


Alaska Sea Grant College Program
University of Alaska

Fairbanks, Alaska 99701

Proceedings of the

THIRD ALASKA AQUACULTURE CONFERENCE

Cordova, Alaska
April 27-28, 1982

NATI0Ny ~~a r,R<',!T DFPOw',ORY

g~RI " ' '.iN ~> I I
NAI'RA4ANSLTT Rl 02882

Edited by T. Frady

Sea Grant Report 82-8
December 1982



ACKNOWLKDGMEI ITS

The Third Alaska Aquaculture Conference was co-sponsored by the Alaska
Sea Grant College Program and the Prince William Sound Aquaculture Corpora-
tion. We would like to thank our speakers and those who attended for their
participation. This publication was produced by the Alaska Sea Grant College
Program sponsored by the NOAA Office of Sea Grant, Department of Com-
merce under grant number NA81AA-D-0009, project number A/75-01, and by
the University of Alaska with funds appropriated by the state.



TABLE OF CONTENTS

PAGE

INTRODUCTION .

Armin Koernig
Prince William Sound Aquaculture Corporation

KEYNOTE ADDRESS: THE CHALLENGE OF CHANGE � CAN WE
MEET IT . ~ ~ 'I ~ ~ ~ ~ ~ 0 ~ ~ ~ ~ t ~ ~ ~ ~ t ~

Bob Palmer

Office of the Governor

STATUS OF THE FRED PROGRAM
John McMullen

Fisheries Rehabilitation, Enhancement and Development
Division, Alaska Department of Fish and Game

15

THE STATUS OF SALMON AQUACULTURE IN ALASKA: THE
PRESENT AND THE FUTURE..

Curt Kerns, Aquaculture Specialist
University of Alaska Marine Advisory Program

21

FISHERIES PLANNING. STATEWIDE AND IN THE PRINCE WILLIAM
SOUND REGION.

Tom Namtvedt

Prince William Sound Aquaculture Corporation

ECONOMIC FEASIBILITY MODEL FOR THE ALASKA SALMON
ENHANCEMENT PROGRAM .......

Jeff Hartman and Kit Rawson
Fisheries Rehabilitation, Enhancement and Development

Division., Alaska Department of Fish and Game

47

STRUCTURE AND ECONOMICS OF SOVIET AND JAPANESE SALMON
RANCHING EFFORTS 59

William J. McNeil
Oregon Aqua-Foods, Inc.

OREGON AND WASHINGTON PERSPECTIVES IN SALMON RANCHING.. 67
Brian J. Allee
Prince William Sound Aquaculture Corporation

75CANADIAN PERSPECTIVES ON SALMON RANCHING
F. Keith Sandercock

Department of Fisheries and Oceans, Canada

FUTURE OF SALMON AQUACULTURE DEVELOPMENT IN ALASKA..... 11
Robert S. Roys
Aquaculture Consultant



TABLE OF CONTENTS

 Co»tinued!

PAGE

ADVANCES IN RED SALMON CULTURE .
Joseph R. Sullivan
Fisheries Rehabilitation, Enhancement and Development

Division, Alaska Department of Fish and Game

ADVANTAGES OF SELECTIVE BREEDING
Lauren R. Donaldson

University of Washington

CHINOOK SALMON ENHANCEMENT AND RESEARCH ACTIVITIES IN
SOUTHEASTERN ALASKA. 93

William R. Heard
National Marine Fisheries Service, Auke Bay

MIXED STOCK SALK'ION MANAGEMENT WITH ENHANCED AND
NATUPAL STOCKS

Steven Pennoyer
Division of Commercial Fisheries, Alaska Department of
Fish and Game

WORLD MARKET CONDITIONS AND THE EX VESSEL PRICES OF
ALASKA SALMON.....

Richard S. Johnston

Oregon State University

LIST OF REGISTRANTS ... 133



INTRODUCTION

Armin Koernig
Prince William Sound Aquaculture Corporation

Cordova, Alaska

Here we are again, six years after the first Alaska Aquaculture Conference
held in Cordova in January of 1976. Many of you speakers here today were
here then, some of you in different positions but still working in aquaculture.

The subjects to be discussed this time are well-balanced with regard to the
various aspects of salmon enhancement. But the emphasis has changed since
1976, from fish culture and biology to the more economic, financial, social,
and institutional aspects. This is surely an indication of where the need for
realignment is most pressing.

Looking at the list of topics and knowing most of the speakers' involvements
and expertise it is difficult, even foolish, for me to get too carried away on
any particular subject. Having the undeserved, I believe, reputation of
talking too much, I decided ta prove a point today and keep this introduction
short. However, there are a few points I would like to make.

Since the beginning of Fisheries Rehabilitation, Enhancement, and
Development  FRED! division in 1971 and the emergence of private nonprofit
 PNP! hatcheries in 1974, substantial progress has been made in Alaska
salmon enhancement both by FRED and by the private sector, which is smaller
in numbers of hatcheries and overall investment. Successes are becoming
more apparent as adult returns to both state and private facilities increase.
Since the first salmon eggs were placed into an Alaskan incubator by FRED
and since the 1976 fishery council prediction that it may take 200 hatcheries
to produce 40 million salmon in Alaska, prevailing conditions have changed.
Environmental conditions and good management practices have produced
unusually high returns in Prince William Sound over the past three years,
and this year a statewide all-time high salmon return is expected for kings,
coho and chum in many areas still at the low end of things. The San Juan
hatchery for example could get as many as six to seven million pink returns.
That is more than the 15 year average return to Prince William Sound during
the 60s and 70s.

Environmental conditions will change again, nobody knows when or how much.
However, looking at the wildly fluctuating salmon runs of the past, it is not
likely that nature will contradict itself and stay favorable from now on. The
rationale for salmon enhancement, supplementing wild fish runs by more even
and sustained hatchery production, doing away with the traditional boom and
bust cycle, is still valid, although it may be hard for some people to believe
right now. Salmon aquaculture is a lang-term proposition and should be
looked at and evaluated as such.

Just as an intelligent aquaculture project has to have a long-term biological
plan, up to 12 years and more possible brood build-up for three to seven
year species, so it needs a long-term reliable financial basis to make the
project realistic. Here of course, some of the current problems appear.
State appropriations to FRED are a year-to-year affair and priorities change



with political changes, as do appropriations to the enhancement loan fund
which was established in 1976 for PNP hatchery funding.

Competition for state dollars is fierce as a result of oil revenue shortfalls, a
condition that is probably temporary. But if the list of priorities is closely
examined, something else has changed since 1976. Fish is not the most
important item anymore. Spending limitation formulas are not compatible with
an enhancement program that was devised and set in motion to follow its own
expansion rhythm based on primarily biological necessities and parameters.
Who should pay for the program? The general public? The user groups".
Should fish sales or a tax on fish landings recover the cost'? Transfer o f
state hatcheries to regional aquaculture associations is being discussed, "to
have the industry take care of itself." That could only be a partial solution
where possible, desirable and workable. How about sport fishing hatcheries
or hatcheries delivering salmon to various user groups or in mixed stock
situations where cost recovery by fish sales is not possible? Do we have to
recover cost? If this should be so, who should do it and how? How many
fish do we need? Where and for what user group, gear group, and by what
means if feasible'? What about the cost benefit? These are some of the

questions we hope to gain some insight into during this meeting.

Iike aquaculture in other areas of the state, that in Prince WiHiam Sound is
only starting to build its production potential. There is an incredible amount
of work and opportunity still waiting. Prince WiHiam Sound Aquaculture
Corporation  PWSAC! needs to buiM Esther hatchery for gillnetters, seiners,
and sportsmen. A number of barren lakes and streams can be populated with
fish. The Copper River red, king, and coho runs could and should be
increased.

It is we, the fishing industry and the fish users, as fishermen, processors,
and voters, that really have the responsibility and the chance to either make
it happen or let it go. We need to stand together to overcome the present
problems, plans, and work together for a rational and liveable future. It
may sound strange: "We need our supports' Maybe it would sound better if
I said we need to continue to believe in ourselves and in what we are doing.

We will live through the difficulties of 1982, one way or another. The main
thing is that we live through it in a way that does not leave us at the docks
years from now as we were in 1976--only this time with closed hatcheries, a
closed season, and, I can hear somebody say, closed canneries.

This I am sure is also a good opportunity to reminisce for a minute. I would
like to say a thank you to two men who are close to Cordova, to the cause of
fish, to enhancement, and to PWSAC. The first is to Bob Boys who so
abruptly retired last month from his job as FRED director which he had held
since FRED was established. Trying to sort things out in the early days,
among all unknowns in the new aquaculture field, was sometimes like running
across each other in a jungle wearing different combat dress. But we soon
discovered that we were on the same side--allies pursuing common goals. The
excellent cooperation that PWSAC has enjoyed with FRED division and Alaska
Department of Pish and Game  ADPaG! in general produced good results in
our area. We hope it will continue to do so, even if we should take over a
couple of hatcheries. The other friend, of course, is Wally Noerenberg who



did so much for PWSAC. We miss him as a solid professional and a warm
friend.

A special thanks to all you fishermen, processors and others who have stead-
fastly supported PWSAC with voluntary assessments, contributions and moral
strength.

At times it seems that the work ahead of us is an endless uphill battle. But
the challenge of it all is powerful and a lasting attraction to those who take it
up. Your being here is living proof that the rewards are promising and they
are within reach. Broodstocks in Alaskan hatcheries are finally building to
produce substantial adult returns.

There are many talents, prerequisites, and virtues needed for aquaculture to
gain secure longevity as an accepted way of additional fish production.
There are those who may still look at hatchery fish as the result of an unna-
tural act, not as a financially explainable and predictable undertaking, as a
producer of weD-distributed social benefits including a happy consumer of
affordable salmon, a delectable and nutritious form of protein. Patience and
perseverence must surely be among the most essential requirements. Instant
success as an aquaculturist is just as unlikely as producing instant fish.

Finally, for the PWSAC and all of us Cordovans, I thank all of you who come
here today, especially the speakers, to share your views and knowledge with
us. We are ready to listen, surely we have lots of questions, and we are
willing and eager to learn.

Remembering Ernie Salo's speech closing the 1976 Cordova conference, I hope
that Ernie will forgive me for "reusing" his thunder by putting his concluding
thoughts, slightly modified, at the beginning of this conference: "I have no
vested authority to bless this operation and I do not intend, nor need I, for
I believe that one of you following speakers will do that much better than I
could."

In anticipation of what will be said here:

1. We will admit that we have a problem, and most of us admit to several
problems.

2. We will attempt to define the problems.

3. We are applying the old adage that a problem well-stated is half solved.
Well, we have some old problems that were stated then and will be
re-stated now and are still half solved.

4. Most of all, this open dialogue is welcome and essential. Thus we must
believe that this conference will be a success.

Thank you.





THE CHALLENGE OF CHANGE-
CAN WE MEET IT?

Bob Palmer

Coordinator, Special Projects
Office of the Governor

Juneau, Alaska

It's a very sincere pleasure to be here today and my warmest congratulations
to Don Rosenberg, Curt Kerns, Armin Koernig and all the rest who are
responsible for this Third Alaska Aquaculture Conference.

Frankly, I feel like a rank impostor when I iiote the presence of many
distinguished scientists, the great names of salmonid culture, from whom so
much has already come, and from whom so much is yet forthcoming.

It has been my privilege to play a much different role. To have the
opporturiity to talk with Dr. Donaldson, Dr, McNeil, Tony Novatney and
Connie Menken on the Brown Bear; to spend hours with Bill Heard at the
Auke Bay Laboratory and at Little Port Walter and to see his gravel incubator
encased in six feet of shore ice and pumping out pink fry; to see the nomad
coho fry from Sashim Creek growing in the freshwater lens, of a saltwater
net pen; to perceive, at least dimly, the eriorraous potential those techniques
might have for Alaska; to have the good fortune to be serving in the Alaska
Senate as chairman of the Natural Resources Committee, and a member of the
free conference committee on the budget; to have a governor, Bill Egan, who
could get just as enthusiastic as I about the proposal I took to him; to get
the first state funds appropriated for three pilot projects just ten years ago
this spring.

Those were exciting days, and it's even more exciting to see the returns
coming back to some of our hatcheries.

Even though Governor Egan was convinced, the most difficult hurdle in
getting this program off the ground was the oppositiori from fishery
management people in the Alaska Department of Fish and Game.

shall never forget the night 10 years ago. I'our of the top state fishing
people had spent several hours trying to help me understand the error of my
ways. The deputy commissiorier of the department said, "Even if you' re right
and hatcheries would be as successful as you believe, what would we do with
all those fish?" And that, I think, is the question facing all of us in the
salmon business today.

According to certain psychics and soothsayers, 1982 is to be a year of
unprecedented change on planet Earth. Volcanic activity is to greatly
increase, earthquakes of monstrous proportion and destruction to march
relentlessly around the Pacific rim of fire, and the lands of California to
begin to slip into the sea. After these warming-up exercises--muscle flexing
for Mother Earth--in the 80s and 90s, she really gets down to business. The
rocky mountains, upthrust from unconsolidated material arid therefore not
firmly tied to base rock, quiver, slump and slide into the sea. And in less



than 18 years, the waves of the Pacific Ocean lap gently at the great plains
of western I ansas. Such a scenario, were it to happen, would certainly
subject human mettle to the white-hot test.

While there is room to doubt that such cataclysmic events are bearing down
upon us, can anyone amorig us seriously doubt that upheavals of eriormous
magnitude are violently threatening the very existence--the roots, framework
and superstructure, af the salmon business? Maybe it is not all that bad.
Maybe we can muddle through one more time.

Each of us could make his or her awn catalog of events leading to the morass
irita which we' re riow sinking, and I am sure yours could be much more
comprehensive and perhaps more accurate than mine. It is vitally important
that we do examine events, if we want ta put the picture in proper
perspective and lay out a clear course of action for recovery. It has been
said many times that the future belongs to those who prepare for it. Do you
know of a more accurate truism to apply to the salmon business today?

Last week, I checked irito a Seattle hospital for a procedure called heart
catheterization, or, sometimes, arteriogram. It is the single most effective
and accurate method now available to determine how badly the pipes in the
hear't have been plugged with detritus of various kinds. But never have I
had. as complete a medical history taken--along with the various and usual lab
tests. Orily by understariding as thoroughly as possible the condition of the
body now--iri all it interrelated functions--and how it has come to be in that
condition, could the cardiologist best plan a comprehensive route to recovery,

What is the significance af the following to the present condition oi the salmon
industry?

1. Atlantic salmon at o»e time were so plentiful that the laborers of an
earlier day in Europe insisted, as part of their working agreement, that
salmon would nat be included in their rations more than seven times per
week.

2. Harvests of Alaska salmon in the 1930s were of 100 million adults or
more/year.

3. When many of us were youngsters, canned salmon had such a competitive
price in the Uriited States that it was a staple food an the tables of even
low income families.

Original hatchery technology began over a hundred. years ago in the
United States.

In spite of a long period of disuse iri the United States, that technology
has been embraced by Japan.

5.

For two decades and more, we' ve talked about improving quality, diversifying
processing methods and products; about aggressive marketing. We' ve
watched and done nothing while Charlie and Chicken of the Sea captured the
iriterest of the television audience, the dollars in their pockets, and aur
markets--with a product inferior to ours.



6. Improved management techniques were developed by the old 8CF, the
FBI, NbIFS, ADFI| G and others.

7. Japanese markets have developed and there is extensive investment of
Japanese funds in the United States fishing industry.

8. Japanese and Russian hatchery systems are highly successful.

9. A large measure of control has been achieved by the Japanese salmon
fisheries co-ops.

10. The 200-mile limit.

What about these monumental breakthroughs?

1. The Oregon moist pellet--to replace the daily preparation of ground
animal by-products.

2. The concept of substrate incubation.

3. Pen-rearing Atlantic salmon in Europe and the Scandinavian countries.

4. McCormick's Fish House in Seattle advertises fresh salmon on its menu,
Norweigan, pen-reared Atlantic salmon/

5. Denver: When having dinner at an extremely nice restaurant-Alaskan
king crab--the only fin fish on the menu was dover sole. When asked
why no salmon, the servers didn't know, The same experience occurred
in Jacksonville, Florida,

A small matter perhaps, but how frequently would that scene be repeated in
good restaurants across the nation? If McCormick's can feature fresh salmon
flown in from Norway, I have to believe that fresh or fresh frozen Alaskan
salmon can be available in all the major cities of the United States.

ITEit,I: Pish traps in Alaska

ITEM: Statehood

ITEM: Unlimited amounts of gear in every salmon fishery in Alaska and
overharvesting in most, if not all, cases.

ITEPI: Limited entry--and the sudden, among some fishermen at least,
philosophy changes.

How well I remember the oft-repeated statement of one of Alaska's most
famous seine fishermen when discussing creek robbers who fished inside the
markers of salmon-spawning streams, "I' ll never be the first to put my seine
in the water behind the markers, but I' ll never be third either!"

Now, with limited entry, fishermen can, or could, see a future in their
business--and a way of life to pass on to their sons and daughters. And
creek robbing takes on a different significance.



PERTINENT HISTORICAL LANDMARKS

1971 Discussions by several Alaskans with:
Dr. Lauren Donaldson
Bill McNeil

Bill Heard--Little Port Walter

Manchester � Tim Joiner, Tony Novatney, Connie Mahnken

1971 Legislative creation of FRED Division in AD F a G over very strong
opposition from ADFS G officials.

1972 Funding of first three state pilot projects in Alaska to use substrate
incubation and saltwater pen rearing.

1972 Debate over "biological overescapement--nonexistent." Natural

1972 Philip Daniel, a commercial fisherman from Ninilchik, working in Juneau
as a legislative administrative aide, becomes catalyst in the creating
United Fishermen of Alaska. For the first time, the majority of
commercial fishermen speak with one voice.

1973 The Legislature appropriates funds and instructs ADFIC G to build
production hatcheries for salmon using substrate incubation.

1974 The Legislature enacts HB 830, establishing the concept of the private,
nonprofit hatchery system, and in 1976 SB 688, establishing the concept
of the regional association.

1974 Salmon harvest down to 22 million adults. Compare to 1930s harvests of
more than 100 million fish annually.

1974 Hatchery bond issue.

In 1974, Japanese took 800 million eggs, Russia somewhat less; Alaska,
Canada, Washington and Oregon took 450 million eggs. It seemed highly
likely that soon the common oceanic pasture for Asian and North American
salmon would be the subject of an international conference. Grandfather
rights and quotas would be established. It was high time that Alaska began
a program to stake out its claim.

Also, in 1974, a commercial fisherman from Naknek was elected governor
of Alaska. As one of his early actions he issued orders to the
Department of Fish and Game to "make the hatchery system work."

1976 Governor Hammond creates the Alaska Fisheries Council appoints Dr. Bill
NcNeil as chairman and Bob Palmer, executive director, and charges it,
in cooperation with AD F 5 G "with the development of a long-range,
statewide plan for rebuilding the salmon resource to its former level of
abundance."

1981 Ten years after inception of FRED, the capacity of state hatcheries had
grown essentially from ground zero to 650 million eggs. Prince William



Sound hatchery at Port San Juan has a return approaching 2.5 million
adults; the largest return ever to a hatchery in the western world.
Tutka had an adult return of pink salmon that had a 16 percent marine
survival.

Crooked Creek kings increased from 38 fish in the beginning years to
approximately 5,000 kings annually through the hatchery weir and a
major new sport fishery established on the Kasilof River. Crooked
Creek hatchery sockeye fry were released as smolts from the Hidden
Skilak Lake System, returning from the ocean at a rate estimated to be
38 percent of those fry released.

Japanese salmon hatcheries were returning tens of millions of premium
quality chums to the coastal fisheries. While Japanese consumption of
salmon decreased and red meat consumption increases, their hatchery
production. continues to increase at an almost exponential rate, as does
the Russian production. The new techniques of salmon lake-stocking
and lake fertilization are rapidly developing.

Horace Greeley said, "Go west, youn g man, " Perhaps we should be
looking south. What will be the influence, good doctors, on our
patient--the United States salmon industry--if the efforts to develop
salmon ranching in South America develops to even a sizeable fraction of
its apparent potential? Will the vast pastures of krill produce salmon
harvests of a magnitude to match or dwarf those of Bristol Bay? Of all
Alaska?

1982 forecasts of record harvests in Alaska.

Seventy-five percent federal budget cuts are proposed in the NMFS
program. Rumors of massive reductions in state funding are rumored.
Discussion of operation of some state hatcheries is shifted to the private
sectors begins.

AND BOTULISM!!

Embargoes were imposed by foreign nations; a clean sweep in some states of
all half-pound cans of Alaskan salmon.

Alvin Toffler in his book, Future Shock, spoke of modern man being caught
in the maelstrom of change--and indeed in danger of being overwhelmed by
change, and of the rate of change increasing at an accelerating rate.
Previously, the salmon industry has avoided or evaded the most dramatic of
the challenges facing the industry. Seldom if ever have those challenges
been directly confronted, much less conquered! Future shock is no longer in
the future. !t's here, it is now, and the issues can no longer be avoided,
can no longer be left to the processors. We must all hang stethoscopes
around our necks, gather in the consultation room, and work out the
prescription for recovery.

Toffler, talking about the sense of overwhelming calamity so many people feel
coming down around their shoulders, says people in general are crying out
for something or someone to give them reason to hope that things may get
better. And I believe that is the element--the vital ingredient--that we can



find in this massive challenge facing us today. Finally things have gotten so
bad that we are going to confront the problems--and conquer them.

Aggressive marketing on a national and international scale is an obvious part
of the prescription for recovery. Improved quality of product is another.
Those two things can no longer just be given lip service � they must be
accomplishedI f Sixteen years ago, when I first entered the Legislature, Jim
Reardon of Homer suggested that Alaska really needed a food technology
laboratory devoted to perfecting new ways of processing salmon and other fin
fish and she11fish to expand and diversity the markets for our fisheries. He
was absolutely right--and I'm very glad that it is finally on its way.

A couple of weeks ago, I sampled salmon jerky, salmon sausage, and a couple
of other delicacies that were excellent. I saw the letters of enthusiastic
acceptance and orders from major grocery firms for those products. The
products were made from spawned hatchery fish. The products had been
developed after years of effort by an individual fisherman with an idea and
determination. 1Vluch more of that kind of research and development must be
done. But we cannot expect that kind of basic research and development to
be carried out entirely by the private sector. We need the Fishery Industrial
Technology laboratory to work continuaUy to develop new products.

Of major importance and special relevance to each of you is the necessity
major expansion of Alaska's hatchery system. Based on the items noted, I
believe that we must accept the very real probability of substantially greater
production of salmon in both Asia and Europe and perhaps in South
America--with resultant weakening in prices.

Alaska's fishermen may well find it necessary to sell substantially larger
numbers of fish at lower prices in. order to just maintain income levels. To
do so means well-sited, well built and well-run hatcheries, and that means
~OU .

Botulism, as scary as the word is, as costly as the e perience is, may be the
catalyst that finally requires us to confront the issues squarely and find
answers. There are many more elements in a comprehensive prescription for
recovery and we need your help to find them and make them work. Within
the chaos of today, the seeds of hope are sprouting. The future does belong
to those who prepare for it--and the time of preparation is now.
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THE FUTURE OF SALMON AQUACULTURE DEVELOPMENT IN ALASKA

Robert S. Roys
Aquaculture Consultant

Juneau, Alaska

Distinguished conferees, ladies and gentlemen, the question of whether or not
Alaska will dominate the world's salmon market by the year 2000, maintain its
status quo, or slip to third place are again before us on April 27, 1982.

The Russians and Japanese have launched a major salmon enhancement effort
that could, by the year 2000, add another 61 million salmon to the world
market. I believe Dr. McNeil will present details of that effort later on
during this conference.

Beginning about 1975, the department and the private nonprofit sector
launched a major enhancement effort consisting of bond issues, grants, loans,
laboratories, procuring professional personnel, and establishing regional
planning teams with a tentative objective of producing about 50 million salmon.
Target completion date was the early 1990s. That effort, if achieved, would
have not quite matched Russian and Japanese enhancement endeavors, but
would have had a major impact on the world markets.

As of Friday, April 20, 1982, after reviewing recent legislative action
affecting FRED   Fisheries Rehabilitation Enhancement and Development !
division's operating budget, the lack of a significant capital budget, no bond
issue, and the private sector struggling to keep their loan program at an
acceptable level, I have come to the conclusion that the whole program is in
jeopardy. A magnificant program is grinding to a halt, one that called for
managers, fisheries professionals, sport and commercial fishermen, and
processors to join hands and launch one of the most magnificent fisheries
development programs ever conceived with seed money from a non-renewable
resource oil and self-imposed taxes. Why is that program grinding to a halt?

Have we failed in the technological sense?

There is little doubt that technological problems have been encountered and
"unknowns" have surfaced since the start of the program. All parties have
experienced those, but with the exception of sockeye research, most problems
are being rapidly overcome, and who knows, maybe Dr. Grischkowksy and his
colleagues have cracked the barrier on sockeye propagation called IHN virus.
Continued research in the near future should confirm or reject that possibility
if the program is adequately funded.

No, I don't think the program is jeopardized because of lack of reliable
technology, as was the case in the late 1960s and early 1970s. We must look
elsewhere.

What about the continued positive leadership of the program'? Has lack of
high level positive leadership been a contributing factor in the program
jeopardy? Has leadership been satisfactory at all levels in the private and
public sectors?

11



I obviously am not going to publicly examine myself as former director of
FRED division, nor scrutinize lovable Armin Koernig's activities with PWSAC,
nor review the intense efforts of Ron Wendte from SSRAA, nor the endeavors
of Pete Esquiror from N SR AA, nor ponder the ext remely complex problem s
faced by Floyd Heinbuch and Tom Mears from CIAA. I am convinced that all
of us directly involved in the program, in the private sector as well as the
public sector, have had a major problem with what I call the influence of
peripheral leadership .

Because of that peripheral leadership, the hatchery development program has
been delayed or terminated because key personnel in authority do not
understand why the central thrust of the enhancement program is hatchery
development. Those persons still reside throughout the legislative and, in
some cases, the private sector.

An example of peripheral leadership influence is as follows: A few years ago
a very influential person came to the conclusion that fish ladders were the
most economical way to achieve churn salmon enhancement objectives in
Southeast Alaska and perhaps in the state. Now, I will not dispute the fact
that there are excellent opportunities along those lines. But, to produce 10
million additional chum salmon from fish passes in Southeast, under existing
natural mortality factors, requires the discovery and development of one hell
of a lot of fish pass sites. In fact, it would require finding and developing
passage facilities for approximately three times the amount of ' natural
spawning area now used in Southeast. I do not care to remember how much
time and effort was expended explaining reality to that peripheral leader.

There are several very influential legislators who believe that with miracle
surgery on a few beaver dams, stream improvement here and there, and
restocking decimated runs, major production increases will be possible, and
that type of activity will also increase and stabilize production levels. As
you all know, there are many salmon producing areas of the state that don' t
even have significant beaver populations. There is of course a necessity for
carrying on appropriate activity where problems arise, but that activity will
not deliver reliable significant production increases. In my opinion many
legislators propose and support those activities instead of hatcheries because
they appear to cost much less and still demonstrate to fishermen that officials
are seeking legislative solutions to their problems.

Many professional and lay people throughout the state believe in simple
solutions. Expression of those beliefs within and outside of the profession is
hurting the program. A massive education program is in order.

The last type af peripheral leadership originates in the Legislature and in
tnany cases can be traced back to issue analysis performed by legislative
administrative assistants who have very little, if any, expertise in fisheries.
A classic example of that type of documentation served as a basis for cutting
the FRED division's budget. That position paper, sprinkled with innuendo
and prevarication, should have impacted fisheries issues like an extra quart
of water down the Copper River. Unfortunately, there were many people in
the press and Legislature who believed every bit of that diatribe.

12



The last reason I believe the hatchery development program is jeopardized is
because there is little doubt that declining oil revenues have triggered a
panic throughout the state and hatcheries, in these days of good natural
runs, are not needed. Everyone appears to be scrambling for their fair
share of declining revenues. But three questions need be re-asked of every
program based on those declining oil revenues:

1. Does the expenditure improve health?

2. Does the expenditure really improve education?

3. Most important, does the expenditure create new self-perpetuating
income sources for a broad spectrum of industry?

In conclusion, during the upcoming political campaigns, weigh carefully the
statements of political candidates, particularly those whose constituents ar e
not of the land or water. Beware of candidates who speak of capital expendi-
tures derived from non-renewable resource revenues for t

We in the hatchery development program are faced with an unusual election,
another reapportionment, everyone in the legislature running except two
senators, and a gubernatorial race. The number of fisheries supporters in
the Legislature has been declining. Unless sympathetic candidates are
carefully selected, supported, and elected, our vital aquaculture program will
grind to a halt. We have come a long way during the past eight years, and
are be glnnin g to witness the fruits of that labor. Unfortunately,
short-sighted leaders do not remember the devastating winters of the late
1960s and 1970s, nor do they grasp the impact of the Asian effort on Alaska's
domestic salmon fisheries. The salmon enhancement effort must be revitalized

or we will be dancing to the Asian tune in the market.
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STATUS OF THE FRED PROGRAM

John McMullen

Acting Director
Fisheries Rehabilitation, Enhancement and Development Division

Alaska Department of Fish and Game
Juneau, Alaska

The Fisheries Rehabilitation, Enhancement, and Development  FRED! division
created in 1971, when salmon runs to the state were about 22 million fish.
Now, 11 years later, we are projectin g a return of 135 million catchable
salmon.

Most commercial fishery oriented people tend to smile, cough politely, or
display outright indignation at such a statement.

I know that aquaculture projects operated by the state probably accounted for
fewer than three million adult salmon in 1981, with only about two million
documented at hatcheries and terminal fisheries. We are expecting numbers
in the low millions again in 1982. However, I like to use the 135 million
figure up front when talking of salmon programs so that discussions can then
face the real instability of our salmon resources and the long term need for,
and objectives of, a fisheries rehabilitation and enhancement program in
Alaska.

FRED division was created by the Legislature in 1971. Between that date and
February 15, 1982, it was led by one director, Rob Roys.

The formation of the Private Nonprofit Hatchery Program and the regional
aquaculture associations resulted in a need and desire for close coordination
between them and FRED program. At the same time, growth and projected
growth in aquaculture activities resulted in the formation of a technology and
development group within FRED. This group provides technical guidance and
laboratory services to both state and private nonprofit projects and hatcheries
throughout the state.

Active laboratories and technical groups include. pathology, Anchorage;
genetics, Anchorage; limnology, Soldotna; tag recovery, Juneau; and
engineering, Juneau and Anchorage. ln addition., we have specialists in fish
culture and field biology, who serve the entire program.

Another very important function administered by the FRED division is the
Private Nonprofit Hatchery Program coordinator's office. This group handles
hatchery permits, organizes and facilitates regional fishery planning teams,
processes fish transport requests, and writes grant money contracts for
private nonprofit--FRED cooperative projects.

Somewhere down on the list of trained personnel come people like myself--and
Bob Roys before me. My job, as I see it, is to maximize production at our
hatcheries in accordance with long range plans, encourage and support our
scientific efforts, seek program opportunities and budgets, and cooperate and
coordinate positively with the regional aquaculture organizations, the smaller
hatchery corporations, and sister fishery divisions within the Alaska
Department of Fish and Game  ADFSG!.
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I would like to say that one of my attributes is excellent budgeting for FRED
division needs. However, the past few months have taught me something of
the complexities of that process, and I am truly thankful for the support
FRED is receiving while attempting to establish a meaningful funding level for
fiscal year 1983.

Everyone who reads newspapers has been exposed in the last few months to
the concept of hatchery transfer from state government to the regional
aquaculture associations. If initiated, FRED will be placed on the leading
edge of the move away from government and toward the people. The results
might include a longer range funding plan for hatcheries which are
transferred, and a more clearly defined association between the state and
private aquaculture programs.

I would like to set the concepts of program organization aside and recap some
of FRED's activities in 1981 and early 1982 before closing with an overview of
the program.

FRED operates 20 hatcheries throughout Alaska  projection!. Over two million
salmon returned to these projects in 1981. This was an increase from the
previous year's return of 880,000 fish. The most publicized return was the
one million pinks at Tutka, near Homer. Kitoi Hatchery on Afognak returned
about 800,000 pinks. The new Cannery Creek Hatchery in Prince William
Sound received 70,000 hatchery pinks. The chum salmon hatcheries, which
are relatively new to southeastern, are not receiving the attention gained by
our pink salmon hatcheries because chums return from sea as three- and
four-year-old. fish. Although our chum salmon hatcheries have not operated
long enough to return large numbers of adults, brood stocks at Beaver Falls
near Ketchikan and Hidden Falls on Baranof Island will be aided appreciably
by hatchery returns in 1982,

The schedule of stock development at Beaver Falls is representative of what
is expected to happen at other chum salmon hatcheries in southeastern. In
1982 we expect about 5,200 females at the hatchery following an estimated 50
percent fishing mortality. By 1984, the number of usable female chums at the
hatchery should increase to over 23,000 with an egg yield of about 50 million.

The Klawock Hatchery is of special interest because we are linking its
program to that of Beaver Falls and its chum salmon stock. We propose to
supply chum eggs to Klawock from Beaver Falls, thereby deleting expensive
and unproductive attempts at finding enough disease-free chums on the west
coast of Prince of Wales Island for Klawock broodstock.

In the southeastern region, king salmon are handled in four of six facilities.
Crystal Lake now has a chum stock of Stikine River chinook and is shooting
for about 700,000 smolts plus another 200,000 cohos. The Snettisham
Hatchery, near Juneau, which has the largest potential of any FRED hatchery
in Southeast for chinook and salmon smolt production, already has about
300,000 fingerlings on hand, which may eventually translate into 6,000 adults
for the fishery and broodstock development program there.

In Cook Inlet, coho rehabilitation within Knik Arm's streams is encouraging,
and we' ve documented 10 percent ocean survivals from smolts to adults.
Sockeye rehabilitation projects at Big Lake, Hidden Lake, Tustumena Lake
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and Leisure Lake are indicating our ability to farm around the IHN virus
problem that has resulted in large hatchery sockeye die-offs in past years.
Stocked fish which migrated as smolts have returned as adults at rates of up
to 20 percent, an encouraging ocean survival rate.

The good news for Cook Inlet sportsmen is that the totally reconstructed Fort
Richardson Hatchery will come on line this summer. Our expanded rainbow
trout program there will supply fish to land-locked lakes throughout central
Alaska.

FRED division released 130 million salmon fry, fingerlings and smolts in 1981.
The division took 250 million salmon eggs statewide, and is in the process of
taking 5 to 6 million rainbow trout eggs at the Elmendorf Hatchery.

Egg-take objectives for FY 83 are 363 million statewide, but this figure may
be revised downward, depending on FRED's final FY 83 budget.

Three additional hatcheries are scheduled to become operational this spring.
Main Bay Hatchery in Prince William Sound, is expected to deal with returning
fish resulting from fry released there in 1981 in a cooperative project with
Prince William Sound Aquaculture Corporation. The other two new hatcheries
are Trail Lakes on the upper Kenai River system and the Noatak
investigational hatchery near Kotzebue.

Rather than delve into a facility-by-facility discussion of this past year' s
activities, I will refer you to our annual report, which can be obtained from
our regional and headquarters of fices upon request. This report details
individual hatchery production and performance along with discussions of our
involvement in lake fertilization, fish pass con st ruction, lake stocking,
research, and private nonprofit hatchery program activities.

PROGRAM STATUS

Frequent discussions reveal to me that people from many sectors of Alaska's
population understand the long-term benefits of Alaska's salmon enhancement
activities. However, those who wish to argue against the program will cite
the relatively small return of adult salmon attributable to a program in its
11th year of operations.

My response to this statement summarizes the status of the FRED hatchery
program. This information is included in Figures 1 and 2, the first of which
depicts cumulative capital funding and operational egg capacity for FRED
facilities,

Although the program has been in existence since 1971, hatchery construction
was not funded until the 1976 and 1978 bond issues passed. The hatchery
construction program now totals about $79 million. Egg capacity of the
combined hatcheries increased as the individual construction projects were
completed and facilities became operational. The operational capacity in 1982
is about 550 million eggs. This is expected to reach 670 million eggs as the
new facilities come on line this summer.
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Figure 2 summarizes the status of the FRED hatchery program, illustrating
annual advances in eggs taken, fry released, and adults returned, with the
exception of fish stocked in lakes for sport harvest.

The program was in an organizational and pathfinding mode prior to 1974.
This period is followed by one of broodstock development, with egg incubation
numbers trailing operational potential by two years. For example, our
hatcheries reached an operational capacity of 300 million eggs in 1980. Our
1981 egg-takes totaled 250 million, and our 1982 egg-takes are projected at
350 million. These comparisons use design capacities for existing hatcheries,
capacities which might differ from increased production capacities resulting
from improved incubation technology.

H at chery production is definitely increasing. Results appear promising,
especially if the hatchery production curves are projected. However, this is
happening when state revenues are faltering and the abundance of natural
salmon is at a historic high. Pressure for funding restrictions must be
countered with a biological and economic plan that provides the best possible
benefit/cost and the largest net state income from the program.

You will learn more of FRED's specific work on this type of analysis when
Jeff Hartman speaks on his project. For the moment, I'd like to steal some of
Jeff's results and say that preliminary analysis of FRED hatchery operations
indicates an overall benefit/cost of 2.8:1.0. and a program net present value
of $438 million.
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THE STATUS OF SALMON AQUACULTURE IN ALASKA:
THE PRESENT AND THE FUTURE

Curt Kerns

Aquaculture Specialist
University of Alaska Marine Advisory Program

Juneau, Alaska

THE PRESENT

It is often difficult to accurately assess a complex endeavor in which one is
deeply immersed. The perceptions of individuals long involved in salmon
ranching elsewhere may offer certain insight, however, into how the Alaskan
program's performance is viewed  see Figure 1!.

1975: 10x103 fish returned and 35x10 eggs taken; no one had heard
of us.

200x10 fish returned and 100x106 eggs taken; very few had
heard rumors about us.

1977:

1. 25x10 fish returned and 240x10 eggs were taken; people
were starting to take notice of us.

1979:

4.5x106 fish back and 450x10~ eggs taken; the question most
often asked was "Who are those guys?"

1981:

THE FUTURE

The future of the Alaskan salmon industry is, of course, unknown. There
are, however, certain. forces evident that will undoubtedly forge the shape of
that future: advances in salmon aquaculture biotechnology; plans of other
salmon producing countries and their effects on world salmon supply; trends
in analogous segments of the food industry. These are a few of the more
notable underlying causes of change.

SALMON CULTURE ADVANCES

Salmon have been cultured in the United States for over a century. Progress
was leisurely for the first 80 years. King and coho were the only species
successfully raised in any numbers. Plentiful wild stocks and scant
recreational demand resulted in low societal pressures for more fish.

The development of pelleted rations signaled the birth of the second
generation. Increasing recreational demand caused by a marked increase in
leisure time following World War II was a primary outside incentive.

The third generation resulted from research on substraight incubation. Pink
and chum culture became technically possible. The scarcity of brood stock
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In research-dependent industries, technological progress moves in two basic
ways; generational quantum advances resulting from long-term basic research,
and numerous small changes made by those using the new technology as
experience is gained. Societial forces outside of the particular industry set
the rate at which both types of progress move.
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and political opposition forestalled its application in the region of the
discovery despite the rising value of salmon. The severely depressed
Alaskan salmon harvests of the early 1970 s did, however, spur the more
insightful members of the Legislature to write enabling statutes. They wisely
chose a structure that was a mix of state and private nonprofit efforts.

Salmon aquaculture came to Alaska once more. This time the biological and
technical knowledge provided by researchers and culturist s elsewhere
provided the solid base lacking in the earlier attempt. Experience developed
here has resulted in a demonstrable return to scale. A 250 million egg
hatchery is now regarded with the same trepidation as 20 million was in 1975;
"Seems like a hell of a lot eggs, but we can do it." The rapid development
of the past five years indicates that the focal point of change has geograph-
ically shifted north. British Columbia and Alaska have become the spawning
grounds for future generations of salmon aquaculture and the areas where
rapid incremental changes resulting from experience are most likely.

The next generation, yet gestating, is that of extensive vs. intensive
rearing. Lake fertilization for sockeye, stocking lakes with coho, and
perhaps kings, are examples. Short-term rearing of pinks and chums in
nearly-natural estuarine enclosures is as yet a gleam in the eye of
nutritionists. Extensive rearing using space instead of concrete, should
produce smolts of unequaled fitness ~

At least one more generation may be spawned before the ocean's pastures fill.
The harbinger of this generation is the oft noted observation that fry and
smolts released at different sizes and times have highly variable marine
survival rates. Short-term rearing and monitoring estuarine conditions, while
poorly understood, have already doubled and tripled survivals. But even
with Tutka's and San Juan's enviable survival rates, 90 to 95 percent of the
fry released do not return. By understanding the early life history of
salmon, their interrelationships with the marine food web, and their environ-
ment, it may well be commonplace to have fry to adult survivals of in excess
of 25 percent, instead of the 5 to 10 percent it is today.

OTHER FORCES

Later speakers will address trends in other countries and the resulting
influence on domestic and international markets. The forces at work in other
segments of the food industry, however, bear close observation.

Food Industry Trends

Extrapolations of trends between industry segments cannot be taken literally.
It is, however, useful to look at the forces that cause changes in similar
industries, particularly those that are more mature.

Commodity canning companies such as Del Monte, Swift, Green Giant, and
most recently a subsidiary of Nestle-Libby, are accelerating their move away
from concentrating on seasonal commodities, such as canned vegetables and
fruit. They ar e expanding into added-value prepared food lines, such as
French-cut green beans in hollandaise sauce. Value-added foods shift
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preparation time away from the home or food service kitchen into the
processing plant.

A little over a decade ago Libby was selling a billion dollars a year in canned
commodities. Their recent divesture was prompted by several reasons, all
inherent in commodities vs. value-added production.

Canned commodities are seasonal products. Their availability is influenced
considerably by weather from year to year. The processing plants have the
high overhead common to plants that operate just a few months of the year.
Canned goods being a more or less standard product, competition has been
keen, therefore, mark-up low. Sales are relatively flat as well. Widely held
companies, particularly in an uncertain economic climate, must have increases
in profitability, if not quarterly, then certainly yearly in order to keep stock
prices up.

Value-added products can be produced year round, have higher mark-ups
and, with proper advertising, sales can rapidly expand. They offer the
consumer convenience, variety, and taste. They can consequently offer the
plant management more freedom than commodity products from irate
stockholders.

So who is canning libby's peaches? The people that grow them, through a
cooperative called California Canners and Growers. It pays 50 to 60 percent
of the value of the crops grown to members at the time of sale. The rest is
supplied as dividends, paid after the pack sale. Hach grower contracts with
the cooperative for a specified quantity of crop. If more crops are needed,
the grower can sell more; if less are needed, all member growers share in the
trimming. As the grower's productivity increases and more acreage is added,
additional plant capacity is purchased, and marketing and new product
development research efforts are increased.

SUMMARY

So what does all of what I' ve been saying mean?

The potential for harvesting the solar-leased productivity of 24xlGs mi sq of,
the subarctic Pacific, some of this planet's richest waters, is vast. Alaska
stands poised to usher in what could well become the greatest era o f its
salmon industry. Fishermen, be they sport, subsistence, or commercial, do
not have to sit idle because the naturally spawning stocks cannot withstand
harvesting. The specter of idle processing plants, common in the past, need
not be present. Using salmon aquaculture, a baseline quantity of fish can be
produced, even in the worst of years. Investment in upgrading and
expanding existing plants, and construct of new plants that use
state-of-the-art food processing technology is thereby made much more
financially attractive.

But we' re not there yet. At the present stage of Alaskan aquaculture
program development, the good council and strong support of the governor,
the Legislature, and above all the salmon industry, are necessary. We cannot
falter. If we do, the pastures of the Pacific will have been filled from the
Asian side before we get going again.
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FISHERIES PLANNING: STATEWIDE AND IN THE PRINCE WILLIAM SOUND REGION

Tom Namtvedt

Fisheries Planner
Prince William Sound Aquaculture Corporation

Cordova, Alaska

Alaska's salmon fisheries have historically been fraught with problems.
Varying abundance, fishery closures and price disputes have long been a fact
of life. The botulism scare and the resultant pack recalls and embargoes are
new and we hope short-lived problems. User group conflicts plague the Cook
Inlet salmon fisheries, and may spread to Prince William Sound as the
population expands and access is improved. Industrial development and
increased population growth and urbanization threaten fisheries habitat.

Fisheries planning is a means of add.ressing and alleviating some of these
problems. Through the orderly application and refinement of management
techniques, habitat protection, rehabilitation, and enhancement, we can
maintain existing stocks, increase catches, reduce the severity of low catch
years and minimize user group conflicts.

Prom a statewide standpoint, fisheries planning began in 1975 when work
commenced on the statewide salmon plan. Regional planning began shortly
thereafter when legislation authorized formation of planning regions, regional
aquaculture associations, and regional planning teams. Planning grants were
also authorized. Planning regions have been established in Northern
Southeast, Southern Southeast, Prince William Sound, Cook Inlet, Bristol Bay,
and Lower Yukon-Kuskokwim. A planning region is currently being formed in
the Kodiak area.

Regional aquaculture associations include representatives of user groups,
agencies, and interested parties. Associations have various rights,
responsibilities and authorities, including the authority to form a private
nonprofit corporation for building and operating salmon hatcheries and the
authority to appoint three members of the regional planning team.

Planning in each region is performed by a seven-member team. Three
members of the team represent the three fisheries divisions within the Alaska
Department of Fish and Game  ADFrI G!, and three members represent the
regional association. A non-voting chairman is elected by the team. Planning
teams bring biological and technical expertise together with the needs and
concerns of user groups in an effort to achieve a consensus on the directions
of resource development. It is the responsibility of the teams to:

1. Develop and recommend for approval regional comprehensive salmon
plans

2. Solicit public input and arrange for public review of the plans

3. Review and comment on hatchery permit applications and other
proposed enhancement and nonregulatory rehabilitation projects
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4. Review and comment on proposed hatchery permit suspensions or
revocations

The commissioner of ADFSG has sole authority to approve plans and approve
hatchery permit applications, suspensions and revocations.

Fisheries plans will be developed in two phases. The Phase I plans deal with
a 20-year period and integrate and assemble all relevant information regarding
the development and protection of the salmon resources into a long-range
strategic plan. These plans establish 20-year goals and set forth the
framework upon which the more detailed Phase II planning will take place.
The Phase II plans deal with the short-term or two- to five-year objectives
and the operational plans for the individual projects.

Phase I plans have been completed and approved by the Commissioner of
ADFhG in three regions: Northern Southeast and Southern Southeast  a joint
plan! and Cook Inlet. The Prince William Sound Phase I Plan will be
completed in 1982,

The Prince William Sound regional planning team has undertaken an intensive
public involvement effort to identify and plan for user needs. This has been
accomplished by use of a questionnaire  Appendix A!. In the questionnaire,
the team asked about catch satisfaction levels by user group, species,
preference, gear preference, problem areas, objectional techniques, etc. The
questionnaire was aimed at commercial, subsistence and sport fishermen as
well as non-consumptive users. Provisions were made for fishermen who have
never fished in the region, but would some day like to. The planning team
felt that these people have legitimate needs and desires also.

Questionnaire participants were solicited through newspaper ads, printed
notices and letters, and by direct contact. To reach sport fishermen, future
fishermen and non-consumptive users, ads with mail-in coupons were placed
in 13 newspapers circulated within and around the region. Printed notices
with nail-in coupons were placed in ADF aG of fices within and around the
region  Appendix B!. Subsistence fishermen were contacted through a list of
1981 permit applicants. Commercial fishermen of the region were contacted
through the mailing list of the Prince William Sound Aquaculture News. All
commercial fishermen of the region receive this periodical.

Approximately 1,500 requests for the questionnaire were received. To date,
811 completed questionnaires have been returned. Of these, 473 were sport
fishermen, 496 were subsistence fishermen and 230 were commercial fishermen.
Some respondents, obviously, were members of more than one user group.
The results of the questionnaire, when coupled with 20-year population
projections, will provide estimates of future user demands. These data will
be an integral part of the plan.

To meet future user demands, salmon production will be increased by three
means: improved management efficiency, rehabilitation and enhancement.
Habitat protection and access procurement will also be strategic elements of
the plan.

Management efficiency can be improved and thereby lead to increased catches,
better use of natural stocks and higher quality fish. Areas lacking or

28



needing refinement include: pre-season forecasts, in-season run size
projections, stock separation, optimum escapement estimations, timely
escapement enumeration, and knowledge of migration paths and habits.

Rehabilitation and enhancement opportunities are numerous and include: many
potential hatchery sites, expansion of existing hatcheries and stream-side
incubators, various lake fertilization candidates, numerous lake and streams
suitable for stocking, and numerous streams suitable for fish pass installation
or stream improvement.

ln closing, as a former commercial fisheries biologist, a sport fisherman,
subsistence fisherman, and an aspiring commercial fisherman, I am encouraged
that Alaska has so actively pursued fisheries planning. The future of the
salmon fisheries, despite a number of potential problems, looks good. What' s
needed now is "follow through," Continued interest and funding is
mandatory. Fishermen must insure that this occurs, for their future and the
future of Alaska's most valuable renewable resource is at stake.
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PWS-CR and BR Re iona' Salmon Plannin uestionnaire Page 1

Valdez Bay
1031!

Passage Canal  Whittier!
II032!

Orca Inlet
1033!

Other marine waters  please list!;

1012!

10341

�351

SPORT FISHERMEN

Valdez Bay
l014l

Passage Canal  Whittierj
l015l

Orca ! nlet,
�! Bl

Other marine waters  please list!:

II01 7 I
1044!

10 B!
�4.it

�19t
tU40 

�47 t

~ears.
�40-91

l02it

!0201

�29!

10301

00 ifi!

1057!

Answer questions for the Prince William Sound�
Copper and Bering River salmon planning region only.

35

12345678987654

1 . Check the categories that describe your sport
fishing activities in the Prince William Sound�
Copper and Bering River Region?

I have sport fished for salmon in the region.

I plan or hope to spart fish for salmon in the
��! region.

If you are not a sport fisherman or do not expect to
become a sport fisherman, please skip over to question
number 15.

2 . In which areas in this region have you sport
fished for salmon?

Gulkana River
10201

Eyak River
t02!!

Coghili River
�221

Eshamy Creek
�231

Eshamy Lake
�24!

Shrode Creek
�24 i

Shrode Lake
10201

Other lakes and streams  please list!:

3 . In which areas in the region da yau think your
the catch of salmon per day is too low?

1030!
Gulkana River

10371
Eyak River

l03B!

Coghill River
1039!

Eshamy Creek
1040t

Eshamy Lake
i04 !

Shrode Creek
i042i

Shrode Lake
t043i

Other lakes and streams !please list}:

4 . How many years have you sport fished in this
region?

Which four methods of salmon sport fishing do
you prefer? Rank in order of preference, your
first preference number "1", etc.

Casting from a boat
I050t

Trolling
I05 !

Drift fishing in a boat
�52!

Fishing fram share or wading
1053!

Ice fishing for land-locked salmon
�54!

Snagging in marine waters
�55!

Other IIspecify!:



Page 2

1066!

1067!

Yes

No

No opinion
110Sl

107! I

107 2!

Yes

No

No opinion
<107!

1081!

1082!

1120 22!<083!
No opinion

i086! Answer questions for the Prince William Sound�
Copper and Bering River salmon planning region only.

36
42245678987654

6 . Which four aspects about salmon sport fishing
are most important to you? Rank in order of
importance, the most important number "1",
etc.

Scenery
1068i

Catching your limit
�69!

Fishing by yourself
10601

Boating
<081!

Peace and quiet

Fishing with your friends
<083!

Eating your catch
<086!

Hooking, playing and landing the fish
1086!

Other  s

7 . in view of your answers to question 6, rank
your four favorite salmon fishing areas, your
est preference number "1", etc. Do not rank
those areas that you have not fished.

Valdez Bay
<068!

Passage Canal  Whittier!
<089!

Ores inlet
10r0!

Other inarine waters {please list!:

10731
Gulkana River

II07 6!
Eyak River

10'7'!

Coghill River
1076!

Eshamy Creek
1077!

Eshamy Lake
<0781

Shrode Creek
i079!

Shrode Lake
<080!

Other lakes and streams {please list!:

8 . Which species of salmon do you prefer to fish
for? Rank in order of preference, your first
preference number "1", etc.

King  chinook!
1066!

Red  sockeye!
<086!

Dog {chum!
<087!

Humpback  pink!

Silver  coho!
<089!

9 . How many salmon did.you catch on aport gear
in 1981 in the region?

King  chinook!
1090-2!

Red  sockeye!
<0936!

Dog {chum!
10964!!

Humpback  pink!
<99 101!

Silver  coho!
I! 02&!

Did not fish in the region in 1981
I! 061

1 0 . Overall, was your 1981 sport salmon catch
adequate' ?

1 1 . Do you need to catch your daily limit to feel
satisfied?

1 2 . As a sport fisherman, how many of the
following fish do you need to catch per season
to feel satisfied?

King {chinook!
I! 08-10!

Red {sockeye!
11114!

Dog {chum!
<! 14+!

Humpback  pink!
<117&!

Silver  coho!



Page 3

Lack of Ash
�28!

�30!

Overcrowded fishing areas
�31!

Lack of access
11321

Lack of campgrounds
	33!

Inadequate campgrounds
�34!

Lack of boat slips
1136!

Restrictive regulations
�36!

Other  specify!:

37!

Yes

Answer questions for the Prince %'iiliam Sound�
Copper and Bering River sahnon planning region only.

37

-' 79 ~!a,: 5.

1 3 . What species of salmon do you think need to be
enhanced2

King  chinook!
� 23!

Red  sockeye!
�24!

Dog  chum!
1126!

Humpback  pink!
I! 261

Silver  coho!
 ! 2'7 l

1 4 . What are the four most important problems
with the salmon sport fisheries of the region7
Rank them in order of importance, the most
impc >tant number "1", etc.

. Management. of the fisheries

I ! 29! Lack of enforcement

Check the categories that describe your
subsistence fishing activities in the Prince
William Sound � Copper and Bering River
Region7 A subsistence user is a person who
harvests salmon under the current subsistence
regulations and while in posession of a current
subsistence use permit.

I have s ibsistence fished for salmon in this
11 381 region.

I plan or hope to subsistence fish for salmon
�391 in this region.

If you are not a subsistence fisherman in this region
andtor da not. expect to becoIne a subsistence
fisherman in this region, please skip over to question
number 24.

SUBSISTENCE FISHERMEN

1 6, What type of fishing gear do you users

Dip net
�40!

Fishwheel
�41!

Drift gill net
�42!

Set gill net
�43!

Purse siene
 ! 44!

Other
� 46!

1 7 . Rank the species of salmon you like to eat in
order of preference, your first preference
number "1', etc,

King  chinook!
 I 46!

Red  sockeye!
 �71

Dog  chum!
!�6!

Humpback  pink!
 i49!

Silver  coho!
�60!

I 8 . How many subsistence salmon did you or your
family catch in this region in 19817

King  chinook!
�51 31

Red  sockeye!
�346>

Dog  chum!
 ! 57 91

Humpback  pink!
 �0-2!

Silver  coho!
�63-61

Did not fish in 1981
�6661

2 9, Was this adequate?

No opinion
�691

2 0 . Where did you fish in this region in 1981.

Upper Copper River
 �0!

Copper River Flats
�71!

Bering River District
a 72!

Unakwik District
�73!

Coghill District
�74!

Eshamy District
�73!

Other
�70!



2 I . Where do you prefer to fish'? Ran1c in order of
preference, your first preference number "I",
etc.!

Upper Copper River
 I TTI

Copper River Flats
� Tdl

Bering River District.
�791

Unakwik District
�80!

CoghiH District
�81!

Eshamy District
�82!

Other
I I 83!

2 2 . How many salmon do you and your family need
per year?

' lumber! salmon
0 84-'} I

2 3 . What are four most important problems with
the salmon subsistence fisheries of the region?
Rank them in order of importance, the most
important number "I", etc.

Lack of fish
�88}

Management of the fisheries
� 89}

Lack of enforcement
�9 }}

Overcrowded fishing areas
 }Q} I

Lack of access
�92}

Lack of campgrounds
�93}

Inadequate campgrouads
I194!

Too many other fishermen
�93!

Restrictive regulations
� 98}

Lack of open areas
�97!

Other  specify!:

99!

Check the categories that describe your
commercial fishing activities in Area E? Area E
is the commercial salmon district ia the Prince
William Sound � Copper and Bering River
Region; the district's eastern boundary is Cape
Suckling and its western boundary is Cape Fairfield.

I have commercial fished for sabnon ia this
7ioo! region.

I plan or hope to commercial 6sh for salmon
' in this region.

If you are aot a commercial fisher2aaa ia the region
aadJor do not plan to become a commercial fisherman
ia this region, please skip over to question number 45.

COMMKRICAL FISHERMEN Page 4

2 5 . If you g~~gp a commercial fisherman in
Area E but you plaa or expect to become one,
indicate in which fishery and in which capacity?

Sahnon seine entry permit holder
�01}

Salmon seine crew member
�02!

Salmon drift net entry permit hoMer
� OI

Salmon drift net crew member
�04!

Salmon set net entry permit holder
�0bl

Salmon set net crew member
1208}

2 6 . If you arfi now a commercial fisherman in Area
E, indicate in which fishery and in which
capacity?

Salmon seine entry permit holder years
�07!

Salmon seine crew member years
�101 �! 1-2}

Salmon drift net entry permit holder years
�13} ��-bl

Salmon drift net crew member yeal's
�181 �178!

Salmon set net entry permit holder ears
12191 � 1I

Salmon set net crew member years
�82! �23-4}

2 7 . If you~~ a commercial fisherman in Area
E, indicate in which capacity you would tike to
participate ia the future.

Wish to continue in same capacity
12281

Wish to change to the foilowiag capacity in the future;
Salmon seine entry permit holder

Salmon seine crew member
1327!

Salmon drift net entry permit holder
�28!

Salmon drift net crew member
�29!

Salmon set net entry permit holder
�30}

Salmon set net crew member
�31}

2 8, What percent of your gross 1981 income did
you derive from the following sources:

Fisheries in other areas

Non-5shiag sources

Total

Salmon seining  Area E!

Salmon drift gi11net ting  Area E!

Salmon set gillnetting  Area E!

Other fisheries in Area E

�32.4}

}238.7}

%%ua
123840!

�41-3!

�448!

�47-48}

2345878 957854

Answerer clnestion8 for the Prince WilHam Sound�
Copper and Bering River ealmon planning region only.
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Page 52 9 . Were you satisfied with the 1981 breakdown of
your income?

3 5 . Do you have a boat?

Yes
No

�02!

3 6 . Is ~ boat 6nanced?Did not fish in 1981

No opinion
�62! Yes

No
�Lll3 0 . If not, what percent, of your gross income would

you prefer to coine from the foQowing sources:

3 1 . Was your commercial catch of salmon in Area
E adequate in 1981?

YesYes

No
a99!

No opinion
�72!

3 2 . Were you satisfied with your earnings from
commercial salmon fishing in Area E in 19812

Yes

No

No opinion
1275I

3 3 . What do you need to gross in an average year
to pay your fishing and living expenses and
make a reasonable profit from fishing
investments?

King  chinook!
�09 7 I

Red  sockeye!
1206 50 O'I

I I'7 ~ -60!

Yes

No
128 >

Answer questions for the Prince%illiam Sound�
Copper and Bering River salmon planning region only.
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678987654

Salmon seining  Area E!

Salmon drift gillnetting  Area E!

Salmon set gillnetting  Area E!

Other fisheries in Area E

Fisheries in other areas

Non-fishing sources

rot >

3 4 . Are you paying for your permit?

�0401

�97 9!

�00.2I

�620!

�664!

�69 7 I

3 7 . Which species do you prefer to fish for? Rank in
order of preference, your first preference
number "1", etc,

King  chinook!
~04!

Red  sockeye!
�2!

Dog  chum!
�86!

Humpback  pink!
�07!

Silver  coho!
�66!

3 8 . Do you take a portion of your commercial
saliuon catch home for personal use?

3 9 . Which species do you prefer to take home for
personal use7 Rank in order of preference, your
first preference number "1", etc.

King  chinook!
I 200!

Red  sock eye!
�911

Dog  chum!
1292!

Humpback  pink!
�95!

Silver  coho!
�06!

4 0 . How many of the foUowing species did you to
take home for personal use during the 1981
commercial season

Dog  chum!
�01-2!

Humpback  pink!
Wu0 

Silver  coho!
�07.9!



Page 6

4 1 . In which district da you prefer to gill net for
salmon? Rank in order of preference, your first
preference number "1", etc.

Bering River
13 10!

Copper River
1,1�!

Unak wik
1312!

Coghill
131 3!

Eshamy
13  il

4 2 . In which district do you prefer to purse seine
for salmon? Rank in order of preference, your
first preference number "1", etc.

13321

NON-FISHERMEN ONLY

4 3 . Recognizing that hatcheries are in place at Port
San Juan, Cannery Creek, Main Bay, Valdez,
and Perry Island, which district would you
prefer to have enhanced or rehabilitated? Rank
in order of preference, your first preference
number "1", etc.

Answer questions for the Prince %111iam Sound�
Copper and Bering River sahnon planning region only.

40
12345678987654

Eastern
13�1

Northern
13161

N or th western
13171

Southwestern
1318!

M ontague
�19!

Southeastern
�26 

Unakwik
13211

Coghill
1322!

Bering River
13231

Copper River
�2i1

Eastern
�26!

Northern
�281

Nor thwes tern
1327!

Southwestern
13281

Montague
�28!

Southeastern
13io!

Unakwik
�i 11

Cog hill
13i3!

Eshamy
�i31

4 4 . What are the four most important. problems
with the commercial salmon fisheries of the

region? Rank them in order of importance, the
most important nuinber "1", etc.

Lack of fish
13iil

Management of the fisheries
�idl

Lack of enforcement
13i 6!

Too much gear
13i 7!

Unstable prices
13681

Lack of processors
�69!

Lack of loans
�661

Restrictive regulations
13d I I

Other  specify!:

4 5 . What is most important thing to you about the
salmon resource of the region?

4 6, What do you think should be done to increase
man's benefits from the salmon of the region?



Page 7

FISHERMEN AND NON-FISHERMEN

4 7 . Enhancing and rehabilitating the salmon runs and increasing man's benefits from
this resource will require various activities to take place. Please indicate if you
approve, disapprove or have no opinion concerning the following activities.
Circle your answer.

4 8 . Please write down your suggestions or comments below.

Answer questions for the Pririce William Sound�
Copper ancl Bering River sabnon planning region only.3SSrS9S7eo4

pr4vs Disapprove No Opinion
13M I

Approve Oisapprove No Opinion
l35 a

Approve Disapprove No Opinion
1350I

Approve Disapprove No Opinion
os 61

Approve Disapprove No Opinion
135 1 I

Approve Disapprave Na Opinion
�38l

Approve Disapprove No Opinion
Isvef

Approve Disapprove No OpUr«>n

Approve Disapprove Yo Opiriion
136 I j

Approve Disapprove No Opinion
13b 2i

Approve Disapprove No Opinion
oeai

Construct fish hatcheries

InstaU incubation boxes in or near streams

Build fish ladders

Fertilize lakes

Remove undesireable fish from selected lakes
and restock with desirable fish.

Clear streams of logs and boulders

Transport fish to barren Lakes

Build roadside viewing areas

Build access roads

Install boat slips and launching ramps

Other  specify!
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PRINCE WILLIAM SOUND Using Biology, Finance, Land, Engineering end

REGIONAL FISHERIES PLANNING TEAM

iei'Alaska Dept. of Fish and Game GPrince William Sound Aquaculture Corporation
P.O, Box 669 P.O. Box illa
Cordova, Alaska 99574 Cordova, Alaska 99574

March 8, 1982

Dear Salmon Fisherman,

The Prince William Sound Regional Planning Team needs your input in the preparation
of the twenty-year plan for the rehabilitation, enhancement, and management of the
region's salmon resources. The region encompasses the marine waters and freshwater
drainages of Prince William Sound and the Copper and Bering River areas.

We want to give you the opportunity to tell us how many salmon you desire to fulfill your
sport, subsistence, and commercial needs.

If you are interested in participating in the planning process, please fill in your name and
address on the enclosed postcard and drop it in the mail today. We will send you a brief
questionaire. Your prompt reply will help us plan for the future needs of all fishermen.

Sincerely,

Mike McCurdy
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ECONOMIC FEASIBILITY MODEL

FOR THE ALASKA SALMON ENHANCEMENT PROGRAM

Jeff Hartman and Kit Rawson
Fisheries Rehabilitation, Enhancement and Development Division

Alaska Department of Fish and Game
Anchorage, Alaska

INTRODUCTION

This presentation is a progress report on the Alaska Department of Fish and
Game's continuing endeavors to model the public value of enhancement
activities.

It would be nice to predict with absolute assurance what fishery enhancement
will bring. But changing technology and a host of environmental and man-
induced uncertainties dictate that we instead strive for a reasonable projection
of the effects of various enhancement alternatives on Alaska. This model
should be viewed in thi's light. We seek to organize, to clarify, and to
interrelate the information presently available, and that which we anticipate
will be available in ongoing studies. We do not pretend to have developed a
crystal ball, but rather a tool, which, when properly managed, can help make
informed, reasonable decisions. As with any useful model, a number of
simplifying assumptions have been made and some questions have been left
unanswered. Future work may allaw us or others to refine or relax some of
these assumptians and to answer many of those questions.

A legitimate question one might ask is: If we haven't developed a crystal
ball, how can enhancement economic modeling be a useful aid, and what does
it tell us?

A wide range of models have been developed to help answer specific regional,
state, and national salmon enhancement policy questions. Typical policy
questions are: Should a given project be expanded, continued, or even
undertaken? Who or what individuals in a geographical area will benefit fram
a project? How much will they benefit, and over what period of time?

Answers to these questions are often used by administrators to make decisions
such as who gets existing and future enhancement resources, or who bears
the direct costs of a given enhancement project or program. No single model
 knawn to these authors! is tailored to answering more than a small portion af
each of these questions.

In short, potential uses of enhancement modeling are as follows:

1. We anticipate that this model will be used to identify the worth of
existing programs.

2. The model will be used to identify specifically who benefits in the
primary industry and  in coordination with other models! new
income benefits to satellite businesses and households of Alaska.
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3. The model will be used to produce internal comparisons of alterna-
tives to help make the best use of existing hatcheries; identify the
best capacity size, new facility locations, alternative incubation and
rearing schemes,

MAJOR COMPONENTS OF THIS MODEL

The enhancement economic feasibility model is composed of two separate com-
puter programs. The first is a modification of an existing ADFa G model
called FAGS IM which was developed in 1980 by Dan Reed. In the modified
version  FACSIM2!, information is combined on salmon life cycle assumptions,
hatchery capacity and survival assumptions, and wild or marine survival rate
assumptions. These are all combined into a simulation of adult brood stock
development over a period of years.

Each year adult returns are then broken down into the portion harvested. by
the commercial fishery and that used in the sport fishery. The natural
stream escapement and the hatchery escapement are also estimated by apply-
ing the projected escapement rates and by internally calculated estimates of
annual brood fish requirements. The FACSIM2 portion of the model will also
allow adult returns to be estimated and accrued from one or more levels of
life stage survivals for a given brood source in the hatchery. For example,
a specific facihty may choose to release 40 million fed fry at a known marine
survival of 2 percent and 20 million emergent or unfed fry from the same
brood source at a 1 percent survival. These capacity and release ratios in
FACSIM2 can be adjusted for any year through the projected life of the
facility.

The output from FACSIM2 is then combined with data inputs from the second
program, the Salmon Hatchery Economic Feasibility Model  SHEFM2!. SHEFM2
estimates a series of present value income and cost streams through the life
of the enhancement project which include the following: A gross annual
harvest value, gross wholesale processed value, and gross egg sale value;
then harvest cost, processing cost, and hatchery-related costs are accumu-
lated. All future streams of benefits and costs are adjusted to the base
economic year dollars �982! with a discount rate~ equivalent to the interest
earned on current AA corporate bonds. The particular bond chosen is one
with a maturity approximately equal to the expected 20-year life of the
hatchery. This interest rate  approximately 13.5 percent! stands as the most
likely low risk opportunity investment alternative.

Present value: The amount which one person would be willing to pay today
to obtain the right to a certain amount or series of amounts in the future,
estimated by using a discount rate.

Discount rate: The interest rate  r! used in calculating present value. In
the case of a single future amount coming in "t" years the discount factor
is:

1

�+r!
t



The economic model  SHEFM2! adjusts all past fishery and processing benefits
and costs as well as all hatchery-related construction and operational costs
with several specific price level indexes. These indexes allow for adjustments
in the purchasing power of the dollar spent for a narrow range of goods and
services and are kept on a separately edited computer file to be updated
yearly. They include indexes for:

1. Wholesale price of fresh/frozen or canned products, by species

2. Ex vessel price by year for each species in the round

3. Daily use value of sport fish out-of-pocket expenses

4. Fisherman's costs

5. Processor's costs

6. Hatchery construction costs

7. Hatchery operation costs

TUTKA HATCHERY EXAMPLE

The most effective method of illustrating the collective effects of enhance-
ment-produced income and costs is to view them independently in an example.

Tutka Hatchery, a pink salmon facility in Kachemak Bay, Alaska, is a partic-
ularly useful case for demonstrating our approach. First, Fisheries Rehabil-
itation, Enhancement and Development  FRED! division biologists have devel-
oped several years of marine and hatchery survival data; and second, the
harvest zone is separated from other potentially interactive fishing activities.

By 1983, the facility will have an expanded incubation capacity of 40 million
eggs, and historical in-hatchery survivals approaching 86 percent from green
egg to unfed fry and 77 percent from green egg to fed fry  fingerling!.
Evidence from past mark recoveries  average of years 1979, 1980, and 1981!
suggests that the average survival rate to returning adult is 10. 3 percent
from fingerling releases and 8 percent from unfed fry releases. What the
future will bring for long-term survival rates is uncertain. However, for this
analysis we have chosen a conservative projected survival of 8 percent for
the 12 million fingerling releases and 4 percent for 21. 5 million unfed fry
releases resulting from the full capacity egg take. Past and future estimated
returns are illustrated in Figure 1, graph 1.

Income streams and site-specific assumptions for Tutka Hatchery appear in
Figures 2 and 3. Note that present value estimates are summations af either
benefits or costs for each accumulated year  Figure 1, graph 2!. This graph
demonstrates the accumulated gross income to commercial fishermen from
enhancement-produced fish at Tutka Hatchery. The general economic feasi-
bility model can accept any short- or long-term price predictions from any
market demand model. This is accomplished by manual inputs of multiplicative
or additive variations in the projected nominal price.
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The Tutka Hatchery analysis presented here assumes that all prices for
salmon  sold in the round or at the wholesale level! will be characterized by
real annual price growth rates of zero. Furthermore, the analysis assumes
that the effects of inflation over time will be equally weighted for the value of
salmon goods produced as well as for the costs incurred from artificial pro-
pagation through harvesting and processing. The base 1982 nominal ex
vessel price for pink salmon is taken to be the same predominant 1981 price
of $0.44 per pound. The present value gross income curve produced in this
case results in a value of $16 million over the projected 20-year hatchery life.

FISHERY COST PROJECTIONS AND NET HARVEST VALUE

Changes in harvest efficiency and processing efficiency  net gains or losses!
are certain to occur with time because of independent factors such as in-
creases in the supply of enhancement-produced fish or changes in the capital
investment in fleet and processing plants. It is essential that any effective
model be flexible to these short-run variations on an annual basis. Thus,
total average cost  cost per given number of salmon harvested! can be varied
for any year through the hatchery life.

Total costs of the fishery yield/effort relationships are determined by pub-
lished surveys and/or site-specific interviews of fishermen. Harvest costs
identified in this analysis include all the implicit and explicit costs of fishing,
including the opportunity cost3 of investment in vessel, gear and license as
well as fixed costs such as insurance. Also included are all the variable
costs of fishing, including labor, energy, food, and other consumables.

A financial profile of two local fishermen  personal communication 1981!" and
discussions with commercial fish biologist Tom Schroeder  personal communica-
tion 1981!, suggest that 65 to 70 local permit holders participated in the 1981
harvest of hatchery fish. The average vessel harvested 15,000 fish and the
cost per vessel was between $8,000 and $10,000 for the Tutka portion of an
average fisherman's salmon effort. !n 1982 adjusted dollars this is approxi-
mately $11,600 per vessel or an average total cost of $1.29 per fish. Fur-
thermore, in this scenario it is assumed that the level of harvest efficiency
will remain constant over time. The cost stream generated by the fishing
ffort has a considerable effect on economic profitability of the life cycle net

income produced and, in this case, enhancement-produced fish are approxi-
mately 3.5 million, as shown in Figure 1, graph 2.

Similarly, all costs associated with the fixed and variable inputs of processing
enhancement-generated salmon must be adjustable to accommodate short run
changes in processing efficiency. Thus, the annual fixed and variable cost
per case of canned salmon or pound of fresh-frozen salmon can be varied for
any specific year.

~Note that the opportunity costs of most likely alternative employment are not
included in this analysis.

4Personal communication with two Kachemak Bay fishermen, September 1981,
by telephone. Names released only with prior permission of people
interviewed.
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Nearly all hatchery-produced pink salmon commercially harvested in 1981 were
processed by either Seward Fisheries or by Whitney-Fidalgo processors.
According to estimates by Tom Schroeder, ADFaG Commercial Fish Division,
these two plants received 60 percent and 40 percent respectively of the
commercially-caught fish, Seward Fisheries packaged most of these salmon for
fresh/frozen sales. Approximately 56 percent of the whole fish weight  in the
round! contributed to a salable canned biomass. Pink salmon sold to fresh/
frozen markets retain approximately 73 percent of original round fish weight.

Most canned pink salmon from the two major processors receiving Tutka
Hatchery fish sold at a price of $1.75 per pound in 1981. Fresh/frozen sales
from processors ranged from about $0.90 per poundal to $1.40 per pound. For
this scenario, $1.20 per pound is used. Current prices are taken from 1981
National Marine Fisheries Service "pink sheets."

Vern Rush of Alaska Renewable Resource Corporation  ARRC! 5 estimated that
after all implicit and explicit costs of production were included, a typical
processor's net economic profit was approximately 6 to 10 percent of gross
wholesale value. The profitability income stream estimate for Tutka is de-
picted in Figure 2, graph 1. The estimate is based upon the annual process-
ing costs at 92 percent of the gross wholesale processed value and results in
a net income of approximately $3.7 million to packers.

Estimates of egg sale revenue for pink salmon are based on an egg biomass
portion of the mean harvested weight of female fish. Kizevetter �971! esti-
mated that the harvestable portion is 7.7 percent of the average weight for
this species. It is assumed in this analysis that 85 percent of these female
fish produce eggs of harvestable quality  this results in a 3.3 percent total
biomass recovery!. A current price used for this analysis is $4.95 per pound
for medium grade eggs. See Figure 1, graph 2.

SPORTFISHING EFFORT AND VALUE

Since the basic economic output of a recreational fishery is not just fish but
the experience of fishing, the intensity of the effort is typically measured in
angler days. Though the income generated from this sportfishing activity
appears to be small at Tutka Hatchery compared with the commercial output,
it is worth mentioning. The net income stream of approximately $600,000 is
based upon a three-year creel census study of the terminal harvest site.
Results of this study suggest an annual catch rate of approximately 0. 86
percent of the total hatchery-produced harvest.

Considerable increases in Alaskan sportfishing effort  Mills 1981! over the last
three years, in conjunction with decreasing yields, suggest that demand
curves for sportfishing effort are shifting outward and that sportfishing
effort is not highly substitutable for other recreational activity. The daily
use value of $84 per day of angler effort is adjusted from the 1973 Boeing
Computer study estimate of out-of-pocket expenses for southcentral Alaska
anglers. Since not all sport fishing out-of-pocket expenses can be attributed

Personal communication by telephone with Vern Rush of Alaska Renewable
Resource Corporation, January 1982.
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to increased state income, it is assumed that approximately 50 percent of the
out-of-pocket expenses leak to out-of-state sources and that 75 percent of the
additions to income are attributed to only this sportfishing activity, which
would not have been spent on alternate recreational activity in the state.

HATCHERY LIFE CYCLE COSTS

A review of past major expenditures suggests that Tutka was constructed for
not more than $3.3 million �982 dollars!. The original hatchery investment
was approximately $450,000 in 1975. Additional investments were for a set-
tling system costing approximately $160,000 in 1977; original equipment cost-
ing approximately $100,000 in 1977; housing and bunkhouse costing $450,000
in 1979; shop costing $1l.0,000 in 1976; and a new intake system at a price of
approximately $150,000 in 1981. Miscellaneous equipment and capital expendi-
tures are assumed to be approximately $550,000 in 1982 dollars. The above
costs, adjusted to 1982 dollars, equal $3.0 million. An estimate of $3.4 million
is used in this analysis. The above estimates of past capital costs were
provided by Steve Flodin  personal communication September 1981!.~

Operational costs are taken from past years of production as provided by
Nick Dudiak  personal communication September 1981!. They were $150,000 in
1976; $235,000 in 1977; $290,000 in 1978; $340,000 in 1979; and $400,000 in
1980. This analysis assumes that production costs will continue at a rate of
$400,000 annually.

Additional costs of evaluation were estimated as follows  Dudiak, personal
communication 1981!:

$10,000
20,500
17,200
31,200
44,900

CY 1977

CY 1978

CY ] 979

CY 1980

CY 1981

It is assumed. that evaluation costs will continue to year 1985 at 10.0 percent
of the annual operating cost and that administrative costs are an additional
10.0 percent of the annual operating budget. Thus, total operational costs
are as follows  in real 1982 dollars!:

6Based on construction price index of Hanscomb Associates 1981.

7Personal communication with Steve Flodin, FRED Division, southcentral region
project engineer for Tutka Hatchery.

CY 1976

CY 1977

CY 1978

CY 1979

CY 1980

CY 1981

CY 1982-2002

$176,000
268,500
339,500
391,200
471,200
484,900
480,000



The direct cost stream for Tutka Hatchery is shown in Figure 2, Graph 1.
Though costs incurred to construct and operate salmon hatcheries result in
some additions to state income in this analysis, all hatchery costs are con-
servatively treated as non-income producing and as out-of-state dollar
leakages.

NEW ADDITIONS TO STATE INCOME

Multiplier models have been developed  Youmans, Kempa, and Ives 1977! for
communities in Oregon to help quantify the economic impacts of various re-
source management decisions on a broad industry base. Such gross and net
income multipliers for the fishing and seafood processing sectors appear to be
large in these regions compared with those of other businesses. Although
gross indexes are only relative indicators of net income, actual net income
factors have been developed for the major businesses of Alaska via the state
Policy Planning Model developed by Dave Reaume.

Unfortunately, precise estimates of additions to Alaskan income from the
Tutka Hatchery  those which would not otherwise occur without the enhance-
ment project! do not exist. However, the locally based fishery of 65 to 70
vessels is over 90 percent Alaskan-owned. Labor for the fleet is composed of
a high concentration of local residents.

According to Lynn Pistoll  Pistoll, Baker, and Miller 1980!, primary author of
the Alaska Fisheries Labor Statistics Bottomfish Labor Study, Part IV, "The
majority of seafood processing workers were  are! Alaska residents." Further-
more, Kachemak Bay, with its two locally owned processing plants  estimated
to have processed the entire 1981 Tutka pink harvest!, is thought to have an
atypically high contribution of resident Alaskans.

Though it is probable that additions to state income in this analysis may be
greater, it is conservatively assumed that approximately 50 percent of gross
income from the wholesale demand for salmon products results in additions to
regional and state income.

Finally, if we take one-half of the gross income as state income additions and
100 percent of the life cycle costs, to be costs which will have no positive
impacts, then the final net income stream can be seen in Figure 3. The $10
million in net life cycle benefits for Tutka Hatchery on this scenario would
suggest that this facility has been a sound public investment for Alaska.
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Figure 3. Net present value of new additions to state income  net benefits
less direct hatchery costs! from Tutka Hatchery in 1976 to 2003.
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STRUCTURE AND ECONOMICS OF
SOVIET AND JAPANESE SALMON RANCHING EFFORTS

William J. McNeil

Oregon Aqua-Foods, Inc.
Springfield, Oregon

INTRODUCTION

Salmon ranching is an important industry in Asia. Hokkaido is in the center
of salmon ranching activities, which currently are concentrated from northern
Honshu to southern Sakhalin. Chum and pink salmon are the target species.
Releases of juveniles from Asiatic hatcheries are approaching three billion
annually.

A comparison of chum salmon catch statistics for Hokkaido and Alaska
indicates the significance of salmon ranching in Asia. The 1981 harvest of
ranched chum salmon off. Hokkaido reached a record 22 million. fish. The 1981
harvest of chum off Alaska was almost 13 million fish � the second largest
catch on record. The record Alaska harvest is almost 14 million fish, caught
in 1918. Figure 1 compares the trend of chum catches off Alaska with that of
H okkaido.

Hokkaido currently provides about two times more chum salmon for world
market s than Alaska. Thirty years ago, the opposite prevailed. Salmon
ranching has quadrupled catches off Hokkaido. Chum catches off Alaska have
remained dependent on naturally-produced populations. Alaska catches have
remained relatively stable over the past 30 years, with some recent improve-
ment.

The purpose of this report is to examine the structure and economics of
Soviet and Japanese salmon ranching programs. My economic assessment will
focus on the Hokkaido chum program, and comparisons will be made with
emerging chum ranching projects in Alaska.

STRUCTURE OF ASIATIC RANCHING

Numbers af juveniles released from hatcheries are about the same for Japan
and the U. S. S. R.  Currently about l. 5 billion for each country. ! Chum
salmon constitute about 95 percent of Japanese releases; the remainder are
pink and masu salmon. Pink salmon constitute about 60 percent of Soviet
releases and chum salmon about 40 percent, The Soviets also release
experimental groups of other species from hatcheries  Roukhlov 1982! .
Institutional structures of the Japanese and Soviet ranching programs are
different.

JAPAN

Japan has a long history of salmon ranching, dating back to 1876. Useful
references on the history and institutional structure of Japanese ranching
programs include Japan Fisheries Resource Conservation Association �966!,
Atkinson �976!, and Kobayashi �980!.
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Figure 1. Five-year moving average of chum catches.

60



Approximately one-third of all chum juveniles are released from private
hatcheries on northern Honshu and two-thirds are released from a mix of
government and private hatcheries on Hokkaido. The central government
controls hatchery production in Japan by retaining ownership of fertilized
eggs for artificial propagation. Hatchery operation is shared by central and
prefectural governments, and the private sector. Institutional structures
differ somewhat between Honshu and Hokkaido.

Honshu

All production hatcheries are aperated by the private sector, The central
government retain.s responsibilities for eggs allocation among hatcheries, stock
transplants, hatchery program coordination, and planning. Prefectural govern-
ments provide research and technical support and participate in coordination
and planning. Production hatcheries are operated by fishermen's
cooperatives, private groups and individuals. Weirs used to recapture adult
salmon for brood stock are usually operated by cooperatives. Carcasses of
spawned fish and fish not needed for hatchery brood stock are sold for
human consumption.

About 90 percent of the returning run is harvested in coastal trap nets
before entering hatchery streams. Trap nets are licensed by government and
operated by cooperatives and private parties.

Hokkaido

The central government operates a large hatchery system on Hokkaido and
produces most of the hatchery fish. The private sector is assuming an
increasingly important role in hatchery operation, The prefectural
government also operates a few hatcheries.

The role of the central government is much stronger an Hokkaido than on
Honshu, since it assumes the major responsibility for juvenile production as
well as controlling eggs. Institutional arrangements for harvesting returning
adult fish follow the pattern described for Honshu.

U.S.S.R.

There are 23 Soviet hatcheries  Roukhlov 1982!, operated by state-owned
fishing companies. They are located mostly on Sakhalin, the southern Kuril
Islands, and the lower Amur River. About 75 percent of the production
originates from hatcheries on Sakhalin, the southern Kurils, and the lower
Amur River. About 90 percent of Soviet production originates from
hatcheries on Sakhalin and the Kuril Islands, operated by a company called
"Sakhalinrybvod." Salmon ranching represents a small part of
S akhalinryb vod's investment s in Indo-Pacific fisheries. Sakhalinryb vod
harvests and markets about 850,000 mt of seafood annually, equivalent ta
about one-third of the tonnage harvested by all United States domestic
fisheries.

The Soviet hatchery program dates back to 1924, when the Japanese
established hatcheries on south Sakhalin. The Soviets acquired south
Sakhalin and the Kuril Islands near the end of World War II, and have since
expanded the hatchery program. Planned releases for all Soviet Far East



hatcheries are scheduled to increase from 1.1 billion juveniles in 1980 to 2.1
billion in 1985, 3,2 billion in 1990, and 5.0 billion in 2000  Konovalov 1980!.
Five billion juveniles would represent a potential for production roughly
equivalent to natural production in Alaska  all species combined!.

ECONOI".IIC CONSIDERATIONS

The cost of producing juvenile chum salmon in Japanese hatcheries is reported
to be relatively low and the value of returning adults relatively high  Japan
Fisheries Resource Conservation Association 1966; Okamoto 1975; Atkinson
1976; Kobayashi 1980!. Kobayashi �980! estimates production cost per adult
return to be 85 yen for Hokkaido hatchery fish over the period 1966 to 1972.
This equates to about $0.50 per adult for that period,

MODEL FOR ECONOMIC ASSESSMENT

A simple model is developed here to assess the economics of salmon ranching.
An important variable used in the model is return per spawner. Other
variables include value of brood fish, cost of government support, and cost
of artificial propagation. The general relationship is defined as:

T = B + G + H, where

T = total cost per adult return,

8 = cost of brood fish per adult return,

G = cost of government support per adult return, and

H = cost of hatchery production per adult return.

Cost of brood fish per adult return  B! is defined as:

P-S
8 = � where

k
�!

P = price of an adult used for brood stock,

S = salvage price of a brood fish at the hatchery, and

k = number of adults returning per spawner  k>1!.

Cost of hatchery production  H! includes investment and operations expenses,
and value of land  yearly lease or rental value!. The relationship is defined
as'

I+0
H = � where

kE
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Soviet hatcheries are also presumed to be highly cost-effective. Their
technology is similar to that employed in Japan, Return rates are reported to
range from less than 1 percent to more than 4 percent  Kanid'yev, Kostyunin
and Salmin 1970; Atkinson 1976; Rukhlov and Lubaeva 1978! . Kanid'yev,
Kostyunin and Salmin �970! provide an economic assessment of a Soviet chum
hatchery  Kalinin hatchery! and conclude that the level of profitability is
high.



I = annual amortized investment cost,

0 = annual operations cost, and

E = number of spawners.

Costs associated with planning, constructing, and starting facilities can be
allocated to investment and amortized over a defined period of years. The
start-up period is the time required for a particular project to achieve a
target level of production and is likely to vary with species and location.

Investment costs are multiplied by an amortization factor to spread them over
the useful life of a project. In examples that follow, I will use an
amortization factor of 0.1175, which retires investment costs over 20 years at
a 10 percent annual interest rate.

ECONOMIC ASSESSMENT OF CHUM HATCHERIES

Data are available to use the model described above to compare the economic
outlook for chum hatcheries in Japan and Alaska. Hokkaido hatcheries
ave~aged 17 to 18 adult returns per spawner over the period 1966 through
1972  Kobayashi 1980!. There are no comparable data to estimate return per
spawner to Alaska chum salmon hatcheries. A value of 17.5 adult returns per
spawner will be assumed for Alaskan as well as Japanese hatcheries.

Brood fish cost is probably higher for Japan than Alaska. In Japan, brood
fish are sold as spawned carcasses and surplus unspawned males, so there is
salvage value. Salvage value is less likely in Alaska. However, the
commercial value of chum salmon is likely to be considerably higher in Japan
than in Alaska because of Japan's close proximity to large markets for fresh
and fresh-frozen fish. Many Alaska chum salmon will enter the lower value
canned fish market or will bring lower prices for fresh and fresh frozen
product because of long distances to markets.

For Japan, it is assumed that the equivalent ex vessel price  P! is $10 per
fish and that the average salvage value  S! at the hatchery is $3 per fish.
The value for k is assumed to be 17.5 adult returns per spawner. From
equation �!,

B  Japan! � � $0.40 per adult return
$10 � $3

17.5

For Alaska, it is assumed that the ex vessel price  p! is $5 per fish and
there is no salvage value  S=$0!. Using K=17.5, we obtain:

8  Alaska! = 17 5 $.29 per adult return$5-$0

Cost of government support  G! is allocated to ongoing government activities
in regulating and administering salmon ranching programs and in providing
technical support through research and advisory services. For Japan, Atkin-
son �976! reports that government apportions 19 percent of total hatchery
expenditures to categories not related to construction and operations.
Atkinson also reports that cost per adult return averaged $0.32 in the 1960s.
If we assign 19 percent to government support, we obtain G = $0.06 per adult
return to Hokkaido in the 1960s. Adjusting for inflation, a value G = $0.18
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per adult return seems reasonable for Japanese hatcheries today. The same
value will be used for Alaska, but its validity should be assessed.

Data on cost of constructing and operating hatcheries is available for Japan
and Alaska. Okamoto �975! has summarized costs for five Hokkaido
hatcheries. Similar data have been reported for selected Alaska chum
hatcheries  NcMullen and Kissel 1982!.

In Japan, the five hatcheries described by Okamoto �975! have a combined
capacity for 98 million chum eg gs. This would require 72, 600 brood fish
assuming equal sex ratio and 2,700 eggs per female. The five hatcheries
were constructed in 1971-72 for a combined cost of $0.6 million. Adjusted for
inflation, equivalent 1982 construction costs are estimated to be $1.5 million.
Start-up operations are assumed to require three years at an annual cost of
$0. 3 million in the early 1970s, which adjusts to an annual cost of $0. 75
million in current dollars or $2. 25 million for a three-year start-up period.
Values used for variables in equation �! to estimate cost of hatchery
production in Japan are:

I = [$1,500,000 + $2,225,000! 0.1175 = $440,600 per year

0 = $750,000 per year

k = 17.5 adult returns per spawner

E = 72,600 spawners

Cost of hatchery production is calculated as follows for Japan:

 Japan! 1 5 �2 600! $0 94 per adult return$440,600 = $750,000

Economics of producing chum salmon in Alaskan hatcheries is examined for
four hatcheries in southeastern Alaska  Beaver Falls, Klawock, Hidden Falls,
and Snettisham! . Combined capacity is 238.8 million eggs  NcNullen and
Kissel 1982! requiring 177,000 brood fish, assuming equal sex ratio and 2,700
eggs per female. Combined construction cost of the four hatcheries is
estimated to be $35. 7 million at completion. The combined 1982 operating
costs for the four hatcheries is estimated at $1.466 million. Start-up costs
are assumed to be three times this value, or $4.4 million. Annual operating
costs after start-up are estimated at $2.1 million  NcMullen and Kissel 1982!.
Values used for variables in equation �! to estimate cost of hatchery
production of chum salmon in Alaska are:

I = [$35,700,000 + $4,400,000! 0.1175 = $4,711,750 per year

0 = $2,10G,OGO per year

k = 17.5 adult returns per spawner

E � 177,000 spawners

Cost of hatchery production is calculated as follows for Alaska:

H  Alaska! � '17 5 177 000 � $2.20 per adult return$4,711,750 = $2,10G,OOO
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Summarizing values for B, G, and H and comparing Japan with Alaska in the
above examples, we obtain:

Variables Japan Alaska

B $0.40 $0.29
 cost of brood fish per adult return!

G 0.18 0.18
 cost of government support per adult return!

H 0.94 2.20
 cost of hatchery production per adult return!

T $1.52 $2.67
 total cost per adult return!

The cost of producing an adult chum salmon appears to be considerably lower
for Japanese than Alaskan hatcheries. Nevertheless, cost of production
appears to be sufficiently low for Alaska to be optomistic about the economic
viability of hatcheries. The major assumption underlying this conclusion is
that return per spawner for Alaska hatcheries will compare favorably to that
for Japan's.

There has not been sufficient experience to evaluate return per spawner to
Alaska chum hatcheries. Facilities are new and in their start-up phase.
However, there are early indications with pink salmon that return per
spawner to Alaska hatcheries is high compared with Asian hatcheries.
McMullen and Kissel �982! report marine survival for hatchery pink salmon in
Alaska to range as high as 15.6 percent for 1981. This high survival would
generate 100 or more adult returns per spawner. A more realistic 3 percent
marine survival for pink salmon would generate 20 or more adult returns per
spawner. Marine survivals of 3 percent or more are not uncommon for
hatchery pink salmon in Alaska.

Salmon ranching in Alaska is placing major emphasis on pink and chum
salmon, which cost less to produce in hatcheries than other species. Marine
survival of hatchery pink salmon in Alaska appears to compare favorably with
survival observed in Asia. It remains to be determined however if marine
survival of hatchery chum salmon in Alaska will compare favorably with
survival in Asia. The economic outlook for salmon ranching in Alaska will
largely depend on return per spawner  survival! and costs of constructing
and operating hatcheries.
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OREGON AND WASHINGTON PERSPECTIVES
IN SALMON RANCHING

Brian J. Allee

Prince William Sound Aquaculture Corporation
Cordova, Alaska

INTRODUCTION

WASHINGTON

Washington state is the rration's unprecedented leader in Pacific salmon
 Oncorhynchus sp. ! production. An evaluation of the historical production
trend shows that the 1981 production level, 287 million, is more than double
the 1970 production level, 127 million  Table 1! . The majority of salmon,
released in the 1981 production year, were released from state facilitres �8
percent!, followed by federal hatcheries �2 percent!, tribal hatcheries �
percent!, state-cooperative releases � percent!, and school programs �
percent!  Table 2!.

Published statistics on species composition for the 1980 production year
indicate that chinook salmon, Oncorh nchus tshaw tcha, represent 45 percent
of the total releases, followed by coho salmon, Oncorh nchus kisutch, �6
percent!; chum salmon, Oncorh nchus keta, �4 percent!; sockeye salmon,

lrcrbuseha. � percent!  Table 3!.

OREGON

By comparison, total production of Pacific salmon in Oregon �05 million!
represents only 29 percent of the total release in Washington �66 million! .
The majority of Oregon-released salmon in the 1981 production year are from
publically-funded state hatcheries, with 70 million salmon released. The
federal programs in Oregon released 3 million salmon in 1980. Since data is
not yet available for 1981, it will be assumed to be the same as 1980  Table
4!.

An innovative institutional arrangement for Pacific salmon production from
private hatcheries has resulted in 30 million salmon to be r eleased in 1981
 Table 4!. I egislation authorizing private salmon hatcheries was developed in
1971 for chum salmon, and extended in 1973 to include coho and chinook
salmon. Presently, a moratorium is in effect on new permits for salmon
ranching. There are four permits issued for coho, five for chinook, and 11
for chum salmon  Cummings 1981!.
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The present status
states of Washington
developed programs
developed programs
Washington together
Oregon.

of Pacific salmon  Oncorhynchus sp. ! ranching in the
and Oregon is characterized by long-term, successfully
of publically funded hatcheries; and more recently
from Indian tribes which are publically funded in

with private/profit programs, and privately funded in



Release Numbers  millions!Year

1271970

1971 177

1601972

1973 148

1541974

1501975

1976

1791977

1811978

1979 213

2501980

2871981
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TABLE 1. Pacific salmon  Oncorhynchus sp.! releases by Washington State
Department of Fisheries from 1970 to 1981



TABLE 2. Total Pacific salmon  Oncorhynchus sp.! releases in Washington state
for 1981

Percentage

287 78

44

Tribal 21

WDF � Coope r at ive s

School

366 100%
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TAsLE 3. 1980 Pacific salmon  Oncorhynchus sp.! releases by species in
Washington state

Species Percentage

152TOTAL

26%87TOTAL

24%TOTAL

.3

3%11.3TOTAL

.3

2%5.3TOTAL

335GRAND TOTAL
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Chinook salmon

 Oncorhynchus tshawytcha!
State

Federal

Tribal

Coho salmon

 Oncorhynchus kisutch!
State
Federal

Tribal

Chum salmon

 Oncorhynchus keta!
State

Federal

Tribal

Sockeye salmon
 Oncorhynchus nerka!

State

Tribal

Pink salmon

 Oncorhynchus gorbuscha!
State

Tribal

Release Numbers

 millions!

104

43

5

76
7

63

6

10



TABLE 4. 1981 Pacific salmon  Oncorhynchus sp. ! releases in Oregon

Release Number

 millions! Percentage

6770State

Federal 3

3032Private

105 100%TOTAL

*Data not available � assume equal production as previous year �980!
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The 1978 to 1981 species composition of salmon released from private
hatcheries shows that coho salmon production has increased to 23.9 million,
about 75 percent of the releases in 1981  Table 5!. The next most abundant
species released in 1981 was chum salmon, 5. 5 million; followed by spring
chinook, 1. 8 million; and fall chinook with 0. 5 million  T able 5! . The
variability in annual production of chum salmon and the low number of fall
chinook releases since 1978 reflects the variability in egg availability for
chums, and the general lack of eggs for chinook salmon.

Data present in Table 6 suggests that total marine survival is improving for
coho salmon released from private hatcheries from 1978 through 1980.

FUTURE STATUS

WASHINGTON

Public salmon ranching and tribal programs in the state will most probably see
production declines due to cut s in both federal and state fun.ding.
Professionals in the state feel that any long-term gains in hatchery production
must come from improved technology at existing hatcheries, better management
of wild stocks to increase smolt production, and stream rehabilitation  Hopley
1982!.

OREGON

Budgetary constraints similar to those in Washington exist in Oregon, thus
public ocean ranching production will most probably decline  Cummings 1982!.

The private-profit programs have a potential permitted production capacity of
175 million, however, the motivation for increasing this maximum depends on
the probability of achieving returning adults. The variables effecting marine
survival determine the potential revenue generated in private ocean ranching.
Therefore, an understanding of the marine phase of the life history is
absolutely essential in the growth of this business in Oregon,
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1978 1979 1980 1981

Coho Salmon

 Oncorhynchus kisutch!
9.9 5.8 14.8 23.9

1.4Spring Chinook

 Oncorhynchus tshawytcha!
1.3 1.8

Fall Chinook

 Oncorhynchus tshawytcha!
.2 .4

Chum

 Oncorhynchus keta!
.5 10 9 5.5
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TABLE 5. Pacific salmon  Oncorhynchus sp.! releases by private-profit ocean
ranching firms in Oregon, 1978-1981



TABLE 6. Coho salmon  Oncorhynchus kisutch! releases and return statistics
from private-profit hatcheries summarized by Oregon Department of
Fish and Wildlife

1979 19801978Release Year 1981

23. 814.85.89.9

1 194 000142,00054,00063, 000

19,030Jacks

Adults

Percent Survival

0.770.50.55

1. 18 1.731.43

Projected estimate

Two-year fish, returning this year
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Release Number  millions!

Catch  n + 1!

Hatchery Return

Hatchery

Total

6,557

47,726

1,445

27,856

14,639

98,573



CANADIAN PERSPECTIVES ON SALMON RANCHING

F. Keith Sandercock
Salmonid Enhancement Program

Department of Fisheries and Oceans
Vancouver, British Columbia

Salmon ranching is alive and well in Canada. However, as I am sure most of
you are aware, all of the salmon released to the ocean pasture come from
government hatcheries or are reared under government contract. Once
released, the fish become part of the common property resource. There is no
intention at this time to permit private, profit or non-profit, salmon
hatcheries in British Columbia. What I would like to do is to give you some
perspective on how we got where we are, what is currently going on, and
where we expect to go.

By 1970, the technology for producing large numbers of salmonids was in
hand. A commitment on the part of government was required to get funding
for facilities, then we would produce the fish. We proposed to Jack Davis,
the Minister of Fisheries at that time, that five hatcheries be built around the
Strait of Georgia to produce chinook, cohos, and steelhead. Funds were
found within the department allocation, and we were instructed to proceed.
Three million dollars was provided for the Capilano Hatchery  completed in
1971! followed by $5.5 million for Quinsam Hatchery  completed in 1974!.

By now some difficult questions were being asked. Where were these fish
going? To what fisheries would they contribute? Who would they benefit?
What about species balance? And, most importantly, how were federal dollars
contributing to the overall goals of government?

Fish biologists simply wanted to produce more fish, and knew intuitively that
somebody, somewhere would obviously benefit, but the question of government
goals was a tough one. Sure, the politicians and bureaucrats sitting back in
Ottawa had conjured up goals for the good of all Canadians, but what did
that have to do with of fish producers?

One thing it did was tighten the pur se strings. Our answer to their
question, that we wanted to produce more fish because obviously more is
better, was greeted with complete disinterest. The funds dried up and our
plans for the three remaining hatcheries fell by the wayside.

It did not take us long to realize that fish, per se, meant nothing to those in
Ottawa. If we wanted to sell our program to government, we had to express
our objectives in economic terms and clearly identify to which government
goals we would contribute. The fish would be merely the means for achieving
these goals.

In February of 1975, the cabinet approved a two-year planning period for us
to develop a Salmonid Enhancement Program  SEP! and directed that an
agreement be struck with the Province of B ritish Columbia to cover
cooperative planning with the intention of developing a comprehensive, 15-
year plan. During this two-year planning period, studies were undertaken
on economics, social aspects, bioengineering, and environmental impacts of the
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proposed program. Public support was also necessary if we were to succeed,
so we consulted with people in communities throughout British Columbia.

While all this was going on, a few of us biologically oriented types were
somewhat furtively looking back to see how the fish were doing and what the
prospects were for enhancement. We found that at the turn of the century
the harvestable catch was 300 to 360 million pounds per year and that major
losses, through over-fishing and environmental damage, had reduced this
figure to less than half by 1960. What we proposed was to reverse this
decline and protect the resource base through application of fish culture
technology and improved management and habitat preservation. Our tar get
would be 150 million pounds additional annual catch. This production capacity
was to be brought on-line over a 15-year period.

On May 30, 1977, the Minister of Fisheries Romeo LeBlanc, announced that
the federal government, in cooperation with the Province of British Columbia
would immediately implement a two-phased SEP,

The program would have $150 miHion in federal funds for a five-year first
phase. Later, Phase I was extended to seven years with no additional
funding. Under the federal/provincial agreement the province would
contribute $7.5 million to Phase I, as well as land and water rights. Fish
production was targeted at an additional 50 million lbs of fish and a condition
was attached that the program be cost recoverable.

The federal cabinet further directed that there be a substantial degree of
public participation in planning and implementation of the program, and
implementation of Phase II was dependent on the level of success achieved in
Phase I.

The Phase I program objective was, "to generate the maximum social and
economic benefits to meet five essential goals of government through the
annual production of an additional catch of 50 million lbs."

The first of these goals was national income. Every year, millions of salmonid
fry and smolts are released from hatcheries, spawning channels, and other
enhancement projects. The commercial fishing fleet harvests both wild and
enhanced salmonid stocks when they return as adults. Trollers, seiners, and
gillnetters annually harvest a catch with a market value estimated at $160
million. SEP also benefits many thousands of sport fishermen who are
residents of, or visitors to, British Columbia. Sport fishing makes a large
contribution to tourism, British Columbia's third largest industry behind
forestry and mining. Salmon charters, marinas, hotels, restaurants, and
associated businesses all reap economic benefits related to tourism, which in
1979 added $1.6 billion to the British Columbia economy.

The second goal is regional development. SEP facilities and projects are
distributed province-wide and therefore make enhanced fish stocks available
to local fishermen along the north coast, the central coast, and in southern
British Columbia. Many projects contribute to the growth and stability of
coastal communities. To meet some of the social goals, a community
development program was established. This consisted of smaller enhancement
projects employing local residents.
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The third goal is to benefit Native people through enhanced fish stocks.
Native employment in the commercial fishing and processing industries and in
community development projects promotes family unity when one or both
parents earn a living close to home. The SEP has generated both long-term
and short-term employment opportunities in many regions of British Columbia.

Lastly, resource and environmental preservation are of direct concern to the
SEP. Volunteer labor donated by individuals, schools, and conservation
groups has restored many small streams that, despite their size, are
important fish producers.

Now, for those of you still interested in fish- � how were we going to increase
production? The answer is; any way that could be justified
economically � and, in some cases, uneconomically!

We would resume hatchery construction, we would build more spawning
channels, and more fishways, we would work to restore freshwater habitat
and, significantly, we would move lake enrichment out of the research realm
and into the operational one. In support of these activities, we would
continue bioengineering feasibility studies. We would also support new
management-ability and stock-assessment studies as well as research into new
techniques or improving old ones, and we would begin evaluation activities to
define and measure our performance,

The public was keen on the program from the outset. Gradually they became
active in all parts of the program including an advisory task group; in
education and information; and in "hands on" enhancement activities. The
objective of public participation was to increase community awareness of the
needs of salmonids and to lend support to the conservation and protection of
stocks and their habitat.

So much for 1977! Where are we now in 1982?

Prom our pre-SEP investments like the Capilano and Quinsam hatcheries, the
Big Qualicum River Project, the spawning channels at Babine Lake, the
fertilization of Great Central I ake, we have a productive capacity of 8. 1
million pounds, broken out as follows;

Species Percent

New capacity now on line and developed with SEP funds amounts to an
additional 27.0 million pounds. This is made up of;
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This productive capacity results from the fertilization of nine lakes in British
Columbia, the operation of 18 major and. nine minor facilities, the development
of 14 community projects, the establishment of about 100 small projects, and
the enthusiastic involvement of more than 8,000 volunteers.

So far the program has achieved about two-thirds of the Phase I target with
the expenditure of about two-thirds of the approved funds.

Although the first returns to many of the SEP funded projects will not occur
until this year, we are confident the technology can work as we have
predicted because of the great success experienced in our pre-SEP facilities.

This fish may be yet to come but the SEP funded projects have already
generated social benefits. For example, the construction of hatcheries,
spawning channels, and fishways have provided employment opportunities to
those who would otherwise be unemployed. Projects located in the north and
central coast areas of British Columbia redirect income away from the south,
thus contributing to regional development.

The community development program has been highly successful in generating
social and distributional benefits through salmonid production. Employment,
regional development, and Native well-being are all enhanced as Natives and
community groups constr uct and operate small production facilities under
contract to SEP. The many small projects undertaken throughout the
province have contributed to restoration of freshwater habitat, promising to
generate significant benefits to wild stocks.

By the end of Phase I we expect to have 42.1 million pounds of SEP funded
production capacity on line. We do not however expect to reach our Phase I
target of 50 million pounds. There are several reasons:

1. When we received approval for $150 million, an annual inflation
allowance was expected. No additional funds have been provided.

2. When the Phase I program was extended from five years to seven
years, the operating costs for the two additional years had to be
met out of the total budget, thus dollar s available for ne w
production were reduced.

3. A scarcity of person-years has meant a higher level of contracting
out with an associated higher cost.

In spite of these setbacks we expect to achieve about 84 percent of our
original Phase I target with approximately 52 percent of the funds we had
originally expected to receive.

78

sockeye
chum

pink
coho

chinook

steelhead/cutthroat

50

37

02

03.5

06.5

01



Without going into a detailed economic analysis, of which I am incapable
anyway, the projected benefit-to-cost relationship for the overall program is
1.3:1.0.

We still feel that the original projections of the biological potential inherent in
British Columbia salmonids, and the technical and economic rationale for
salmonid enhancement are valid and need only to be applied. Planning for
Phase II of SEP is now underway and we are confident that significant social
and economic benefits can be derived as we attempt to restore salmonid stocks
to their historic levels.
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ADVANCES IN RED SALMON CULTURE

Joseph R. Sullivan
Assistant Pathologist/Disease Control Specialist

Fisheries Rehabilitation, Enhancement and Development Division
Alaska Department of Fish and Game

Anchorage, Alaska

The culture of red, sockeye, or blueback salmon  Oncorhynchus nerka!,
suffers from one additional handicap beyond those visited upon the other
species of Pacific salmon in North America. That is the occurrence of a
catastrophic disease, namely infectious hematopoietic necrosis  IHN!, in every
significant stock of these fish, Although IHN virus  IHNV! is also found in
other members of this family, particularly to the south of Alaska, in no other
species is there such universal occurrence. Since there is no treatment for
this disease and losses can be near total, it has been a major factor in the
decline of the hatchery cu1ture of sockeye outside of Alaska. Its history
here is similar to that elsewhere. A hatchery may run for years with no
incidence of the discase, then have one or two years of severe mortalities.

In the 19'79 brood year, major epizootics occurred at three of the four Fisher-
ies Rehabilitation, Enhancement and Development  FRED! division hatcheries
raising large numbers of sockeye. All three locations had seen epizootics in
the past and it was obvious to division director Bob Roys that continued
existence of these hatcheries as sockeye facilities could not be supported if
IHN became a regular occurrence. He therefore appointed the IHNV team
composed of the chief of technology and development  Robert Burkett!, the
principal pathologist  Roger Grischkowsky!, the principal fish culturist
 Bernard Kepshire!, the virology specialist  John Burke!, and the assistant
pathologist/disease control specialist  myself!, to find a means of reducing or
eliminating this problem.

Using the best information we had, the team addressed every conceivable
mode for the transmission af the disease and put together a plan of action to
dilute or neutralize these routes for each sockeye facility. Later this evolved
'nto the Sockeye Culture Policy. Possible routes considered were the
transmission of the virus from a female to her own eggs, fram the ovarian
fluids of an infected female to the eggs of an uninfected female during
fertilization, from infected fish in the hatchery water source, within and
between incubators via water flows and aerosols, and from virtually any
contaminated items to any susceptible life stage of the fish in the hatchery.
In addition to this, the Sockeye Culture Policy took pains to ensure that
there would be little chance of hatchery to hatchery transmission or from red
salmon to the other species.

We felt that even if egg-take procedures had successfully eliminated the virus
before entering the hatchery, a virus-laden water source could provide
sufficient reinfection to initiate an epizootic. It is significant to note that the
only major Alaskan sockeye facilities which have never had IHN outbreaks
were also the only facilities which did not have adult salmon in their water
source. The Gulkana Egg Incubation Facility near Glenallen has been
operated by Commercial Fisheries Division since 1973 and took 9.1 million eggs
this past year. Crooked Creek Hatchery, south of Soldotna, also began in
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1973, and is up to 21.5 million eggs. It was not possible to remove kokanee
 landlocked sockeye! from Kitoi Bay's water source and therefore the sockeye
component of its program was terminated. Big Lake Hatchery went to well
water, which limits the numbers of fry they can handle � million eggs in
1981!. It was feared that the cold well water temperatures  several degrees
Celsius above freezing! would affect egg survival. Pick-off at the eyed-egg
stage has been about 10 to 20 percent per tray.

East Creek Hatchery is located at the confluence of East Creek and Lake
Nunavagaluk. Although adults could be weired off from the creek, allowing it
to be used as a disease-free water source, the intake clogged with frazel ice
in winter requiring water to be drawn from the lake. Because beach
spawner s were present, the area around the lake intake was cordoned off
with nets and use of lake water was prohibited until frazel ice required it.
By this time, general levels of virus in the water would be low and no
remains of rotted carcasses would be nearby to cause higher levels of
infectious particles.

The weir on the creek had been just downstream from that intake. It was
moved further downstream so that any back eddies could not carry virus
upstream to the intake. In order for the area around the hatchery and its
water sources to be freer of virus, the egg-take operations were moved 200 ft
north of the mouth of East Creek along the lake shore, and carcasses were
loaded into boats and discarded in a remote area of the lake  onshore disposal
would have attracted bears!.

Egg-take procedures were severely changed because many modes of
transmission were possible here. All utensils and equipment were disinfected
with iodophor prior to spawning each fish. The egg-take crew would dip
their hands into the disinfectant, wipe a female fish's belly lightly with the
solution and then dry it with a clean paper towel. This removed external
virus in the water and in the mucous clinging to the fish which could
contaminate the eggs during stripping. Next, the spawning knife was
removed from a container of iodophor solution and rinsed in virus-free water
 transported to the site for remote takes!; the female was slit and the knife
returned to the disinfectant. The eggs from each female were stripped into
separate containers and fertilized. with the milt from the appropriate number
of surface-disinfected males. The eggs water-hardened in virus-free water
and were then disinfected with iodophor. The spawning, water-hardening,
and egg disinfection took place outside the hatchery in areas which couM be
disinfected or which would not otherwise interact with the hatchery.

We know that some females have millions of infectious virions per milliliter of
ovarian fluids, while others have much less, and still others none. There is
a possibility that an infected female's eggs may be protected by maternal
antibodies, thus the virus in her fluids largely would be infecting the eggs of
other females. If a dozen females' eggs are fertilized and water-hardened in
a single bucket, a high concentration of virus in only one female's fluids
could be sufficient to infect the other eggs. If the virus is drawn in
through the micropyle during the one hour of water-hardening prior to
disinfection, it could be safely within the egg, unreachable by iodophor.
Thus if all eggs are disinfected separately, eggs from virus-free females at
least, will not be exposed to the virus from infected females. Even if a
female's eggs may be infected by virus in her own fluids, fewer total eggs
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going into an incubator will be infected. This could buy enough time in the
progression of the disease to plant fry before an epizootic could occur.

Before crew members entered a hatchery containing eg gs, their boots and
rain gear were disinfected or the eggs were passed to a "disease-free" person
who had not been exposed to live viral particles. Containers to be reused
were then disinfected again. Estimates indicate that these additional steps
initially increased egg-take effort tenfold. By the end of that summer,
efficiency had increased to the point that only four times as much effort as
used in traditional takes was needed. By the end of 1981, just twice as much
effort was required. Keith Pratt, regional fish culturist, expects efficiency
may reach 1.2 times previous effort this summer.

Several varieties of incubators were used at these hatcheries during the
epizootics. At Big Take and East Creek, these were replaced by the Zenger
No-Pads, a stack of five aluminum trays which drain into each other, each
tray holding 200,000 to 250,000 eggs. Any given female's eggs were seeded
into only one tray. If they started to die, particles would be shed only into
that tray and lower trays. If projections indicated that eggs could be spread
out, they would be, in order to improve the environment, make seeding less
dense decreasing the odds of a particular egg being exposed to virus, and to
permit fewer casualties should an incubator, or portion of one, come down
with the disease.

Several aspects of routine hatchery procedures were changed in order to
decrease the chances of spreading disease and to contain an epizootic should
it begin in an incubator or other rearing container. Disinfectant foot baths
were placed at the entrances to the hatchery to prevent introduction of the
disease on boots and other protective clothing from outside sources  e. g.,
creeks near the hatcheries, personnel traveling between hatcheries! . All
water is single pass, manifolds supplying separate water to each stack, each
incubator having a separate in-current and ex-current water supply.
Physical barriers such as plastic sheets or walls placed between stacks
decrease the potential of aerosols spreading the disease from stack to stack.
Only one stock is now allowed in any given incubator group. This prevents
exposure of the virus to a stock naive to that strain, avoiding potentially
greater mortalities than would occur in an epizootic involving the strain of
virus to which the stock has adapted. It also isolates high carrier rate
stocks of sockeye from low carrier stocks. A designated group of incubators
or an incubator is connected with only one rearing container. Again, this
action should prevent cross-contamination should the virus be present in any
unit.

Floors are disinfected daily. Any containers, pump hoses or other devices
used with salmon are disinfected after eggs or fish are removed. Nets,
gloves, hands and other utensils are to be disinfected between contacts with
any fish or egg holding container. If IHN were to occur in a hatchery, these
procedures should make it possible to isolate and contain the epizootic and
prevent other sockeye stocks from being lost to this disease. There has not
been any significant rearing beyond emergence in order to avoid the disease.

Equipment is not to be moved between sockeye hatcheries unless it is
absolutely necessary and can be adequately disinfected. Whatever supplies
enter a sockeye hatchery stay there unless they can be disinfected.
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There have been no IHN outbreaks in our red salmon hatcheries for the past
two years. We do not know whether this is due to luck or to these special
procedures. In the interim, we have been trying other approaches. One of
the more promising ventures is water-hardening in iodophor. Under current
practices, eggs are water-hardened for an hour before being disinfected. I f
water-hardened in iodophor, virus would have almost no opportunity to be
sucked into the protective interior of the egg. Pear of additional egg
mortalities prevented disinfection before eggs had hardened for an hour. But
trays of eggs hardened in iodophor at Big E ake this past year had better
survival than all but a few other trays in the hatchery.

The new Trail Lakes Hatchery has been designed with fixed wall modules so
that several stocks of sockeye  totaling 6 million! and other susceptible
species could be raised at this facility, In order to prevent adaptation of the
disease, the Sockeye Culture Policy does not allow a hatchery to raise other
historically susceptible species with sockeye, nor to plant sockeye in the
water sources of hatcheries that raise these species unless
compartmentalization is established precluding interspecies transmission of the
disease. Thus, each module at Trail Lakes is treated as a separate hatchery,
complete even with disinfectant foot baths at the doors.

Theoretically, an IHN epizootic should be containable within a module isolated
by its walls, foot baths, and separate water systems. Pressure on the
system will be applied by raising a relatively "hot," but important, stock of
sockeye in one of the compartments of this system.

Sockeye are planted mainly as unfed fry or raised up to 2 months of age
 Crooked Creek IIatchery! . llaising them for extended periods beyond that
would seem to increase the risk of IHN if we have only delayed rather than
eliminated it. We will not be able to demonstrate any positive effect until
many years pass without an epizootic.



ADVANTAGES OF SELECTIVE BREEDING

Lauren R. Donaldson

Professor Emeritus
School of Fisheries

University of Washington
Seattle, Washington

The present day salmonid stocks are the product of natural evolution and
selection dating back to the late Pliocene and early Pleistocene, periods
regarded as comprising about the last million years  Neave 1958!. During the
period the present day 60+ species and countless distinct racial stocks
evolved. Neave concludes his paper, "The Origins and Speciation of
0 h h " with the statement:

The existing situation  many species occupying a common
geographical area and showing only a relatively slight degree of
ecological divergence! is probably quite transitory in. evolutionary
terms. It could be expected that competition would either eliminate
certain species or stimulate more pronounced ecological
specialization � or both--and that relatively slight changes in climate
might markedly affect the existing balance between species. It
cannot be overlooked, however, that the Pleistocene epoch which
produced the Pacific salmon also produced the "unpacific predator"
 man! whose ability to alter environments may play a part in
determining the future course of events for On h chus.

Dr. William F. Thompson �965!, in a paper published just after his death,
wrote of the Darwinian principle of racial stock adaptation by natural
selection:

This principle applies to the salmon along our coasts. Each stream
or lake has its own extremely complex characteristics, and if salmon
live in one of them we find that these salmon are adapted in an
equally complex way to that environment. We are far from
under standing these two complexes, the fish and the environment,
but we do know that in order to return to the place for which it
has been fitted, the salmon returns from the sea to its home
stream, there to meet and breed with its own kind. Thus, it
develops and perpetuates the genetic characteristics which fit it for
survival in that stream. So we have a multitude of groups of
salmon, each self-perpetuating which we loosely term races, and
which the scientist calls gene pools, each fitted to survive in a
particular home. If it leaves this home the race either dies off or
readapts.

With the arrival of the "unpacific predator"
salmonid fishes were subjected to completely
stress to which they have had to adapt or perish.

in the

di fferent
area, the

kinds of

The first Pacific salmon hatchery, built on the McCloud River in California in
1870, robbed the river of its wild chinook stock to start the hatchery. This
practice of robbing the rivers for initial hatchery stocking continued along
the Pacific Coast from California to Japan. Since there was little or no
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chance for the hatchery salmon to adjust to a new environment, such efforts
contributed little to the salmon runs, in fact, many were actually destructive.

In 1S95, Washington state built a hatchery on the Kalama River, a tributary
of the Columbia River  Berg 1968! . This station evolved a procedure for
controlling the whole life cycle, from stock spawning, hatching, rearing,
release, recapture, and spawning the seed for the next generation. This
simple, straightforward procedure led to the selection of stock fish that could
adjust to the new system.

As the system developed, surplus spawn was available for transfer to other
stations.

CHINOOK SALMON

The transfer of the chinook stock to the university in 1949, together with the
rainbow, cutthroat, and silver salmon stocks already in place made it possible
to carry out a number of selective breeding programs. Both family and mass
selection could be used.

The emphasis of the selection program has changed from time to time, but the
overall thrust has been to develop stocks of fish that better meet our
management needs.

For example, the objectives  Donaldson and Menasveta 1961! of the selective
breeding program for chinook salmon were to try to develop a stock that
would 1! return to the ponds at the university, 2! mature and produce eggs
after a short migration from the sea, 3! spawn at the desired season of the
year, 4! mature at an early age, 5! produce maximum growth, 6! have a
large egg yield, 7! have a high survival rate of egg fry and fingerlings, 8!
be resistant to disease, 9! migrate to sea at an early age, and 10! have a
high survival rate in the sea.

Progress on all 10 selection objectives has been made over the years.

Each fall 2, 000 to 3, 000 adult chinook salmon return to the home
pond,

Fish are mature for spawning a few days after migrating the 4. 6
miles from the sea to the pond.

2.

Spawning peak was gradually changed from late September to late
October, to take advantage of student participation.

3.

In the parent stock, the majority of the fish now return as 3-year-
olds rather 4 or 5-year-olds.

4.

The Green River hatchery, built in 1901 and completely rebuilt in 1907, 1926,
and 1948, required chinook eggs from the Kalama hatchery, and over the
years evolved a program that was so successful that the chinook surplus
formed the donor stock for many hatcheries around Puget Sound including
that at the University of Washington.



5. Continued selection for more robust-bodied fish with better
dress-out qualities has resulted in a mean average weight increase
of about 1 kilogram, without a comparable increase in length.

6. Average fecundity has increased by about 1,000 eggs per female.

7. Rearing mortalities continue to be low.

8. Disease resistance is difficult to measure, but with good fresh- and
salt water survival, we must be making progress.

9. With increased growth, time to smoltification has been reduced one
month, thus allowing for early release to avoid the warmer
temperatures that increase chance of bass, perch, and squawfish
predation.

10. Marine survival has more than doubled from less than 1 percent to
more than 3 percent. The annual release now is 150,000 to 160,000
smolts with a return of 3,000+ adults that produce 5 to 6 million
eggs, 20 times the number needed to maintain the run, leaving a
great surplus for further selection.

COHO SALMON

Since 1967, the coho salmon selection program has concentrated on the
development of a stock that would respond to accelerated growth in the
hatchery to produce coho smolts in 6 to 7 months, instead of the normal 18
months as in most state and federal hatcheries, with the adults returning at 2
years of age instead of the usual 3 years.  See Table 1.!

Donaldson and Brannan �976! summarized the early efforts and concluded
that over a 6 year period, 0.017 percent of the smolts released returned at 1
year of age, 1.608 percent at 2 years, and only 0.021 percent as 3-year-old
fish. The ocean survival for the six brood years returning to the home pond
was 2.56 percent of the 6 ta 7 month old smolts released.

For the 1979 brood year, 51,489 smolts released May 22, 1980 had a total
return to the home pond. of 4.79 percent  see Table 2! . The 1-year-old
"jacks" numbered 257 fish, or 0.5 percent, and the 2-year-old adults 2,209
fish, or 4.29 percent of the release.

The 1979 brood year acclimated coho release was made up of seven separate
lots that had experienced different rearing conditions and hence different
growth rates and stress factors. The size at release ranged from 7.9 g to
22.4 g with the calculated return rate from a low of 2. 5 percent to 6.8
percent. The rate of growth and ocean success was inversely related to the
population densities during the rearing period in the hatchery.

RAINBOW TROUT

Of all the aalmonide, the rainbow trout  Salmo gairdnerii hae received the
most attention for stock development. The worldwide commercial rainbow
trout industry is dependent upon stocks that grow fast, are hardy, and are
available through the entire year for marketing.
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Return

number
Release

x wt  g!

17,743

37,342

63I882

35,100

57,133

29,140

25,937

27,638

25,514

47,300

29,083

51,498

1.251967 15.8

0.391456.11969

1.681,0751970 9.2

2.4285012.11971

3.241,851

1,871

15. 71972

6.4215.21973

3.418841974 9.0

4.541,25516.31975

2.6612.51976

3.051, 441

1, 462

2, 466

11. 61977

5.0310.51978

4.7916.61979
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TABI,K 1. Summary of releases and returns of accelerated coho at the
University of Washington hatchery for the brood. years 1967 to 1979



TABLE 2, Summary of the release and return data for the 1979 brood year

Number Size 1980 Return 1981 Return Total

released  g!  No.! �!  No.!  '4!  Return!  't!Mark

Ad+�6-33! 14,374

2,127

17,151

2,006

10,689

2.722

2,429

18. 0 28 . 195 382 2. 66

43 2.12

419 2.44

410 2.85

43 2.12

421 2.45

18.0Lv

12.7RSBH .01

14 .712.7 14 .7LSBH

508 4.7522.4 216 2.02 292 2.73

23 .84

RSUB

7.9 23 .84

12.7 .45 1,036

.02 1,036 2.0 1,047 2.03

N. M.

returningN.M.*

Total 51,498 16.6 257 .5 2,209 4.29 2,466 4.79

fed food made from trawler waste with final rearing in outside
circular ponds

Ad. and Lv =

production of lot fed hatchery diet but final rearing in the
large circular pond

RSUD

last lot spawned in the fall of 1979 reared as a separate lot
in hatchery trough

LTBH

*Fish that returned that mark could not be positively identified.
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Rainbow trout historically spawned anly in the spring. By selection it is now
possible to have stocks that spawn nearly every month in the year--in fact, a
commercial firm advertises "year-round delivery" of eyed rainbow trout eggs.

A long-term program of selective rainbow trout breeding has been underway
at the School of Fisheries since 1932. The broad objective of this program
has been to produce large numbers of strong, healthy, acclimatized
fingerlings for use in lake and stream management pragrams and an efficient
stock for commercial farms. Some of the important results of this program
have been reported in the literature  Donaldson and Olson 1957; Donaldson
1970, 1971; and Hines 1976!.

In the early years, the trout reached maturity in their fourth year at an
average weight of 680 g �.5 lbs! and produced 400 to 500 eggs at their first
spawning. Some of the males of the select stock now reach maturity in their
first year at an average weight of about 1.5 lbs. The females all mature in
their second year at an average weight of 4 500 g �0 lbs! and produce
10, 000+ eggs. Although the rate of increase in average length of fish
selected for broodstock has slowed, the average weight of the fish continues
to increase. This change in weight is accompanied by an increase in
condition factor, ta 1. 88, providing a deep-bodied fish with more useful
flesh � a real asset to the comtnercial fish farmer.

With greatly increased fecundity, a low mortality, and rapid rate of growth,
single families spawning for the second time as 3-year-olds have produced a
calculated 98 tons of fish in 21 months.

INTERRACIAL HYBRIDS

The crossing of closely related stocks or races of plant s or animals often
results in hybrid rigor. Fish also seem ta show this tendency.

Interracial crosses between anadromous rainbow trout  steelhead! and the
highly selected, non-migratory stock of rainbows developed at the School of
Fisheries produce hybrids that grow much faster than the steelhead stock,
but more slowly than the non-migratory stock. It is evident that the
dominant growth factor of the school select stock has been transmitted, in
part, to the steelhead strain. In field tests, the hybrids retain the steelhead
migratory characteristics and migrate ta sea, where they grow rapidly. On
their return fram the sea they provide a fine sport fishery � for they have
the rainbow urge to bite and so can be harvested rather than die of old age.

With continued effort over the years, it should be possible to develop, by
genetic selection, fish that rival the broad-breasted turkey as a food
resource.

RECOMI"IENDATIONS FOR CONSIDERATION

1. The inherent adaptability of the salmanid fishes should be used to form
the base for purposeful selective breeding.

2. Local stocks of fish, if available, should be used to start the selections.
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3. If foundation stocks are not available locally, they should be obtained
from fish having similar environmental characteristics.

4. Selections should be based on the entire life span of the stocks, not just
the hatchery phase.

5. Programs to change fish by selective breeding must be carried on with a
fixed plan over many generations.
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CHINOOK SALMON ENHANCEMENT AND RESEARCH
ACTIVITIES IN SOUTHEASTERN ALASKA

William R. Heard

National Marine Fisheries Service

Auke Bay Laboratory
Auke Bay, Alaska

INTRODUCTION

Chinook salmon  Oncorhynchus tshawytscha! fisheries in southeastern Alaska

come the focus of intense regional, interstate, and international attention. In
general, the reasons for this attention can be attributed to four factors: �!
depressed stocks that contribute to these fisheries include those of coastwide
origin from California to northern British Columbia and southeastern Alaska;
�! the Itlagnuson l'isheries Conservation and Rlanagement Act  MFCMA! of
1976 led to fishery management plans  FMP's! regulating ocean troll fisheries
for chinook salmon in jurisdictional waters of the United States; �! prospects
of an international Pacific salmon fisheries accommodation between the U. S.
and Canada; and �! a strong commitment in Alaska toward restoring and
increasing depressed salmon stocks and fisheries. In Alaska, the latter led
to the Fisheries Rehabilitation, Enhancement, and Development  FRED!
division within the Alaska Department of Fish and Game  ADFLG! in 1972, the
Private Non-Profit hatchery statutes  PNP! in 1974, and regional aquaculture
associations in 1976.

Unlike other salmon fisheries in Alaska, the Southeast chinook salmon
fisheries are confined to salt water. These include commercial troll, and
recreational fisheries, drift gill net, and power seine fisheries. Only troll
and recreational fisheries target on chinook; net fisheries take this species
incidentally to the primary intent of catching other salmon. Historically,
however, rivermouth gill-net fisheries for chinook occurred on all major
systems in southeastern Alaska  Kissner 1976!.

Sport fisheries for chinook are concentrated in urban area marine waters
around Juneau, Sitka, Ketchikan and Petersbur g-Wrangeli. In 1977, an
estimated 17,096 chinook were caught in the southeastern Alaska sport catch
 Mills 1979! . By combining this with the commercial chinook catch in
northern and southern Southeast Alaska of 285,220 fish in 1977  SSRAA and
NSRAA 1981!, a commercial-sport catch estimate of 302,316 provides a rough
basis for estimating the percentage taken by each gear type. The proportion
of chinook caught in 1977 by troll, seine, gill net, and sport fisheries in
southeastern Alaska was about 89.9, 1.7, 2.7, and 5.6 percent, respectively.
The commercial harvest of chinook in 1977 was about 10 percent below the 15
year average �964-78!  SSRAA and NSRAA 1981!. It is not known if the
sport catch that year was also lower than average.

The initial FMP in 1978, a joint effort of the North Pacific Fisheries Manage-
ment  NPFMC! and the Alaska Board of Fisheries, established an upper range
of optimum yield  OY! in southeastern Alaska of 320,000 chinook per year.
This OY, based essentially on the average harvest during the 1971-77 period



was controversial because the fishery is known to harvest fish from certain
Washington and Oregon stocks  Parker and Kirkness 1956; Geist 1978! . Many
of these stocks are badly depressed and in need of increased protection.
Also major stock allocative considerations have been given to recent U. S.
judicial decisions concerning western Washington and Columbia River Indian
treaty tribes. The upper OY range was reduced to 272,000 fish in 1980.
The troll fishery harvest of chinook in 1981 was 268,100 fish, and the OY for
1982 was set at 255,500 fish. Finally, these and other restrictive changes in
southeastern Alaska chinook regulations have been implemented partly to
conserve and rebuild depressed local stocks. Major time-area closures for
chinook troll and recreational fisheries around Juneau, Petersburg, and
Ketchikan have been in effect in recent years to protect spawners returning
to streams in those areas.

Against this backdrop of change in the status of chinook fisheries and stocks
in southeastern Alaska, there has also been a growing level of hatchery-
related enhancement activity and other research. The purposes of this report
are: �! to provide a general overview of chinook salmon enhancement activ-
ity in southeastern Alaska; �! to review the stocks and facilities involved;
�! to briefly consider some non-hatchery related research programs; �! to
review preliminary results of some of these projects, especially cooperative
National Marine Fisheries Service  NMFS! and ADFSG research at Little Port
Walter; and �! to discuss some implications of these data and consider possi-
ble future trends in southeastern Alaska.

FACILITIES AND STOCKS

By the end of 1981, six hatchery facilities in southeastern Alaska were cul-
turing chinook salmon. Three of these--Crystal I ake, Snettisham, and Hid-
den Falls--are state facilities operated by the Fisheries Rehabilitation, En-
hancement, and Development  FRED! division. One, Deer Mountain  owned
by the City and Borough of Ketchikan!, is operated by FRED under coopera-
tive arrangements. Whitman Lake Hatchery is owned and operated by the
Southern Southeast Regional Aquaculture Association  SSRAA! and Little Port
Walter, an experimental research station, is operated by NMFS. Three other
southeastern Alaska facilities, now discontinued, made at least one release of
chinook smolt s during the 1970s and include saltwater rearing pens at Fish
Creek and Starrigavan Creek, both operated by FRED, and Mendenhall Pond,
operated by Sport Pish Division. The location of these facilities and the
initial brood year for the six operational programs are summarized in Figure
1.

Five chinook stocks from southeastern Alaska streams are presently involved
in the six operational facilities. These include Sit uk River near Yakatut;
King Salmon River from Seymour Canal Admirality Island; Andrews Creek, a
lower Stikine River tributary; Cripple Creek, a tributary of the Unuk River;
and Chickamin River  Heard and Wertheimer 1976; McMullen and Kissel 1981,
1982! .

Three other chinook salmon stocks, nonindigenous to southeastern Alaska,
were released from the discontinued rearing facilities at Fish Creek,
Starrigavan Creek, and Mendenhall Ponds. These stocks included Ship Creek
from upper Cook Inlet, Crooked Creek, a tributary of the Kasilof River in
lower Cook Inlet and Wind River, a tributary of the Columbia River. The
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Figure 1. Location of sites in southeastern Alaska associated with chinook
salmon culture 1971-1981 including operational, discontinued, and
potential facilities. Number in  ! identify initial brood year for the
six operational facilities.
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latter, a 'composite' stock, was developed at the Carson National Fish Hatch-
ery  Zimmer 1963; Wahle and Chancy 1981!. The Carson stock was also
initially W ahle and Maltzef f used at C rystal Lake Hatchery �971 and 1972
broods!. Finally groups of pen reared smolts from this stock were released
at Little Port Walter �971 brood! and Starrigavan �971 and 1972 broods! .
Although some adult returns occurred from smolt released from these stocks
non-endemic to southeastern Alaska, they were not continued due to facility
closures and changing stock policies. Several groups of first filial  F-1!
generation eggs were collected from the Carson stock returning to Mendenhall
Ponds and Crystal Lake Hatchery in 1976 and 1977 but were destroyed due to
subsequent developments.

Figure 2 identifies the natal stream location of the five stocks presently used
in operational facilities in southeastern Alaska. The locations of several other
stocks that may have brood potential for enhancement projects are also
shown.

Reviewed in the following,' sections are accounts from 1976 through 1981 of the
six chinook facilities presently operating in southeastern Alaska including the
stocks and broods involved at each station. These data are summarized in
Table 1.

CRYSTAI. LAKE HATCIIERY

This facility became operational with chinook in 1971. The stocks and num-
bers of smolts released during the 4 years, �971-75! are reviewed by Zorich
�978!. In 1976, four separate groups of eggs from three stocks were used
at Crystal Lake. Transplants of wild first parental  P-1! Andrews Creek and
King Salmon River eggs were made to this facility. Eggs from  F-1! Wind
River Carson Hatchery stock returning as 4-year-old adults to Mendenhall
Ponds were also transplanted to Crystal I ake. The Mendenhall Ponds project
was for rearing only. Egg incubation and early-stage fry rearing for this
program was done at Crystal Lake, Finally, in 1976, eggs were also collected
from 4-year-old F-1 Carson stock adults returning to Crystal Lake.

In 1977, wild  P � 1! Andrews Creek eggs were again transplanted to Crystal
Lake. Carson stock eggs from 5-year-old F-1 adults were also transported to
Crystal Lake from Mendenhall Ponds and collected from adults at the
hatchery. Virological tests on ovarian fluids of Carson stock females from
L.'lendenhall Ponds in 1977 proved to be positive for infectious hematopoietic
neurosis virus  IHNV!. This fact led to a politically sensitive but courageous
decision by FRED to destroy all Carson stock chinook in southeastern Alaska.
A series of internal FRED and ADFhG memorandia by R. Grischkowsky, R.
Roys, and others �978 personal communication! reviewed in depth factors
associated with this decision. Subsequent viral challenges of Carson stock
along with Alaska stocks from Cripple Creek and Situk River, under labora-
tory conditions  Wertheimer and Winton 1982!, lend support to the destruction
of Carson stock chinook in southeastern Alaska hatcheries.

Wild  P-1! Andrews Creek eggs were transplanted to Crystal Lake in 1978,
1979, and 1980. In addition, adults returning to Crystal I ake in 1980 pro-
vided two stock groups of F-1 hatchery generation eggs: �! known Andrews
Creek stock �-year-old adults from 1976 brood releases! and �! a mixed
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Figure 2. Location of southeastern Alaska chinook salmon stocks used in
current programs and others that may have brood stock potential.
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Summary of chinook salmon stocks used at southeastern Alaska
Enhancement Facilities 1976-81

Table 1.

1. Crystal Lake Hatchery

5. Whitman Lake Matchery
1980 C ri p pie C ree k
1981 Cripple Creek  F-1; H-LPW!

Chickamin River  F-1; M-LPW!
2. Deer Mountain

1977

1978
1979

1980

1981

C ripple
Cripple
C ripple
Cripple
C ripple
C ripple

6. Hidden Fall Hatchery
l981 Andrews Creek

3. Snettisham Hatchery
1977

1979

1980

1981

 F-1; H! = First filial generation of recycled brood at hatchery;  LPW! = Little
Port Walter;  CLH! = Crystal Lake Hatchery,

1976

1977

1978

1979

1980

1981

Andrews Creek  Stikine River!
King Salmon River
Mendenhall Ponds {F-l; H!'
Andrews Creek

Mendenhall Ponds  F-1, H!
Andrews Creek

Andrews Creek

Andrews Creek

Andr ews Creek  F-I; H!
Mixed Stocks  F- i; H!
Andrews Creek  F-1; H!
Mixed Stocks  F- i; H!

Hatchery
Creek  Unuk River!
Creek

Creek

Creek

Creek

Creek  F-1; H!

Andrews Creek

Situk River

King Salmon River
King Salmon River
Situk River

Andrews Creek

Situk River

King Salmon River
Andrews Creek  F-1; H-CLH!

4. Little Port Walter

1976 Chickamin River

Cripple Creek  Unuk River!
1977 Cripple Creek
1978 Cripple Creek

Situk River

1979 Cripple Creek
1980 Cripple Creek
1981 Cripple Creek

Cripple Creek  F-1; M!
Chickamin River  F-1; H!



stock group primarily of Andrews Creek origin but with some likelihood of
other stocks as well  B. Zorich and T. Kron 1981, personal communication!.

In 1981, no wild Andrews Creek eggs were taken to Crystal Lake. Two
groups of eggs were spawned at the hatchery in 1981: �! known Andrews
Creek stock eggs from marked 4- and 5-year-old adults, and �! eggs of
unknown stock origin. Age assessments of the unmarked parents showed that
almost all 1981 spawners were from year classes in which only Andrews Creek
stock had been raised at the hatchery  B. Zorich 1982, personal communica-
tion! . Potential non-Andrews Creek genetic influence at Crystal Lake was
sufficiently low in 1981 that all chinook salmon at this facility are now con-
sidered "Andrews Creek genotype"  B. Davis 1982, personal communication! .
One group of known 1981 brood F-1 hatchery Andrews Creek stock eyed eggs
were shipped to the Snettisham Hatchery from Crystal Lake Hatchery.

Hatchery-to-hatchery shipments of chinook salmon eggs are now permitted
only under a vigorous screening process where eggs are incubated in isolation
while samples from both parents are checked for specific disease pathogens by
the Fish Pathology Section of ADFhG.

LITTLE PORT WALTER  LPW!

A cooperative NMFS-ADFaG agreement was developed in 1976 for joint
research on chinook brood stock development and enhancement technology at
Little Port Walter. The agreement called for FRED to provide some manpower
and funding support and NMFS to commit most of its aquaculture research
funds and capability of the Little Port Walter station to chinook issues. In
1976, eggs from two Behm Canal stocks, Chickamin River and Cripple Creek,
were transported to the Baranof Island facility. The culture and release of
these 1976 brood stocks is reviewed by Heard et al. �979! . In 1977, only
Cripple Creek eggs were taken to LPW, and the culture and release of this
brood is reported by Wertheimer et al. �981!. In 1978, Cripple Creek eggs
were again taken to Little Port Walter, in addition to a small group of Situk
River eggs, Both groups of eggs were used in the viral challenge tests
reported by Wertheimer and Winton �982!. The culture and release of this
b rood at Little Port Walter  Wertheimer et al. 1982! w as related mostly to
effects of age, time, and size at release and culture density on marine sur-
vival.

In 1979 and 1980, smaller numbers of Cripple Creek eggs were transported to
Little Port Walter. Some P-1 eggs in both years were fertilized with milt from
P-1 Cripple Creek cohorts and some with milt from F-1 Cripple Creek stock
males returning to Little Port Walter  age 1.1 and 1.2 adults, respectively, in
1979 and 1980! . These F-1 X P-1 crosses of the same stock are designed to
quantify paternal influence in transplanted stock adaptation.

Similar F-1 X P-1 crosses with Cripple Creek stock were expanded in 1981 to
include maternal factors provided by F-1 eggs returning to Iittle Port Walter
as 5-year-old  age 1.3! females. A generalized summary of the 1976 through
1979 brood chinook release made at Tittle Port Walter  Table 2! reviews the
stock, number of smolt groups by age, and treatment categories.

Five-year-old  age l. 3! Cripple Creek and Chickamin River stock females,
returning in 1981, provided for spawning F-1 eggs of these fish at Little Port
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Walter. Mature males and females were presorted and spawned only according
to known stocks. Some eggs from both stocks were kept at Little Port Walter
whereas others were transported to two facilities in the original natal Behm
Canal area. Cripple Creek stock eggs were shipped to Deer Mountain Hatch-
ery  eyed! and Whitman Lake Hatchery  green! whereas Chickamin stock eggs
were shipped only to Whitman Lake Hatchery  eyed!.

DEER MOUNTAIN HATCHERY

Wild P-1 Cripple Creek stock eggs were transplanted to Deer Mountain Hatch-
ery facility in each of the five years, 1977-81, in addition to 1981 brood F-1
Cripple Creek stock eggs from Little Port Walter. Novak �981! has reviewed
the initial returns of 1977 and 1978 brood released at Deer Mountain
Hatchery. Returns of 2-, 3-, and 4-year-old adults occurred to this hatch-
ery in 1981, respectively, from 1979, 1978 and 1977 brood smolt releases  M.
Ward 1982, personal communication! . Additional 4-year-old fish  age 1. 2!
from Deer Mountain Hatchery were recovered in the commercial troll fishery in
1981  ADFhG wire-tag recovery data from 1981!.

SNETTISHAM HATCHERY

In 1977, chinook eggs  wild, P-1! from Andrews Creek and Situk River were
transplanted to Snettisham Hatchery. No 1978-brood chinook were taken to
this facility. In 1979, King Salmon River eggs and in 1980, Situk River eggs
were taken to Snettisham Hatchery. Four groups of 1981 brood were trans-
planted to this hatchery including eggs  wild, P 1! from Situk River, King
Salmon River, and Andrews Creek and eggs  F-1 hatchery! from Andrews
Creek stock at Crystal Lake Hatchery. Data on Snettisham Hatchery chinook
activity was provided by T. Kron �982, personal communication!.

WHITMAN I AKE HATCHERY

In 1980, chinook P-1 eggs from Cripple Creek were transplanted to Whitman
Lake Hatchery. In 1981, Cripple Creek stock and Chickamin River stock
eggs  both F-1! from Little Port Walter were shipped to this hatchery.

HIDDEN FALLS HATCHERY

In 1981, chinook eggs  wild, P-1! from Andrews Creek were transplanted to
Hidden Falls Hatchery.

NON-HATCHERY PROGRAMS

Several non-hatchery research projects are important in the overall effort to
provide information needed for management, rehabilitation, and enhancement
of chinook and associated fisheries in southeastern Alaska. Projects include
studies on juveniles and adults in major river systems, stock separation
studies, a research troll fishery, rehabilitation research on fry plants in
streams and lakes, and a troll logbook program.

ECOLOGICAL STUDIES ON WILD STOCKS

For several years, a study on chinook in the Taku River, Stikine River, and
other southeastern rivers has provided valuable biological and escapement
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data on these stocks  Kissner 1975, 1976, 1977, 1981, and 1982! . Annual
escapement estimates or peak spawner counts are made for some of the main
spawning populations, Biological information on age, size, and sex ratios is
collected on some stocks of spawning chinook. A carcass weir is usually
installed on Nakina River, a principal tributary of Taku River, to facilitate
collection of these data, The coded-wire tagging study on wild chinook
juveniles in natal streams that began in 1977 is continuing. Tagging has
included both age 1 emigrant smolts collected during spring and age 0
 young-of-the-year! juveniles collected during fall prior to stream freeze.

RESEARCH TROLL FISHERY

A research troll fishery was conducted jointly by the Alaska Troller Asso-
ciation  ATA! and. ADFhG during spring 1981. Purposes of the program were
to study the stock composition of chinook in certain northern southeast waters
and to study hooking mortahties of single and treble hooks  Bethers 1981!.
During the study, 764 chinook were caught with troll gear, tagged with
Petersen disc tags and released. The study focused on inner Icy Straight
and Cross Sound, including adjacent outer coast approaches to the north and
south. Although the study will continue for two to four years, the recovery
of 45 disc tags in 1981 suggested results may be similar to a prior study by
Parker and Kirkness �956!. In both eases, chinook tagged along the outside
coast tend to be recovered in southern non-Alaskan waters to a greater
extent than those tagged in inside southeastern waters.

SCALE AND ELECTROPHORESIS STUDIES

Two new stock separation studies involving southeastern chinook started in
1981; one is based on biochemical genetic techniques, the other on discrimi-
nant function analysis of scale characteristics. By collecting baseline data
from known stocks, researchers will attempt to quantify unique biological
features of individual stocks or related groups of stocks according to pro-
visions of the two techniques. The ultimate aim of the stock separation
program is to subsequently use unique biological characteristics to propor-
tionally determine stock composition in mixed-stock fisheries, The biochemical
genetics study using starch gel electrophoresis procedures is under the
direction of A. J. Gharett of the University of Alaska Juneau, and the scale
analysis study is directed by Scott Marshall of ADFaG Commercial Fisheries
Division.

STREAM AND LAKE PLANTS OF FRY

Two research projects are underway in southeastern Alaska to explore the
feasibility of planting chinook fry into suitable stream or lake habitats as an
enhancement tool. Although implementation of these concepts would likely
involve hatcheries, they are listed here as non-hatchery programs because of
the ecological interaction with natural freshwater rearing systems. Instream
fry plants couM, theoretically, be used to reestablish historic runs, to estab-
lish new runs in some circumstances  Blackett 1979! or to increase natural
production where suitable fry-to-smolt rearing habitats exist above barrier
falls. The Southern Southeast Regional Aquaculture Association  SSRAA!, in
cooperation with ADFSG, is presently exploring some of these options. Some
important considerations raised by instream plants of chinook fry include:
�! suitability of various sources of fry including "surplus" hatchery fry; �!
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significance of a small endemic run in a given stream; �! interactions of
planted chinook with food webs and other fishes; �! ability ta identify and
categorize suitable underutilized chinook rearin g or spawning habitat; �!
genetic and disease effects of hatchery influence on fry; and �! ability to
evaluate results at subsequent life stages. Most of these factors also apply
to planting chinook fry in lakes. A small-scale study underway on lower
Baranof Island  Hard 1981! is designed to measure the suitability of lakes as
rearing environments for chinook fry.

TROI L LOGBOOK PROGRAM

In 1976, a troll logbook program was initiated by ATA in coaperation with the
University of Alaska Sea Grant Program, NMFS, and ADF tI G for the
Southeastern Alaska troll fishery. This program is designed to use
participating trollers as vessels of opportunity to make and record
observations on water temperature, salmon and bottomfish catches, salmon
food species, and marine mammal sightings from daily positions on the fishing
grounds. These data, when analyzed, provide valuable information on some
of the factors that influence the yearly success of the troll fishery within
separate statistical areas of southeastern Alaska  Alaska Trailers Association
1977!.

PRELIMINARY FINDINGS

HATCHERIES

Adult returns and fishing contribution patterns are available for 1976 and
1977 brood hatchery smolt releases. Crystal I ake and Little Port Walter made
releases from both broods whereas Deer Mountain and Snettisham made re-
leases only from the 1977 brood.

The 1976 brood at Crystal Lake was released as 10. 3 g age 0 smolts after
accelerated rearing in heated water. The same broad at Little Port Walter
was released in nine separate groups including one age 0 �6.0 g! and eight
age 1 smolt �3. 9-82 . 8 g! groups. In addition to age and size-at-release
differences between Crystal Lake and Little Port Walter, there were also two
stocks and different release times at the latter station. Preliminary analyses
indicate the overall survival rates  return to hatchery plus fishery contri-
butions! of 1976 brood smolts through 5-year-oM fish �981! is 6.9 and 7.4
percent respectively, for Crystal Lake and Little Port Walter releases. Sur-
vival of the nine smolt groups at Little Port Walter ranged from 1.0 to 14.1
percent. An important factor concerning 1976 brood releases at both facilities
was the relatively good fisheries contribution of 4-year-old immature chinook
throughout northern southeast Alaska during 1980. Also noteworthy at
Crystal Lake was the return of mature 4-year-old females along with males to
the hatchery from the age 0 smolts  B. Zorich, personal communication 1981!.
At Little Port Walter, only males matured and returned as 4-year-olds from
age 1 smolts.

All 1977 brood releases at C rystal Lake were again age 0 smolts �. 8 g!,
whereas releases at Snettisham and Deer Mountain were all age 1 smolts
�, 4-10.1 g! . Little Port Walter released eight groups of age 0 smolts
�.7-36.4 g! and six groups of age 1 smolts �1.2-37.1 g! from the 1977
brood. In general, adult returns and fishery contributions from 1977 brood
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releases through 4-year-old fish �981! faired much poorer than comparable
stages of the previous brood. Survivals at Crystal Lake, Deer Mountain, and
Little Port Walter were all <0. 5 percent of the smolts released  based on
preliminary expansions of fishery contributions!. No recoveries of 1977 brood
releases at Snettisham have been documented through 1981. Two important
factors associated with 1977 brood Deer Mountain releases include: �! troll
fishery catches along the outer coastline of southeastern Alaska of legal  >28
inch! immature chinook late during the 1981 season; and �! recovery of a
mature 4-year-old female in the hatchery stream  Ketchikan Creek! from an
age 1 smolt release  C. Garber, personal communication 1981!.

OTHER PROGRAMS

The ecological studies on wild populations by Kissner �975, 1976, 1977, 1981,
and 1982! continue to broaden the basic biological understanding of southeast-
ern Alaskan chinook stocks. Through 1981, this program, in addition to
many other data series, has tagged approximately 206,000 chinook juveniles
from the Taku River system �6 tag groups! and 107, 000 from the Stikine
River system �8 tag groups! . Some important biological factors regarding
wild chinook populations spawning in southeastern Alaska, documented by
Kissner's research, include the following:

1. Both adult scale age analysis and juvenile chinook rearing biology
indicate most, if not all, southeastern smolts migrate at age 1.

2. Depending on the year, age 1 chinook smolts in the spring average
from about 66 mm to 80 mm in fork length. Most af this growth is
attained by October of the previous year.

3. Smolt emigration from the Taku River occurs in April, May, and
June and usually peaks in mid-to-late May, a pattern consistent
with that reported by Meehan and Siniff �962!.

Most females on the spawning grounds are 5 and 6 years old  age
l. 3 and 1, 4!, whereas most males are 4 years old  age 1. 2! . Fre-
quently, as high as 70 percent of the total spawning population is
comprised of 3- and 4-year-old  age 1.1 and 1.2! males.

4.

5. Of 88 coded-wire tags recovered from Taku River chinook, 87 have
been from mature or maturing fish. Most are spawning ground
recoveries. Data are most complete for the 1975 and 1976 broods
after the 6- and 5-year-old fish returned in 1981.
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During the joint ATA and ADFaG 1981 research troll fishery, nine of the
chinook caught had been tagged as smolts with coded-wire tags. Of the
nine, six originated from southeastern hatcheries, one from British Columbia
and two from Oregon  Bethers 1981! . Tags recovered from southeastern
Alaska facilities included two from Andrews Creek stock released at Crystal
Lake Hatchery and four from Cripple Creek stock released at Little Port
Walter. Eight of the coded-wire tagged chinook were sublegal size   <28
inches! and would not have been retained during a regular troll fishery,



DISCUSSION

Although chinook hatchery programs in southeastern Alaska are still in early-
development stages, data from three facilities  Cr ystal Lake, Little Port
Walter, and Deer l'$ountain! show promise that meaningful contributions to
ocean troll and urban area recreational fisheries can be derived from regional
enhancement programs. Catches of immature chinook from these facilities in
1980 and 1981 suggest ocean migration patterns that allow harvest in south-
eastern ocean troll fisheries. Healey �982! points out that ocean trolling is
more effective in harvesting immature than mature chinook and that troll
fisheries are dependent on ocean distribution and migratory patterns of
specific stocks of fish. Geist �978! and McGie �980! review experimental
releases of tagged chinook in Washington and Oregon that indicate ocean
migration, offshore dispersal, and fishery contribution patterns relate to
genetic factors associated with specific stocks. Similar relationships likely
occur among chinook stocks within southeastern Alaska and must be taken
into account with enhancement efforts directed at ocean troll fisheries. In
addition to effects of stock genetics on ocean migrations, the effects of
hatchery location and of specific hatchery treatments also are likely important
factors for chinook enhancement in southeastern Alaska. All southeastern
Alaska enhancement programs involve transplants stocks, and NcGie �980!
presents data sug gesting that transplanted chinook may have a somewhat
different ocean distribution and fishery contribution potential from siblings
released in natal streams,

Per haps the most important recent finding regarding southeastern Alaska
stocks is the ahsence of immature fish among recoveries of coded-wire tagged
Taku River chinook and the small number of tags recovered from this stock in
ocean troll fisheries  Kissner 1982! . Recoveries of tagged Taku River chi-
nook are confined to a narrow time and space corridor associated with the
nearshore migration of mature fish returning to the natal river. This pattern
differs from prior assumptions that the stock resided within regional marine
waters as immature feeders and was an important contributor to regional troll
fisheries, The emerging Taku stock pattern, however, is consistent with the
thesis advanced by Healey �982! that stream-type chinook  = age 1 smolts or
spring-type stocks! migrate further seaward and make a smaller contribution
to coastal-oriented troll fisheries than ocean-type chinook  = age 0 smolts or
fall-type stocks! .

The effects of basic genetics, stock transplants, hatchery treatment, and
specific hatchery location will likely play overlapping roles in the success or
failure of chinook enhancement in southeastern Alaska. For example, unlike
wild Taku chinook, transplants of Cripple Creek  Unuk River! stock to Deer
Mountain �0 miles! and Little Port Walter �00 miles! and cultured to age 1
srnolts  spring type! are making good contributions to regional troll fisheries
as immature fish. Andrews Creek  Stikine River! stock transplanted a
shorter distance to Crystal Lake �0 miles! and cultured as age 0 smolts
 ocean type! also appear to have a favorable marine distribution and fishery
contribution pattern,

The five southeastern stocks presently involved in regional enhancement
 Figure 2! all have stream-type biology is natal streams, but the effects of
modifying this to an ocean-type age 0 smolt in a hatchery setting is unclear.
One factor appears to be some earlier maturation of females as 4-year-old fish
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from age 0 smolts, maturation perhaps being triggered by ocean residency
 Zorich 1981, personal communication! . Uncertain is whether or not
southeastern chinook cultured in a hatchery as an age 0 smolt might have
different ocean distribution patterns and hence different troll fishery
contribution potentials from the same fish as an age 1 smolt  either in the
hatchery or natal stream! . The genetic distinctiveness in ocean migration
patterns of stream- and ocean-type chinook stocks indicated by Healey �982!
might suggest little initial difference in ocean distribution arising from various
hatchery treatment effects  i.e. age 0 versus age 1 smolts!. Adaptation of a
hatchery stock over several generations of specific culture treatments, how-
ever, can certainly modify original wild natal stock characteristics  Hynes et
al. 1981! . And some hatchery treatments, such as delayed release timing,
apparently have immediate ef fects on ocean distribution patterns of chinook
 Moring 1976!.

Healey �982! presents data showing that stream- and ocean-type chinook
stocks have respectively more oceanic and coastal marine distribution pat-
terns. He further notes that stream-type stocks tend to originate from
headwater portions of large rivers, whereas ocean-type stocks tend to origi-
nate from coastal stream systems. A subset of this relation may occur within
southeastern Alaska stream-type chinook. The suggestion has been made that
stock units in southeastern Alaska, a short distance upstream from tidewater,
utilize coastal and protected inside marine nursery waters, whereas stock
units from upriver mainstem and headwater tributary stock units utilize more
distance, oceanic marine nurseries  D . Cantillion 1981, personal communica-
tion!. Results to date with Andrews Creek stock located less than 10 miles
above tidal influence on the Stikine River system support this contention.

A successful chinook enhancement program in southeastern Alaska must con-
sider not only complex biological factors but equally complex coastwide social
and political issues. Pressures to reduce Alaska troll harvest of depressed
non-Alaska stocks can be neutralized to some extent by programs providing
for more Alaska fish in this fishery. Although not explicitly defined as
policy, both regional and coastwide issues suggest that chinook enhancement
in southeastern Alaska should be directed primarily at the troll fishery and
secondarily at marine urban area recreational fisheries. To survive and
prosper, these fisheries must integrate many complex issues into effective
management and enhancement programs.
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MIXED STOCK SALMON MANAGEMENT LUITH ENHANCED AND NATURAL STOCKS

Steven Pennoyer, Director
Division of Commercial Fisheries

Alaska Department of Fish and Game
Juneau, Alaska

Mr. Chairman, thank you for the opportunity to speak to your group on
harvest management of our salmon resources. I can see from the topics and
speakers that your discussions have covered many aspects of seeking ways to
increase production of salmon for our existing fisheries. You have,
therefore, been talking about salmon management implications throughout,
even if you have not been directly addressing them. This is certainly as it
should be, since the charge to all of us is to produce from our available
resource and salmon-producing habitat some form of optimal yield for our
commercial, subsistence, and recreational users. It all comes back to
allocation of harvests among users and gear types through the regulatory and
public input process, while maintaining the reproductive potential of the
resource. This holds true for both enhanced and natural stocks.

The ramifications of mixed-stock management on the productivity of Alaska's
salmon is not a topic that I can completely cover in half an hour. I do have
graphics produced by the Canadian Department of the Environment to show
their users and staff to explain why the problems of mixed-stock management
have led them to choose their present course of action regarding
enhancement. Most of you are already interacting on fisheries management
problems through the comprehensive planning-RPT process.

First, I'd like to make a few general statements about Alaskan salmon runs.
There are few, if any, Alaskan salmon fisheries that are not perpetrated on
mixed stocks, even without enhancement. Most managers do not have the
luxury of counting a single stock through a weir and then allowing a harvest
on the surplus. Chignik sockeye may come close to that but even there,
where we are able to separate rearing areas fairly well by timing, there is a
mix of spawning stocks involved. In addition, Chignik salmon are taken in
other fisheries. Even in Bristol Bay, where we take great pains to point out
the appropriateness of our river mouth fisheries, we may be keying on a
single major river, but we are usually fishing on a multitude of rearing and
spawning stocks of varying productivity.

Even if we could conduct fisheries right at the mouths of individual spawning
streams � this is not physically possible because of the location of some of
these spawning areas--it would not be economically feasible. The fishery
demands quality fish and the quality generally improves as you move away
from the freshwater streams of origin. This quality problem varies by
species, but our management is a continual balance of trying to provide a
quality, orderly fishery and at the same time manage for the reproductive
requirements of the stocks.

A very large proportion of our funds are spent determining the reproductive
requirements of various stocks and rearing units, trying to identify them in
the fisheries, and designing management strategies to maintain brood stocks
at the desired level by regulating time and area of harvest. Normally the



mixture of stocks and species in our various fisheries will not allow
management by individual stocks. We are required to pick a manageable unit,
such as pink salmon districts in Prince William Sound and Southeast, or a
major river system in Bristol Bay such as the Kvichak, and set an escapement
goal. This goal is really an average escapement for the unit. We usually
find that individual stocks within the unit may exceed these goals if very
productive, or not meet the goals if from lower productivity stocks. There is
usually some variation in this mix, but those stocks which are of consistently
lower productivity will p rob ably have consistently lower escape ments and
sooner or later will decline, often drastically, even with "good management."

This, of course, mirrors the historical pattern of most fisheries. As our
knowledge of stock migration and timing increases, we can often improve our
management to provide better protection for more stocks. We have, in recent
years, moved from more unmanageable major cape fisheries along the migration
route, to more discrete stock management. Nevertheless, the problem will not
go away. Management for more productive stocks and species and for quality
of harvest will always lead to overharvest of certain stocks.

We have identified some 145 manageable salmon stock units in Alaska for which
we set escapement objectives and evaluate the success of our program on
their achievement. There are perhaps 10, 000 such units, plus individual
reproductive stock units. Generally, the more complex a stock/ species
intermixture and the broader our management unit definitions, the worse the
decline in stock status. I think Southeast is a fairly good example of this.
The more mixed the stocks, the lower the exploitation rate you can afford in
a particular fishery without significant declines. This is not to say that, as
with the troll fishery, you can't have some form of sequential exploitation that
takes advantage of certain socioeconomic characteristics of the fishery,
perhaps allowing later exploitation more discreetly on higher productivity
stocks. You do, however, have to reduce the exploitation rate dramatically
to maintain the overall stock status in such highly mixed-stock fisheries.

What I'm getting at is that enhancement will add major, new, more productive
stocks. We have problems managing just natural mixed stocks of varying
production. New approaches will be required to take advantage of the
potential while minimizing losses. The problems which may be engendered by
enhancement and mixed stocks are not new. They are just a matter of
degree,  caused by! adding major, new, more productive stocks on top of an
already complicated situation.

We have common goals to increase and attempt to stabilize salmon harvests for
the benefit of our various users, with a reasonable cost benefit to the public.
Obviously, our current salmon run levels and the problems we are
experiencing with marketing don't add fuel to the fire to produce more fish,
However, I think we can assume that the runs will return to more average
levels of productivity, and the industr y will adjust to levels consistently
achieved. We hope our improvements in management over the past decade will
allow us to maintain natural run salmon harvest levels higher than in the '50s
and '60s, but I think we can still assume there will be major fluctuations in
annual harvest and that there will be a demand for more fish � particularly by
species.
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It is obvious that the mix of present natural stocks and enhancement
opportunities may not fit our current capability to manage each to full
capacity. We may not be able to fully develop some sites and stocks without
declines in natural stocks or foregoing harvests of enhanced stocks unless we
can modify our current way of managing. For example, we may have to
modify our traditional views on where and how various gear types can operate
to achieve fair benefit from our enhancement. This, in essence, is an
allocation question. I think it's important that the Board of Fisheries,
through the public hearing process, be brought into the fore in planning for
this type of modification. Implications may even extend to our current limited
entry program.

In certain cases it will be extremely difficult to ensure good management
given the physical or gear characteristics of an area. Upper Cook Inlet is a
good example. There are very few opportunities in the upper inlet that will
not complicate management by introduction of a major, new productive stock
into a mixed stock fishery and allowing for terminal harvest of surpluses.

Certainly, the RPT comprehensive regional planning efforts involving the
department, the association, and the general public have made significant
strides in this type of planning. The department must do a better job of
providing you with an assessment of our management capability handling for
various types and magnitude of production. The manager must give realistic
assessments of how he would have to manage different types, levels, locations
of production and what the allocation, quality of harvest, and potential effect
on natural stocks may be. We must also do a better job of making known our
needs in terms of data to manage for full benefits from this production.

Conscious trade-offs of weaker or smaller natural stocks may be justified by
the magnitude of enhancement opportunity, but this cost must be carefully
measured, Generally, I think we must cautiously approach the management of
major enhancement on top of major natural stocks, but potential benefits may
dictate that it is worth the risks. This brings me back to a comment I made
previously: we must very carefully assess our data needs. Mar king
hatchery stocks may yield valuable information on timing and migration of
stocks. Certainly data on their contribution to mixed stock fisheries will be
absolutely essential if we are to manage for exploitation rates that will not
decimate either the average or more productive of our natural stocks. To
help defray the cost of further enhancement, we must find some way of
harvesting enhanced stocks both in some segregated fishery by the common
property users, and in a quality fishery by the associations.

Beyond that, I think we' re going to have to upgrade our knowledge of
natural stocks. This would be desirable even without enhancement, but I
think if we' re going to take full advantage of potential mixes of salmon
production, we are going to need better information on the annual variation in
abundance, migrations and timing of the natural stocks. We are achieving, I
hope, such a blend of programs in southeastern Alaska where we have
combined data requirements from U.S./Canada negotiations, our own inseason
management, coastwide and Alaskan enhancement evaluation, and our needs
for longer range escapement goal and forecasting procedures, to come up with
a combined interdivisional and association program for harvest evaluation.
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There are a lot of rough edges yet. While we are basically combining our
fishery and escapement monitoring and sampling with the various marking and
analysis projects, all are designed differently to accomplish different things.
Nevertheless, it is a first step and I hope it's the type of thing that will lead
to data expansion needed for appropriate management an.d planning.

I guess what I'm saying is that I'm not scared of this process. As a manager
I simply want to make sure that we go into major enhancement with our eyes
wide open. I believe properly planned and managed enhancement can improve
our capability to manage for rehabilitation of natural stocks as well as to
supplement harvest levels. I think the same yardstick of adequacy for
manageability that we apply to the natural stocks must also be applied to the
enhanced stocks. Then we hope to do a better job of managing both. I
believe that we are well down the track in this process with regional
comprehensive plans and basic and annual hatchery management plans. I
hope we can sustain this level of interest and attention.
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WORLD MARKET CONDITIONS AND THE EX VESSEL PRICES OF ALASKA SALMON

Richard S. Johnston

Department of Agricultural and Resource Economics
Oregon State University

Corvallis, Oregon

INTRODUCTION

In this paper I wish to make a point which, while seemingly obvious, is often
overlooked. In the salmon market, as in many other market s, it often
appears both to buyer and seller that prices depend primarily on local condi-
tions. It is important to recognize that while local conditions are important,
such conditions are themselves dependent on market conditions elsewhere. In
Alaska you face circumstances this year which undoubtedly are alarming to
many participants in the salmon industry. Concern had already been express-
ed over the likely effects of anticipated increases in salmon run on ex vessel
prices, well before the current botulism crisis. With the recall and embargo
of canned salmon products in various export markets, no one in Alaska needs
to be told how important international conditions are to the Alaska fishery
and, hence, to the Alaska economy.

But this is not a recent phenomenon. Alaska has always been a net exporter
of seafoods. When these exports enter foreign markets directly, the depen-
dence is obvious. But even where the major market is the rest of the United
States, market conditions abroad are crucial to Alaska conditions because of
the interdependence between the U.S. economy and economies in the rest of
the world. I hope to present to you some results of recent and ongoing
analyses which will generate discussion of just how interdependent worldwide
economies are.

INTERNATIONAL TRADE IN SALMON PRODUCTS

Table 1 depicts the exports of fresh and frozen salmon from the United States
to various important foreign markets. As this table reveals, since 1965 there
have been substantial increases in the sales abroad of fresh or frozen salmon.
It also reveals significant fluctuations in sales to particular markets over the
period.

In 1981, the National Marine Fisheries Service began for the first time to
collect data on Pacific salmon exports by species and product form. Table 2
reveals the destination of these various products. While 1981 was a peculiar
year in many respects, it is nonetheless instructive to note the high percent-
age of sockeyes in fresh chilled and frozen salmon exports. In that year,
Japan was the major consuming market. Japan was also a big importer of
other salmon species in tlzis form, with the exception of pinks. For the latter
species, Canada and the European Economic Community  EEC! countries were
the major importers of the United States' product. The EEC was also an
important purchaser of fresh chilled and frozen chinook, chum, and coho
salmon during 1981 as well as fillets, steaks, and portions. With respect to
the canned product, note that once again the EEC countries, mast notably the
United Kingdom, were important purchasers of United States' Pacific salmon.

115



I/laflu7+<r,40N+4+lnCDrafa0 cn N N N e y N cD ~ 00 0 ch Ch tfl N44 DChNn D ha+4
0 0 0 0 0 0 0 0 0 6 ul uu + N Cu I-I

4olflaa Kuchen lfl'IDN+7r 4 ur an lfa ~ N 4 Crt 0 t hl Ch
OO+Nu74 TCD

O44nn
Ill 0 g 0 Chaa ADD Ch< 4 Intn D Nl�In n '4 N N 4 0  TCC

�I
Nch4r  noir 0 h4 Ctulan40
0NOhCNNONno Dch Our 44 Thar I 004ncr er we~ hr
aatn Oan

 Cl
O  haa

NCD W o~ I ~
G CD

0 +Ocu 00
DD

ulafl
4 0

 DCD ann hrOO D4ruN4D nIn4Nrra0000NNnr lno rut
0000 COO~+eee+~N~

4anwno Dn4nnr 4y NwlatOr 4 ter nu�004 000400urChN ru au DD  Ct n lfl 4 4 O N 4 n 0 Ch 00
NnntnhewtaalnOno

DD a 4 m ch 0 In 4 e  h 4 N IT 0 00NWOChO~NOanacaanr ON hIT w 00 & % DD N In A rh n N  h N 0 N
cD D n n n 4 ch an N w o o ch 0 r Gt4nnN4ON4 nnln
o 4 N a 4 00 h0 4 0 N 4 0 e D e r 0

n < Ifl lCI n In ln n ln 4 In

uI 0 0 N 4 00 I 'N  T 6 N n N 07 00 Ch4 4 aD an 4 5 4 DD 0 N n r

0 ~ I
CX

tn 0 0 0 0 0 0 0 ru + 6 ~ ~ ~ h  rI

I ONCCC7a
0 4 ut n

 ct w + nID n N Da
0
44D r

0 CC' Ch I-I
CD CDca 00  h

r chr nan
naDOr

O w CD N 4 w N 0 n Cr ln n Ch 0 e 00Ift an  h I 0 an arl 7 4 aat 0 Ln an 0 a DON 00+ an chca ua tnruHch< w N
0 CD N IT CD n 4 n N Nn CD N nca CD an& Or Or h 00 7 4 r 6 Dach

Ifl n
an ca Ir 4

'a D

CD

C7a
OOOOCOOO Cl

'a IDchaDN IflN 4m' OncD N«h Ifl Q 4 4 CD + N InW hr Can TCO Dorm
In Da taDN

ca 4 lnat
J D
al

NnnnuraflochoNchcocloN N

0 C 7 
 II

~0~~~ r Cr OD <On+40Cl+DI4N�74 DNnanaDANInOrern4raaanC�7 D+
N n 4 6 ch In g cD 4 DD N 4 0 ch cu0 tn 0 N DD C afl Ifl N0 N 4  h 4 a N N 0 0 0 6 Ch
N c an ur 4 Ifl lct o  T 7 an ul

IT+enr an07 nr CDnN Dan nr0 N Ifl CD Ch N Ct In �
�
C Ia

0'

COGCOCOOII+W++N

an 4+ca 4 nlfl
NNDD DDn CD Ch w r cD 0

I 000 N 00an IT
CDChOONlfl ln O cD Ifl

CD 0 f- W In4 Da tT CD7

ul ~ rh N ul Cr n CD 00 ul 4 7 W CDn DD n 4 ru ~ in e N N an N 0IT N + 4 ch Da N N n 0 H n Ch aD ca N
tn n 4 CD 4 7  h 7 Hur Ifl  h N Da 7 N0+ tunlflrNlo4NNroNNC4�7Ch4+OCDNaD4aDCn

D 0

NcuN4con tnn ch~ownrN n aD

tn aD N cD Ch 0 w N n a an aD r ca ch O4 4 4 4 4 r r I- r r- r r r r r 00�t IT Da D C7 Ch � aT Dt V Ch D Crt Ch D D
4

E D
'C7
00C
CC

4 CD Ch N 00 , lN rn f A N 00 aatIfIN+aDncDN&nran4r r CD Dr  Ton

Ch t-I
N NN Ch
00

Ch Da Nr In
CD
ChNONN O' N

�CI

 Cpl

ta00 Ia
DCt u:Da ca

0 I
CY 0



pl
~ 1

O
A

cO
O

CQ
e

O
CO

A A
c/l
CV N

Qh
a

P N
P

A

ccl

OQ

A
CO

O

p
CV

C!
O CO

Sl
CV

CV

A
CVcd Cd

4J
0

4

o

CV

CV

O

Fl

0!

CLI

0
4

Lcl

cC1 CIO
0

O
0
4J

4

<7 O

LO

CV
Lfl

4 cd

0 V

0 0

4 0
A

a
dI

C3
0
0

U O

QJ
4J
O

6'0
I

O
C
U

117

P4 CV
4

CQ

dQ O
Pl

ccl N % <0

0

0

C
ILI

A 0
cd
cd
4J
Cfl

0
cd

cLI cd

r I

O O

dQ

I
CV

5
cd

A A <LI
C V

'rf 0
O

cd

0

K 0
0

c~~

O cd
dl
R QJ



The point I wish to make with Table 2 is that at least for one calendar year
there are significant differences among regions in the form and species of
salmon purchased. While this table is instructive, it is also potentially
misleading. One may be tempted to look at the data and conclude that there
are separate markets for each of the salmon species and product forms. In
one respect, this may be accurate. But I submit that, because of the sub-
stantial interdependencies among these various products in both supply and
demand, factors influencing the price of one species undoubtedly have an
impact on prices of the others.

Before addressing this issue, however, consider Table 3. While its data
pertains only to frozen salmon exported from Canada, it does permit a re-cap
of the point made earlier: market conditions vary over time and species, and
across geographic regions. Consider the United Kingdom and Sweden. Both
countries are relatively important importers of Canadian frozen chum salmon.
But, at least over the 1974-80 period, they have played a relatively minor
role as frozen coho buyers. Even this situation has changed. since 1978,
when the United Kingdom's coho imports started to increase.

Tables 4 and 5 provide data on Japanese and EEC salmon imports, respec-
tively. On the import and export sides of the salmon market, it is clear that
circumstances change over time and across markets.

What is happening here? Once again, I would hypothesize that these are not
random events. They are the results of responses to market signals such as
prices of substitute species, changes in foreign exchange rates, and so on.

SAl,lUON AND MARKET FORM

Salmon is marketed in many forms: fresh, frozen, smoked, and canned, to
name a few. What factors affect the allocation among market forms across
species? Table 6 provides data comparing the percentages of United States
non-canned salmon marketed between 1948 and 1980.

While there have been variations over time, it is clear that for all species
these percentages are considerably higher than their levels 30 years ago. A
number of hypotheses have been advanced by industry sources to explain this
trend:

These estimates were made by assuming that the amount of salmon required
to produce a 48 lb  standard! case of canned salmon depends on the species
of fish being canned, as follows: chinook, 68 lbs; coho and chum, 72 lbs;
sockeye, 70 lbs; and pink, 78 lbs. A difficulty with using such averages is
that they may not reflect the true conversions in any one year. Another
difficulty is the assumption that salmon canned in any given calendar year
are harvested that same year. Furthermore, it is assumed that only United
States-caught salmon are canned, whereas substantial volumes enter the
United States from abroad, especially Canada, and may be canned.
Similarly, some of the United S tates harvest may be exported for canning
abroad.
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T able 6. Estimated percentages of total salmon landings not marketed as
canned product

19801948

~ !

122

Chinook
Coho

Chum

Sockeye
Pink

50

37 3 2
10

96

87

62

37

34



~ Demand has increased for fresh, smoked, and frozen salmon, especially
in European and Japanese markets. This may be associated with rising
real incomes, exchange rates which favor importing United States goods,
increasing populations, and, until recently, declines in the availability of
Atlantic salmon.

~ Because of unfavorable economic conditions in some areas which have
traditionally been major importers of canned salmon  such as the United
Kingdom!, there has been a switch away from the higher priced canned
salmon products  including sockeye! to the less expensive species  chum
and pink! .

~ Active competition from products such as canned tuna has dampened the
domestic demand for canned salmon.

~ The costs of canning salmon, including labor and materials, have risen
dramatically over the past few years.

~ Technological advances enable less expensive and more convenient star-
age and transport of frozen seafood products.

It is instructive to compare the events of 1979 with those of 1980. U. S.
landings of pink and sockeye salmon in those years were considerably higher
than in previous years. The 1980 chum run was also relatively high.
Between 1979 and 1980, the percentage of salmon entering non-canned outlets
declined for all species but pinks. For sockeye and coho there was a drop in
absolute terms. This may have been a short-term response to market condi-
tions peculiar to those years, or it may be an indication of coming events.
Perhaps, if salmon enhancement programs around the world lead to increased
availability of salmon  both Pacific and Atlantic!, the trend away from canned
salmon  in relative term s! will reverse�. What factors affect these markets
abroad? This is the topic of the next section.

PRICES AND PRICE MOVEMENTS

So far I have argued that, despite substantial differences over time among
species, regions, and geographical areas, interdependencies result in prices
tending to move in similar patterns. This is also true among prices at dif-
ferent levels of the marketing channels, despite the rather complex nature of
these channels. Figure 1 is a simplified version of these channels. Figure 2
depicts three different price series of sockeye salmon for 1950 to 1980: ex
vessel, all Alaska; Alaska wholesale  canned!; and Canadian export  canned!.
Over the period these prices have all moved together. The relationship is
not exact but does suggest that factors affecting one price affect others as
well. Let's consider some of these factors.

Several studies of the canned salmon markets suggest that, at least at the
wholesale level, and for particular species, purchasers are relatively sensitive
to price changes. That is, as the wholesale price of canned sockeye salmon
increases, buyers tend to cut back their purchases appreciably. This ap-
pears to be the case in both the United States and Canada, and may be
because of the availability of substitutes, such as other salmon species or
tuna. Interestingly, the demand for canned salmon in Italy was found to be
influenced primarily by its own price and the price of Danish salmon.
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"There is also an undetermined volume of salmon traded between processors.

Figure 1. Marketing channels of Pacific Northwest salmon.
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Sources: Seafood Business Report, Spring 1982
NMFS, Fishery Statistics of the U.S., various issues

Figure 2. Ex vessel �/lb! and canned  $/case of 48 halves! prices of Alaska
sockeye salmon; canned  $ U. S. /case of 96 halves, FOB
Vancouver!, prices of B.C. exports of sockeye salmon.
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The United Kingdom has long been an important market for Pacific salmon,
particularly canned. While Japanese canned salmon once dominated the United
Kingdom market, the United States and Canada now account for a growing
share. Sockeye is the preferred species in the United Kingdom canned
salmon market, due to its color and oil content. However, as sockeye prices
rose in the late 70s, consumers in the United Kingdom substituted lower-
priced canned pink and chum salmon, Thus, the current embargo is espe-
cially painful to both American suppliers and British consumers. In any
event, there is evidence to suggest that, for a given species of canned
salmon, consumers will substitute other salmon species, or even other protein
sources in response to price increases.

For frozen salmon, the situation is a little different. Little work has been
done to estimate demand relationships in this country. However, in Germany
and Sweden, consumers appear to be relatively insensitive ta price changes
for frozen chum salmon, Similar results have been uncovered in other coun-
tries, along with the finding that consumption tends to increase with in-
creases in real per capita income.

This suggests that if the availability of salmon increases, sellers will have an
incentive to sell increasing shares in the canned markets. If the above
findings are correct, this is because prices will decline less precipitiously in
the canned salmon market than in the frozen salmon market. This is one of
several hypotheses we are currently exploring in some detail in a model of
international salmon markets.

The market for salmon is affected by many factors, including the roles of
substitute goods, real incomes, and population levels, both here and abroad.
The exchange rate is also a crucial variable to be considered  See Table 7!,
A strong Japanese yen in the late 70s undoubtedly had an impact on Japan's
demand for Pacific salmon. In fact, in some periods export prices in United
States dollars rose, while the price in yen fell. A weak dollar alsa appeared
to make EEC imports of Pacific salmon less expensive in the late 70s. Recent
increases in the value of the United States dollar against the Japanese yen
and EEC currencies will undoubtedly affect these markets as Pacific salmon
import prices in local currencies rise. Tariff and non-tariff barriers  See
Tables 8 and 9!, as well as transportation casts, in general play important
roles in the international flow of seafoods.

SOME RECENT ANALYSES

A recent exploratory study, using data for the period 1668 to 1977, indicates
that, for the Columbia River and Puget Sound, there appears to be no relation-
ship between the size of the canned salmon pack there and its wholesale
price. This is not the case for Alaska, however. Indeed, it should come as
a surprise to no one here that increased landings tend to depress the price
of canned Alaskan salmon. Price decreases do nat necessarily mean lower
revenues, however. Indeed, with a highly price-elastic demand for salmon,
increased supplies would be expected to increase total industry revenues  The
impact on net revenues would depend on how costs change!. This statement
says nothing about the distribution of these revenues, however. If a given
fisherman, region, or country does not share in the increased landings, or
experiences only a slight increase, revenues to this fisherman, region, or
country could decline while revenues elsewhere in the industry are rising.
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rates 1T able 7. Exchange

French Franc Pound Swedish Kr.Japanese Yen U.K.Date

1978

1979

1980
1981

y 1981
198 I

1981

January
Fehruar

March

April
May
June

July

1981

1981

1981

International Monetary Fund Monthly Bulletin, various issues.

currency per 5 U.S., except U.K. pound, which is $/pound.

Source:

1
Foreign

Additional figures for fall of 1981-82 as follows:NOTE:

5.425

5.791

November

February
1981

1982

5.555

6.080

214.0

237.0

1.97

1.857
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1960
1961
1962

1963

1964
1965

1966

1967

1968

1969

1970
1971

1972

1973

1974

1975

1976

1977

4.903

4.900

4.900

4.902

4.900
4.902

4.952

4.908

4.948

5.558

5.520
5.224

5.125

4. 708

4.445

4.486

4.970

4.705

4.180

4.020

4.516
4.879

5.006

4,9S8

5.254
5.543

5,718

5.852

359.6
361.8

359.6
362.0

358.3

360.9

362.5

361.9

357.7

357.8

357.6

314.8

302.0

280.0

301.0

305.2

292.8

240.0

194.6

239.7

203.0

204.7

208,8

21I.0

215.0

224, I

225.8

239.5

2.803

2,808

2. 802

2.796

2,789

2.802

2.789

2,406

2.384

2.401

2,394

2.553

2.348

2,323

2.349

2.G24

1,702

1.906

2.035

2,224

2.385

2.386

2.205

2.244

2.140
2.070

1.943
1.856

5,180

5,185

5.188

5.200

5.148

5.180
5.180

5,165

5.180

5.170

5.163

4.858

4.743

4,588

4. 081

4. 386

4.127

4.670

4.296

4.147

4.373

4.572

4.641

4.593

4.763

4.936

5.085
5,229



Table 8. Japanese import tariffs on fresh and frozen salmon

Advalorem Duty

Temporary�
1/

PreferentialGeneral GATTDate

April 1, 1966 10

April 1, 1969

December 31, 1969

10

10

10March 31, 1970

December 31, 1970 10

April 1, 1974

March 1979

10

10

Source: International Customs Journal, No. 28, various editions;
International Customs Tariff Bureau, Brussels.
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1/�� "For the purpose of assessment of duty, a 'GATT' rate shall be applied
before a 'temporary' rate and a 'temporary' rate shall be applied before
a 'general' rate. If, however, a 'GATT' rate is higher than the other
rates, the rate applicable shall be the 'temporary' rate, or if no
'temporary' rate is specified, the 'general' rate.  International Customs
Journal!,



Table 9. EEC tariffs on fresh, chilled and frozen salmon

Advalorem Duty

ConventionalDate Autonomous

8.41 January 1971

1 January 1972

1 January 1973

1 January 1974

24 November 1975

15 November 1976

14 November 1977

1 December 1978

31 December 1979

24 November 1980

16

16

16

16

16

16

16

3.816

16

� This tariff had been suspended until early 1981 for several years.lj
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Source: Official Journal. of the Euro ean Communities, various issues,
1970-71.



However, it has been suggested in this paper that Alaska landings are not
the only factors affecting prices paid to Alaska fishermen. More than 50
percent of the variation in  real! ex vessel sockeye prices can be explained
by variations in real per capita income levels in the United Kingdom, Japan,
or the United States. Unfortunately, because these income levels are them-
selves interrelated, it is difficult to separate the effects of each. None-
theless, it appears that ex vessel sockeye salmon prices and income levels
move together in consuming countries.

One surprising result of the analysis to date is that while there is a rela-
tively strong inverse relationship between ex vessel sockeye prices and
sockeye landings, a rather weak relationship was uncovered between ex vessel
sockeye prices and. world landings of all salmon. The analysis suggests that
when world landings of all salmon increase, sockeye prices to Alaska fisher-
men decline � but the relationship is a weak one, if it exists at all. If
correct, this suggests that the various salmon enhancement programs around
the world, to the extent that they are successful, may have little impact on
Alaska fishermen, at least for the sockeye fishery. Clearly this result needs
further examination.

In this preliminary investigation, an attempt was made to examine the rela-
tionship between exchange rates and ex vessel prices. The reasoning is as
follows: if the U. S. dollar were to strengthen relative to, say, the British
pound, this would, even with no change in the United Kingdom demand,
effectively decrease the number of dollars United Kingdom importers are
willing to pay for Alaska salmon products. This, in turn, should filter down
to the fisherman in the form of lower prices. Indeed, statistical analysis
suggests this is the case, although the evidence is weak.

Interestingly, the relationship to the Japanese yen is much stronger. This
may be because Japan is both an importer of United States salmon and a
competitor with the United States in other, notably European, markets. When
a competitor's currency depreciates, the export demand, expressed in the
competitor's currency, increases. Thus, the effective demand in the United
States decreases, as does the ex vessel price. This phenomenon was further
explored with the Canadian-United States exchange rate and the hypothesis
held. When Canada, a competing sockeye salmon seller, experiences a decline
in the value of its currency, this is associated with a lower price to United
States fishermen.

CONCLUSIONS

Prices of competing goods tend to move in similar directions. Prices at
different levels of the marketing channels tend, also, to move in similar
directions. Because of the interdependencies among salmon markets, on both
the demand and supply sides, factors affecting one price affect others.

In this paper, emphasis has been on sockeye prices and their influencing
factors, including sockeye landings, landings of other species, conditions in
worM markets  represented here by real per capita income levels!, and
exchange rates. Other factors, not explored here, include tariffs, quotas,
role of other protein sources, and non-tariff barriers. These are being
examined in ongoing research. at Oregon State University and elsewhere.
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