi-Moist Feed (Denton, in prep). The
1985 and 1986 broods have each been reared at two different final
densities (0.5 and 1.0 lb/ft3) and released at various times,
from late June to early August (Denton and Holland 1986). Two
groups of smolts have been released from net pen sites remote
from the hatchery at Prince of Wales Island (Novak, 1986).

Incubation and Rearing Strateqy

An analytical look at the incubation and freshwater rearing
phases of the DMH program is needed to determine the likelihood
of success. The key to success is producing as large a smolt as
possible; our 5 to 6 g., late June released smolts are showing
very poor marine survival.

Our basic strategy has been (1) take eggs as early as
possible (10-15 August); (2) incubate at ambient temperature, but
chill incubation water to prevent temperatures in excess of 12°,
(3) rear at ambient temperature (December or January to mnmid-
June); (4) transport to saltwater net pens when osmocompetency in
ambient saltwater 22-26°/00 is demonstrated; (5) release from net
pens by 30 June or, experimentally, at a later date and larger
size.

I have used a modified growth rate formula to measure growth
efficiency (GE) in our cold rearing water:

Py Log WE
GE = TU n WB * 1000

Where TU is cumulative temperature units, WE is weight in
grams at the end of a rearing period, and WB is weight at the
beginning of a rearing period. I have used this formula to
compare brood years, or experimental groups reared under similar
conditions (Table 2).

Growth efficiency calculated for entire freshwater rearing
periods have been very similar for brood years 1984 through 1986,
and average 3.48.

Growth rates during the first 100 temperature units of
rearing were slightly less than 3.48 for the brood years compared
in Table 2. Growth efficiency, or growth rate per temperature
unit, was less for fry in 5.9°C water than for fry in 4.4°C
water, indicating a growth rate limit during early rearing.

The 1986 brood emerged from incubators earlier than any
previous groups, and began feeding in warmer water. Their
feeding response was superior to any previous groups and their
growth rate, even as the water temperature dropped, appeared to
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exceed the growth rate of any previous brood year. The data in
Table 2 indicate, however, that higher water temperature during
initial feeding is not correlated with more efficient subsequent
growth. Overall growth rates through 3.5 g for the 1986 groups
have been 3.42 for the 11-11 emerging group and 3.60 for the 12-
11 emerging group.

Because long term growth efficiency at DMH has been consis-
tent at approximately 3.5, it will be essential to our age 0
smolt program to accelerate incubation. We will be heating
incubation water to average 10°C. Addition of calcium chloride
to the incubation water to raise total hardness to 30-40 ppm will
help prevent white spot disease. Late November emergence will
provide rearing time (and projected TU's) for growth beyond 4.5 g
in a year of average, or warmer, water temperatures. The
hatchery should exercise the option to keep fry that do not
achieve an acceptable size, and release them as yearlings.

Smolting

Although our age 0 fry become osmocompetent in 22-26%
salinity at approximately 4.5 g, no fish tested have proven
osmocompetent in 30% salinity (<5 g fish).

Adult Recoveries

Marine survival of 0.3 percent is projected for the 1982
brood, based on returns through the 3 ocean age group. Projected
survival of 1983 brood is 0.2 percent, based on 2 ocean returns.
Age 0 released fish appear to keep a size advantage over yearling
released fish through 3 years total age (Table 3).
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Table 1. Age 0 smolt releases from Deer Mountain Hatchery

Brood Experimental Number Rel Rel
year group released WT(G) date
1982 Pilot Group 20,633 9.24 6/20/83
1983 Dietary Salt 139,383 6.53 6/29/84
Control 164,618 5.93 6/29/84
1984 OMP 167,600 5.61 6/28/85
ADP 29,800 4.78 6/28/85
Rangen 29,600 4.94 6/28/85
1985 Lo Dens/Early Rel 31,200 11.93 7/15/86
Lo Dens/Mid Rel 31,300 17.03 7/31/86
Lo Dens/Late Rel 34,000 23.67 8/07/86
Hi Dens/Early Rel 64,100 11.93 7/15/86
Hi Dens/Mid Rel 62,500 18.49 7/31/86
Hi Dens/Late Rel 61,200 24.97 8/07/86
Remote Rel/Thorne Bay 68,400 9.84 7/07/86
Remote Rel/Craig 71,400 9.73 7/07/86

Table 2. Growth Efficiency. Numbers in parenthesis are values
through 4/10/87.

FIRST 100TU' ALL FRESHWATER REARING
Date Avg. temp Avg. No. Total No.
Brood emerged first 5 D GE temp days GE TU's days

1984 12/23 3.6 3.1 3.0 45 3.5 650 173
1985 1/19 3.3 3.1 3.9 29 3.4 666 145
1986 11/11 7.6 1.8 5.9 21 (3.4) (640) (150)
1986 12/11 4.8 3.2 4.4 27 (3.6) (460) (119)
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Table 3. Length at return

2-year-olds 3-year-olds 4-year-olds
Males Males Males Females

Age Zero Releases

0.1 0.2 0.3
380 612 784 823

Yearling Releases

207 434 828 825
1.0 1.1 1.2

KEN LEON: Your growth efficiency equation concludes that you
lose efficiency by raising the temperature in early rearing.

CAROL DENTON: Right.

KEN LEON: But you can lose efficiency by raising temperature and
still be pushing those fish further.

CAROL DENTON: Definitely. Warmer water over any given period of
time will result in more growth, but the efficiency or growth per
- temperature unit will decrease. When heated, rearing water costs
money; you also need to consider the cost efficiency of gaining
that extra growth.

KEITH JOHNSON: Why did you use the 10°C maximum incubation
temperature?

CAROL DENTON: Ten degrees C has been shown to be a safe tempera-
ture. This year, 12°C was the average ambient temperature for
the accelerated group, and by using calcium chloride, we avoided
white spot disease. At temperatures abeve 10°C in a heated,
recirculating system, gas saturation can be a problem. We will
certainly use temperatures greater than 10°C if we can do it
safely.
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HOMER SPIT CHINOOK SALMON STOCKING PROJECT
Nick Dudiak, Bill Hauser and Larry Boyle

Alaska Department of Fish and Game
FRED Division
3298 Douglas Street
Homer, Alaska 99603

The major goal of this project is to increase sport fishing
opportunities in Kachemak Bay in proximity to the Homer Spit to
meet increasing demands; also to supplement the larger water-
craft chinook salmon fishery available at Halibut Cove Lagoon
with a small craft and shore-based fishery along the Homer Spit.

Due to the lack of an adequate freshwater imprinting source
on the Homer Spit, chinook salmon smolt were imprinted to
morpholine, an artificial imprinting chemical, for 30-40 days at
the Elmendorf Hatchery just prior to release off the spit. The
main reason for using chemical imprinting on these released smolt
was to allow for a more general targeted adult return site that
would not provide a potential congested snag fishery.

Since 1984, a total of 336,000 chinoock smolt have been im-
printed and released. In 1985, approximately 50% of the 152,000
smolt were held in pens in saltwater in the small inlet on the
spit and further chemically imprinted for 5 days. After all
releases, subsequent checks of the small inlet revealed that many
smolt continued to remain for over a month after release.

Approximately 350-400 precocious male chinook salmon,
"jacks", (1-3 pounds) returned to the small inlet on the Homer
spit in 1985 from the 1984 release of 80,000 smolt. In 1988,
another 300 age 0.2 ocean chinook (8-17 pounds) returned with an
estimated 1,000 "jacks" from the 1985 release of 152,000 smolt.
These preliminary return rates are encouraging for this direct
saltwater release project. The majority of the returns in both
1985 and 1986 occurred prior to the installation of the chemical
drip station in the saltwater inlet. This could infer that the
fish home in on whatever unique characteristics are present in
the inlet. There does not appear to be any source of freshwater
surface or subsurface flows in the vicinity of the inlet.

The recently developed chinook salmon fishery on the Homer
spit has shown encouraging preliminary results with the sport
harvest of over 1,300 kings during the first two years. 1In 1986
over 1,000 kings were caught providing recreational opportunities
as a family-oriented sport fishery with as many as 120 anglers
fishing the site during the peak hours at the middle of the
return. Tourists from many different states and foreign
countries participated in this shore-based fishery.
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Table 1.--Homer Spit chinook salmon project releases and returns,
1984-86.

Release Number Size Marked Release Adult Return

Date Released (g) (AD&CWT) Method? Number Age Year
6/12/84 80,000b 17.8 None Direct 400 0.1 1985
300 0.2 1986
6/11/85 79,700 18.8 None Direct
6/15/85 72,500 18.8 None Pen Reared
152,200 Subtotal 1,000 0.1 1986
6/10/86 52,300 13.8 10,700 Direct
6/15/86 51,600 13.8 10,700 Pen Reared

103,900 Subtotal

a8 aAll smolts were imprinted to morpholine at Elmendorf Hatchery
for 30~-40 days just prior to release.

b 104,400 smolt actually transported, however, mortality due to
mechanical problem with oxygen delivery system resulted in
lower estimated release.

JOE ORSI: What were the sizes of some of your 2-ocean fish?
They seem very large.

NICK DUDIAK: The largest was about 17 pounds.

JOE ORSI: Many of your 2-ocean fish appear to be well over legal
size limit (28 inches long).

NICK DUDIAK: Yes. In fact, one fisherman indicated that he had
caught a 22-pounder.

JOE ORSI: Ocean-type fish usually do not reach that size until
they are 3-ocean age.

BRUCE BACHEN: Was the morpholine drip station in operations when
the first fish returned to the lagoon?

NICK DUDIAK: The first fish returned not even hours before the
drip station was set up; therefore, we assume that the fish
returned prior to that. I did notice that the fish concentrated
right around the area of the drip station, which was left in
operation for about 3 weeks. The second year, due to the
mechanical problems of one pump, only one imprinting station was
in operation, and the fish primarily returned prior to any
morpholine effects. Apparently, there are other influences such
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as an old barge in the corner that may be leaking creosote or
something and may be overriding the morpholine. The question is
"Can we override it with morpholine?"

KEITH JOHNSON: In Puget Sound, imprinting in seawater has worked
well for several years.

NICK DUDIAK: Those areas have no fresh water lens effect?

KEITH JOHNSON: I cannot say that there is none, but no
tributaries are coming in.

NICK DUDIAK: In Halibut Cove Lagoon, there is a lens effect.

BILL HEARD: The fish appear to be very bright in color for
jacks. Are the maturing fish darkening, and what is the harvest

rate?

NICK DUDIAK: Definitely; the maturing fish are darkening. We
are seeing basically a 100% harvest because it is a combined
fishery--very efficient.

ALEX WERTHEIMER: Have any of these fish returned to the Halibut
Cove or vice versa?

NICK DUDIAK: No. We did however find one Halibut Cove 3-ocean
fish just outside the spit.

KEN LEON: To comment on the statement by Keith Johnson, there
have been fish released in Puget Sound which has substantial
freshwater river systems.

NICK DUDIAK: Artificial imprinting with freshwater releases is
not new. It has been done successfully in California and the
Great Lakes. Of course, it is all fresh water. This project is
the first, I believe, that uses artificial imprinting in salt
water.

JIM RAYMOND: There has been a lot of speculation on the homing
unit of salmon in marine waters. Some people are beginning to
think that salmon probably use everything available to them,
including light, temperature and, in particular, sound. How long
are the fish held in net pens?

NICK DUDIAK: About 5 to 7 days.
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EFFECTS OF REARING DENSITY AND SIZE AT SMOLT RELEASE
ON SIDE, AGE AND RATE OF ADULT CHINOOK SALMON RETURNS

Roy M. Martin

Northwest and Alaska Fisheries Center
Auke Bay Laboratory
National Marine Fisheries Service
P. 0. Box 210155
Auke Bay, Alaska, 99821

The 1977 and 1978 brood year chinook salmon (Oncorhynchus
tshawytscha) raised at the Little Port Walter (LPW) research
station on Baranof Island in southeastern Alaska were released as
two size classes of smolts~-small (9.7-12 g) or large (28.2-37
g)--to determine the effects of smolt size on adult production.
For _the 1978 brood, the effect of rearing density (6.6-24.3
kg/m3) on adult production also was measured.

Adult return rates were greater for the large smolts in both
brood years. Rearing density did not affect survival during the

culture period (1978 brood year only). However, density at
release did affect adult return rates, which declined with
increased density for both size classes of smolts. More smolts

were produced at the higher densities; therefore, the number of
adults produced per unit volume of rearing space actually
increased with density.

For the small size class, each adult cost $11.10-12.00, with
the }owest cost occurring at the second highest density (18.6
kg/m”). For the large size class, each adult cost $13.10-23.80,
with the %owest cost occurring at the highest density tested
(20.3 kg/m>).

The relationship between marine survival, number of adults
produced per cubic meter of rearing area, dollar cost per adult,
and rearing density 1is shown in Figure 1 for 1978 brood year
chinook salmon released at a mean weight of 10.0 or 30.4 g.
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30.4 g, respectively.
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ALEX WERTHEIMER: I just wanted to comment on the cost analysis.-

It's very sensitive to the rate of return and the 1978 brood was
ocne of our two lowest returns; it was less than half of the
return of the seven broods to date.

ROY MARTIN: That's a good point. The 1977 and 1978 broods had
the lowest marine survival. Unfortunately or maybe fortunately,
the 1977 and 1978 brood years had the lowest marine survival, and
one wonders whether this relationship will hold the same if
marine survival is high. I think that on a good year, the
smaller smolts might have a better chance of surviving, so a
higher survival may diminish the difference between the large and
small smolts. But to be conservative, you wouldn't want to go
too small on the size of smolts at release.

DON AMEND: With your cost analysis regulated the feed, but you
kept the small and large smolts for the same amount of time. So
your fixed cost in the small fish was carried for that 1long
period of time which would tend to increase your cost per small
smolt, whereas if you released them at that small size at a
different time frame, it would change your cost analysis because
you wouldn't have that fixed cost to go into that small fish.

ROY MARTIN: Right. There are many ways you can look at it.
This was just a simple way because we were trying to look at
whether we could release them at the same time at different
sizes.

ALEX WERTHEIMER: I'd like to go back to what Ted Perry mentioned
earlier--that time windows are more important than size.
Although within time windows, size becomes quite important, so
you're probably going to program, once you learn where those time
windows are, for that time and then within that time, vary size
to compromise productivity. So trying to get fish at the same
time at different sizes addresses that philosophy of release,
rather than picking a release size and releasing fish whenever
they became that size.

CONTRIBUTION PATTERNS AND RETURNS OF
UNUK STOCK CHINOOK RELEASED FROM
WHITMAN LAKE HATCHERY

Gary Freitag
Southern Southeast Regional Aquaculture Association
P. O. Box 6916
Ketchikan, Alaska 99901
INTRODUCTION
The Southern Southeast Regional Aquaculture Association

(SSRAA) released approximately 145,000 - 1980-brood Unuk River
chinook salmon (Oncorhynchus tshawytscha) from its Whitman Lake
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facility during May of 1982. To estimate marine survival and
contribution patterns, 91% of the release was coded-wire tagged
(CWT) . This report is a summary of what was learned from the
recovery of the tagged fish in the commercial fishery.

DATA

Contribution estimates to the commercial fishery are based
on point estimates generated by the Alaska Department of Fish and
Game (ADF&G) CWT recovery program and processing facility.
Terminal and near terminal estimates are based on ADF&G sport
fish data and actual rack returns.

RELEASES

The broodstock was obtained from the Cripple Creek tributary
to the Unuk River located approximately 120 kilometers northeast
of Ketchikan. They were incubated and reared for approximately
22 months at the Whitman Lake facility located 9 kilometers east
of Ketchikan. The tagged smolts were released May 1982 at a mean
mass of 22.3 grams per smolt.

RETURNS AND CONTRIBUTIONS
Mini Jack

Recovery of individuals from the release began with the mini
jack return back to the hatchery a few months after release. A
total of 3,200 mini jacks were recovered during the summer of
1982 and verified from the release by taking a representative
sample of CWT's. Table 1 summarizes this return and subsequent
recoveries to the common property fishery and the terminal area.

One Ocean

During 1983, about 900 one ocean adults were recovered in
the terminal area with small numbers harvested in the commercial
and sport fisheries as sublegal length coded-wire tagged chinook.
The mean fork length of ten fish sampled in the sport and commer-
cial fisheries was 477 mm. Figure 1 shows a histogram of fork
length and gives the basic size statistics for a sample of one
ocean returns.

Iwo Ocean

The 1984 returns as a "two ocean" chinook represents the
first significant contribution to the commercial fishery. An
estimated 1,500 adults were harvested in the commercial fishery.
Approximately 1,600 were recovered in the terminal area. The
3,100 total 1984 return represents 2% of the total return of this
brood. Figure 2 shows the fork length histogram and basic
statistics of the two ocean catch in the troll and net fisheries.
Since 711 mm is the legal size limit, the mean length of the two
ocean fish was above the limit at 729 mm and 720 mm in the troll
and seine fisheries, respectively. Over 50% of the fish in the
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net harvest were below the 711 mm troll size limit. Although the
means are not significantly different, the net fishery has a
larger portion of the less than 711 mm fish than the troll
fishery. This difference is exaggerated if only the 1984 July
through August fishing period is used. This probably reflects
the shaking of sublegal adults by the troll fleet. Table 2 gives
the percent contribution during 1984 by area and gear group. The
troll fleet is the primary commercial gear group harvesting the
Whitman Lake chinook at 92% of the total with some net harvest in
the southern inside area. Over 50% of the harvest occurred in
the southern inside and central outside areas.

Three Ocean

During 1985, the commercial fishery harvested about 2,200
three ocean adults and 4,000 returned to the terminal area repre-
senting 4% of the adult return. The mean fork length was 866 mm
and 916 mm in the troll and net fishery respectively. With
almost all the harvest exceeding the legal length (eliminating
shaking bias), the troll harvest resulted in a slightly smaller
average probably due to earlier fishing opportunity than the net
groups. Table 3 shows a similar contribution pattern as 1984
with a somewhat higher southern inside contribution to both the
troll and net fleets.

Four Ocean

The 1986 harvest of four ocean adults was minor as compared
to two and three ocean adults. A 300 fish common property
harvest was primarily in the near terminal area and 600 adults
returned to the hatchery. Based on a relatively small sample,
the mean length of the commercial harvest was 964 mm as
illustrated in Figure 4.

COMMERCIAL CATCH TIMING

Most of the harvest of the 1980 brood Whitman Lake chinook
occurred in five segments during 1984 and 1985. The segments
reflect fishing seasons and availability of the fish. Figure 5
is a histogram showing the catch timing. Most of the fish were
caught during the June to August troll openings. Small catches
occurred during March and April both years. A harvest from Octo-
ber through December also occurred during 1984, but was absent in
1985 reflecting the lower abundance of "four ocean" spawners. It
is also interesting that 93% of this segment was harvested in
District 110 of the southern intermediate PMFC area.

: SUMMARY

The 1980 brood chinoock salmon from Whitman Lake had an
excellent adult marine survival of about 8%. It contributed sig-
nificantly to the commercial fishery during 1984 and 1985 with
the average mean length becoming legal during the "two ocean"
residence in 1984. The contribution pattern was over most of the
PMFC areas, but primarily in the southern inside and central
outside areas.
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Table 1.--Return summary of the 1980 Unuk River.
(Oncorhynchus tshawytscha) released from the SSRAA Whitman Lake
central incubation facility in May 1982.

Chinook salmon

Year Age Common Terminal Percent Return
of FW SW Property Area Total by
Return Years Harvest Return Return Year
1982 1.0 0 3,200 3,200%*
1983 1.1 <100** 900 900 1%
1984 1.2 1,500 1,600 3,100 2%
1985 1.3 2,200 4,000 6,200 4%
1986 1.4 300 600 900 1%
ALL YEARS 4,000 7,000 11,000 8%

#s Rounded to nearest 100

* Represents mini-jack return, not included in all years total
or survival to adult estimate.

** Recorded in commercial fishery but sublegal, not included in
all years total or survival to adult estimate.

Table 2.--PMFC area and commercial gear percent contribution of
the 1980 Unuk River chinook salmon during 1984.

Commercial Gear Type _

PMFC Area Troll Gillnet Seine Total
Northern Outside 3% 0% 0% 3%
Central Outside 21% 0% 0% 21%
Southern Intermediate 12% 0% 0% 12%
Central Intermediate 12% 0% 0% 13%
Southern Outside 16% 0% 0% 16%
Central Inside 2% 0% 0% 2%
Southern Inside 26% 5% 1% 33%
Lynn Canal 0% 0% 0% 0%
Stephens Passage 0% 0% 0% 0%

Total 92% 6% 2% 100%
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Table 3.--PMFC area and commercial gear percent contribution of
the 1980 Unuk River chinook salmon during 1985.

Commercial Gear Type

PMFC Area Troll Gillnet Seine Total
Northern Outside 3% 0% 0% 3%
Central Outside 12% 0% 0% 12%
Southern Intermediate 5% 0% 0% 5%
Central Intermediate 7% 0% 0% 7%
Southern Outside 17% 0% 1% 18%
Central Inside 3% 0% 0% 3%
Southern Inside 39% 8% 5% 52%
Lynn Canal 0% 0% 0% 0%
Stephens Passage 0% 0% 0% 0%
Total 86% 8% 6% 100%
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TODD JONES: Do you have any information on the catch per unit
‘effort occurring in the winter versus summer fishery?

GARY FREITAG: No, I do not. That's something we need to look at
and compare.

TODD JONES: Do you have any idea what the fleet size is?

GARY FREITAG: We know it is considerable. The commercial fish-
ery people would be able to tell you.

STEVE IGNELL: In June, are the fish caught primarily in the
inside or outside waters?

GARY FREITAG: They're caught primarily in the southern inside
area, the general area of the hatchery. They're mature fish
returning.

MARK ANDERSEN: How does that correspond to the wild migration in
the same area?

GARY FREITAG: It is difficult to say, however, we know that the
Neets Bay fish are very similar to wild fish. The wild stocks
have not been tagged anywhere near the level that hatchery fish
are--close to 90%.

DON AMEND: Last year was the first time we had any returns back
from the Unuk. This year we're looking for significantly greater
nunmbers.

GARY FREITAG: Most of these data represent hundreds and hundreds
of tag recoveries. We tagged 91-92% of the fish which produced a
lot of data.

BILL HEARD: I missed the total survival for that brood.

GARY FREITAG: It's between 7 and 8% for that entire brood,
depending on whether you want to use the 1l-ocean component or
just call it a jack.

BILL HEARD: To comment further on that minijack for 1982-brood
returns as a predictor of good things to come: at Little Port
Walter, we found that a good return of minijacks is a good
indicator, but when the return of minijacks is not good, it's not
necessarily a bad indicator. We tend to think that the minijacks
or O-ocean returns and the l-ocean returns the following year
should be considered together as the jack component. I know you
had a lot of minijacks and very few 1l-ocean jacks, however it
could switch around the other way.

KEN LEON: That's not the European notation is it?

GARY FREITAG: No, it's just freshwater and marine ages.
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SELECTIVE BREEDING OF CHINOOK SALMON TO MEASURE PARENTAL AGE
EFFECTS ON MATURATION OF PROGENY

Ron Heintz

National Marine Fisheries Service
Auke Bay Laboratory
P. 0. Box 210155
Auke Bay, Alaska 99821

In 1984 and 1985 different ages of fish were crossed to
estimate the heritability (indicates whether or not selective
breeding can control age at maturity) of the age at maturity.
Some crosses were subdivided into low and high growth groups
permitting estimation of how much the size at release influences
the age at maturity. If the age at maturity can be controlled by
selective breeding, or by manipulating growth rates, then fish
culturists can reduce the number of early maturing males in each
brood.

In 1984 we made the following crosses (male x female age):
2x5, 6x5, 6x6, 3x6, 4x6, 5x5, and 5x6. Five matings of one male
and one female were made for each of the first three crosses.
The progeny from each mating were referred to as individual
families and kept separate until large enough to be coded wire
tagged; 15 individual families, each with a distinct tag code,
were produced. The remaining four crosses were made by pooling
the gametes of four to five females with those of eight to ten
males and referred to as pooled groups. Each pooled group, when
large enough, was coded wire tagged with a distinct code. A
similar procedure was performed with the 1985 brood producing 20
individual families from 4 crosses (2x6, 5x5, 5x6, and 5x7) and 2
pooled groups (3x6 and 4x6). All crosses were made with the Unuk
River chinook salmon stock currently being cultured at the Little
Port Walter facility. Every fish released was coded wire tagged.

A high value for heritability indicates that a selective
breeding program for the age at maturity will be successful.
Heritability can be calculated (with standard errors of estimate
included) by regressing the age of a returning fish on the age of
its sire. Coded wire tags from fish returning to the weir will
provide heritability information.

An attempt to observe the influence of the size at release
was made by splitting the 1984 brood pooled groups into two
subgroups of low and high growth, however, an abbreviated growing
season during the summer of 1985 prevented us from obtaining a
large enough size difference between the two subgroups. Both
subgroups were approximately the same size when released in May
1986. A similar procedure with the 1985 brood pooled groups was
tried. Additionally, in September 1986 about 15,000 of each of
the high growth groups from the 1985 brood were transferred to
saltwater netpens. When this brood is released in May 1987
(ending the freshwater rearing phase of this study), there will
be three groups: low growth (18 g), high growth (25 g), and
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saltwater netpen (40 g). The ages of the individual fish
returning from each of these three groups will be fit to a one
way ANOVA to observe the influence of the size at release on the
age at maturity.

Early maturing fish present a problem to fish culturists;
the fish are too small to be recruited by the common property
fisheries and are of no value to a facility seeking cost
recovery. Early maturing males can represent a substantial
proportion of a particular brood, producing the need for culture
techniques that alleviate this problem.

QUESTION: Many geneticsts have considered the relationship of
age of maturity in chinook versus pink salmon. When I was an
undergraduate, a friend in Oregon, who was in a genetic program,
thought that the F; generation lived about 40 years hence.

QUESTION: Are you familiar with the work of Hershberger? He has
done similar work in Seattle.

BILL SMOKER: Actually it was Donaldson's work to start with, and
the Washington Fisheries Department did an experiment that was
somewhat similar but generally not complex. Indeed, they sugges-
ted that age was about 20-25% variable in the stocks.

DON AMEND: Our fish eggs were taken from all 4-year-olds; the
next year, S5-year-olds; and the next year, 6-year-olds. It will
be interesting to see whether that is a factor.

STEVE IGNELL: A lot of research on age at maturity has been done
on the east coast. Are you familiar with that work?

RON HEINTZ: We based much of our research on that done in Norway
with Atlantic salmon. It is the same model used by Gjerde, who
found that variability was around 20%. A similar result was
found for rainbow trout.

PROGRESS REPORT ON THE FARMED CHINOOK BROODSTOCK
COMPARISON PROJECT IN BRITISH COLUMBIA

Derick D. Monteith

British Columbia Research
3650 Wesbrook Mall
Vancouver, B.C., Canada
vVéesS 2L2

This is a summary of preliminary findings on the performance
of six stocks of British Columbia chinocok salmon (Oncorhynchus
tshawytscha) raised under farm conditions. The objectives of
this project are to monitor the growth and survival of ten
families within each of these stocks held in seapens at four

208



different geographic locations on the British Columbia coast; to
produce eggs for the salmon farming industry in British Columbia;
and to provide a better understanding for future selective
breeding and farm broodstock development. The fish have been
raised on the farms through two sea winters and the project will
continue through to the winter of 1988-89.

The Canada Department of Fisheries and Oceans Fisheries
Research Branch and B.C. Research are supervising and
coordinating the project in cooperation with four British
Columbia salmon farms. The B.C. Ministry of Agriculture and
Fisheries is funding the project.

METHODS
Egg Collection and Freshwater Culture

The methodology for the collection and hatchery rearing of
the smolts was reported by Withler et al. 1986. Green eggs and
milt were collected between September 5 and November 2, 1984,
from ten female and five male chinook salmon from the
Kitsumkalum, Atnarko, Big Qualicum, Robertson Creek, Quinsam and
Chehalis rivers respectively. These eggs were fertilized at the
Pacific Biological Station in Nanaimo and reared as separate
family groups at the Rosewall Creek Hatchery on Vancouver Island.
For each stock, the milt from each male was used to fertilize the
eggs of two females. The Kitsumkalum were both the longest and
oldest chinook at maturity and the shortest adults were the
Robertson Creek fish of which 33% returned their third year after
two ocean winters.

The Kitsumkalum and Atnarko eggs were incubated at around
6°C and the remaining stocks around 8°C, to synchronize develop-
ment. The alevins from all stocks were ponded between February 7
to 28, 1985 at Rosewall Creek Hatchery. The fish were fed a diet
of OMP and held at a temperature of 7.6°C under a simulated
natural photoperiod. Between May 13 to 31, 1985, the fish were
vaccinated against vibriosis and furunculosis, cold-branded and
also nose-tagged with coded-wire micro-tags to identify stock and
family at maturity.

Smolt Transportation

Using scale and finray aging techniques, it was established
that wvirtually all in the Kitsumkalum and Atnarko adults had
spent a full year in fresh water before migrating seaward while
the adults from the other stocks had migrated as underyearlings,
nevertheless all stocks were introduced as underyearlings after
six months in the hatchery.

Towards the end of July 1985, the smolts were transported
from the Rosewall Creek hatchery to farms located in four
different locations, Alberni Inlet on the west coast of Vancouver
Island; Nelson Island near Jervis Inlet on the north east of the
Strait of Georgia; Cowichan Bay in the southwest of the Strait of
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Georgia and Prince Rupert on the north coast of British Columbia.
Stocks were also reared at the Pacific Biological Station located
in Nanaimo, on the east coast of Vancouver Island.

The smolts were transported using land, sea and air modes of
transportation. The fish loading was maintained at <44 g/L and
the dissolved oxygen maintained at 10 mg/L using air and oxygen.
The temperature at the start of the transfer was 8°C and was
allowed to rise at a rate of about 2°C per h to reach the temper-
ture of the sea pens. 1In a subsequent transfer, where fixed wing
aircraft and helicopters were used, the fish were packed in
plastic bags containing one third water and the air space filled
with oxygen.

Sea-Pen Rearing

The smolts were introduced directly to sea water and held in
uniform 6 m x 6 m X 6 m white netpens. Environmental conditions
including weather, salinity, temperature and Secci depth are
monitored at the farms daily. The amount fed, mortalities and
fish activity are also monitored daily. All the fish were fed
the same diet, West Van 33 grower formulation, until March, 1987
when they were changed over to a modified West Van Broodstock
Diet and will be fed this diet until maturity in the fall of
1988. Fish inventories and samples are made in March and October
of each year with an additional sample taken at the end of May.
Mortalities are examined for cause of death. The fish have been
given booster shots for vibriosis and furunculosis and also
treated with erythromycin for BKD.

RESULTS
Freshwater Performance

Withler et al (1986) observed that the survival of uneyed
eggs, alevins, fry, smolts and the cumulative freshwater
survival, differed among families and among stocks. The
cumulative survival by stock ranged from 58% (Kitsumkalum) to 87%
(Quinsam). Alevin weight, smolt weight and growth weight also
differed among families and stocks. Big Qualicum progeny grew
fastest (2.2% per day) and became the heaviest smolts (average
5.48 g). Atnarko progeny grew slowest (1.9% per day) and became
the lightest smolts (average 3.97 g). Variation among stocks in
progeny performance was not related in an obvious manner to
parental age, size, life history or domestication.

Impact of Transportation

High seawater temperature of 18-20°C at the time of trans-
portation may have accounted for the smolt losses after introduc-
tion to seapens. Percentage survival 14 days after introduction
into seawater in the summer of 1985 ranged from 34.7 to 72.8% for
the southern farms. At the northern farm, where the smolts were
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transported the greatest distance, there was 93% survival after
14 days in seawater. This farm had the lowest temperature and
salinity when the smolts were introduced to seawater.

Temperature and Salinity at the Farms

The annual temperature and salinity records for the first
year in seawater are presented in figures 1 and 2. The
temperatures ranged from 6-20°C at the southern farms and 4-13°C
at the northern farm. The 1985 summer water temperatures at the
southern farms were unusually high. The salinity at the farms
ranged from 20-32 ppt with the lowest salinity at the northern
farm 20-25 ppt. During spring run-off, the salinity at the
Alberni farm fell to 17 ppt.

Performance in Seapens
Survival

out of 53,018 fish delivered to seapens in June/July 1985,
there were an estimated 14,668 fish surviving at the end of
December, 1986, which represents 27% of the original population.
The preliminary data for survival in each stock and at each farm
is presented in Table 1. The stocks which had the best survival
were Atnarko (37%):; followed by Robertson Creek (33%); Quinsam
(30%); Big Qualicum (27%):; Chehalis (22%) and Kitsumkalum (18%).
Most of the losses were attributed to disease, particularly
bacterial kidney disease, but other losses were due to culling of
"jacks", predators, algae blooms and other diseases. The farm
with the greatest number of surviving fish was the northern farm
near Prince Rupert. The wide range of survival at the different
farms has not been resolved. It is expected that husbandry may
play a part, as it is difficult to standardize management
practices at production fish farms.

Weights

The mean weights of the fish across stocks and farms ranged
from 603 g for the Kalum stock at the northern farm to 2,028 g
for the Atnarko stock at the Nelson Island farm (Table 2). The
slowest growing fish were at the northern farm which has the
lowest temperature and also the lowest salinity. The fastest
growing stocks were at the nelson Island and the Alberni farms.
It is interesting to note that the Atnarko stock which had the
slowest growth in the hatchery are now the heaviest fish and also
have the most fish surviving.

Biomass

The greatest overall biomass was the Quinsam stock followed
by Robertson; Big Qualicum; Atnarko; Chehalis and finally the
Kitsumkalum stocks (Table 2). The total biomass of the Atnarko

stock is low because there were less fish in this stock at the
start of the program.
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Jacks

The "jacking" rates for the stocks at the different farms
are presented in Table 4. The overall incidence of first year
(seawater) "jacking" was about 13% of the total surviving
population during the fall of 1986. Without exception, the
highest incidence of "jacks" was the Robertson Creek stock. This
is probably the most interesting result so far as fish with a
high number of Yjacks" represent a loss to the salmon farmer.
The Atnarko stocks which have good growth and survival rates
also have low "jacking" rates (9%).

CONCLUSION

The results obtained to date indicate considerable
difference in performance and behavior in seawater pens, between
stocks and location. The incidence of "jacking" varied between
stocks and also between different locations. The Atnarko stocks,
which did not perform well in the hatchery, have performed well
in seapens. The Robertson Creek salmon, which has been used
extensively in salmon farming, have been demonstrated to have a
high "jacking" rate. It is hoped that when all the data is
collected and collated, that the program will increase our
knowledge of chinook salmon both for domestication and also for
the anadromous stocks. It is expected that the program will
provide up to 1 million eggs to the salmon farming industry this
year and up to 10 million eggs the following year.

REFERENCES
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Freshwater survival and growth of chinook salmon
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Table 1.--Percent survival of chinook salmon

(Oncorhynchus

tshawytscha) in each stock at each farm after 17 months in
seapens.
STOCK
SITE ATN B.Q CHE KAL QUIN ROB TOTAL
Nanaimo 14 25 24 6 10 34 19
Cowichan 16 13 15 5 22 20 15
Nelson Isl. 64 28 22 22 58 52 41
Alberni. 7 14 7 5 5 7 7
Prince Rupert 59 57 44 53 55 54 54
TOTAL 37 27 22 18 30 33 27

Table 2.--Mean weights (g)

of chinook salmon (Oncorhynchus

tshawytscha) in each stock at each farm after 17 months in
seapens.
STOCK
SITE ATN B.Q CHE KAL QUIN ROB TOTAL
Nanaimo 900 990 810 693 1294 784 892
Cowichan "1142 1088 982 1457 1155 1081 1107
Nelson Isl. 2028 1719 1058 1497 1600 1516 1593
Alberni. 1693 1866 1260 1478 1888 1576 1665
Prince Rupert 739 757 603 533 764 738 700
MEAN 1202 1108 803 850 1181 1028 1077
ATN = Atnarko River KAL = Kitsumkalum River
B.Q. = Big Qualicum River QUIN = Quinsam River
CHE = Chehalis River ROB = Robertson Creek
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Table 3.--Estimated biomass (kg) of chinocok salmon (Oncorhynchus

tshawytscha) in each stock at each farm after 17 months in
seapens.
STOCK
SITE ATN B.Q CHE KAL QUIN ROB TOTAL
Nanaimo 135 522 424 61 268 548 1958
Cowichan 205 283 301 111 531 446 1876

Nelson Isl. 1213 973 456 460 1970 1569 6640

Alberni. 104 515 149 95 179 249 1290
Prince Rupert 548 859 502 402 884 832 4027
TOTAL 2205 3152 1831 1127 3832 3644 15791

Table 4.--Percent "Jacks" chinook salmon (Oncorhynchus
tshawytscha) removed from each stock at each farm during October
1986.

STOCK
SITE ATN B.Q CHE KAL QUIN ROB TOTAL

Nanaimo 11 13 13 i2 13 24 17
Cowichan 0 7 2 0 4 12 6
Nelson Isl. 12 19 25 2 14 33 17
Alberni. 8 10 10 2 4 16 9
Prince Rupert 8 4 10 0 5 19 10
TOTAL 9 10 14 2 8 24 13
ATN = Atnarko River KAL = Kitsumkalum River
B.Q. = Big Qualicum River QUIN = Quinsam River

CHE = Chehalis River ROB = Robertson Creek
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QUESTION: What was the size of the sea pens?

DERICK MONTEITH: They were 6x6x6 m white mesh; that is not the
optimum size for salmon farming.

ALEX WERTHEIMER: What size do the salmon farmers use?

DERICK MONTEITH: Probably the 12x12 m pens. They seem to do
well with them and they are available off the shelf.

KEITH JOHNSON: If you had the choice, would you prefer Atlantic
or chinook salmon for rearing?

DERICK MONTEITH: At this stage of development, raising Atlantic
salmon is more feasible because they are a developed brood stock.
If I were a fish farmer, I would be able to make more reliable
projections for harvest.

BILL HEARD: You mentioned that the net pens were 6x6x6 m. What
was the mesh size used in the test, and what mesh size would you
prefer to use?

DERICK MONTEITH: 1Initially, when the fish were small, we used
the 1/2-inch mesh which worked quite well. As the fish grow,
it's preferable to use the maximum mesh size that will not allow
the fish to get their jaws caught. The mesh size used also is
dependent on the current flows and other factors in any given
area. For large fish, a large mesh size is needed for the feces
to clear the net pen.

KEITH JOHNSON: My question concerns biofouling. In Alaska,
steps have been taken to eliminate the use of antifoulants with
tri-n-butyltin on net pens. What systems are being used in

British Columbia?

DERICK MONTEITH: Up until recently, the nets were removed and
sprayed with a high-pressure spray. Tri-n-butyltin based anti-
foulants have been used and may be are still being used by some
fish farmers, which is very disturbing. Many farms have gone
back and forth, and now we are going back to literally cleaning
the net. The use of tri-n-butyltin is now banned in British
Columbia.
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AN OVERVIEW OF THE REDOUBT LAKE CHINOOK
FRY STOCKING PROJECT

David L. Barto

Alaska Department of Fish and Game
Fisheries Rehabilitation and Enhancement Division
Sitka, Alaska 99835

Beginning in 1980, a lake enrichment limnology sampling
program was initiated at Redoubt Lake in the northern area of
Southeast Alaska. This project was originally targeted as a
sockeye salmon rehabilitation project and has operated contin-
uously at this site as a lake enrichment project since 1982. At
that time, the 1lake supported indigenous anadromous fish
populations of sockeye, coho, pink, and chum salmon and Dolly
Varden char.

A detailed pre-enrichment study was initiated in 1982 and
was designed to document the physical, chemical and biological
production characteristics of the lake. This study continued for
two years prior to the initiation of fertilization during the
summer of 1984. In addition, the project evaluation continued at
the pre-fertilization level to measure the effects of the
fertilizer applications.

The results of this enrichment program indicated that the
project has been successful in increasing the Cladoceran sp.
zooplankton populations within the 1lake and in significantly
increasing the size of sockeye smolts relative to the pre-enrich-
ment and enhancement treatment groups. Results also indicated
that sockeye fry production for this lake is limited. The low
level of fry production from this lake can be directly related to
the low adult escapement numbers observed during the study
period.

In conjunction with the on-going lake enrichment project,
900,000 hatchery-produced chinook salmon fry (0.6 g) were stocked
in Redoubt Lake (map 1) during the third week of July 1986.
Prior to the fry addition, the targeted stocking area was treated
with nitrogen and phosphorous 1liquid fertilizer to provide an
increased zooplankton food forage level for the stocked fry. The
intent of this project was designed to utilize the enhanced food
source available through fertilization in the limnetic zone of
the lake. This area is currently being underutilized by the
existing rearing fry population.

It has been well documented that coho and chinook salmon fry
will utilize zooplankton as a primary food source when stocked in
a lake environment. In addition, previous studies (Craddock et
al. 1976, Higley and Bond 1973) have also indicated that chinook
fry will utilize Cladocera sp. zooplankton as food items in river
and reservoir environments.
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Based on the observed fry densities and adult escapement
data collected for the on-going lake enrichment project, an
extremely large volume of the pelagic 2zone of this lake is
currently being underutilized as a nursery area of rearing salmon
fry. Rearing juvenile population hydroacoustic estimates
conducted in 1985 and 1986 have indicated that the pelagic fry
densities at Redoubt Lake were less than 1,000 fry/hectare
(Figure 1). In addition, the majority of these fry are concen-
trated at the east end of the lake and are not evenly
distributed. This density is significantly below the maximum
rearing fry density of 15,000-20,000 fry/hectare which has been
identified for sockeye nursery lakes within Alaska (Koenings
and Burkett 1985).

The adverse impact on rearing coho juveniles is expected to
be minimal, at 1littoral feeding coho fry are territorial and
should not be affected by the weakly territorial chinook fry.
Further, as the actual in-lake stocking site is removed from the
area believed to be the major sockeye fry rearing area, there
should be minimal interaction and competition with the existing
sockeye fry.

Finally, the incidence of cestode parasitism which has
plagqued recent coho and chinook fry lake stocking projects on
Baranof Island has been linked to the degree of ingestion of
copepod hosts (Henricson 1977 and 1978). As the Redoubt Lake
zooplankton population consists almost exclusively of Cladocerans
sp., which do not hose the cestode parasites, this source of
juvenile mortality ceases to be of concern.

The preliminary growth collected for the chinook fry stocked
into this lake appears to indicate that these fish are actively
feeding and growing (Figure 2). By the mid-November sampling
period, the fish sampled for growth had achieved a mean length
and weight of 72.2 mm and 3.97 g. This information indicates
that during the five months of residence in this lake, these fish
have reached the minimum smolt size for wild chinook smolts
observed in the Kenai and Copper River areas.
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BILL HAUSER: Concerning the feeding models that the laboratory
developed for coho, chinook and sockeye salmon, do you still
agree that chinook salmon are targeting on large-sized plankton,
and did you actually do stomach analysis?

DAVE BARTO: Yes, we did stomach analysis but have not finished

all the analysis yet. This study was initiated recently (July
1986) so we do not yet have the first year of smolts to compare
with last year. Documented research indicates that coho salmon
feed on smaller prey when they are about 24 mm fork length, when
large prey are not present. This behavior has been noted in our
records and also in a small feeding study initiated in the
Soldotna laboratory. Unfortunately, king fry were not included
in this laboratory feeding study due to logistical and permit
problems.

ALEX WERTHEIMER: Where did you capture the chinook salmon? 1In
the pelagic zone?

DAVE BARTO: Yes. This lake is extremely large. In August, we
sampled along the littoral zone, from about the outlet area all
the way around the perimeter but did not catch any king salmon.
We did catch about 7,000 or 8,000 coho salmon. Subsequently,
sport fishermen personnel in September caught kings in traps
along the shore of a cove where we had released a group of kings
previously. During that time, the days were calm, no wind,
glassy calm. On a few separate occasions, fish were schooling
out from the pelagic zone; I had never observed that behavior
before. In subsequent visits, our effort was concentrated in
this particular cove from which most of our samples had come. In
November, the weather was extremely bad for an entire week; we
were unable to sample any areas other than the cove. This year,
we plan to try capturing the fish by castings because minnow
trapping was not very successful. We expect to have many
holdovers, although they probably will not be feeding in the
pelagic zone because of their size.

219






“ap 1. Proposed chinook fry stocking and fertilizer application area, 1986
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Figure 2. Notched box-and-whisker plots indicating length (mm) and
weight (g) of chinook fry sampled at Redoubt Lake, 1986.
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THE CLEAR HATCHERY CHINOOK SAIMON PROGRAM

Jim Raymond

Alaska Department of Fish and Game
FRED Division
1300 College Road
Fairbanks, Alaska 99708

INTRODUCTION

I'd like to give an overview of the Clear Hatchery and say a
few things about its potential effect on the Yukon River
fisheries.

The Yukon River chinook spawning streams range from 100
miles from the mouth in the Andreafsky River to 1800 miles in the
Canadian portion of the Yukon. In the Tanana River drainage, the
farthest spawning area is the Goodpaster River which 1is about
1,000 miles upstream. Clear hatchery is located near the Nenena
River in the Tanana River drainage and is about 900 miles from
the mouth of the Yukon River.

The total catch (commercial and subsistence) has been about
180,000 fish in recent years. The total chinook salmon run in
the Yukon River isn't known, but it's probably around 275,000
fish.

In 1976, Alaskan voters passed a bonding issue that provided
for an interior fish hatchery. Before the hatchery was built,
surveys were conducted among interior fishermen to see what
species of fish were in greatest demand. Chinook salmon placed
first among commercial and subsistence fishermen and third among
sport fishermen. Largely because of this, chinook salmon were
included in the hatchery program.

A new survey was done last year, and it showed that the
demand among the different user groups hasn't changed much since
the original surveys. The most significant change has been an
increase in the demand for fall chum salmon because of a recent
decline in that species.

HATCHERY CONSTRUCTION AND OPERATIONS PLANS

Clear Hatchery is located at Clear Air Force Station. The
hatchery began operations in 1981 which made it the first salmon
hatchery in the Yukon Drainage. At the time the hatchery was
begin planned, little was known about the biology of the Yukon
salmon. Unlike other areas in which chinook salmon have been
studied, the Yukon area is characterized by long migration
distances and a cold climate, and so things like migration timing
and growth rates couldn't be inferred from other areas. Because
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of this, the immediate goal for chinook salmon at Clear was to
develop the technology for a successful rearing program rather
than to go into production.

One of the reasons for selecting the hatchery site at Clear
was the availability there of large amounts of heated water that
is produced by the site's radar facilities. The hatchery site
also has an excellent aquifer that can supply an almost
unlimited amount of cold water. The cold and warm water can be
combined in different amounts to produce any water temperature
between 2 and 13°C.

Because so little was known about the interior chinook
smolts, we decided that the best release size would be the same
as that of the wild smolts, which our trapping studies had shown
to be about 4 g. We felt that the larger smolts other hatcheries
were releasing might not be suited to the food supply, colder
water temperatures and longer migration distances found in the
Yukon River.

The wild run of chinook salmon in Clear Creek near the
hatchery was considered too weak to use as a broodstock, so we
went to the Salcha River, which is about 100 miles farther up the
Tanana River drainage to get our initial eggs.

We use the warm water at Clear to accelerate the growth of
the chinook salmon. This allows us to produce 0O-age 4-g smolts
in 9 months. About 25,000 of these are marked each year with
coded-wire tags.

The smolts are transported to the release site in a tracked
vehicle. The release site on Clear Creek is about 10 miles from

the hatchery.

Evaluating the releases is difficult because the Yukon River
fisheries are spread out over about 900 miles. Because of this,
virtually all of the evaluatlon is done at a weir near the
release site.

RELEASE AND RETURN DATA

Table 1 give a summary of our release and return data so
far. The first release was the 1981 brood year. These fish were
released at an average size of 3.4 g in early May. Outmigrant
trapping showed that they all left the release stream within
about 10 days of release, just as we expected. The first adults
returned to the hatchery weir in 1985 as 3-ocean fish. There
were 82 of them and they were all males. This was not too
unusual since wild 3-ocean fish also tend to be predominantly
male.
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Last year another 33 adults returned to the weir bringing
the total return to 115 fish. Using an average harvest rate of
62%, I estimated the total return at 0.29%. This was only about
one-tenth the return that we hoped for. So we've been asking the
same question that many of you have been asking: what went
wrong?

One possibility was that the release year was just a bad
vear. It's hard to say much with only one release year
evaluated.

Another possibility is that I might have underestimated the
harvest rate so that the real return was greater than 0.29%.
However, it would take an unreasonably high harvest rate to
account for all the missing fish, so thee must be other reasons.

A third possibility is that some of the fish may have
strayed from Clear Creek, possibly due to a genetic component in
homing. The release site was about 100 miles away from where the
eggs were obtained on the Salcha River, and so some of the fish
may have returned there. In the last two years, all of our
chinook eggs were taken from Clear Creek and so this may reduce
the incidence of straying in our future returns.

One other possibility is poor survival of the hatchery fish
because of their size at release. The low return rate is
comparable to what has been observed in southeastern Alaska when
hatchery smolts were released at the size of wild smolts (4 to §
g) (Alex Wertheimer and Ken Leon, personal communications). When
release sizes were increased to 10-15 g, big improvements in
survival were seen. Similar results were observed in British
Columbia (Bilton 1984). The reasons for the poor survival of
smaller sized smolts are not known, but one possibility is that
hatchery fish, which are reared in a protective environment,
don't develop the stamina, feeding and escape behaviors that are
present in wild fish (Shchurov et al. 1986). The hatchery fish
may overcome this handicap if they are larger than the wild fish.
Because of this, we've recently turned up the temperature at
Clear and plan to release 8 g smolts this year.

By the time that these other releases return, I think that
we'll known enough to greatly improve our survival rates.

IMPLICATIONS FOR ENHANCEMENT

What are the implications of these results for enhancement
in the Yukon River?

The bad news 1is that there may not be enough money to
continue the Clear chinook program beyond this year. There might
not even be enough money to evaluate the releases that haven't

returned yet.

The good news is that interest in chinook enhancement in the
Yukon River is growing, so we haven't given up hope yet.
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If the chinook program is continued, in what ways might it
affect the Yukon chinook fisheries?

A current problem is the interception of Canada-bound
chinook salmon in Alaska. In recent years, the Canadians have
been trying to get Alaska to increase the escapement to Canada.
Negotiations for a U.S./Canada Yukon River treaty are currently

underwvay.

The Clear program is capable of increasing escapements to
Canada. How could an enhancement program located on the Tanana
River increase escapements into Canada? The Clear chinook
program would increase the run size in the lower Yukon where most
of the fishing occurs. This would allow fishermen to catch the
same number of fish with shorter fishing periods. The shorter
fishing periods would in turn, result in more Canadian fish
reaching their destination. Nothing definite is planned right
now, but the potential for improving the situation is there.

Another benefit of the Clear chinook program would be

obtained through its marking program. The interception of
western Alaska chinook salmon in the high seas fisheries has been
a subject of dispute for several years. An expanded marking

program and mark recovery effort on the high seas would do a lot
to settle this question.

Recoveries of tagged chinook salmon in the Yukon River
fisheries can also be a valuable management tool for wild stocks
as well as hatchery stocks. Identifying different stocks is a
major problem in the Yukon River drainage where the main
fisheries are located 1,000 miles or more from the streams of
origin.

(1) Recovery of marked fish in the fishery provides infor-
mation on the timing of one stock of fish and thus allows
managers to better estimate the timing of other stocks. The mark
recoveries can also be used to determine the distribution of
different stocks across the Yukon River since some stocks prefer
one bank over the other.

(2) The rate of recovery of marked fish in fisheries at two
locations on the river can be used to estimate the escapement in
streams between the fisheries even though the escapement doesn't
include any hatchery fish. This is currently one of the big
_unknowns in management of the Yukon fisheries. Estimating
escapements with aerial surveys is so expensive that only a few
index streams are presently surveyed.

(3) One other important management tool is the Clear
Hatchery weir which provides the most reliable information
available on the timing of Tanana River fall chum and king
stocks. As an index stream, it also provides information on run
strengths. The weir can also be used as a way of calibrating
aerial surveys which generally provide only relative escapements
rather than absolute escapements.
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SUMMARY

To sum things up, the Clear hatchery chinook program has the
potential for solving some important allocation and management
problems on the Yukon River. In my opinion, enhancement of the
Yukon River chinook run is inevitable. Our immediate challenge
is to convince the fishery managers that this program can help
them to do their job better. We currently have an enormous asset
in our releases to date. They represent valuable information on
which any future enhancement program will depend. This asset is
in danger of being lost if we fail to allocate the funds for
evaluating the returns.
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Table 1. Clear Hatchery chinook salmon releases and returns.

Approx. return

Release to hatchery

Brood  —--mmemmmmmemcccccccscs cecccccscce e~ Total
Year 1000's Size (qg) 1985 1986 Return (%)
1981 103 3.4 82 33 0.29
1982 0

1983 166 4.4

1984 91 4.2

1985 203 3.9

1986 170 8.0

JOE ORSI: What are most of the wild Clear Creek chinook salmon
ages ?

JIM RAYMOND: They are almost all age .1.
JOE ORSI: Are you releasing age zero smolts exclusively?
JIM RAYMOND: Yes.

JOE ORSI: Are any of the fish holdovers?

227



JIM RAYMOND: We looked at the out-migration after the stocking,
and all the fish out-migrated after 10 days to 2 weeks, similar
to what Ted Perry has seen in the Fraser River.

JOE ORSI: Have you looked at the scales of returning adipose fin
clipped fish?

JIM RAYMOND: Yes, the scale analysis confirms the CWT informa-
tion.

TED PERRY: Are you going to mark more fish?

JIM RAYMOND: I would 1like to. Unfortunately, our marking
program comes at the end of the fiscal year when all the money
seems to disappear. It has always been a problem getting them

marked in large numbers.

TED PERRY: Increasing the numbers marked would make it more
feasible.

JIM RAYMOND: That is correct. We need a larger marking program
to make it feasible.

TED PERRY: We'll be releasing over 250,000 marked chinook in the
Upper Yukon.

JIM RAYMOND: That will be a big help, but it's uncertain how
many of those marked fish will emigrate downstream.

MORTALITY AND PATHOLOGY OF JUVENILE CHINOOK SALMON

(Oncorhynchus tshawytscha) EXPOSED TO THE MARINE DIATOM
(Chaetoceros convolutus)

Craig Farrington
William W. Smoker

University of Alaska
11120 Glacier Highway
Juneau, Alaska 99801

Theodore R. Meyers

Alaska Department of Fish and Game
FRED Division
1255 West 8th Street
P. 0. Box 3-2000
Juneau, Alaska 99802-2000

INTRODUCTION
Chaetoceros convolutus is a planktonic marine microalgae; a
diatom (Fig. 1). It is a large robust species with strong,

thick, and very long setae armed with shorter little spines.
Setae are the siliceous bristles arising from the diatom, and are
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a very distinctive characteristic of the more than 140 species
comprising the Chaetoceros genus (Cupp 1943). Another property
of C. convolutus and the dgenus in general is chain formation;
individual cells 1linked together to form long chains. Under

favorable oceanic conditions . convolutus can form dense
concentrations (flowerings) of chains. These features give C.
convolutus its potential to kill fish. Attempts to raise Pacific

salmon in seapens have been commonly beset by fish mortality,
sometimes associated with flowerings of C. convolutus. Few such
fish kills have been reported in the literature, but Brett et al.
(1978) report an episode in which all five species of Pacific
salmon, both juvenile and adult, suffered mortalities attributed

to C. convolutus.

Some biogeographic information about C. convolutus is useful
for prediction of its effect on the culture of salmon. C. con-
volutus is found in the colder ocean waters (Hendey 1964). It is
cosmopolitan, found in antarctic waters in the southern Indian
Ocean (Fryxell and Medlin 1981); and common in the North Atlantic
Ocean, North Sea, and English Cannel (Hendey 1964). In the
eastern Pacific, it is frequently recorded off California (Cupp
1943; Garrison 1981) and Alaska (Cupp 1937; Williamson 1976;
Guillard 1979), and is one of the dominant species in the
subarctic Pacific (Booth 1981).

Prediction of places or times at which C. convolutus will
flower is difficult. C. convolutus frequently characterizes the
later stage of seasonal phytoplankton succession when nutrients
are depleted, insolation is 1lessened, and the water column is
stratified.

MATERIALS AND METHODS

From the Northeast Pacific Culture Collection at the
University of British Columbia (Vancouver), we obtained a
unialgal inoculum of ¢. convolutus with which we started stock
cultures. From stock cultures, we grew unialgal cultures in 5
gal. glass carboys from which we produced 100-1 batch cultures in
plastic (Rubbermaid tm) garbage cans.

In spring 1986, we exposed 54 juvenile chinook salmon
(Oncorhynchus tshawytscha) in nine-fish lots to seawater
containing various concentrations of Chaetoceros convolutus. The
concentrations of the cultured Chaetoceros were determined by
multiple counts in either a Sedgewick-Rafter or a Palmer-Maloney
counting cell at 100X. We expanded the mean count by a factor of
1,000 or 10,000, respectively. The exposure was 24 with
concentrations of 31,000, 62,000, 125,000, 250,000, 500,000, and
0 (control) chains per liter of seawater (chains are any number
of cells linked together, ranging from one to twelve). The fish
averaged 287 g apiece.

We exposed the fish in 120~-1 plastic garbage cans in 6.5 C.
bath, each fitted with an air-life device providing aeration and
suspending the ¢. convolutus chains. All diluent seawater was
first filtered through Whatman GF/D glass microfibre filters,
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removing all extraneous phytoplankters. The test water of the
control received no Chaetoceros convolutus chains, but instead
consisted entirely of enriched seawater medium, i.e., formulation
HESNW (Harrison et al. 1980), the same medium we used in the

culturing of C. convolutus.

All fish were starved for at least a day prior to random
assignment to the exposure containers with the test concentra-
tions. During the exposures, we collected moribund fish from the
containers and preserved them in formalin. After 24 h, we remov-
ed the survivors from their cans into separate containers in
flowing seawater. All survived for another 23 days at which
point the laboratory system for pumping seawater failed and all
fish died from anoxia.

RESULTS

Lethal cConcentrations

The exposure concentration of an agent (e.g. Chaetoceros
convolutug) which is lethal to 50% of an infinitely 1large
populations is termed the LC>50. The 24 h LC50 for juvenile
chinook salmon (Fig. 2) was 138,600 (111,900, 171,900) chains/1l
(95% confidence interval), estimated by the nonparametric
Spearman-Karber method (Hamilton et al. 1977; Gelber et al.
1984). The mean chain length at onset of exposures was 2.5
cells. At lower concentrations, the fish were able to mucus bind
and expel chains, reducing the effective concentration of chains
in the exposure containers by an unknown amount.

Histopathology

We excised the second gill arch from the right side of
preserved fish and fixed it in Bouin's fixative. We then made
histopathological examinations of slide-mounted transverse sec-
tions of the tissues. Surviving and control fish lost in the
failure of the water system had undergone autolysis and were not
useful for histopathological examination.

C. convolutus in chains, single cells, or disassociated
setae could be found in the gill tissues. Gill epithelium was
abnormal, but I was unable to determine whether due to impaction
by C. convolutus or by autolysis from inadequate fixation of
tissues.

CONCLUSIONS

Fish death was concomitant with impaction of Chaetoceros
convolutus in the gill respiratory epithelium. It is plausible
that gill epithelium was damaged, leading to hypoxia, osmore-
gulatory failure, or both, and ultimately lead to fish death.

To be safe, the 24-h average of the concentration (of

Chaetoceros convolutus) should not exceed 0.05 of the LC%% (CWQC
r

1972). We suggest, therefore, that when flowerings eaten
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(late in the summer during bright, quiet weather) chinook
culturists should monitor phytoplankton for Chaetoceros
convolutus and should take remedial action when the concentration
rises above 5,500 chains per liter. Palliative measures might
involve moving the fish and/or pens or bringing water free of C.
convolutus into the pens (e.g., by a submerged air-life system).

REFERENCES

Booth, B. C. 1981. Vernal phytoplankton community in the
eastern subarctic Pacific: predominant species. Pages 339-
358 in R. Ross, editor, Proceedings of the sixth symposium
on recent and fossil diatoms. Otto Koeltz - Science
Publishers, Koenigstein, Germany.

Brett, J. R., W. Griffoen, and A. Solmie. 1978. The 1977 crop
of salmon reared in the Pacific Biological Station
Experimental Fish Farm. Canadian Fisheries Research Board
Technical Report #845, Ottawa, Canada.

Cupp, E. E. 1937. Seasonal distribution and occurrence of
marine diatoms and dinoflagellates at Scotch Cape, Alaska.
Bulletin of the Scripps Institution of Oceanography of the
University of California, La Jolla, Technical Series 4(3):
71-100.

Cupp, E. E. 1943. Marine diatoms of the West Coast of North
America. Bulletin of the Scripps Institution of
Oceanography of the University of California, La Jolla,
Technical Series 5(1): 11-178.

CWQC (Committee on Water Quality Control). 1972. Water quality
criteria 1972. U.S. Environmental Protection Agency, U.S.
Government Printing Office, Washington, D,C., U.S.A.

Fryxell, G. A. and L. K. Medlin. 1981. Chain forming diatoms:
evidence of parallel evolution in Chaetoceros. Cryptogamie:
Algologie 2(1): 3-29.

Garrison D. L. 1981. Resting spore cycles on coastal diatoms.
Journal of Plankton Research 3(1): 137-156.

Gelber, R. D., P. T. Lavin, C. R. Mehta, and D. A. Schoenfeld.
1984. Statistical analysis. Pages 110-123 in G. M. Rand
and S. R. Petrocelli, editors. Fundamentals of aquatic
toxicology. McGraw-Hill Publishing.

Guillard, R. L. L. and P.Kilham. 1979. The ecology of marine
planktonic diatoms. Pages 372-469 in D. Werner, editor.
The biology of diatoms. Botanical Monographs, Volume 13.
University of California Press, Berkeley, California, U.S.A.

231



Hamilton, M. A., R. C. Russo and R. V. Thurston. 1977. Trimmed
Spearman-Karber method for estimating median lethal concen-
trations in toxicity bioassays. Environmental Science and
Technology 11(7): 714-719.

Harrison, P. J., R. E. Waters, and F.J.R. Taylor. 1980. A broad
spectrum artificial medium for coastal and open ocean
phytoplankton. Journal of Physology 16: 28-35.

Hendley, N. I. 1964, An introductory account of the smaller
algae of British coastal waters. Ministry of Agriculture,
Fisheries, and Food; Fishery Investigations 4 (5). Her
Majesty's Stationery Office, London, England.

Williamson, R. S. 1976. Surface phytoplankton from Bristol Bay,
Alaska 1969-1972. Manuscript Report File #123. U.s.
Department of Commerce, National Oceanic and Atmospheric
Administration, National Marine Fisheries Center, Auke Bay
Fisheries Laboratory.

232



parcent mortality

100

50

Figure 1. Chaetoceras convolutus chain
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ALEX WERTHEIMER: What levels of phytoplankton did you measure in
estuary samples from this area?

CRAIG FARRINGTON: About 1,000 chain/liter of seawater. That is
all I've seen so far. It's really hard to predict the bloom;
it's hard to find thenm.

BRUCE BACHEN: What is the difference between cells per liter and
chains per liter?

CRAIG FARRINGTON: In my experiment, chains per liter was a more
realistic way of looking at it. Actually, the literature uses
cells per liter so in my experiment the mean cells per chain is
2.5 cells/chain so if you multiply that by 1,000 you come up with
chains per liter.

DERRICK MONTEITH: From the slides,it looks almost as if the
Chaetoceros cells have actually punctured the epithelium. Is
this actually the case or was it the setae which do the damage?

CRAIG FARRINGTON: Both. I didn't show any pictures of it, but
you can find broken off setae that have also penetrated the
epithelium. As you saw, the whole cell with the setae intact
will penetrate the tissue. I think the barbs on the setae allow
the Chaetoceros to penetrate and work its way further in.

RON HEINTZ: Do you think you get more cells per chain in higher
concentrations?

CRAIG FARRINGTON: No. Cultures I grew produced about 3 cells/-
chain, but I have seen up to 20 cells/chain and would expect to
find more cells per chain in certain instances.

LOU BARR: Did you say anything about the vertical distribution
of the diatoms?

CRAIG FARRINGTON: No, I didn't. I was sampling surface waters
only as that is where they'd most 1likely be found. I never
really found bloom conditions. If I had, I would have taken
subsurface samples. In other reports, samples were taken all the
way to the bottom, about 50 feet, and the findings were
approximately the same concentrations as those on the surface.

LOU BARR: In dealing with chinook salmon, you'd have to go
considerably deeper than that to know what the vertical
distribution and natural effects were.

CRAIG FARRINGTON: Yes.
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RECOVERY OF NON~-LOCAL ORIGIN MARKED CHINOOK
SAIMON IN KACHEMAK BAY, ALASKA

Nick Dudiak

Alaska Department of Fish and Game
FRED Division
3298 Douglas Street
Homer, Alaska 99603

For many years, anglers have reported catching "feeder"
chinook salmon in Kachemak Bay, Southcentral Alaska. Limited
mark recovery, mostly through increased public awareness and
voluntary turn-in, was initiated in 1977. Since that time, a
total of 32 marked chinook salmon have been recovered from
Kachemak Bay and Lower Cook Inlet, aside from those recovered at
the Halibut Cove Lagoon terminal harvest area. Analysis of the
coded-wire tags resulted in 31 "feeders" from non-local origin
and only one "spawner" from Halibut Cove Lagoon. O0f the marks
from non-local areas: 14 were released in British Columbia; 12
from Oregon; 3 from S.E. Alaska; and 2 from Washington.

Most of the marked chinook from British Columbia were
originally released at the Robertson Creek and Quinsam River
Hatcheries. Oregon fish were well represented by releases from
the South Santiam River Hatchery. Marked chinook from Southeast
Alaska originated from Crystal Lake Hatchery, Little Port Walter
and Deer Mountain Hatchery, Ketchikan.

Many of the marked chinook were recovered by Capt. Bud
‘Berryman's Lands End Marine Charters. His general observations
during the season indicated that often when he caught a marked
chinook, many others were caught in the same general area or
"school" that were unmarked. In some seasons, these schools of
chinook appeared to be fairly large.

Although not conclusive, this information does indicate that
a significant number of '"feeder" chinook salmon utilize the rich
waters of Kachemak Bay for rearing. It also appears that many of
these fish are of non-local origin.

Although a combined total of over two million (560,000
marked) hatchery chinook smolt have been released from Crooked
Creek, Central Cook Inlet and Halibut Cove Lagoon, Kachemak Bay,
since 1974, none have been recovered as "feeders" from the
Kachemak Bay, lower Cook Inlet area.
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Table 1l.--Release sites of marked chinook salmon and numbers
recovered in Kachemak Bay, 1977-86.

Release Site - Number Recovered

Southeast Alaska Sites

Crystal Lake Hatchery 1
Little Port Walter 1
Deer Mountain Hatchery 1
Halibut Cove Lagoon 1
British Columbia Sites
Puntledge River Hatchery 1
Nitinak River 2
Atnarko River Hatchery 2
Robertson Creek Hatchery 5
Quinsam River Hatchery 3
Conuna River Hatchery 1
Washington Sites
Skagit River 1
Priest Rapids, Columbia River 1
Oregon Sites
South Santiam River Hatchery 12
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HAL GEIGER: It is misleading to look at just those tag numbers:
Some of those Canadian tags have an expansion factor of 100,
whereas Alaskan tags have a radio closer to 1.

NICK DUDIAK: That is a good point. Their ratio was higher than
ours. One of their release groups (in the Quinsam River, I
believe) was an 8-million production release and recoveries were
made in 1985. Their marked and unmarked ratio varies as well.
When the fishermen are recovering marked fish that are in a
school and have them located during the first week or two of the
run, the fish basically look about the same. We examined some
scales and found some very similar patterns. When the fishermen
had located large numbers of fish and their harvest was
successfully high, the fish were from that 8-million production
release.

BILL HEARD: In reference to Hal Geiger's point, one key item
needed is a record of these recovered tags so that there is an
accounting. No port sampling program of CWT's exists in the
southcentral area. Under International North Pacific Fisheries
Commission, there is ocean sampling for CWT's; sampling of

foreign boats and, hopefully, soon domestic boats. Those data
are all reported. Your data, however, could have fallen through
the cracks. I appreciate your recording the recoveries and

taking on the burden of keeping up with the data.

KAREN CRANDALL: In recent years when we verified tags, that
information has been reported. Now we need to go back and report
previous years.

JIM RAYMOND: Have you recovered any of the Halibut Cove tags
elsewhere?

NICK DUDIAK: Two have been recovered in southeastern Alaska in
different places. I think four have been recovered from Crooked
Creek releases, somewhere southwest of Kodiak, and out of the
Aleutian Chain. It is interesting to note that we have not
recovered any, to speak of, elsewhere. Again, the harvest rate
of these non-local origin chinooks is not very high. I assume
that in a good year the catch is probably 200-250 fish. It was
not very significant this year, just a small group of charger
people and local people are concentrating on these fish.
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SUMMARY 1987 ALASKA CHINOOK SALMON WORKSHOP
Steve Ignell

Northwest and Alaska Fisheires Center
Auke Bay Laboratory
National Marine Fisheries Service, NOAA
P. 0. Box 210155
Auke Bay, Alaska 99821

I'd like to echo Bill Smoker's comments about the quality of
the presentations. In my view, we've had a good and really
useful workshop. Before I begin today, allow me suggest that
although my participation here was somewhat fortuitous, perhaps
it was appropriate to begin and conclude these proceedings with a
member of the U.S./Canada chinocok technical committee. Remember
that we started off with Mel Seibel providing the terms of
reference for these presentations, talking about the U.S./Canada
Treaty and how that affects chinook issues in Alaska. That's the
perspective I have brought to this workshop and to this summary
presentation.

I've organized this summary by categorizing presentations
according to three topics: biology and life history, hatchery
contribution and enhancement. For each topic, I will begin with
some brief comments and then focus on pertinent issues.

Biology and Life-History

Yesterday we learned that the productivity of salmonids is
critically dependent on spawning, rearing and overwintering
habitat. For some systems, even though spawning habitat is
plentiful, overwintering or rearing habitat may be limited. In
other words, all three types of habitat are important for
successful rearing of chinook salmon.

We learned of the importance of habitat in the life-history
of salmonids. Salmon differentially utilize habitat for lower
and upper river systems such as the Susitna River. Coho and
chinook utilize different habitats within a stream system.
Chinook salmon often migrate from one part of a stream system to
another as they go through different life history stages. For
example, several studies indicated that chinook may spawn in
tributaries, then move downstream into mainstem areas to rear and
overwinter. Turbidity affects the rearing and overwintering
survival of salmon; it provides cover, but it also inhibits
productivity by reducing exposure to food. Estuarine habitat can
limit salmon production, which may explain current escapement
difficulties faced on the Alsek River. Finally, Joe Orsi pointed
out that the age of emigration, whether it is zero plus or one
plus, may affect life history strategies in the early ocean
environment.
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Issues

Article One of the Treaty suggests that the parties need to
provide for optimum production. As coastwide chinook stocks are
now rebuilding, we are reconsidering our estimates of optimal
production as some stocks have totally rebuilt in just of few
years. The chinook technical committee is scrambling around on
this issue, trying to develop an evaluation process of rebuilding
and of optimum production. The 1life history and biological
studies presented this week may be useful in this effort,
particularly for systems like the Alsek River for which we
haven't a clue why escapements aren't increasing despite our best
efforts. Perhaps the problem is that production is being limited
during a critical stage in their freshwater development. I
challenge those of you doing work in this area to think about
that issue and how your work may compliment with some of the
questions we are currently facing in the Chinocok Technical
Committee.

Article Two speaks to equity and there's some chance that
the productivity and life history studies will be useful here.
While that may seem controversial, it's surely reasonable that a
number of factors, beyond the spawning area affects the
production capabilities of a chinook stock from a particular
stream. Spawning area, combined with rearing area and
overwintering--and perhaps some others--all impact the total
productivity of a stream systen.

Finally, we find that life history studies are particularly
valuable as a yard stick for hatchery managers. Such studies
provide an indication of the biological parameters for a
particular stock and how natural selection has adapted a stock to
the environment.

Hatchery Contributions

Of particular importance was Hal Geiger's analysis revealing
difficulties in between area comparisons of hatchery contribu-
tions to the catch. Such comparisons require fishing effort
estimates before a true understanding is developed. From analy-
ses of test or sport fishing data, we learned that catch rates of
most hatchery releases are highest on the inside area. Although
the data is weak and inconclusive, directed fisheries of hatchery
fish in terminal areas are not very effective. The jury is still
out on the viability of terminal area harvesting, however, at
this time the verdict appears doubtful.

Al Davis' work showed that test fishing results showed large
local and temporal variation in catch rates within a particular
area. Data from the Frederick Sound area indicated high catch
rates of adults and low shaker rates of sublegals; other areas
have very high shaker rates.
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Mel Seibel's third treaty principal--enhancement--is only
useful, in my opinion, if trollers are able to harvest hatchery
fish. Mike Healy from Canada has suggested that trollers are
really an effective harvesting device for immature fish. We see
a number of fisheries around the coast where harvesting mature
fish is difficult. Consider, for example, Oregon coastal sys-
tenms. Although highly productive in number of chinook salmon,
Oregon trollers can't harvest these fish. Likewise with troll
fisheries around Robertson Creek. As was pointed out in this
workshop, Canadian trollers have real difficulties in harvesting
fish once the fish get close to Robertson Creek. In fact, the
only fishery I really know of in which a troll fishery acts as an
effective terminal harvester is in Georgia Strait.

From data presented at this workshop its unclear whether
adequate harvest rates of immatures are feasible. However, most
effort and planning should be directed at optimizing the harvest
of immature fish. I think Hal's type of analysis is particularly
useful for showing us broad areas in which immature fish are
available.

Issues

Once again, I believe that terminal harvests by trollers may
never be useful. Terminal exploitation rates are now low as we
currently have too few fish returning to terminal areas, in fu-
ture years, terminal exploitation rates may still be low as too
many fish will be returning to a region of limited fishing area.
An adaptive fishery management program will be needed, providing
management opportunities and "encouragement" to the troll fleet
which bring them into terminal, near-terminal and corridor areas.
To do this effectively, managers will need localized information
on the distribution of hatchery fish. Broad based analyses, the
type Hal talked about, are good and really useful; however, more
localized data is really needed. You may find a logbook program
useful in this regard. It has proved useful in past years and is
able to provide this type of data.

One other comment: the number one Canadian concern is inci-
dental mortality on coast-wide issues. As we plan hatchery stra-
tegies that are pushing fish on the inside, there is the poten-
tial for increasing incidental mortalities of the shakers less
than 28-inches. I think we need to keep this in mind because we
won't be able to ignore it. They won't ignore it and neither
will our friends in the south.

Enhancement

Today I observed a continued high interest in increasing
hatchery production through freshwater limited rearing strate-
gies. The two strategies commonly mentioned were zero plus re-
leases and net pen rearing (overwinter rearing by net pens). My
impression is that freshwater survival continues to be the prima-
ry measure of success. However, my own viewpoint, as I will
repeatedly say in this section, is that the ultimate measure of
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success must be the contribution to ocean troll fisheries. Put-
ing fish in the common property fishery marks success, not just
rearing fish.

Today we learned that diet studies are useful for optimizing
hatchery performance and may also affect fishery contributions.
We also learned of the significance of stock and release timing
effects to ocean distribution. For example, different stocks
were released from Crystal Lake and Little Port Walter and yet
they had fairly similar ocean distributions. The type of release
appears to affect survival more than size of release. However,
size of release is very important for that that window of oppor-
tunity which is critically important for producing fish.

In the Cook Inlet area, offsite hatchery releases were de-
monstrated to be useful in delivering fish to specific user
groups. This is a real success story.

Issues

Hatchery studies of brood stocks, breeding strategies and
rearing strategies which maximize survival thereby increasing
hatchery productivity are important and work in this area de-
serves recognition. Once again, however, I'd like to emphasize
that the primary criteria of hatchery strategies must be more
fish in the holds of fishermen, particularly trollers. We fall
short of the goal, in my opinion, if the primary criterion of a
hatchery strategy is only to maximize survival. As you can tell,
I have fairly strong feelings of that--perhaps arising from my
participation in the U.S./Canada process, where we've discussed
vigorously hatchery add-on and other issues pertaining to en-
hancement in the Alaska troll fishery.

An important corollary of this is that hatcheries must sup-
ply fish to fisheries in the outside area. Right now the empha-
sis seems to be to put hatchery fish in the inside area. I think
that emphasis is a mistake as the majority of the troll effort
will always be on the outside area, where the coho fishery occurs
and where most of the chinook are caught. As release strategies
and hatchery methodology practices are discussed and implemented,
emphasis must be on placing hatchery fish in the outside corridor
where they can be harvested by what I see as the number one user
group for this mitigation money.

Finally, this may reflect my ignorance, but I see effective
coordination between fishery managers, hatchery managers and
biologists to be essential. We've seen that many factors affect
hatchery performance; type of brood stock, size of release, re-
lease site, diet, and age of release. To efficiently determine
and quantify factors most important to ocean distribution pat-
terns, I recommend that decision dates be made for each area of
research. Once that date is reached researchers will turn to
explore other factors and hatchery managers will implement these
results. Perhaps information from experiments in progress will
suffice as there is considerable data that will be out soon dur-
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ing the coming years. We are in a race towards a goal--providing
fish to the fishermen--and timely achievement of that goal will
require optimal efforts by the parties.

Conclusion

In conclusion, I feel its appropriate to address each player
in this process and deliver a challenge to them. Beginning with
industry, I think it's important that industry provide the terms
of reference for this issue. After all, the mitigation moneys
were provided for them because of sacrifices they made through
the U.S./Canada treaty process. As such, their input is needed
to all of the players involved, whether a hatchery manager,
fishery manager or biologist.

For fishery managers, creativity is needed to develop and
implement harvest opportunities on both immature and mature fish.
Both corridor and terminal fisheries are needed for mature fish.
However, the primary focus, from my perspective, should be on
immature fish. Hatcheries managers need to provide the most fish
for a given cost given the constraints that the industry and
managers are placing upon you.

For biologists, I think you need to continue and explore new
methods to increase survival, ocean contributions, and maturity
schedules. And finally, to those pure scientists out there, I
pose a very simple question: Why do fish migrate? Or, why do
fish of different stocks and different areas have different ocean
migration distribution patterns? Take, for example, a Taku River
chinook salmon. Why does it migrate to Kodiak and beyond--or
wherever it goes--when it could just as well stay in southeast
Alaska and rear. Although perhaps a very basic question, it
really strikes at the heart of this, namely, to provide fish that
have an ocean distribution such that is available for capture by
the Alaska troll fishery.

The basic question is whether or not we can put fish in the
holds of fishermen. My answer is essentially positive--even
though it looks as though ocean exploitation rates are lower than
we desire and are continuing to decline. If we focus on those
technologies, release strategies and management opportunities
which will maximize fishery contributions, then we will reach our
goal. For example, perhaps new culture methods will reduce costs
of rearing fish by 10%, new release strategies will result in
improvement in survival and ocean distribution patterns. The
combined effects of these developments will be to incrementally
increase the ocean exploitation rates.

So that's where I see this process going. I'm not one of
those who suggests that we ought to give up on chinook salmon and
rear coho as part of the mitigation efforts. 1Instead, I am opti-
mistic and as long as the right priorities are kept, I am confi-
dent that this process will end up successful.
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Finally, we should give Bill Heard a round of applause and
thank him for his tremendous efforts with respect to this Work-
shop. This has been an excellent conference and hopefully it
won't be his last. Bill, once again you've done a great job.

ACRONYMS USED IN THIS REPORT

ADF&G Alaska Department of Fish and Game

AMA Alaska Mariculture Association

ATA Alaska Trollers Association

CF Commercial Fisheries

DFO Department of Fisheries and Oceans

FRED Fisheries Rehabilitation, Enhancement and Development
NMFS National Marine Fisheries Service

NSRAA Northern Southeast Regional Aquaculture Association
SEP Salmon Enhancement Program

SF Sport Fisheries

SSRAA Southern Southeast Regional Aquaculture Association
UAJ University of Alaska, Juneau
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